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IN M E M O R I A M  

Alan Rittenberg, longtime member of the Particle Data Group, died January 3, 1989 following a long illness. 

Alan was born December 27, 1938 in Nashville, Tennessee. He received a B.S. in Physics from Yale University in 1960 
and a Ph.D. from the University of California at Berkeley in 1969. His graduate research work was done in particle 
physics in the Alvarez Group at Lawrence Berkeley Laboratory. He participated in the discovery of the r/ meson and in 

several other experiments. 

After receiving his Ph.D., Alan joined the Particle Data Group at LBL, while continuing to work on several bubble 
chamber experiments. He served as group leader from 1974 to 1976 and for nearly two decades was responsible for 
the organization, editing, and production aspects of the Review of Particle Properties and other Particle Data Group 
publications. His attention to detail and constant striving for excellence played a major role in the accuracy and integrity 
of these publications. The entire particle physics community has benefited. We miss him greatly. 



1.5 

I N T R O D U C T I O N  

I. O V E R V I E W  

This review is an updating through December 1989 of the 
Review of Particle Properties, a compilation of experimental 
results on the properties of particles studied in elementary 
p~rticle physics. These properties include masses, widths or 
lifetimes, branching ratios, and so on. Where feasible, we 
suggest a "best" value of each property, based on what in 
our judgment are the best available data. 

We also give an extensive summary of searches for 
hypothesized particles. Results of searches usually take the 
form of limits on masses under specified assumptions. Since 
such limits are often complex functions of mass and may be 
model-dependent, our summary cannot provide the detailed 
information given in the original papers. 

Our compilation is presented in two sections, the 
"Summary Tables of Particle Properties" and the "Full 
Listings." The Summary Tables give our best values of 
the properties of those particles that we consider to be 
well established. We try to be conservative'in judging 
whether or not a particle is well established. The Summary 
Tables also give a condensed version of search limits for 
hypothesized particles, and a summary of experimental tests 
of conservation laws. 

All data used for the best values in the Summary Tables 
are given in the Full Listings, with references and occasional 
comments. Other measurements considered recent enough 
or important enough to mention, but which for some reason 
are not used to get the best values, appear separately just 
beneath the data we do use for the Summary Tables. The 
Full Listings also give information on unconfirmed particles 
and on particle searches, as well as short "mini-reviews" 
about subjects of particular interest. 

The Full Listings were once an archive of all published 
data on particle properties. This is no longer possible because 
of the growth of information. We refer interested readers to 
earlier editions for references to data now considered to be 
obsolete ]Particle Data Group (1988)]. 

In previous editions, we organized the Summary Tables 
and Full Listings into three categories: 

Stable Particles 
Mesons 
Baryons 

With this edition, we adopt a new organization into five 
categories: 

Gauge and Higgs Bosons 
Leptons 
Mesons 
Baryons 
Searches for Other Particles 

The last category is for searches for particles that do not 
belong to the previous four groups. 

In addition to the compilations of measurements and 
best values, we give a long section of "Miscellaneous Tables, 
Figures, and Formulae," a quick reference for the practicing 
particle physicist. 

In Sec. II of this Introduction, we list the main areas 
of responsibility of the various authors, and also list our 
large number of consultants on various special topics. In 
Sec. Ill, we summarize the naming scheme for hadrons, 

first introduced in our 1986 edition [Particle Data Group 
(1986)]. In Sec. IV, we discuss our procedures for selecting 
measurements of particle properties and for obtaining best 
values of the properties from the measurements. 

The accuracy and usefulness of this compilation depends 
in large part on interaction between the users and the authors 
and consultants. We appreciate comments, criticisms, and 
suggestions for improvements of any kind. Please send 
them to the appropriate author, according to the list of 
responsibilities in Sec. II below, or to 

Particle Data Group, MS 50 308 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720, USA 

Or send them via computer mail to 

LBL::PDG on HEPNET, 
PDG@LBL on BITNET, or 
PDG@LBL.GOV on INTERNET 

A pocket - s i zed  Part ic le  Propert i e s  Data  B o o k l e t  
is available. This contains the complete Summary Tables of 
Particle Properties and the most frequently used parts of the 
Miscellaneous Section, but not the Full Listings. 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 

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

The main areas of responsibility of the authors are as 
follows: 

(1) Gauge and Higgs Bosons: R.M. Barnett*, G. Con- 
lotto, K. Hagiwara, K. Hikasa, K. Olive, M. Suzuki 

(2) Leptons: R.M. Barnett*, R.E. Shrock, K.G. Hayes, 
K. Olive, D.E. Groom 

(3) Mesons: M. Aguilar-Benitez, R.M. Barnett t, 
C. Caso, G. Conforto, R.A Eichler, K. Hagiwara, 
J.J. Hernandez tt, K. Hikasa, S. Kawabata,.G.R. Lynch, 
L. Montanet, F.C. Porter, M. Roos, R.H. Schindler, 
K.R. Schubert, M. Suzuki, N.A. TSrnqvist, T.G. Trippe ttt, 
C.G. Wohl. 

(4) Baryons: R.M. Barnett, R. Eichler, G. HShler, 
M. Suzuki, C.G. Wohl* 

(5) Miscellaneous Searches: R.M. Barnett*, K. Hagi- 
wara, S. Kawabata, K.-I. Hikasa, S. Kawabata, K. Olive, 
J. Stone 

(6) Miscellaneous Tables, Figures, and Formulae: 
R.M. Barnett, J.J. Eastman, D.E. Groom*, R.J. Morrison, 
G.P. Yost 

(7) Technical Support: B. Armstrong, K. Gieselmann, 
G.S. Wagman 

*Contact person 

tContact person for stable mesons 
ttContact person for unstable mesons 
tttContact person for stable K mesons 
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Consultants 
Of great importance to this Review is our world-wide 

network of consultants, experts in particular topics. We 
mention the following people with thanks: 
• D. Anderson (Fermilab) 
• V.I. Balbekov (Serpukhov) 
• A. Baldini (CERN) 
• G. Brianti (CERN) 
• E. Browne (LBL) 
• R.N. Cahn (LBL) 
• COMPAS Group (IHEP, Serpukhov) 
• E.D. Commins (University of California, Berkeley) 
• R.L. Crawford (Glasgow) 
• O. Dahl (LBL) 
• R.H. Dalitz (Oxford University) 
• J. Donoghue (University of Massachusetts, Amherst) 
• S. Eidelman (Novosibirsk) 
• J. Ellis (CERN) 
• V.V. Ezhela (Serpukhov) 
• W. Fetscher (ETH, Ziirich) 
• D. Finley (Fermilab) 
• V. Flaminio (University of Pisa) 
• R. Flores (University of Minnesota) 
• S.J. Freedman (Argonne National Lab) 
• H.-J. Gerber (ETH, Ziirich) 
• H. Gali~ (SLAC) 
• F.J. Gilman (SSC) 
• M. Goldhaber (BNL) 
• N.A. Greenhouse (LBL) 
• H.E. Haber (University of California, Santa Cruz) 
• R. Hagstrom (ANL) 
• G. Hall (Imperial College, London) 
• C. Hearty (LBL) 
• I. Hinchliffe (LBL) 
• W. Hofmann (LBL) 
• J.H. Hubbell (U.S. National Bureau of Standards) 
• J. Huston (Michigan State University) 
• A. Hutton (SLAC) 
• J.D. Jackson (LBL) 
• Zhang Jinjun (IHEP Beijing) 
• K. Kajantie (University of Helsinki) 
• R.W. Kenney (LBL) 
• K. Kleinknecht (Universitiit Dortmund) 
• Shin-ichi Kurokawa (KEK) 
• P. Langacker (University of Pennsylvania) 
• T.L. Lavine (SLAC) 
• L. Lyons (University of Oxford) 
• S. Majewski (University of Florida) 
• D.M. Manley (Kent State University) 
• W.G. Moorhead (CERN) 
• D.R.O. Morrison (CERN) 
• W.R. Nelson (SLAC) 
• L. Okun (ITEP, Moscow) 
• Y. Oyanagi (University of Tsukuba, Japan) 
• A.P.T. Palounek (LBL) 
• S.I. Parker (University of Hawaii) 
• J.M. Paterson (SLAC) 
• J.M. Peterson (LBL) 
• A. Prokapenko (Novosibirsk) 
• H.S. Pruys (Zfirich University) 
• F. Reines (University of California, Irvine) 

• B. Renk (Universit/it Mainz) 
• D. Rice (Cornell University) 
• N.A. Roe (LBL) 
• S. Rudaz (University of Minnesota) 
• D. Schramm (University of Chicago) 
• M. Shaevitz (Nevis Laboratory) 
* V. Shirley (LBL) 
• V. Soergel (DESY) 
• E.M. Standish, Jr. (Jet Propulsion Laboratory, Pasadena) 
• W.J.  Stirling (University of Durham) 
• S. Stone (Cornell University) 
• B.N. Taylor (U.S. National Bureau of Standards) 
• W.H. Toki (SLAC) 
• G.H. Trilling (LBL) 
• R.D. Tripp (LBL) 
• P. Trower (Virginia Polytechnic Inst.) 
• E. Wang (LBL) 
• It. Wigmans (NIKHEF, Amsterdam) 
• H. Wahl (CERN) 
• L. Wolfenstein (Carnegie-Mellon University) 

In addition, the Berkeley Particle Data Group has 
benefited from the advice of the PDG Advisory Committee,  
which meets annually. The members of the 1989 committee 
were J. Dorfan (SLAC), Chair, M. Della Negra (CERN), 
J. Donoghue (University of Massachusetts), E. Eichten 
(Fermilab), and B. Taylor (National Insti tute of Standards 
and Technology). The members of the 1988 committee 
were S. Ellis (University of Washington), Chair, J. Dairiki 
(LBL), M. Della Negra (CERN), J. Donoghne (University of 
Massachusetts), and J. Dorfan (SLAC). 

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

A .  I n t r o d u c t i o n  
We introduced in the 1986 edition [Particle Data Group 

(1986)] a new nanfing scheme for the hadrons. Here we 
summarize the rules and rationale for the scheme. 

The virtues sought after were as follows. The symbols 
were to be as few and as simple as possible, with those 
already in common nse retained where possible; the symbols 
were to convey unambiguously the important quantum 
numbers of the particles they name; and the quark model 
was to guide the whole scheme, without limiting it. Some 
compromise between simplicity and long-established usage 
was unavoidable. 

Changes from older terminology affected mainly the 
heavier mesons made of u, d, and s quarks. Otherwise, the 
only inlportant change was that  the F ± became the D~. 
None of the lightest psendoscalar or vector mesons changed 
names, nor did the c~ or bb mesons (we do, however, now 
use ?(c for the cP. X states), nor did any of the established 
baryons. The Summary Tables give both the new and old 
names whenever a change has occurred. 

We follow custom and use spectroscopic names such as 
T(1S) as tile primary name for most of those t>', T, and ~( 
states whose spectroscopic identity is known. We continue 
to use tile form T(9460) as an alternate, and as the primary 
nalne when the spectroscopic identity is not known. 

B.  " N e u t r a l - f l a v o r "  m e s o n s  (S  = C = B = T = 0) 
Table I shows the naming scheme for mesons having 

the strangeness and all heavy-flavor quantmn numbers 
equal to zero. The nanfing scheme is designed for all 
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mesons, whether ordinary or exotic. First, we assigned 
names to those states with quantum numbers compat- 
ible with being q~ states. The rows of the Table give 
the possible q~ content. The columns give the possible 
parity/charge-conjugation states, P C  = - + ,  + - ,  - - ,  and 
+ + ;  these combinations correspond one-to-one with the 
angular-momentum s t a t e  2S+ILj of the q~ system being 

I(L even)j ,  ~(L odd) j ,  3(L even)j ,  or 3(L odd)j .§ 
The entries in the Table give the particle symbol. The 

spin J is to be added to the symbol as a subscript except 
for pseudoscalar and vector mesons, and the mass is added 
in parentheses for any meson that decays strongly. However, 
for the lowest mass meson resonances, we sometimes shorten 
names by writing p for p(770), etc. 

Table I. Symbols for mesons with the strangeness and all 
heavy-flavor quantum numbers equal to zero. 

0 - +  1 + -  I - -  0 ++ 

jPC __ 2 - +  3 + -  2 - -  1 ++ 

qq 
c o n t e n t  2 S + I L j =  l(Leven)g l(Lodd)g 3(Leven)j 3(Lodd)j 

uJ, u g - d d ,  d ~ ( I =  1) 7r b p a 

dd + ug } w, ¢ f,  f ,  and/or  s~ (I  = 0) r/, r/ h, h ~ 

c~ ~c he tb f Xc 

bb 7]5 hb T Xb 

tt tit ht 0 Xt 

tThe J/~p remains the J/~ .  

Experimental determination of the mass, quark content 
(where relevant), and quantum numbers I, J, P,  and C 
(or G) of a meson thus fixes its symbol. Conversely, these 
properties may be inferred unambiguously from the symbol. 

If the main symbol cannot be assigned because the 
quantum numbers are unknown, X is used. Sometimes it is 
not known whether a meson is mainly the isospin-0 mix of 
ug and dd or is mainly sg; a prime (or symbol ¢) may be 
used to distinguish two such mixing states. 

Names have been assigned for the anticipated tt  mesons. 
Gluonium states or other mesons that  are not q~ states 

are, if the quantum numbers are not exotic, to be named 
just  as the q~ mesons are named. Such non-q$ states will 
probably be difficult to distinguish from q~ states and will 
likely mix with them; that is, our scheme makes no at tempt 
to distinguish the "mostly gluonium" or "mostly q$" nature 
of a particle. 

An "exotic" meson with quantum numbers 
that a qq system cannot have, namely jPC = 
0 - - , 0 + - , 1 - + , 2 + - , 3 - + ,  - . . ,  will use the same symbol as 
would an ordinary meson that has all the same quantum 
numbers as the exotic meson except for the C parity. 
Then a caret or "hat" is added to the symbol. For 
example, an isospin-1 0 - -  meson would be a ~, an 
isospin-0 1 -+  meson would be an c9. 

The results of all this were as follows. None of the lowest 
mass pseudoscalar or vector mesons (~r, q, and r/; p, w, and ¢) 
changed names, nor did any of the c~ or bb mesons (except for 
X becoming ~(~). Established mesons whose names changed 

slightly are: 

Old name New name Old name New name 

H(l170) h1(1170) A2(1320) a2(1320) 
B(1235) b1(1235) f '(1525) f~(1525) 
A1(1260) a1(1260) w(1670) w3(1670) 
/(1270) f2(1270) 

Established mesons whose names changed 

Old name New name 

completely are: 

Old name New name 

S(975) fo(975) A3(1670) r2(1670) 
6(980) ao(980) g(1690) p3(1690) 

D(1285) f,(1285) 0(1720) f2(1720) 
e(1400) f0(1400) X(1850) 0(1850) 
E(1420) f1(1420) h(2030) f4(2050) 
~(1440) q(1440) 

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

C. M e s o n s  w i t h  n o n z e r o  S,  C ,  B ,  a n d / o r  T 
Since the strangeness or a heavy flavor is nonzero, none 

of the mesons here are eigenstates of charge conjugation, and 
in each of them one of the quarks must be heavier than the 
other. The rules are: 

(1) The main symbol is an upper-case Roman letter 
indicating the heavier quark as follows: t 

s---*-K c---+ D b---~ B t--~ T .  
(2) If the lighter quark is not a u or a d quark, its identity is 

given by a subscript. 
(3) If the spin-parity is in the "normal" series, JP  = 

0 +, 1-,  2+, .. ., a superscript ..... is added. 
(4) The spin is added as a subscript unless the meson is a 

pseudoscalar or a vector. 
Thus the pseudoscalar and vector K, K*, D, D*, and 

B mesons did not change names. Established mesons whose 
names did change were: 

Old name New name Old name New name 
Q1(1270) K1(1270) L(1770) K2(1770) 
Q2(1400) K,(1400) K*(1780) K~(1780) 
~(1430) K~(1430) K*(2045) K~(2045) 

K*(1440) K~(1440) F Ds 

Most notably, the F (the cg state) changed to a Ds. 
However, with the prospect of Bs, Bc, Ts, and similar 
mesons, there was no consistent and simple alternative. The 
rules can lead to cumbersome symbols, such as a D~2, but 
such particles are unlikely to be often seen. 

D. B a r y o n s  
No change has been made to the symbols N, A, A, E, -- 

and ~ used for 25 years for the baryons made of light quarks, 
(u, d, and s quarks). They tell the isospin and quark content 
and the same information is conveyed by the symbols used 
for the baryons containing one or more heavy quarks (c, b, 
and t quarks). The following system was invented earlier 
and independently by Hendry and Lichtenberg (1978) and 
by Samios (1980). The rules are: 

(1) Baryons with three u and/or  d quarks are N's  (isospin 
1/2) or A's (isospin 3/2). 
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(2) Baryons wi th  t w o  u a n d / o r  d quarks are A's (isospin 0) 
or E's  (isospin 1). If the  th i rd  quark is a heavy quark 
(not an s quark) its identi ty is given by a subscript.  
This nomencla ture  was already used for the  A~(2285), 
Ec(2455), and Ab(5500). 

(3) Baryons with one  u or d quark are E's (isospin 1/2). One 
or two subscripts  are used if one or bo th  of the remaining 
quarks are heavy: thus "c,  "cc, =b, etc. 

(4) Baryons with no  u or d quarks are fYs (isospin 0), and 
subscripts  indicate any heavy-quark content.  
In short,  the to ta l  number  of u and d quarks together  

with the isospin determine the main  symbol, and subscripts  
indicate any content  of heavy quarks. A E always has isospin 
1, an ~ always has isospin 0, etc. 

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

A.  S e l e c t i o n  a n d  t r e a t m e n t  of  d a t a  
The Full Listings contain a complete record of all 

r e l e v a n t  data  known to us. As a general rule, we do not 
include results from preprints  or conference reports.  There  
are a few exceptions to this exclusion, decided on a case-by- 
case basis after consul ta t ion with the experimenters.  

As ment ioned earlier, we no longer main ta in  an archival 
record of da ta  of historical importance only. W~ do, however, 
quote the references of discoveries, even when the  da ta  are 
no longer useful. 

If da ta  are included in the Full Listings but  not used in 
calculating or es t imat ing the  value given in the  Summary  
Tables, they are listed in a separate  section immediately  
following the da ta  tha t  are used. We give explanatory  
comments  in many such cases. Amongst  the reasons a 
measurement  might be excluded are the following: 

• It is superseded by or included in later  results. 
• No error is given. 
• It is from a prepr int  or conference report.  
• It involves some assumptions we question. 
• It has a poor signal-to-noise ratio, low stat is t ical  

significance, or is otherwise of much poorer quality than  
other  da ta  available. 

• It is clearly inconsistent  with other results tha t  appear  
to be more reliable (see discussion in Sec. IV.D below). 

• It is not independent  of other  results. 
• It is not the best limit (see below). 

In some cases, n o n e  of the measurements  is entirely 
reliable and no average is calculated. For example, the 
masses of many of the  baryon resonances, obtained from 
partial-wave analyses, are quoted as a range thought  to 
probably include the true value, ra ther  t han  as an average 
with error. This  is discussed in the Baryon Full Listings. 

For upper  limits, we normally quote in the Summary  
Tables the strongest  limit. We do not average or combine 
upper limits except in a very few cases where they may be 
re-expressed as measured numbers  with  Gaussian errors. 

As is customary, we assume tha t  antipart icles are the 
result of operat ing with C P T  on particles, so bo th  share 
the same spins, masses, and mean  lives. The Tests of 
Conservation Laws Table, following the Summary  Tables. 
lists tests of C P T  and other  conservation laws. 

We use the  following indicators in the  Full Listings to 
tell how we get values from the tabula ted  measurements:  

• OUR AVERAGE From a weighted average of the 

selected data.  
• OUR F I T - - F r o m  a constrained or overdetermined 

mul t iparameter  fit of selected data.  
• OUR EVALUATION Not from a direct measurement ,  

but  evaluated from measurements  of other  quantit ies.  
• OUR ESTIMATE Based on the  observed range of the 

data.  Not from a formal s tat is t ical  procedure. 
• OUR LIMIT For special cases where the limit is 

evaluated by us from measured ratios or other  data.  Not 
from a direct measurement .  

B.  C r i t e r ia  for n e w  s t a t e s  
An experimental is t  who sees indications of a particle will 

of course want to know what  has been seen in tha t  region in 
the past. Hence we include in the Full Listings all reported 
states  tha t ,  in out" opinion, have sufficient statist ical  merit  
and tha t  have not  been disproved by more reliable data.  

We are much more conservative about  promot ing a 
particle to the Summary  Tables. We include only those 
reported states  tha t  we feel are well established. This 
judgment  is, of course, somewhat  subjective; therefore no 
precise criteria can be defined. For more detailed discussions, 
see the mini-reviews in the  Full Listings. Here we a t t empt  to 
specify" some guidelines. 

(a) W h e n  energy-independent  partial-wave analyses are 
available (mostly for 7rN resonances), approximate  Breit- 
~vVigner behavior  of the ampl i tude  appears  to be the most 
satisfactory test  for a resonance. Vv'e can check t ha t  the 
Argand plot follows roughly a counterclockwise circle, aim 
tha t  the "speed" of the ampl i tude  also shows a max imnm 
near the resonance energy; further,  there should be da ta  well 
above the resonance, showing t ha t  the speed again decreases. 

(b) When  there are insufficient da ta  to perform energy- 
independent  analyses, one often resorts to energy-dependent  
partial-wave analyses. In this  case, Brei t -Wigner  behavior  
is an input.  We usually require tha t  resonance solutions be 
found by several different analyses, preferably in different 
channels ( K N  -+ K N ,  vzr, etc.), before put t ing  the 
resonance in the Summary  Tables. 

(c) Particles stable nnder  strong decay, most meson  
resonances, E resonances, and some other high-mass baryon 
resonances fall into a category for which no partial-wave 
analyses exist. In general, we accept such states  if they are 
experimental ly reliable, are of high stat ist ical  significance, or 
are observed in several different product ion processes. 

C. A v e r a g e s  a n d  F i t s  
We divide this discussion on obtaining averages and 

errors into three sections: 
1. Trea tment  of errors; 
2. Uneonstrai lmd averaging; 
3. Constra ined fits. 

1. Treatment  of errors 
In what  follows, the "error" ~Sa' means tha t  the range 

a: ± ~Sx is intended to be a 68.3% confidence interval about  
the central  value x. We t reat  this error as if it were Gaussian.  
Thus, when the error i s  Gaussian,  &c is the usual one 
s tandard  deviat ion (lc,). Many experimenters  now give 
stat ist ical  and systematic errors separately. In such cases, 
we usually quote bo th  errors, with the stat ist ical  error first. 
For averages and fits. we then acid the  the two errors in 
quadra ture  and use this combined error for b.x. 

When  experimenters  quote asymmetr ic  errors (b.x)+ 
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and (6x ) -  for a measurement  x, the  error t h a t  we use 
for t ha t  measurement  in making an average or a fit wi th  
other  measurements  is a cont inuous funct ion of these three  
quantit ies.  W h e n  the  resul tant  average or fit Z is less t h a n  
x - (6x) - ,  we use (6x) - ;  when it is greater  t h a n  x + (6x) +, 
we use (Ex) +. In between, the  error t ha t  is used is a linear 
function of x. Since the  errors t h a t  are used are functions 
of the  result, we i terate  to get the  final result. Asymmetr ic  
ou tpu t  errors are de termined from the  input  errors assuming 
a linear relat ion between the  input  and  ou tpu t  quanti t ies.  

In f i t t ing or averaging, we do not  usually include 
correlations between different measurements ,  bu t  we t ry  to 
select da t a  in such a way as to reduce correlations. W h e n  
a group improves s tat is t ical  or systemat ic  errors by fur ther  
da ta - tak ing  or analysis, we use only the  improved result. 
The earlier result is ei ther  pu t  into the  list of measurements  
tha t  are not used in averages or fits or is omi t ted  entirely. 

Correlated errors are, however, t rea ted  explicitly when 
there are a number  of results of the  form Ai -t- cr i -}-/k t ha t  
have identical systemat ic  errors A. In this  case, one can 
first average the  Ai ± ~i and then  combine the  resul t ing 
stat ist ical  error with  A. One obtains,  however, the  same 
result by a second procedure,  averaging Ai + (~2 + A/2)1/2 

where Ai = o i A [ ~ ( 1 / 0 2 ) ]  1/2. The second procedure has the  

advantage tha t ,  wi th  the  modified systemat ic  errors Ai, each 
measurement  may be t rea ted  as independent  and averaged in 
the usual way with other  data .  Therefore, when appropriate ,  
we adopt  this  procedure, t abu la te  Ai r a the r  t h a n  A for the  
systematic  error, and include a footnote t h a t  this has been 
done. 

2. Unconstrained averaging 
To average data ,  we use a s t andard  weighted least- 

squares procedure with the  addi t ion of a "scale factor" 
applied to the  errors. I t  is worth  noting,  however, t ha t  a 
2a error might  well be somewhat  larger t han  twice a l a  
error, owing to the  non-Gauss ian  character  of some sets of 
real measurements .  This  is a persis tent  problem in averaging 
mildly discrepant  measurements .  

We begin by assuming t h a t  measurements  of a given 
quant i ty  are uncorrelated,  and  calculate a weighted average 
and error as 

g q -  (5-2 = W i  X i  - -  W i  _ _  W i  , 

" \ i 

with 

wi = 1/(6xi)  2 , (1) 

where xi and 6xi are the  value and error reported by the  
i th  experiment ,  and the  sums run  over N experiments.  We 
also calculate X 2 = ~2 wi(~  - xi)  2 and compare  it wi th  its 
expectat ion value, which is N - 1 if the measurements  obey 
a Gaussian dis t r ibut ion.  

If X 2 / ( N  - 1) is less t han  or equal to 1, and there are no 
known problems with the  data ,  we accept the  above results. 

If X2 / (N - 1) is very large, we may choose not  to average 
the da ta  at  all. Alternatively,  we may quote the  calculated 
average, bu t  then  give an educated guess as to the  error, a 
conservative es t imate  designed to take into account known 
problems wi th  the  data.  

Finally, if )~2/(N - 1) is greater  t han  1, bu t  not great ly 
so, we still average the  data ,  but  then  also do the  following: 

(a) We t ry  to take account  of X 2 / ( N  - 1) being greater  
t han  1 by scaling up our quoted error of 65 in Eq. (1) by a 
scale factor S defined as 

s = [ x 2 / ( x  - 1)] 1/2 (2) 

Our reasoning is as follows. The  large value of the X 2 is likely 
to be due to underes t imat ion  of errors in at  least one of the 
experiments.  Since we do not  know which of the  errors are 
underes t imated,  we assume t h a t  they are all underes t imated  
by the  same factor S. If we scale up all input  errors by this  
factor, the X 2 becomes N - 1, and of course the  ou tpu t  error 
65 scales up by the same factor. 

W h e n  combining da ta  with  widely varying errors, we 
modify this  procedure slightly. We evaluate S by using 
only the  experiments  with  errors t ha t  are not much greater  
t h a n  those of the  more precise experiments,  i.e., only those 
experiments  wi th  errors less t han  a "ceiling" 6o, arbi t rar i ly  
chosen to be 

6o = 3N 1/2 6 5 .  

Here 65 is the  unscaled error of the  mean  of all the  
experiments.  This  is done because a l though the  low- 
precision experiments  have litt le influence on the value 

and 65, they can make significant contr ibut ions  to the 
X 2, and  the  cont r ibut ion  of the  high-precision experiments  
tends  to be obscured by them. Note tha t  if each exper iment  
had the  same error 6zi,  then  E5 would be 6 x i / N  1/2, so each 
individual  experiment  would be well under  the ceiling. 

This  scaling approach has the  proper ty  t ha t  if there are 
two values wi th  comparable  errors separated by much more 
t h a n  their  s ta ted  errors (with or wi thout  a number  of other  
experiments  of lower accuracy), the  error on the  mean  value 
6 • is increased so t ha t  it is approximately half  the  interval 
between the  two discrepant  values. 

We emphasize t ha t  our scaling procedures for errors  
in no way affect central  values. In addit ion,  to recover the  
unsealed error 65, simply divide the  quoted error by S. 

(b) If, after removing experiments  wi th  errors larger t han  
60, the  number  M remaining is at  least three,  and X 2 / ( M  - 1) 
is greater  than  1.25, then  we plot in the Full Listings an 
ideogram to display the  pa t t e rn  of the data.  We do not 
extract  numbers  from these ideograms; they are intended 
simply as visual aids. Sometimes only one or two da ta  points  
lie apar t  from the main  body; other  t imes the  da ta  split into 
two or more groups. The reader can use this  information in 
deciding upon an a l ternat ive  average. Figure 1 shows such 
an ideogram. 

Each measurement  appear ing in an ideogram is repre- 
sented by a Gaussian wi th  a central  value xi, error 6xi, 
and area propor t ional  to 1/6xi .  The choice of 1/6xi  for the  
areas is somewhat  arbitrary. W i t h  this choice, the  center of 
gravity of the  ideogram corresponds to an average t ha t  uses 
weights equal to 1/6xi ra ther  t han  the (1/Sxi )  2 used in the  
weighted averages. This may be appropr ia te  for the  case in 
which some experiments  have seriously underes t imated  their  
systematic  errors. However, since for this  choice of area the  
height of the  Gaussian for each measurement  is proport ional  
to ( 1 /6x i )  2, the  peak posit ion of the ideogram will often 
favor the  high-precision measurements  at  least as much as 
does the least-squares average. The 1986 edition [Particle 
Da ta  Group (1986)] contains a detailed discussion of the 
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WEIGHTED AVERAGE 
1115.57 + 0 .06 (Error scaled by 1.3) 

" " " " ' ~ - t -  Values above of weighted average, error, 
v 

1 1 1 5 0  1115.5 

and scale factor are based upon the data in 
t~is ideogram only They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
utilizing measurements of other (related) 
quantities as additional information. 

X 2 
. . . . . . . . . . .  HYMAN 72 HEflC 0.1 
. . . . . . . . .  MAYEUR 67 EMUL 2.2 

. . . . .  LONDON 60 HBC 
. . . . . . . .  SCHMIDT 65 HBC 1.4 
. . . . . . . . . .  BHOWMIK 63 RVUE 11 -~-~- 

I (Confidence Level = 0.188) 

11160 1116.5 1117.0 

A mass (.\IeV) 

Fig. 1. Ideogram of measurements  of the A mass. 
The "data  point" at the top shows the position 
of the weighted average, while the  width  of the 
error bar  (and the shaded pa t t e rn  benea th  it) shows 
the error in the average after scaling by the factor 
S. Only those exper iments  indicated by + error 
flags were precise enough to be accepted in the  
calculat ion of S; the  column on the far right gives 
the X 2 contr ibut ion of each of these experiments.  
Less precise experiments  would be included in the 
calculation of the  weighted average, but  not of S; 
they would have ± error flags. 

motivat ion behind the use of ideograms. 

3.  C o n s t r a i n e d  fits 
Except for trivial cases, all branching ratios and rate  

measurements  are analyzed by making a s imultaneous least- 
squares fit to all the da ta  and extract ing the  part ial  decay 
fractions Pi, the  par t ia l  widths  Fi, the  full width  F, and the  
associated error matrix.  

Assume, for example, t h a t  a s ta te  has m part ia l  decay 
fractions Pi, where ~2 Pi = 1. These have been measured 
in -~r different ratios R~., where, e.g., R1 = P1/P'2, R2 
= P1/P:3, etc. [We can handle  any ratio R of the form 

ai P i / ~  2i Pi, where ai  and ,2i are constants ,  usually 1 or 

0. The forms R = PiPj and R (PiPj)V 2 are also allowed.] 
Further  assume tha t  each rat io R has been measured by Na, 
experiments  (we designate each experiment  with a subscript  
k, e.g., Rlk). We then find the best values of the fractions Pi 
by minimizing the X 2 as a flmction of the  rr~ - 1 independent  
paranleters:  

x ~=,:~Z \ ?-g,- / ] '  (3) 

where the Rrk are the measured values and R,. are the fitted 
values of the  branching  ratios. 

In addi t ion to the fitted values Pi, we calculate an error 
mat r ix  {dPi ~Pj). \~e t abu la te  the  diagonal elements of 

6 Pi = @ Pi ~ Pi} 1/2 (except tha t  some errors are scaled as 
discussed below). In the  Full Listings we give the complete 

correlation matrix;  we also calculate the  fitted value of 
each ratio, for comparison with the input  data,  and list it 
above the  relevant input,  along with a simple uncons t ra ined  
average of the  same input.  

Three  comments  on the  example above: 
(1) There  was no connection assumed between mea- 

surements  of the  full width  and the branching  ratios. But  
often we also have information on part ial  widths Fi as well 
as the  to ta l  width  r .  In this  case we must  introduce F 
as a parameter  in the  fit, along with the  Pi, and we give 
correlation matrices for the widths in the Full Listings. 

(2) We do not allow for correlations between input  
data.  We do try' to pick those ratios and widths  t ha t  are as 
independent  and as close to the original da ta  as possible. 
VVhen one experiment  measures all  the branching  fractions 
and constrains their  sum to be one, we leave one of them 
(usually the least well-determined one) out of the fit to make 
the set of input  da ta  more nearly independent .  

(3) We calculate scale factors for bo th  the RT and 
P~ when the  measurements  for any R give a larger- than- 
expected contr ibut ion to the X 2. According to Eq. (3), the 
double sum for X 2 is first summed over experiments  k = 1 
to :\:~., leaving a single sum over ratios X2 = ~ X~. One 
is t empted  to define a scale factor for the  ratio r as S~ = 
X~/(~(~)- However, since (g~) is not a fixed quant i ty  (it is 
somewhere between Nk and Nk 1), we do not know how to 
evaluate this expression. Instead we define 

where/SR,, is the fitted error for ratio r. Wi th  this definition 
the expected value of S] is one. 

The fit is redone using errors for the branching ratios 
t ha t  are scaled by the  max imum of S,. and one, from which 

new and often larger errors 6P~ are obtained.  The  scale 
factors we finally list in such cases are defined by Si = 

~Pi/dPi. However, in line with our policy, of not let t ing S 
affect the  central  values, we give the  values of P i  obta ined  
from the original (unsealed) fit. 

There  is one special case in which the errors tha t  are 
obtained by the preceding procedure may be changed. When  
a fitted branching rat io (or rate) P.i turns  out to be less than  

- - !  

three s tandard  deviations @Pi )  from zero, a new smaller 
- - i t  

error (~P~)  is calculated on the  low side by requiring 
_ _  - -  f !  - -  

the area under  the Gaussian between Pi  - (6 Pi  ) and Pi 
to be 68.3% of the area between zero and Pi .  A sinfilar 
correction is done for branching fractions tha t  are within 
three s tandard  deviations of one. This keeps the quoted 
errors from overlapping the boundary  of the physical region. 

D .  D i s c u s s i o n  
The problem of averaging da ta  containing discrepant 

values is nicely discussed by' Taylor (1982). He considers a 
number  of algori thms tha t  a t t empt  to incorporate  inconsis- 
tent  da ta  into a meaningful  average. Problems occur because 
it is dil:ficnlt to develop a procedure tha t  handles  simulta- 
neously in a reasonable way two basic types of situations: 
(a) da ta  tha t  lie apar t  from the main  body of the da ta  are 
incorrect (contain unrepor ted  errors): and (b) the  opposite 
(the main body of the da ta  is systematical ly wrong). Un- 
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fortunately, as Taylor shows, case (b) is not infrequent. His 
conclusion is that the choice of procedure is less significant 
than the initial choice of data to include or exclude. 

We place much emphasis on this choice of data to include 
or exclude. Unfortunately, the volume of data precludes 
spending as much time on the problem as we would like. We 
address this problem by soliciting the help of many outside 
experts (consultants). In the final analysis, however, it is 
often impossible to determine which of a set of discrepant 
measurements are correct. Our scale-factor technique is an 
attempt to address this ignorance by increasing the error 
above that suggested by least-squares analysis. In effect, we 
are saying that present experiments do not allow a precise 
determination of this constant because of unresolvable 
discrepancies, and one must await further measurements. 
The reader is warned of this situation by the size of the scale 
factor, and can then go back to the literature (via the Full 
Listings) and redo the average as desired. 

Our situation with regard to discrepant data is easier 
to handle than most of the cases Taylor considers, such as 
estimates of the fundamental constants like h, etc. Most of 
the errors in his case are dominated by systematic effects. 
In particle properties data, statistical errors are often at 
least as large as systematic errors, and statistical errors are 
usually easier to estimate. A notable exception occurs in 
partial-wave analyses, where different techniques applied to 
the same data yield different results. In this case, as stated 
earlier, we often do not make an average but just quote a 
range of values. 

A brief history of early Particle Data Group averages 
is given in Rosenfeld (1975). Updated versions of some of 
Rosenfeld's figures are shown in Fig. 2. The least-squares 
error is shown by the thick portion of the error bars; the full 
error bar shows the scale factor extension. 

Some cases of rather wild fluctuation are shown. This 
usually represents the introduction of significant new data or 
the discarding of some older data. Older data are sometimes 
discarded in favor of newer data if it is felt that the newer 
data had smaller systematic errors, had more checks on 
systematic errors, made corrections unknown at the time 
of the older experiments, or simply had much smaller total 
errors. Sometimes near the time at which a large jump 
takes place, the scale factor becomes large, reflecting the 
uncertainty introduced by the new and inconsistent data. 
By and large, a full scan of our history plots shows a rather 
dull progression toward greater precision at a central value 
completely consistent with the first data point shown. 

We conclude that the reliability of the combination 
of experimental data and Particle Data Group averaging 
procedures is usually good, but it is important to realize that 
fluctuations outside of the quoted errors can and do occur, 
perhaps with more frequency than would be expected for 
truly Gaussian errors. 
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F O O T N O T E S  
~Two different conventions exist in the literature for the sign 
of the flavor of b quarks. We have adopted the convention 
that the sign of the flavor of a quark is the same as the 
sign of its charge. Thus the strangeness of the s quark is 
negative, the charm of the c quark is positive, and the 
bottom of the b quark is negative. In addition, Ia of the 
u and d quarks is positive and negative, respectively. The 
effect of this convention is as follows: Any flavor carried by a 
charged meson has the same sign as its charge. Thus the K +, 
D +, and B + have positive strangeness, charm, and bottom, 
respectively, and all have positive I3. The D + has positive 
charm and strangeness. Furthermore, the A(flavor) = AQ 
rule, which is best known for the kaons, applies to every 
flavor. 

§ The relations between the quantum numbers are P = 
( -1)  L+I, C = ( -1)  L+s, G = ( -1)  L+s+I, where, of course, 
the C quantum number (charge conjugation) is only relevant 
to neutral mesons. 
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A C C E S S I N G  A N D  U S I N G  P A R T I C L E  P H Y S I C S  D A T A B A S E S *  

Several publicly accessible computer databases exist which 
contain particle physics information. Some of these allow 
the user to locate papers of interest, while others contain 
actual numerical data. The following tells what is available 
and how to get. started using these databases. 

The SLAC Partic le  Physics  Databases  

The databases of interest at SLAC are: 
(1) HEP, a guide to particle physics journal articles, 

preprints, reports, theses, conference papers, etc., 
indexed by the standard bibliographic quantities as well 
as by citations and topics. HEP is a joint project of the 
SLAC and DESY libraries and in April 1990 contained 
more than 200,000 records. 

(2) CONF, giving past and future conferences of interest to 
particle physicists. 

(3) HEPNAMES, giving electronic-mail addresses of many 
people working in high-energy physics. 

(4) INST, giving addresses (including phone and fax 
numbers) of high-energy physics institutions. 

(5) DATAGUIDE, an adjunct to HEP, which indexes papers 
containing experimental data by accelerator, detector, 
beam momentum, reactions, and particles studied. 

(6) PARTICLES (formerly RPP), giving the Full Listings 
from this Review of Particle Properties, indexed by 
particle and particle property. 

(7) REACTIONS, giving numerical data (e.g., cross sections, 
polarizations, etc.) on reactions. 

(8) EXPERIMENTS, a guide to current and past particle 
physics experiments, indexed similarly to the HEP and 
DATAGUIDE databases. 

Anyone with a SLAC computing account can access these 
databases online. If you do not have an account and cannot 
find anyone who does (at major laboratories, ask at the 
library), contact SLAC directly. More information on the 
databases can be found in "A User's Guide to Particle 
Physics Computer-Searchable Databases on the SLAC- 
SPIRES System," LBL-19173, available from: Particle Data 
Group, Lawrence Berkeley Laboratory, Bldg. 50-Rm. 308, 
Berkeley, CA 94720, USA. A new edition of the "Search 
Guide to HEP" is available from: Library, SLAC, P.O. Box 
4349, Stanford, CA 94309, USA. Or contact Louise Addis at 
SLAC (ADDIS@SLACVM, tel. 415-926-2411). 

QSPIRES Access to S L A C / S P I R E S  

People without a SLAC computing account can use 
QSPIRES (see 'NOTE' below) to access the databases at 
SLAC either Jnteractively via BITNET using the ' tel l '  
command ( 'send' ,  'bsend ' ,  or a similar command on some 
systems) or using electronic mail. Here is an interactive 
search on HEP; the query is refined as QSPIRES sends 
responses to your screen: 

tell  QSPIRES@SLACVM EIND TITLE HADRON 
(response) 
tell  QSPIRES@SLACVM AND PiON 
(response) 
tell  QSPIRES@SLACVM AND DATE 1988 

To receive the search result on your screen (_< 10 records): 
tell  QSPIRES@SLACVM OUTPUT (TYPE 

Otherwise to receive the search result as a file (via electronic 
mail): 

te l l  QSPIRES@SLACVM OUTPUT PRINT BRIEF 
You may combine search criteria in a single command (FIND 
TITLE HADRON AND PION AND DATE 1988), but the command 
'OUTPUT PRINT BRIEF' must be separate. Also note that  a 
QSPIRES search defaults to the HEP database. To search 
another database, like CONF: 

tel l  QSPIRESQSLACVM FIND PLACE VIENNA (IN CONF 
tel l  QSPIRES~SLACVM OUTPUT PRINT BRIEF 

or tell  QSPIRES@SLACVM OUTPUT (TYPE 

I 
Or to access the electronic version of the Review of Particle 
Properties (results always being returned as mail): 

tell  QSPIRESQSLACVM 
EXPLAIN PARTICLES (IN PARTICLES 

tell  QSPIRESQSLACVM 
FIND PP ETA MODES (IN PARTICLES 

For the HEPNAMES and INST databases, you may use 
the special short-cut searches: 

tell  QSPIRES@SLACVM WHOIS ARMSTRONG,B 
te l l  QSPIRES@SLACVM WHEREIS FERMILAB 

If your system does not support interactive BITNET 
communication or is not on the BITNET network, send 
electronic mail to: 
QSPIRES AT SLACVM (for BITNET) 
LBL::"QSPIRES~SLACVM.BITNET" (for DECNET) 
ST%"QSPIRES@SLACVM.BITNET" (for LBL/DECNET) 
QSPIRES%SLACVM.BITNET@LBL.GOV (for Internet) 

as in the examples above. You must  remove the ' tell  
QSPIRES@SLACVM' from all messages: 

FIND PLACE VIENNA (IN CONF 
Each mail message must contain only one line, and the 
mail 'subject line' must be blank. QSPIRES will send its 
responses as mail. For other networks, contact your local 
system manager. 

For more information, you can send electronic mail 
to HEPNAMES@SLACVM and request material on the 
QSPIRES commands. You can get the 'HELP' file by mailing 
the command 'HELP' to QSPIRES@SLACVM. 

• NOTE: Use of QSPIRES is free. Anyone may use 
the special short-cut searches for the HEPNAMES and 
INST databases. Other use of QSPIRES requires that 
your specific computer node be registered with SLAC; 
an individual account is not  required. Send mail to 
QSPI@SLACVM.BITNET for questions about node regis- 
tration. 

SPIRES H E P  Databases  at other Ins t i tut ions  

SLAC/DESY tlEP and several of the other databases 
mentioned above are available on SPIRES at DESY, KEK, 
and Kyoto University, RIFP. Clone copies of HEP are kept 
current by nightly updates. 

Contacts at these institutions are: 
DESY Hartmut Preissner (L00HTP@DHHDESY3); 
KEK Y. Miura (MIURA@JPNKEKVM); 
Kyoto University, RIFP--K.  Aoki (AOKI@JPNRIFP). 

Kyoto also operates a 'remote SPIRES' for Japan. 
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ACCESSING AND USING PARTICLE PHYSICS DATABASES (Cont'd) 

The CERN Preprint Database 

C.ERN has a database of high-energy preprints, PREP, 
similar to the SLAC/DESY HEP database. (CERN proposes 
adding journal articles making their database comparable in 
scope to HEP.) For information on QALICE, a QSPIRES- 
like facility for accessing this database, contact Maja Gracco, 
MGR@CERNVM.BITNET.  

The PREP database will also run oi1 an IBM PC (or 
compatible) using Micro CDS/ISIS, an information storage 
and retrieval system developed by UNESCO. The system 
is call MicroPREP and is intended for use in countries 
without direct access to BITNET or other electronic mail 
capabilities. For further information, contact Alec Hester, 
CERN Scientific Information Service, CH-1211 Geneva 23. 
Switzerland. 

The Durham-RAL Particle Physics Databases 

These databases contain compilations of experimental par- 
t icle physics data (e.g., reaction cross sections, polarizations, 
etc.) and may be searched interactively using VM/CMS 
on both the Rutherford Appleton L~boratory (RAL) and 
CERN central computers. The topics include: 
( 1 ) two-body (and quasi-two-body) reactions; 
(2) hadron and photon one- and two particle inclusive 

distributions: 
(.3) lepton-produced inclusive data (i.e., deep inelastic 

scattering, structure functions, etc.); 
(4) data from e+e annihilations. 
A subset of the SLAC/DESY HEP literature-searching 
guide (from 1980 onwards) is linked to the reaction data to 
inform users when new data is available. Also available are 

the EXPERIMENTS and PARTICLES databases from the 
SLAC system. (See above.) 

The databases run under the Berkeley Database Man- 
agement System and are menu-driven with full on-line help 
information for easy use. They can be accessed by anyone 
having network access to the RAL or CERN computers. For 
PSS access to RAL, the relevant address is 23422351919169, 
then .2) a guest account, PDG (password HEPDATA),  
is available at RAL for those without a CMS account. An 
EXEC file, HEPDATA, resident on the user-disk (UDISK), 
gives interactive access to the databases. The data are 
retrieved using simple keywor&based searches, and resulting 
data records can be listed on the terminal, sent to a printer, 
or transferred to the user's own machine as desired. 

To insure that the databases are current, experimentalists 
are urged to send their data to the compilers as soon as they 
are available. 

For more information or a user guide (1988 edition), 
contact Mike Whalley at Durham University, South Rd., 
Durham City DH1 3LE, England (MRW@UKACRL or 
MRW@CERNVM) or Dick Roberts at Rutherford Ap- 
pleton Lab, Chilton, Didcot, Oxon. O X l l  0QX, England 
(RGR@UKACRL).  At CERN, user guides may be obtained 
from Alec ttester of the CERN library (HES@CERNVM). 

The Serpukhov Particle Physics Databases 

Many of the databases referred to above are available at 
Serpukhov, Inst. for High Energy Physics, 142 284 Protvino, 
Moscow region, USSR. Contact V.V. Ezhela for more 
information. Copies of the Serpukhov databases also reside 
on CERNVM. 

* Revised May 1990. 
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PHYSICAL CONSTANTS 

Revised 1989 by B.N. Taylor.  Based main ly  on the "1986 Adjus tmen t  of the Fundamen ta l  Physical  Cons tan t s"  by E.R.  Cohen and  B.N. Taylor,  
Rev. Mod. Phys .  59,  1121 (1987). The figures in parentheses  af ter  the values give the 1 -s tandard-dev ia t ion  uncer ta int ies  in the  last  digits; the 
uncer ta int ies  in pa r t s  per  million (ppm) are given in the  last column.  The uncer ta int ies  of  the values from a least-squares ad jus tmen t  are in 
general  correlated,  and  the laws of er ror  p ropaga t ion  must  be used in ca lcula t ing  addi t ional  quanti t ies;  the full var iance ma t r ix  is given in the 
ci ted paper .  The  set of cons tan t s  resul t ing from the 1986 ad jus tmen t  has been recommended  for in terna t ional  use by CODATA (Commit tee  on 
D a t a  for Science and  Technology),  a n d  is the most  up- to-date ,  general ly accepted  set available. 

Quantity Symbol, equation Value Uncert. (ppm) 

speed of light c 

P lanck  cons tan t  h 

Planck constant ,  reduced h =- h/27r 

electron charge  m a g n i t u d e  e 

conversion cons tan t  hc 

conversion cons tan t  (he) 2 

299 792 458 m s - 1  (exact)* 

6.626 0 7 5 5 ( 4 0 ) x i 0  34 j s  0.60 

1.054 572 66(63)x10  -34 J s 0.60 

= 6.582 122 0(20)x  10 -22 MeV s 0.30 

1 . 6 0 2 1 7 7 3 3 ( 4 9 ) x 1 0  -19 C = 4 . 8 0 3 2 0 6 8 ( 1 5 ) x 1 0  - 1 °  esu 0.30, 0.03 

197.327 053(59) MeV fm 0.30 

0.389 379 66(23) GeV 2 m b a r n  0.59 

electron mass  me 

pro ton  mass f r l p  

deu te ron  nlaSS 

unified a tomic  mass uni t  (u) 
md 
(mass C 12 a t o m ) / 1 2  = (1 g ) / N  A 

0.510 999 06(15) M e V / c  2 = 9.109 389 7 (54)x10  TM kg 0.30, 0.59 

938.272 31(28) M e V / c  2 = 1.672 623 1(10)x10 -27 kg 0.30, 0.59 

= 1.007 276 470(12) u = 1836.152 701(37) me 0.012, 0.020 

1875.613 39(57) M e V / c  2 0.30 

931.494 32(28) MeV/c  2 = 1.660 540 2 (10)x10  -27 kg 0.30, 0.59 

permi t t iv i ty  of free space e0 } 8.854 187 817 . . .  x l 0  -12 F m -1  (exact)  

permeabi l i ty  of free space #0 c°tt° = 1/c2 47r x 10 _7 N A - 2  = 12.566 370 614 . . .  x 10 7 N A - 2  (exact)  

fine s t ruc ture  cons tan t  

classical electron radius  

electron C o m p t o n  wavelength  

Bohr  radius  (mnucleu s = oc) 

wavelength  of 1 e V / c  part icle  

Rydbe rg  energy 

Thomson  cross section 

a = e2/47reohc 1/137.035 989 5(61)t  0.045 

re =e2 /4reornec  2 2.817 9 4 0 9 2 ( 3 8 ) x 1 0  15 m 0.13 

7~e = h /meC = re~ -1 3.861 593 23(35)x10  -13 m 0.089 

aoc = 4~reoh2/mee 2 = re~ -2  0.529 177 249(24) X 10 -10 m 0.045 

hc/e  1.239 842 44(37)x  10 - 6  m 0.30 

hcRoc = mee4/2(4reo)2h  2 = mee2a2 /2  13.605 698 1(40) eV§ 0.30 

aT = 8~rr2/3 0.665 246 16(18) ba rn  0.27 

Bohr  magne ton  

nuclear  m a g n e t o n  

electron cyclot ron freq./field 

pro ton  cyclot ron freq./field 

# B  = eh /2me  5.788 382 63(52)x10  -11 MeV T -1  0.089 

,aN = eh /2mp  3.152 451 66(28)x10  -14 MeV T -1  0.089 

Weycl/B = e / m e  1.758 819 62(53)x1011 rad  s -1  T -1  0.30 

wcPycl/B = e/rrlp 9.578 830 9(29)x107 rad s -1  T -1  0.30 

grav i ta t iona l  cons tan t  G N  

s t a n d a r d  grav.  accel., sea level g 

6.672 59(85)x10 11 m 3 kg -1  s - 2  128 

= 6.707 11(86)x10 -39 he (GeV/c2)  -2  128 

9.806 65 m s - 2  (exact)  

Avogadro  number  N A 

Bol tzmann  cons tan t  k 

Wien  displacement  law cons tan t  

molar  volume, ideal gas a t  STP  

Ste fan-Bol tzmann cons tan t  

b = AmaxT 

NAk(273.15 K)/ (1  a tmosphere)  
a = zr2k4/6Oh3c 2 

6.022 136 7(36)x1023 tool 1 

1.380 658(12)x10  -23 J K 1§ 

= 8.617 385(73)x10  - 5  eV K 1§ 

2.897 756(24)x10  - 3  m K§ 

22.414 10(19)x10 - 3  m 3 too l - l§  

5.670 51(19)x10  - s  W m - 2  K -4§ 

0.59 

8.5 

8.4 

8.4 

8.4 

34 

Fermi coupl ing cons tan t  G F / ( h e )  3 1.166 37(2)x  10 - 5  GeV - 2  

weak mixing angle sin 2 0 w  0.2259+0.0046 

W + boson nmss m w  80.6=t=0.4 G e V / c  2 

Z 0 boson mass rn Z 91.161+0.031 G e V / c  2 

17 

rr = 3.141 592 653 589 793 238 e = 2.718 281 828 459 045 235 "~ = 0.577 215 664 901 532 861 

1 i n = 0 . 0 2 5 4 m  1 barn-- -  10 28 m 2 1 e V = l . 6 0 2  177 33(49) × 10 -19 J 1 gauss ( G ) - - - 1 0  - 4  t e s l a ( T )  

1 ~ -  10 -10 m 1 d y n e - - - 1 0  - 5  newton  (N) 1 eV/c  2 = 1 . 7 8 2 6 6 2  70(54) x 10 36 kg 0 ° C - 2 7 3 . 1 5  K 

1 fin ~ 10 -15 1711 1 erg --= 10 - 7  joule (J) 2.997 924 58 x 109 esu = 1 coulomb (C) 1 a tmosphere  - 760 tor r  --- 1.013 25 x 105 N / m  2 

* The speed of light is now defined to be 299 792 458 m/s .  For a discussion, see B.W. Petley, Na tu re  303,  373 (1983). 

t At Q2 = me 2. At  Q2 of order  rn 2 ,  the value is approx imate ly  1/128. 

§ Since the 1986 ad jus tment ,  new exper iments  have yielded improved values of the R y d b e r g  cons tan t  for Re, c, and  also for the gas cons tan t  
R and  hence for quant i t ies  derived from it such as tile Bo l t zmann  cons tan t  k. Tile new results are Rcc = 10 973 731.571(4) m -1 ,  
k = 1.380 651 3(25) x 10 -23 J K -1  (1.8 ppm)  = 8.617 344(15) x 10 - 5  eV K -1  (1.7 ppm) ,  b = 2.897 769 4(49) x 10 -3  m K (1.7 ppm) ,  
N A k = 2 2 . 4 1 3  992(38) x 10 3 m 3 tool-1  (1.7 ppm) ,  and  a =  5.670 399(38) x 10 8 W m  2 K - 4  ( 6 . 8 p p m ) .  
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ASTROPHYSICAL CONSTANTS* 

Q u a n t i t y  

N e w t o n i a n  grav i ta t iona l  G N 
cons tan t  

a s t ronomica l  unit  AU 

Planck mass  x/-~-/  G N 

t ropical  year  (1900) i yr  

m e a n  sidereal  day  

parsec: (1 A U / 1  arc see) p(' 

light year  ly 

so l a r  IIlaSS ?,l 5 

Schwarzschild 2G N M~, / (:2 
rad ius  of  the  sun 

solar hmfinos i ty  L >  

solar equator ia l  rad ius  R,> 

S y m b o l ,  e q u a t i o n  V a l u e  

6 .67259(85)  x 10 11 m a k g - 1  s -1  

1 . 4 9 5 9 7 8 7 0 6 6 ( 2 )  x 1011 m 

1.221 047(79) x 1019 G e V / c  2 

= 2 .17671(14)  x 10 - 8  kg 

31 556 925.974 7 s 

23 h 56 m 04s090 53 

3.085 677 5806  x 1016 m 

0 .3066 pc - 0,946 x 1016 m 

1.98892(25)  x l03° kg 

2.953 250 074 kill 

3.826(8) x 102~i J s 1 

6 .9599(7)  x 108 in 

Q u a n t i t y  S y m b o l  V a l u e  

ea r t h  equator ia l  rad ius  p@ 6.38 140 x 106 m 

v~  a round  cen te r  of ga laxy  220 (20) k m  s 1 

solar radius  in ga laxy  8.5 kpc 

local dens i ty  of m a t t e r  ,Ok)cM 0.3 GeV em - 3  -.~ 3 x 104 p~ 

Hut)t)le p a r a m e t e r ;  H 0 100 h 0 k m  s 1 Mpc 1 

h0 x (0 .97781  x 101°yr )  l 

normal i zed  Hul)bh '  h 0 0.4 < h0 < 1 
pa rame te r~  

crit ical densi ty  Pc = 3 H 2 / S v G N  2 .775366273  x 1011h 2 A,I~Mpe 3 
of  t i le  universe  t = 1 .87882(24)  x 10 -29 h 2 g cm -3  

(tellsity p a r a m e t e r  ~0 ~-- P0/Pc 0.05 < fl(i < 4 
of tit(' universe  ~ 

rosmologi(:al cons tan t  A IAI < 3 x 10 -52 m 2 

age of  t i le  universe ;  t 0 1.5(5) x 1010 yr  

* Compi led  wi th  the  hell) of K.A.  ()live, J. P r imack .  S. Rudaz .  and E. M. Standish ,  .h'. Some vahles are  t aken  front C.W.  Allen. 
Astrophys ica l  Quant i t i e s  (Ath lone  Press.  London.  1073) and  Th~ ~ A s t r o n o m w a l  A l m a n a c  f i n  the year 1990 (U.S. G o v e r m n e n t  P r in t ing  
Office, VVashhlgto21. and Her  Ma je s ty ' s  S t a l ione ry  Office. London) .  

f Equinox to equinox; defining cons tan t .  The  1990 vahle  is abou l  0.7 s less. 
t Subscr ip t  0 indicates  p resen t -day  values. 

BIG-BANG COSMOLOGY* 

All observa t iona l  evidence  to da t e  indicates  t ha t  our  universe is 
very  near ly  homogeneous  and  isotropie.  The  mos t  genera l  space - t ime  
interval  wi th  these p roper t i es  is the F r i e d m m m - R o b e r t s o u - W a l k e r  
metri(: (wi th  c 1 ): 

[ dr2 r 2 ((t02 + sin 2 0( t02)]  ds2 = dr2 - R2( t )  [1 - ~ r  2 + 

where  ~c = +1,  - 1 ,  or  0 cor responds  to closed, open.  or spat ia l ly  fiat 
geometr ies ;  R( t )  is a scale factor  for d i s tances  in comov ing  coord ina tes .  
Einstein:s  equat ions  lead to the  F r i e d m a n n  equa t ion  

H2  = 8rr G/v p *,: A 
- 3 t{2 + 3 

as well as to 

J~ A 4rcC; :v 
- (p ÷ 3 p ) .  

R 3 3 

where  H ( t )  is the  Hubb le  p a r a m e t e r ,  p is the  to ta l  mass -ene rgy  
density,  p is the  isotropic pressure,  and A is the  cosmological  cons tan t .  
(For limits on A, see the  Table  of  As t rophys ica l  Cons tan ts :  we will 
a s sume  here A - 0.) The  F r i e d m a n n  equa t ion  serves  to define the  
densi ty  p a r a m e t e r  [~0 (subscr ip t  0 indicates  p resen t -day  values):  

t , ' /R~ = Ui2(fi0 1) . 9-0 = PO/t',' : 

and tile crit ical dens i ty  is defined as 

a~ . =  aHg - l . 8 8 x 1 0  2 G h ~ k g n l  : / .  
8 r r G N  

wi th  

H 0 = lOOho k m  s I Mpc I . 

Obse rva t iona l  bounds  give 0.4 < It() < 1, The  three  t)ossible vahles 
of ~;, +1 ,  1, and 0, co r r e spond  Io g~[I > 1. < 1. and  - 1. i.e.. 
to closed, open.  and  flat (cri t ical)  universes.  The  value of  l~( I is 
inferred f rom veh)ci ty m e a s u r e m e n t s  on scales g rea t e r  t h a n  100 kt)c. 
which are all consistent  with 0.1 ~< ~(I ~< ().1. Conse rva t ive  }~oun(ts 
are 0.05 _< [~0 -< 4. T h e  l)ortion of t~ in huninous  m a t t e r  is much  
smaller .  0.005 _< i~lu m < 0.02. The  excess of  t~(} ove r  l~lunl leads to  

tile i21ferellce tha t  illOSt of  the  m a t t e r  in the  universe  is tlOllhlllliIlOUS 
"dark"  ma t t e r .  

Energy  consmwat ion implies that  fl = 3 ( /~ /R)  (p + p),  so tha t  
for a m a t t e r - d o m i n a t e d  (p = 0) universe p ~ R -3 .  while for a 

rad ia t ion  donf ina ted  (p -. 1/30) universe  p ~c R 4 Thus  tile less 

s ingular  c u r v a t u r e  t e r m  ~, /R  2 in tile F r i e d m a n n  equa t ion  ( a n  be 
neglec ted  al early t imes  w h e n  R is small .  E n e r g y  conserva t ion  also 
inlt)lies t ha t  the  universe exl)ands adiabat ica l ly .  R3s = (ons t an t ,  
where  the  en t ropy  dens i ty  s = (p + p ) / T  and  7' is t e m p e r a t u r e .  The  
energy dens i ty  of  rad ia t ion  can be expressed as 

7r 2,~: 4 
Pr = ~ N ( T ) T  4 . 

with  h = 1. where  3 / (T )  counts  the  effectively massless  degrees  of 
f reedol t l  l)f t )osous  ail(t f e r l l l ious :  

7 E g  F 
[3 t. 

For example ,  for mr, > k T  > m,., N ( T )  = 9=, + 7 / 8 ( 9 e  + 3 9 ,  : 
2 + 7 /8  [4 + 3(2)] = 13/4.  For mrr > k T  > mj, .  N ( T  = 57/4.  

In the  ear ly  universe when p ~ p,., t l len R ~ I / R .  so tha t  R ~ t 1/'2 
and  H t  ~ 1/2: the t i m e - t e m p e r a t u r e  re la t ion then  follows: 

t = 2 . 4 I N ( T ) ]  1/2 ( 1  M e V ~  2 \ ~ : T -  / s .  

To,lay. the energy  densi ty  in pho tons  is p:, = (72k4/15)I]~4, where  the  
present  t e m p e r a t u r e  of the  mic rowave  backg round  is T 0 = 2.73 ± 0.05K. 
and the n u m b e r  deus i ty  of  photons  n~. is 4 0 0 ( T 0 / 2 . 7  K)  a ( in  a. For 
nonre la t iv is t ic  m a t t e r  (such as baryons)  today,  the  energy  dens i ty  is 

PB = m B n B  with n B ;v R a. so tha t  for mos t  of the  his tory of the  
universe  n B / s  is (ous tan t .  Today.  the en t ropy  dens i ty  is re la ted  1o 
the pho ton  dens i ty  by  s ~ 7 ,~ .  Big Bang  uur leosynthes is  eah 'u la t ions  

limit q = n B / n . ,  to 3 x 1 0  10 < 21 < 10-9 .  T h e  p a r a m e t e r  2 / is also 
re la ted  to the  por t ion  of L) in baryons  

*},~ = 3.6 x 107q hu 2 ('I})/2.7 K) 3 . 

so tha t  0.01 < l! b h~l < 0.04 and  hen('e the  universe  camlot  be closed 
by baryons.  

* Wr i t t en  I ) ecember  1985 by K.A.  Olive and  S. Rudaz .  
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DARK M A T T E R *  

There is increasing evidence for the existence of large quanti t ies  of 
dark mat te r  in the Universe. The most direct piece of evidence comes 
from the astronomical observation of the motion of visible mat te r  
(stars and regions of neutral  hydrogen gas) in galaxies. The observed 
velocities due to rotat ional  motion in spiral  galaxies are measured to 
be largely independent of the distance to the center of these galaxies. 
In the absence of any unseen component,  we would expect tha t  
the velocity falls off with increasing distance, v 2 ~ G N Mvis/r. In 

contrast,  a fiat rotat ion curve implies a total  mass Mtot ~ GN 1 V2obs r 
[~ 1011M® (Vobs/200 km s - l )  2 ( r /10  kpc)] in excess of the visible 
mass Mvis. It can be inferred from these observations tha t  there 
exists a dark mat te r  component dis t r ibuted in a (roughly) spherical 
halo about  the galaxy. The dynamics of groups of galaxies and 
clusters, as well as the presence of very hot gas in elliptical galaxies 
require large quanti t ies  of unseen mat te r  as well. In addition,  theories 
of cosmological inflation predict tha t  the density parameter  of the 
U n i v e r s e  ~ t o t  = 1~ whereas s tandard  Big Bang nucleosynthesis requires 
~baryon --~ 0.1,  implying the existence of nonbaryonic dark matter .  
Less direct evidence comes from our theoretical unders tanding of 
the growth of density per turbat ions  as seeds for galaxy formation. 
Without  the presence of dark matter ,  it is very difficult to reconcile 
the existence of galaxies (and quasars) at  high redshifts with l imits on 
the anisotropy of the microwave background radiation. Per turbat ions  
in baryons can grow only after the t ime of recombination, i.e. when 
the baryons decouple from the microwave background. When ~ t o t  = 1 
due to dark matter ,  mat te r  dominat ion occurs much earlier and dark 
mat ter  per turbat ions  grow for a longer period thus avoiding a conflict 
with l imits on the anisotropy of the microwave background. 

In our own galaxy, the dis t r ibut ion of the visible mat te r  and its 
observed circular motion determine the local (solar neighborhood) 
dark mat te r  density pDM ..~ 0.3 GeV cm -3.  Regardless of the nature 
of the dark matter ,  it must  behave ms a collisionless gas, with a 
broad velocity dis t r ibut ion (typically assumed to be Maxwellian); 
(v} ~ Av ..~ 300 km s -1 in our galaxy. 

We do not know the identity of the dark mat te r  nor whether  
there is more than  one type of dark matter .  Baryons are difficult to 
conceal and in the s tandard Big Bang model cannot make up all of 
the dark mat ter  if ~ t o t  = 1. It  is also theoretically unlikely and is 
not at  present observationally motivated that  galactic halos could be 
made of very dim objects. There are several theoretical  elementary 
particle candidates tha t  could explain the existence of dark matter ,  
of which the most commonly discussed are: a neutrino (if massive), a 
neutralino (from supersymmetry) ,  and the axion (from the strong CP 
problem). 

Regardless of the exact identity of the dark matter ,  its kinetic 
energy at  the t ime when dark-mat ter  dominat ion begins determines 
the subsequent evolution of the density per turbat ions  tha t  seed 
galactic and large structures. If the dark mat te r  is relativist ic 

(hot dark matter ,  HDM) only the largest (supercluster) s t ructures 
survive and they must  fragment to form galactic structure,  whereas 
if it is nonrelativist ic (cold dark matter ,  CDM), s tructure on all 
scales is preserved. The large-scale dis tr ibut ion of mat te r  in N-body  
simulations of a HDM-dominated universe is not compatible with 
observations (unless there are point-like density perturbat ions) ,  
whereas a flat CDM-dominated universe requires tha t  the visible 
mat te r  be predominant ly  concentrated in the denser regions of the 
DM distr ibut ion (biased galaxy formation). 

For a cold dark mat te r  particle species with equal particle (X) 
and antipart icle (X) densities (except for the axions), its cosmological 
density at present is 

~X h2 ~ 1.6 × 10 -10 N 1/2 (Tx/T~) 3 

x ( a +  1--b12 (v2 ) f )  -1 (v2 ) f l  (1) 

with a, b determined from the (velocity averaged) annihilat ion cross 
section, expanded in powers of momentum, ( V q x ~ )  -- a + lb  (v2)/,  

at freezeout temperature  T/  ((v2)f = 6T / / Mx)  at which the X ' s  drop 

from thermal  equil ibrium (typically T/  ~ 1 M x ) .  In Eq. (1), N F is 

the total  number of relativist ic degrees of freedom at Tf and ( T x / % )  
is the ratio of the temperatures  of X ' s  and photons at  Tf. In the 

halo of our galaxy (v 2) ~ 10 -6,  thus (v a x ~  )halo and f t x  are closely 
related. 

Several proposals or experiments exist to detect cold dark mat ter  
candidates.  In the case of heavy (M > 1 GeV) particles, elastic 
scat tering from nuclei would produce nuclear recoils with energies of 
> 1 keV, and several techniques have been proposed to detect  these 
recoils. The expected collision rate for a target  nucleus mass m N is: 

R = 4.3 kg-1  day 1 ( G e V ~ 2  ~ ( O~elcm2 ) 
\ m  N rrtx/ \ 10  -38 

li  il 
× 0 . 3 G ~ c m  - 3 )  \300~mms - 1 ]  ' (2) 

where (IVEI} is the average velocity at  which they strike the detector. 
Since crossing symmetry  relates ael to ¢rx~ , R is closely related 
to ~ x .  Dirac neutrinos and sneutrinos with masses 0.012 20 TeV 
have already been excluded by double-~ decay experiments. Axions 
could be detected by their  expected coherent conversion to microwave 
photons in a tuned cavity. Products  of DM annihilat ion in the halo 
(e.g., cosmic ray p's, e+'s,  "~'s) and the core of the Sun (u's) would 
indirectly signal the existence of particle DM. The absence of a signal 
in high energy solar-v searches using underground detectors rules out 
sneutrinos whereas cosmic ray searches do not constrain theory so far. 

* Wri t ten  September 1989 by R. Flores and K.A. Olive. 
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INTERNATIONAL SYSTEM (Sl) NOMENCLATURE 

Complete  Set of Units 

Phys ica l  N a m e  S y m b o l  Phys i ca l  N a m e  S y m b o l  

Q u a n t i t y  of  U n i t  for Uni t  Q u a n t i t y  of  Uni t  for U n i t  

B a s e  uni t s  D e r i v e d  uni t s  ( cont'd)  

length 

IIIaSS 

t ime 

electri(' ('llrl'(!ll[ 

therlllO(]yllalllit! 
HHllperahlr(! 

alllO/alt of 
Sll})Stall('(' 

hllllillO/lS 
intensity 

S u p p l e m e n t a r y  uni t s  

plane angle 

solid angle 

D e r i v e d  uni t s  

frO(l/ll!llCy 

e l l e l g y  

fo rce  

i ) ress l  H'e 

l)()w(,l- 

l l le t  e r  

kih)gram 

SO(]()ll(l 

1"1 Hip{!r(! 

kelvin 

lllO]( ~ 

candela  

radian  

st(wa(lian 

hertz 

joule 

II(~V,'t()II 

pascal  

wall 

Ill 

kg 

S 

A 

K 

mol 

('d 

t ad  

$1' 

Hz 

,l 

N 

P a  

VV 

electric charge 

e|ec~ric 
potential  

electri(' 
res iS ta l lCe  

i!le('l ri(' 
(!OIl(hlcLall('( ~ 

electric 
(!apacitall(:e 

i l l a g l l e t i ( '  ~llX 

ill(hl('tHll('(' 

magneti( '  
flux ([m>ity 

h l l l l i l t o l t s  fl l tx 

i l ] l l l l l i l l a l l ( :e  

*aclivity (of a 
radioavlive 
NOIII'C(~) 

*al)sorl)e(I (losv 
(of i(mizing 

radiat ion)  

coulom}) 

voh 

o h l l l  

sietll(!llS 

[~u'ad 

W(![)eI" 

h e l l r y  

t(!sla 

hllllell 

lux 

becquerel 

\Vb 

H 

T 

ni l  

lx 

Bq 

gray Gy 

See Quantiti<~. ('uits. (n,t Symbol.s. l'el)ort o[" the SylllbO]S ( iommit tee  of the Hoyal Society. 2 "d ed. 
!['loyal Sociely. London.  1975). 

*See Radioact iv i ty  and  l lad ia t ion  Protecl ion Section. 

10 t deci (d) 

COMMONLY-USED METRIC PREFIXES 

10 2 cent i ( t ' )  10 3 milli (m) l0 (i lnici'o (/1) 1(} !~ nano (n) 10 12 pico (pl 10 15 femto (f) l() is alto (a) 

l0 deca (da) 10 2 heclo (11) 10 :~ kilo (k) 10 6 lll(~a (h,l) 10 !) giga ((',) 1012 tera (T) 1015 pe ta  (P) 10 Is exa (E) 
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS*  

Material  Z A Nuclear a 
to ta l  
cross 

section 

a T [barn] 

Nuclear b Nuclear c Nuclear c dE d Radia t ion  length e Density / Refractive 

inelastic collision interaction dx min X0 [g/cm 3] index n / 

cross length length [ MeV ] [g/cm 2] [cm] () is for gas () is (n 1 )x l06  

section )~T hi () is for gas [g/t~] for gas 
al [barn] [g/cm 2] [g/cm 2] [ g/--"~m2 J 

H2 1 1.01 0.0387 
D2 1 2.01 0.073 
He 2 4.00 0.133 
Li 3 6.94 0.211 
Be 4 9.01 0.268 

0.033 43.3 50.8 4.12 
0.061 45.7 54.7 2.07 
0.102 49.9 65.1 1.94 
0.157 54.6 73.4 1.58 
0.199 55.8 75.2 1.61 

61.28 865 0.0708(0.090) 1.112(140) 
122.6 757 0.162(0.177) 1.128 

94.32 755 0.125(0.178) 1.024(35) 
82.76 155 0.534 
65.19 35.3 1.848 

C 6 12.01 0.331 
N2 7 14.01 0.379 
02 8 16.00 0.420 
Ne 10 20.18 0.507 
A1 13 26.98 0.634 
Si 14 28.09 0.660 
Ar 18 39.95 0.868 
Ti 22 47.88 0.995 

0.231 60.2 86.3 1.78 
0.265 61.4 87.8 1.82 
0.292 63.2 91.0 1.82 
0.347 66.1 96.6 1.73 
0.421 70.6 106.4 1.62 
0.440 70.6 106.0 1.66 
0.566 76.4 117.2 1.51 
0.637 79.9 124.9 1.51 

42.70 18.8 2.265 g 
37.99 47.0 0.808(1.25) 1.205(300) 
34.24 30.0 1.14(1.43) 1.22(266) 
28.94 24.0 1.207(0.90) 1.092(67) 
24.01 8.9 2.70 
21.82 9.36 2.33 
19.55 14.0 1.40(1.78) 1.233(283) 
16.17 3.56 4.54 

Fe 26 55.85 1.120 
Cu 29 63.55 1.232 
Ge 32 72.59 1.365 
Sn 50 118.69 1.967 
Xe 54 131.29 2.120 
W 74 183.85 2.767 
Pt  78 195.08 2.861 
Pb 82 207.19 2.960 
U 92 238.03 3.378 

0.703 82.8 131.9 1.48 
0.782 85.6 134.9 1.44 
0.858 88.3 140.5 1.40 
1.21 100.2 163 1.26 
1.29 102.8 169 1.24 
1.65 110.3 185 1.16 
1.708 113.3 189.7 1.15 
1.77 116.2 194 1.13 
1.98 117.0 199 1.09 

13.84 1.76 7.87 
12.86 1.43 8.96 
12.25 2.30 5.323 

8.82 1.21 7.31 
8.48 2.77 3.057(5.89) (705) 
6.76 0.35 19.3 
6.54 0.305 21.45 
6.37 0.56 11.35 
6.00 ~0.32 ~18.95 

Air, 20°C, 1 atm. (STP in paren.) 
H20 
Shielding concrete h 
SiO2 (quartz) 

62.0 90.0 1.82 
60.1 84.9 2.03 
67.4 99.9 1.70 
67.0 99.2 1.72 

36.66 (30420) 0.001205(1.29) 1.000273(293) 
36.08 36.1 1.00 1.33 
26.7 10.7 2.5 
27.05 12.3 2.64 1.458 

H2 (bubble chamber 26°K) 
D2 (bubble chamber 31°K) 
H-Ne mixture  (50 mole percent)J  

43.3 50.8 4.12 
45.7 54.7 2.07 
65.0 94.5 1.84 

61.28 ~1000 ~ 0.063 i 1.100 
122.6 ,,~900 ~ 0.140 / 1.110 

29.70 73.0 0.407 1.092 

Ilford emulsion G5 
NaI 
BaF2 
BGO (Bi4Ge3012) 
Polystyrene, scinti l lator (CH) ~ 

82.0 134 1.44 
94.8 152 1.32 
92.1 146 1.35 
97.4 156 1.27 
58.4 82.0 1.95 

11.0 2.89 3.815 
9.49 2.59 3.67 1.775 
9.91 2.05 4.89 1.56 
7.98 1.12 7.1 2.15 

43.8 42.4 1.032 1.581 

Lucite, Plexiglas (C5H802) 
Polyethylene (CH2) 
Mylar (C5H402) 
Borosilicate glass (Pyrex) ~ 

59.2 83.6 1.95 
56.9 78.8 2.09 
60.2 85.7 1.86 
66.2 97.6 1.72 

40.55 ,-~34.4 1.16 1.20 ~ 1.49 
44.8 ~47.9 0.92 0.95 
39.95 28.7 1.39 
28.3 12.7 2.23 1.474 

CO2 
Ethane C2H 6 
Methane CH4 
lsobutane C4H10 
NaF 
LiF 
Freon 12 (CCI2F2) gas, 26°C, 1 atm. n 
Silica Aerogel o 
NEMA G10 plate p 

62.4 9O.5 1.82 
55.73 75.71 2.25 
54.7 74.0 2.41 
56.3 77.4 2.22 
66.78 97.57 1.69 
62.00 88.24 1.66 
70.6 106 1.62 
65.5 95.7 1.83 
62.6 90.2 1.87 

36.2 (18310) (1.977) (410) 
45.66 (34035) 0.509(1.356) m (1.038) m 
46.5 (64850) 0.423(0.717) (444) 
45.2 (16930) (2.67) (1270) 
29.87 11.68 2.558 1.336 
39.25 14.91 2.632 1.392 
23.7 4810 (4.93) 1.001080 
29.85 ~150 0.1 0.3 1.0+0.25p 
33.0 19.4 1.7 
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS (Cont'd) 

Material  Dielectric Young's Coeff. of Specific Electrical Thermal  

cons tan t  (~: = e/e0) modulus  thermal  heat resistivity conduc t iv i ty  

() is (~," 1 )x l06  [11) 6 psi] expansion [cal/g-°CJ [ t ~ c , n ( ~ ° C ) ]  [cal/cm-°C-see] 

for gas [10 %nl / cm-°C]  

H2 (253.9) 
He (64) 
Li 56 0.86 8.55(0 ° ) 0.17 
Be 37 12.4 0.436 5.885(0 °) 0.38 

C 0.7 0.6 4.3 0.165 137510 °) 0.057 
N2 (548.5) 
o~ (495) 
Ne 11271 
AI 10 53.9 0.215 2.65(20 ° ) 0.53 
Si 11.9 16 2.8 7.3 0.162 0.20 
Ar (517) 
Ti 16.8 8.5 0.126 50(0 °) 

Fe 
Cu 
Ge 
Sn 
Xe 
W 
Pi 
Pb  
[: 

16.0 

28.5 11.7 0.l  I 9.71120 ° ) 0.18 
16 16.5 0.092 1.67(21/°) 0.94 

5.75 0.073 0.14 
6 20 0.052 I h 5( 2(I ° ) O. 16 

50 4.-1 0.932 5.5(20 ~' ) 0.48 
21 8.9 I).032 9.83(/) ° ) 0.17 

2.6 29.3 0.1138 20.65(20 c ) 0.083 
36.1 0.02~ 29(20 ° ) 0.064 

* Table revised April 1988 by H.W. Kenney. or, r ,  cr I, A, 1 . and A l are energy dependent ,  Values quoted  apply  to high energy range given in 
footnote a or b. where energy dependence  is weak. 

a. crtota I at  80 24(1 GeV for nelllrons ( ~ a  for protons)  fl'om Mur thy  et al.. Nucl, Phys. B 9 2 .  269 (1975), l 'h is  scales approxi inate ly  ks A 077. 
b. O-inelasti c = Crtota I oelasti c - O-quasielasti(: for neutrons  at  60 375 GeV from Holmrts ct al.. Nucl. Phys.  B 1 5 9 .  56 (19791. For pro tons  and 

other  particles,  see Carroll  et al., Phys.  Lett,. 80B .  319 119791: note thai  al(p)  -~ a l (~) ,  cr I s(ales approximate ly  ms 4 °71 . 
c. Mean fi'ee pa th  between collisions (AT,) or inelastic interact ions (AI). calculated fi'om A = A / ( N  × rr). where N is Avogadro ' s  number .  
d. l%r minimum-ionizing pro tons  and pions fl'om Barkas  aim Berger. ]bblcs of E~ergy Losses a~td RaT~g~ s of Heavy ('harqed Particles, 

NASA-SP-3013 11964). For electrons and  posi t rous see: M.,). Berger and S.M Seltzer, ,%'topptm] Pou,ers a~ld RaTBgcs of Electrorts and 

Positrons (U ~d Ed.),  1;.S. Nat ional  Bureau  of S t anda rds  repor t  NBSIR 82 2550 A (1982). 
~'. From Y.S. Fsai ,  Rev. Mod. Phys.  46.  815 (1974): X 0 da t a  for all ehmJents up to uranimn lnay })e f~mnd here. Correct ions for molecular  

b inding applied for H2 and  D 2, Parentheses  refer to gaseous form at  STP (0°( ', 1 atul. h 
f .  Values for solids, or 1he liquid phase at  boiling point ,  except ms n o t e d  Values in parentheses  for gaseous phase  at STP (0°C, I arm.) .  

Refractive index givell t\)r sodium O line. 
9- For pure  graphite:  industr ial  g raphi te  densi ty may var.~ 2.1 2 . ' , /g /cm ;~, 
h. S tmldard  shielding blocks, typical composi t ion 0 2  52%. Si 32.5%, Ca 6<i4,. Na 15%. Fe 21X. AI 4'~. plus reinlbrciug iron bars.  The 

at, temmt, ion length,  t = 115 ± 5 g / c m  2. is also valid for ear th  (typical p = 2.151. fl'om CFI iN LIRI. [ iHEL ShMding  exp.. [ ;CRL 17841 

(19681. 
t. Density may vary about  J_3~Z. (lel)ending on opera t ing  conditions.  
j .  Values for typical  working condit ions with t |2  target:  50 mob' percent ,  29°K. 7 arm. 
k. Typical  scintillator: e.g.. PIL()T B and  NE 102A haw~ an at(mile rat io PI/(! = 1.10. 
[. Main components :  80(Z SiO2 + 12c7~ B2(13 + 5~Z N a 2 ( )  

m. Solid ,~than(, densi ty at 611°(?: gaseous refl'aciiw~ index at 11°C. 546 m m  pressure. 
r~. Used in (!erenkov co,mUws. Vahles at  26~'C aud 1 arm. hldices of refl 'action from E.R. Hayes. I~.A. Schlnter.  m~d A. Tamosait is ,  ANL 6916 

(1!164). 
o. n(SiO 2} + 2it(t12() ) used in Cerenkov counters,  t' = densi ty in g / c m  3. From M. (Tautin el al.. Nucl. hlstr ,  and  Meth, 118. 177 (1974). 
p. Cl(l-plate,  typical  (i()(Z Si()2 aim 40~Z epoxy. 
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ELECTRONIC STRUCTURE OF THE ELEMENTS 

The electron configurations and most of the ionization energies below are taken from S. Ruben, Handbook of the Elements, 3 rd ed. (Open Court, 
La Salle, IL, 19851. Twenty eight of the ionization energies have been changed slightly to bring them up to date (changes from W.C. Mart in  and 
B.N. Taylor of the National Inst i tute  of Standards and Technology, Jammry 1990). The electron configuration for, say, iron indicates an argot) 
electronic core (see argon), plus six 3d electrons and two 4s electrons. The ionization energy is the least energy necessary to remove to infinity 
one electron from all atom of the element. 

Ground Ionization 
Electron configuration s ta te  energy 

Element (3d 5 = five 3d electrons, etc.) 2S+IL j  (eV) 

1 H Hydrogen ( l s )  251/2 13.60 

2 He Helimn ( l s )  2 1So 24.59 

3 Li Lithium (He) (2s) 2S1/2 5.39 

4 Be Beryllium (He) (2s) 2 lb'0 9.32 
5 B Boron (He) (2s) 2 (2p) 2/11/2 8.30 

6 C Carbon (He) (2s) 2 (2p) 2 3po 11.26 
7 N Nitrogen (He) (2s) 2 (2p) 3 4~S'3/2 14.53 

8 O Oxygen (He) (2s) 2 (2p) 4 3P  2 13.62 
9 F Fluorine (He) (2s) 2 (2p) 5 2P3/2 17.42 

10 Ne Neon (He) (2s) 2 (2p) (5 ISo 21.56 

11 Na Sodium (Ne) (3s) 2S1/2 5.14 

12 Mg Magnesium (Ne) (3s) 2 IN) 7.65 
13 A1 Alnminum (Nc) (3s) 2 (3p) 2]°1/2 5.99 

14 Si Silicon (Ne) (3s) 2 (3p) 2 3/20 8.15 
15 P Phosphorus (Ne) (3s) 2 (3p) 3 lb'3/2 10.49 

16 S Sulfllr (Ne) (38) 2 (31114 3P 2 10.36 
17 C] Chlorine (Ne) (3s) 2 (3p) 5 2/23/2 12.97 

18 Ar Argon (Ne) (3s) 2 (31/) 6 1,~" 0 15.76 

19 K Potassiuul (Ar) (4s) 2,S'1 , 2 1.34 

20 Ca Calcium (Ar) (4s) 2 IS 0 6.i1 
. . . . . . . . . . . . . . . . . . . . .  

21 Sc Scandiuul (Ar) (3d) (-Is) 2 T 2D3/2 6.56 

Ti Ti tanium (Ar) (3d) 2 (4s 2 r e 3F  2 6.83 22 
23 

24 
25 

26 
27 

28 
29 

30 

V Vanadium (Ar) (3d) 3 ( i s )  2 a 1 4F3/2 6.75 

Cr Chromium (Ar) (3d) 5 (4s) n e 7S a 6.77 
Mn Manganese (Ar) (3d) 5 (4s) 2 s m 6S5/2 7.43 

Fe Iron (Ar) (3d) 6 (4s) 2 i e 5D 4 7.90 
Co Cobalt (Ar) (3d) 7 (4s) 2 '~ n 4F9/2 7.88 

Ni Nickel (At) (3d) 8 (4s) 2 i t 3F 4 7.64 

Cu Copper (Ar) (3d)l° (4s) o S 2S1/2 7.73 

Zn Zinc (At') (3d)l° (4s) 2 n IN/ 9.39 
. . . . . . . . . . . . . . . . . . . . . . . . .  

31 Ga Gall ium (Ar) 3d) 10 4s 2 (4p) ::P1/2 6.00 

32 Ge Germamunl  (Ar) (3d)10(4s) 2 (4p) 2 aP  0 7.90 

33 As Arsenic (Ar) (3d)1°(4s) 2 (4t)) 3 4S3/2 !t.82 

34 Se Selenium (Ar) (3d)l°(4s)  2 (4p) 4 3/~ 2 9.75 
35 Br Bromine (Ar) (3d)10(4s) 2 (4p) 5 2/:~3/2 11.81 

36 Kr Krypton (Ar) (3d)l°(4s)  2 (4p) 6 IS' 0 14.00 

37 Rb Rubidium (Kr) (5s) 2S1/2 4.18 

38 Sr Strontimn (Kr) (5s) 2 1£' 0 5.69 
. . . . . . . . . . . . . . . . . . . . . . . .  

39 Y Yt t r imn (Kr)(4d)  " o T 2D3/2 (os)- 6.22 
4(1 Zr Zirconiunl (Kr) (4d) 2 (5s) 2 r e 31< 2 6.63 
41 Nb Niobium (Kr) (4d) 4 (5,s) a 1 6D1/2 6.76 

42 Mo Molybdenum (Kr) (4d) 5 (5s) n e 7S 3 7.09 
43 Tc Techuetiunl (Kr) (4d) 6 (5s) s m 6D9/2 7.28 

44 Ru iRuthenium (Kr) (4d) 7 (5s) ] c 5JE 5 7.36 
45 Rh Rhodium (Kr) (4d) 8 (5s) t n 4F9/2 7.46 

46 Pd Pal ladium (Kr) (4d) 1(I i t IN) 8,34 
47 Ag Silver (Kr) (4d)l°(Ss)  o s 2S1/2 7.58 

48 Cd Cadmium (Kr) (4d)l°(5s)  2 it 15' 0 8.99 
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ELECTRONIC STRUCTURE OF THE ELEMENTS (Cont'd) 

49 In Indium (Kr) (4d)l°(5s) 2 (5p) 2P1/2 5.79 
50 Sn Tin (Kr) (4d)l°(5s) 2 (5p) 2 3Po 7.34 
51 Sb Antimony (Kr) (4d)10(5s) 2 (5p) 3 4S3/2 8.64 
52 Te Tellurium (Kr) (4d)1°(5s) 2 (5p) 4 3p2 9.01 
53 I Iodine (Kr) (4d)l°(5s) 2 (5/)) 5 2P3/2 10.45 
54 Xe Xenon (Kr) (4d)10(5s) 2 (5p) 6 1S0 12.13 

55 Cs Cesium (Xe) (6s) 2S1/2 3.89 
56 Ba Barium (Xe) (6s) 2 1S 0 5.21 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 La Lanthanum (Xe) (5d) (6s) 2 2D3/2 5.58 
58 Ce Cerium (Xe) (4f) 2 (6s) 2 R 3//4 5.54 
59 Pr Praseodymium (Xe) (4f) 3 (6s) 2 a 4•9/2 5.46 
60 Nd Neodymium (Xe) (4f) 4 (6s) 2 r 5/4 5.52 
61 Pm Promethium (Xe) (4f) 5 (6s) 2 e 6H5/2 5.55 
62 Sm Salnarium (Xe) (4f) 6 (6s) 2 7Fo 5.64 
63 Eu Europium (Xe) (4f) 7 (6s) 2 e 8S7/2 5.67 
64 Gd Gadolinium (Xe)(4f) 7 (5d) (6s) 2 a 9D2 6.15 
65 Tb Terbium (Xe) (4f) 9 (6s) 2 r 6H15/2 5.86 
66 Dy Dysprosium (Xe) (4f) 1° (6s) 2 t 5/8 5.94 
67 Ho Holmium (Xe) (4f) 11 (6s) 2 h 4115/2 6.02 
68 Er Erbium (Xe) (4f) 12 (6s) 2 s 3H 6 6.11 
69 Tm Thulium (Xe)(4f)  13 (6s) 2 2F7/2 6.18 
70 Yb Ytterbium (Xe) (4f) TM (6s) 2 18o 6.25 

71 Lu Lutetium (Xe) (4f)14(5d) (6s) 2 T 2D3/2 5.43 
72 Hf Hafnium (Xe) (4f)14(5d) 2 (6s) 2 r 3F 2 6.83 
73 Ta Tantalum (Xe) (4f)14(5d) 3 (6s) 2 a 4F3/2 7.89 
74 W Tungsten (Xe) (4f)14(5d) 4 (6s) 2 n 5Do 7.98 
75 Re Rhenium (Xe) (4f)14(5d) 5 (6s) 2 s 6S5/2 7.88 
76 Os Osmium (Xe) (4f)14(5d) 6 (6s) 2 i 5D4 8.7 
77 Ir Iridium (Xe) (4f)14(5d) 7 (6s) 2 t 4F9/2 9.1 
78 Pt Platinum (Xe) (4f)14(5d) 9 (6s) i 3D3 9.0 
79 Au Gold (Xe) (4f)14(5d)l°(6s) o 2S1/2 9.23 
80 Hg Mercury (Xe) (4f)14(5d)10(6s)2 n 1SO 10.44 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

81 T1 Thallium (Xe) (4f)14(5d)l°(6s)2(6p) 2p1/2 6.11 
82 Pb Lead (Xe) (4f)14(5d)lO(6s)2(6p) 2 3po 7.42 
83 Bi Bismuth (Xe) (4f)14(5d)l°(6s)2(6p)3 483/2 7.29 
84 Po Polonium (Xe) (4f)14(5d)l°(6s)2(6p) 4 3p2 8.42 
85 At Astatine (Xe) (4f)14(5d)l°(6s)2(6p)5 2P3/2 9.65 
86 Rn Radon (Xe) (4f)14(5d)l°(6s)2(6p) 6 15'0 10.75 

87 Pr Francimn (Rn) (78) 25'1/2 3.97 
88 Ra Radium (Rn) (7s) 2 180 5.28 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

89 Ac Actinium (Rn) (6d) (7s) 2 2D3/2 5.17 
90 Th Thorium (Rn) (6d) 2 (7s) 2 3F 2 6.08 
91 Pa Protactinium (Rn) (5f) 2 (6d) (7s) 2 A 4Kll/2 5.89 
92 U Uranium (Rn)(5f)  3 (6d) (7s) 2 c 5L6 6.19 
93 Np Neptunium (Rn)(5f)  4 (6d) (7s) 2 t 6Lll/2 6.27 
94 Pu Plutonium (Rn) (5f) 6 (7s) 2 i 7F 0 6.06 
95 Am Americium (Rn)(5f)  7 (7s) 2 n 8S7/2 5.99 
96 Cm Curium (Rn)(5f)  7 (6d) (7s) 2 i 9D2 6.02 
97 Bk Berkelium (Rn)(5f)  8 (6d) (7s) 2 d 8G15/2 6.23 
98 Cf Californium (Rn) (5f) 10 (7s) 2 e 5I 8 6.30 
99 Es Einsteinium (Rn) (S f) 11 (7s) 2 s 4115/2 6.42 

100 Fm Fermium (Rn) (5f) 12 (7s) 2 3H 6 6.50 
101 Md Mendelevimn (Rn) (5f) 13 (7s) 2 2F7/2 6.58 
102 No Nobelium (Rn) (5f) 14 (7s) 2 18o 6.65 
103 Lr Lawrencium (Rn)(5f)14(6d) (7s) 2 2D3/2 
104 (Rn) (5f)14(6d) 2 (Ts) 2 
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HIGH-ENERGY COLLIDER PARAMETERS 

e + e  - Colliders (I) 

The numbers  here w(~i'(~ re(eive(t from representat ives  of ea(:h (:ollider by mi(l 1989. Quant i t ies  are, whe]e appropr ia te ,  r.m.s. H 
and  V indicate horizontal  and  vertk:al directions. 

Physics s tar t  date  

Maximum beam energy (GeV) 

Injection energy (GeV) 

Luminosi ty  [ 103°(:m-2s 1 

S P E A R  
(SLAC) 

1972 

2~5 

10 at 3 GeV 

D O R I S  
(I)ESY) 

1973 

5.6 

5.6 

33 al 5.3 GeV 

C E S R  
(Cornell) 

1 9 7 9  

100 at 5.3 (]eV 
(200 in 1990) 

PEP  
(SI,AC) 

1980 

L5 

15 

60 

(Tircumference (kin) 0.234 i 0.288 0.76S I 2.2 

hl teract ion regions 2 2 2 ( ~ 1  in 1990) 1 (6 before 19~7) 

Average I)(!glll  ( : l i l t 'P i l l  

t)er species (mA) 

Particles t)(W ])/IIIC}i 
(units 101% 15 '27 17 [~1, ' ,  in 1990} 35 

Bun(:hes per  ring 1 1 7 ( ~ 1 4  in 1990) 3 
per st)eci(~s I 

! 30 35 at 5.3 ( ' w V  73 ( ~  130 iu 1990) ~ 21 

Beam-beam lunp shift 
per cross ing  (units 10 1 300 

Filling I i m e  (ra in)  15 

Luminosi ty lifetime (In') 

Crossing angh'  ( I  z tad)  

Energ 3 st)rea(l (units 10 -3 ) 

Tr&i i svP i ' s (  ~ (!it l i l  [ a l iCC 

(10 !)~r tad-m} 

RF t?'equency (Mttz) 

3 

Free space at iitteract,iotl 
I)oint ( m )  

H ~ 431) 

35~ 

Ac(:eleration f)eriod (s) <_ 100 

Bunch length (cm) o-. ~ I 

/F .  ami)li lude fun(:tion al H: 1.2 
interact ion point  (m) I : 0 . 0 8  

±2.5 

Beam radius  (10 6 m) 

Utility inserli(ms 

Length of s t anda rd  ('ell (m) 

Phase  advance per cell (deg) 

Magnetic  lenglh of dil)(fle (m) 

Dit)oles in l ing 

Quadrupoh , s  in rinA 

Peak magnet ic  tieht (T3 

I t :  700 

l : 51) 

< 280 (space charge 
limit, at 5.3 ( i e \ ' ]  

1 2 

1.0 1.5 

0 

1.2 at 5 GeV 

H: 500 ] at 5 

I': 5 50 f ( ;eV 

5[)[) 

cr ~ 2 at  5 ( ' ,eV 

It:  0.61 

I :  0.05 

±1.2 

f t :  570"[ at 5 

I :  ~ 3 0  f GeV 

3 

150 250 ] 550 

20 15 

3 i I 1 

..... I, . . . . . . . .  1 ,i 
0.6  at 5 3  ( ; e V  I [ 

H : 50 |, 

[ l :  :~ ! 
H ~ 120 

352 

I 1.4 13.2 l(J i 14.35 
. . . . . . . . . . .  - t  

It: 79 t t:  140 , 15 9(} 1 l l :  55 
I ' : 9 0  ~ |  I :  7)() _ _ _  (no.~tan(lm'd ('ell) t :33  

2.35 / 3.2 ! l,(i 6 6  5.1 

3(i ] H:  21 S(i I92 

. . . . . .  

! 

I .  I i 11,3 l l o r l u a i  a l  N (1 3 0  
1}.8 high fiehl (;eV 

i :  II I 

i . . . . . . . . . . . .  ~ < 100 

1,7 ! o- z - 2 

. . . . . .  t t :  ],l . . . . . .  q I f :  1.0 

l : 0 . 0 L 5  / : 0 , 0 5  

to [~E(' quads]  I ] befor(! 1!)87) 

H: 500 l H: 340 

/ :  11 
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HIGH-ENERGY COLLIDER PARAMETERS (Cont'd) 

e + e  - Colliders (11) 

The numbers  here were received f rom representat ives  of each collider by mid 1989. Nmnbers  are subject  to change,  and  many  are only 
est imates.  Quant i t ies  are. where appropr ia te ,  r .m.s.  H, V, and  s.c. indicate  horizontal  and  vertical directions,  and  superconduct ing .  

TRISTAN 
(KEK)  

SLC 
(SLAC) 

B E P C  
(China) 

V E P P - 4 M  
(Novosibirsk) 

LEP  
(CERN) 

Physics s ta r t  date  1987 1989 1989 1990 1989 

Max imum t)eam energy (GeV) 32 50 1.6 2.8 6 60 

Injection energy (GeV) 

14 Luminosi ty  (1030cm-2s  1) 

Circumference or length  (kin) 3.02 

Interact ion regions 4 

50 

1.8 x 10 2 

1.45 +1 .47  

2.4 e -  
1.6 e + 

Part icles  per  bunch 
(units  1010 ) 

1.1 1.4 

2 1 7  

0.2404 

22 

50 

0.37 

15 

Bunches  per r ing 
per speeies 

20 

17 

26.66 

41.6 

VLEPP.  INP 
(Serpukhov) 

1996 (1998) ? 

500 (1000) 

1 

100 (1000) 

2 x 5  (2x 10) 

1oo (20) 

2 1 1 

Average beam current  7 0.0001 15 40 3 0.0016 
per species (mA) 

B e a m - b e a m  tune shift 350 32(1 500 300 
per crossing (units  10 - 4  ) 

Filling t ime (nfin) 20 40 15 0.25 mA/n f in  

Luminosi ty  lifetime (hr) 2 3 7 2 5 

H: 0.6 
V: 0.4 

0.1 

0.01 

+2 .8  

Crossing angle (# rad)  

Energy spread (units  10 3) 

Transverse emi t tance  
(l()-9rr  rad-m)  

RF frequency (MHz) 

0.42 0.74 

H:  231 

V: 8 

199.53 

120 

5.2 

H : l . 3  
V: 0.085 

4-2.5 

H:  548 
V: 26 

1.6 

H:180 
at  30 GeV 

508.5808 

120 

H: 400 

V: 20 

180 

150 

H: 0.75 

V: 0.05 

±2  

H: lO00 
V: 30 

1.2 

H:  1.8 
V: 0.1 

+4 .5  

H: 480 
V: 12 

Accelerat ion period (s) 

1.0 

H:  52 

V: 2.1 

352.2 

80 

1.8 

H: 1.75 

V: 0.07 

±3 .5  

H: 300 
V: 12 

Bunch length (cm) 

[4*, ampl i tude  funct ion at  
in teract ion point  (m) 

Free space at  in teract ion 
point  (m) 

Beam radius  (10 6 I11) 2 3  

I 

10 

H: 2.0 

V: 0.0005 

().7x104 (1.5x104) 

0.15 

H: 4 
V: 0,07 

Quadrupo les  in ring 400 68 150 520+288 
+ 8 s.c. 

Peak magnet ic  field (T) 0,47 0.597 0.9028 0.6 0.135 
at  30 GeV 

264 
+ 8  weak 

Dipoles in r ing 40 78 
+ 4 weak 

1.6 2 

60 

l l . 6 6 / p a i r  

3280+24 inj. 
+ 64 weak 

60 65 

Magnet ic  length of dipole (m) 

Phase  advance  per cell (deg) 

5.86 

460+440 

2.5 

60 108 

O.Ol (0.005) 

Utility insertions 8 2 1 2 

Length  of s t a n d a r d  cell (m) 16.1 5.2 6.6 7.2 79 1 
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HIGH-ENERGY COLLIDER PARAMETERS (Cont'd) 

pp ,  ~p, and e p  Colliders 
T h e  n u m b e r s  here  were rece ived  f r o m  r ep re sen t a t i ve s  of  each  co[lider by m i d  1989. N u m b e r s  are sub j ec t  to  change ,  a n d  m a n y  are  only e s t i m a t e s  
Qu an t i t i e s  are,  where  app rop r i a t e ,  r .m.s .  H ,  V,  a n d  s.c. ind ica te  hor izonta l  and  ve r t i ca l  d i rec t ions ,  a n d  s u p e r c o n d u c t i n g .  

?hysics start  date 

?articles collided 

Vlaximum beam energy 
(TeV) 

:njeetion energy (TeV) 

Luminosity 
(1030cm 2 s 1) 

:ircumferenee (kin) 

interaction regions 

?articles per bunch 
(units 101° ) 

Bunches per ring 
per species 

s ~ s  
(CERN) 

1981 

PP 

0.315 (0.45 ia 
pulsed mode) 

0.026 

6.911 

p: 15 
p: 8 

TEVATRON 
(Fermilab) 

1987 

pP 

0.9 1.0 

0.15 

2 (1989) 
7 (1991) 

6.28 

2 high £ 
2 low £ 

HERA 
(DESY) 

1990 

ep 

e: 0.026 
p: 0.82 

e: 0.014 
p: 0.040 

16 

6.336 

J 3 

d 
p: 7 e: 3.65 
p: 3 p: 10 

210 

UNK 
(Serpukhov) 

1995 ? 

PP 

0.4 

400 

20.772 

1980 

LHC 
(CERN) 

1996 ? 

pp  ep 

0.450 

e: 0.05 
p : 8  

e: 0.02 
p: 0.450 

4 x 104 200 

26.659 

4 high C 3 
2 m e d  £ 

e: 8 
p: 30 

'4810 540 

SSC 
(USA) 

1999 

PP 

20 

1000, fl* = 0.5 m 
55, fl* = 10 m 

87.12 

4 max. simultaneous; 
8 max. total 

0.80 

1.60 x 104 6 6 
J 

-~verage beam current p: 6 p: 3.2 i e: 58 280 865 e: 80 71 
per species (mA) /3:3 p: 1,4 p: 163 ] p: 300 

I 
Beam-beam tune shift 50 p: 12 e: I90(H),  210(V) 10 34 e: 400 3* = 0.5 m: 9 head-on, 

per crossing (units 10 -4) p: 21 p: 12(H). 9(V) p: 33 21 long-range 
I 

Filling t ime (min) 0.5 8 e: 15 10 7 40 ~60 
p: 20 d 

Luminosity lifetime (hr) 20 15 40 >3 16 15 50 ~24 
I 

Crossing angle (;~ rad) 0 ] 0 I 0 350 96 0 75 

Energy spread (units 10 -3) 0.35 0.15 e: 0.91 0.05 0.1 0.1 0.058 
p: 1.3 

I 
Transverse emittance p: 9 p: 4.3 e: 39(H), 2(V) 2 0.45 e: 26(H). 3.4(V) 0.047 

(l(I-%r rad-m) p: 5 p: 3.1 p: 7(H), 7(V) p: 0.6(H), 0.6(V) 
p 

RF frequency (MHz) 200 53 e: 499.7 200 400 e: 352 360 
, p: 208.2/52.05 p: 400 

Acceleration period (s) 10 44 100 1200 1000 

Bunch length (era) 20 50 e: 0.83 10 7.5 6.0 
p: 7.5 

I 
~q*, amplitude function at 1 (H) 0.50 e: 2(H),0.70(V) 1 0.25 high £ c: 0.64(H), 0,20(V) 0.5 at 2 IR's  

interaction point (m) 0.5 (V) p: 10(H). 1.0 (V) 0.5 reed £: p: 45(H).2.8(V) ] 10 at 2 IR's  
[ 

Free space at interaction 28 4-6.5 4-5.5 +20 12 high £: 20 4-20, 3* = 0.5 m 
point (m) 40 reed £ 4-120. fl* = 10 m 

I 

Beam radius (10 6 m) p: 95(H), 67(V) 43 e: 280(H), 37(V) 50 10 230 (H) 4.8. 3* = 0.5 m 
p: 70(H),50(V) p: 265(H),84(V) 57 (V) 21.7, fl* = 10 m 

I 

Utility insertions 3 4 4 2 2 
I 

Length of standard cell (m) 64 59.5 e: 23.5 91.8 100 180 
p: 47 I 

Phase advanee per cell (deg) 90 67.8 e: 60 82.5 90 90 
p: 90 

I 

Magnetic length 6.26 6.12 e: 9.23 5.8 9.54 Mostly 14.98 
of dipole (m) p: 8.82 

I 

e: 396 2194 1760 H: 8662 ; 2 rings Dipoles in ring 744 774 
p: 416 V: 276 J 

I 

Quadrupnles in ring 232 216 e: 580 496 560 2188 } 2 rings 
p: 280 

I 
H type with s.c. e. C-shaped s.c. s.c. 

Magnet type bent-up cos 0 p: s.c., collared, s.c. 2 in 1 cos 0 
coil ends warm iron cold iron cold iron ! cold iron 

' I Peak magnetic field (T) 1.4 (2 in 4.4 e: 0.274 5 10 6.60 
pulsed mode) p: 4.65 I 

p source accum, rate (hr -1) 3 × 1010 2× 1010 

M a x .  no.  p in a e e u n l ,  ring 9 x 1011 l x l 0 1 2  } 
i 
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(1) M a x i m u m  e n e r g y  t r a n s f e r :  The maximum kinetic energy 
which a point-charge particle with momentum p = ~ c M  can impar t  
to a s ta t ionary  unbound electron with mass me is given by 

2meC2 ~2,),2 
(1)  

Tmax = 1 + 2?'me/M + (me~M) 2 " 

This kinetic energy appears several t imes in the following discussion. It 
is usual 1 to make the "low-energy" approximat ion Tmax = 2me c2 ~2.,/2 
valid for 27me/M << 1. For a pion, the error in this approximat ion 
reaches 1% at 20 GeV. On the other hand, if the energy transfer 
is much in excess of 1 MeV then the impact  parameter  is less than  
the "pion radius," so tha t  our point-charge approximat ion is invalid. 
We use the approximat ion with the unders tanding tha t  form-factor 
eorreetions are neeessary if the energy transfer is large. 

(2) Energy loss rates for ionizing p a r t i c l e s :  A moderately 
relativist ic charged particle loses energy in mat te r  pr imari ly through 
ionization. If its velocity is larger than  tha t  of orbi tal  electrons (~  ac) 
and small  enough tha t  radiat ive effects do not dominate,  and it is 
not an electron, then the mean rate of energy loss is given by the 
Bethe-Bloch equation, 2 which we write as 

dE 2 2 2Z 1 [ln(2meC;. ~2~2 ) 
dx =4~rNAremeC z A ~  _ ~ 2 _ ; ]  (2) 

for a particle wi th  charge ze passing through an element with atomic 
number Z and atomic weight A. In this  equation me is the electron 
mass, re is the classical radius of the electron, and the product  
4rNAr2mec  2 is equal to 0.3071 MeV cm2g -1.  The ion i za t ion  
c o n s t a n t  I is approximately  given by 16 Z 0'9 eV for Z > 1, but  
measurements and calculations which include atomic configuration 
effects yield results which differ by as much as 10% from this value. 
Hydrogen is the most sensitive to atomic effects; I = 15 eV for atomic 
hydrogen, 19.2 eV for H2 gas, and 21.8 eV for H2 liquid. 3 

In Eq. (2) dx is measured in mass per unit  area, e.g. in g cm -2.  
Except  in hydrogen, particles of the same velocity have very similar 
rates of energy loss in different materials;  there is a slow decrease in 
the rate of energy loss with increasing Z. 

Plots of dE/dx  and ranges obtained by integrat ing (dE/dx) -1 are 
given in another  section. 

The extended transverse electric field of a relat ivist ic incident 
particle is shielded by the charge density of atomic electrons, reducing 
its rate of energy loss. This dens i t y  e~ee t  is represented by 5 in 
Eq. (2), which for very energetic particles approaches 21ny plus a 
constant.  4 As a result, the quant i ty  in the square brackets in Eq. (2) 
asymptot ical ly  increases as ln2~ instead of 21n% The correction 
depends upon the chemical composit ion and density of the medium. 

The first term in the square brackets of Eq. (2) is given more 

precisely by ln(2meC2~/2~2Tmax/I2) 1/2, and so in the absence of 
corrections the logari thmic te rm is in error by a few percent at several 
hundred GeV. At low incident particle speeds (fl/z close to c~) atomic 
shell corrections and higher-order QED corrections also introduce 
errors of this  magnitude.  Equat ion (2) should thus be t rus ted only to 
a few percent at  any velocity, and the l i terature should be consulted 
by those with more demanding needs. 2,5,6 

For particles nmving more slowly than  atomic electrons the above 
discussion is inapplicable. At velocities a z  ~>~> 10 -3 or sl ightly 
lower, the total  energy loss rate is proport ional  to f~, and non-ionizing 
nuclear recoil energy loss contributes substant ia l ly  to the total. 7 For 
protons in silicon, IdE/dxl = 61.2 ~ GeV cm 2 g-1  for ¢~ < 0.005; the 
peak occurs at  ~ = 0.0126, where IdE/dxl = 522 MeV cm 2 g-1 .  In 
neutron-scat ter ing experiments,  light output  in scinti l lator has been 
observed for recoil protons with energies as low as 30 eV. s 

At velocities higher than  ~ cz/137, IdE/dxl initially falls as 
1 /~  2, to a broad min imum at y ~ 3.2, almost independently of the 
medium. In practical  cases most relativist ic particles (e.g. cosmic-ray 
muons) have energy loss rates close to this  minimum, and are said 
to be m i n i m u m  ioniz ing  particles, or MIPs. The energy loss rate 
rises slowly for ? > 4, with the quant i ty  in the square brackets of 
Eq. (2) increasing as 21n% The density effect gradual ly l imits the 
slope to ln% Much of the relativist ic rise can be a t t r ibu ted  to large 

energy transfers to a few electrons in the medium. If these escape or 
are otherwise accounted for separately, the energy deposited in an 
absorbing layer (in contrast  to the energy lost during its traversal) 
approaches a constant  value, the Fermi  plateau. At extreme energies 
(e.g. 400 GeV for muons or pious in iron) radiative effects become 
important .  These are especially relvant for high-energy muons, as 
discussed in Sec. (9). 

Energy loss by electrons and positrons has been excluded from 
this discussion, since radiat ive effects (bremsstrahlung and pair 
production) usually contribute more than  ionization. This impor tant  
case is discussed below, and the relative contributions of various 
electron energy-loss processes in lead are shown in a figure given in 
the section "Photon and Electron At tenuat ion Plots." 

The quant i ty  (dE/dx)Sx is the mean  energy loss via interaction 
wi th  electrons in a layer of the medium with thickness ~ix. For finite 
~ix, Poisson fluctuations vary the actual  energy loss. Landau first 
remarked tha t  the dis tr ibut ion is skewed toward high values. 9 Only 
for a very thick layer [(dE/dx)~x >> 2meC 2 /32,,/2] is the dis tr ibut ion 
nearly Gaussian. The large fluctuations in the energy loss are due 
to a small  number of collisions involving large energy transfers. The 
fluctuations are great ly reduced for the so-called restricted energy loss 
rate, as discussed below. 

In a mixture  or compound, the rate of energy loss is approximately 

d~- = ' (3)  

where fi  is the fraction by weight of the i th  element and dE/dx]i 
the mean rate of energy loss (in g cm -2)  in this  element. Atomic 
corrections to this addi t iv i ty  rule are discussed in Ref. 3. These are 
neglected in many widely-used computer  codes. 

(3) E n e r g e t i c  k n o c k - o n  e l e c t r o n s  (5 r a y s ) :  For an incident 
relat ivist ic particle with mass M, the dis tr ibut ion of secondary 
electrons with kinetic energy T >> I is given by Rossi 1 as 

d2N - 4~rNA r2 met2 z2 ~2 r 2 (4) 
dT dx 

for I << T _< Tmax, where Tmax is given by Eq. (1) above. The factor 
F is spin-dependent,  but  is approximately unity for T << Tmax.  It is 
evaluated for spins 0, 1/2, and 1 in Rossi. Other factors in the equation 
are defined above. For incident electrons, the indist inguishabil i ty of 
projectile and target  means tha t  the range of T extends only to 
half the kinetic energy of the incident particle. Addit ional  formulae 
are given in Ref. 10. Our formula is inaccurate for T close to I;  
for 2I  ~< T <~ 10I, the 1/T 2 dependence above becomes approximately 
T - n ,  with 3 <  r/~< 5.11 

(4) R e s t r i c t e d  e n e r g y  loss  r a t e s  for r e l a t i v i s t i c  ionizing 
p a r t i c l e s :  Fluctuat ions in energy loss are pr imari ly  due to the 
production of a few high-energy knock-on electrons. Pract ical  
detectors often measure the energy deposited as dist inguished from 
the energy lost. Since energy is carried off by energetic knock-on 
electrons, it is more appropriate to consider the mean energy loss 
for collisions which exclude energy transfers greater than  some cutoff 
Emax. The res tr ic ted energy loss rate is given by 2 

dE 2 1 
- - t  = 47rNA r e meC2 Z 2 Z 
dx I <_E . . . .  A ~2 

V - ~j " (5) 

This expression is the same as tha t  given by Eq. (2), except tha t  Emax 
rather  than  Tmax appears in the logarithmic te rm and f12 is divided 
by 2. Distr ibut ions about the mean do not exhibit  such an extreme 
"Landau tail" as does the dis tr ibut ion of - d E / d x .  The density effect 
causes the restricted energy loss rate to approach a constant,  the 
Fermi plateau value, at  asymptot ical ly  high energies. 

(5) I o n i z a t i o n  y i e ld s :  Physicists frequently relate to ta l  energy loss 
to the number of ion pairs produced near the particle 's  track. This 
relation becomes complicated for relativistic particles due to the 
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wander ing of energetic knock-on electrons whose ranges exceed the 
dimensions of the fiducial volume. For a qual i ta t ive  appraisa l  of the 
nonlocali ty of energy deposi t ion by such nmdes t ly  energetic knock-on 
electrons in various media,  see ReE 12. Fur thermore ,  the mean  local 
energy dissipat ion per local ion pai r  produced,  W. while essentially 
cons tan t  for relativistic particles,  increases at  slow part icle  speeds, la 
The numerical  value of W for gases can  be surpr is ingly sensitive to 
trace amounts  of various con taminan ts .  13 In addi t ion  to these effects, 
ionization yields in prac t ica l  cases nmy be great ly  influenced by such 
factors aN subsequent  recolnbinat ion.  14 

(6) M u l t i p l e  s c a t t e r i n g  t h r o u g h  s m a l l  angles:  As a charged 
part icle traverses a med ium it is deflected by many  small-angle 
scatters .  The bulk of this deflection is due to Coulomb sca t te r ing  
from the nuclei and  the a tomic  electrons within the medium, hence 
the usual  identification of this effect as multiple Coulomb scat ter ing.  
(Note, however, t ha t  s t rong  interact ions do cont r ibute  to the total  
multiple sca t ter ing  for hadronic  projectiles.) The t rue  Coulomb 
scat ter ing  d is t r ibnt ion  is well represented by the theory of Moli~re. 15 
It is roughly Gauss ian  only for small deflection angles, while for 
large-angle scat ters  (greater  t han  a few 00, defined below) it behaves 
like Ruther ford  scat ter ing,  having a relatively grea te r  probabi l i ty  
than  would be the caNe for a Gauss ian  dis t r ibut ion.  A simpler 
approach,  which may suffice for many  appl icat ions,  is to use a 
Gauss ian  approx imat ion  for the centra l  98% of the pro j e t t ed  angu la r  
dis t r ibnt ion,  with a wid th  given by 16,17 

00 = la.6~cpMe~m ~ ~ [ 1  + 0.201n(*/X0)] (6) 

where p, 3c, and  z are the m o m e n t u m  (in MeV/c) .  velocity, and  
charge nnmber  of the incident particle,  and  x / X  0 is the thickness of 
the sca t ter ing  medium in radia t ion  lengths (defined below). The angle 
00 is a fit to Moli~re theory  15 for singly charged part icles with [;~ = 1 
for all Z. and  is accura te  to 11% or be t te r  for 10 - a  < x /Xo  < 100. 

Lynch and  Dahl  have extended this phenoumnologk:al  approach .  
fit t ing Gauss ian  dis t r ibut ions  to a variable fract ion F of the Moli(~re 
dis t r ibut ion for a rb i t r a ry  scat terers .  17 They  achieve accuracies  of 2% 
or be t te r  by these methods .  

In this Gauss ian  approximat ion ,  00 has the meaning  

r i l l s  1 r i l l s  
00 = 0plan e = ~ 0spat e . (7) 

The nonprojec ted  (space) and  projected (plane) angula r  d is t r ibut ions  
are given approx imate ly  15 by 

1 0space 
2~°° 2 exp ~ d~. (8) 

, plane 
, ~ 0 0  exp - ~  dOpl . . . . .  (9) 

2 where 0 is the deflection angle. In this approxi lnat io i  L 0spat e 

(02el ....... + 0p21anem), where the x and  y axes are or thogonal  to the 

direction of motion, and  dtZ ,~ dOplane, x dOplane.y. Deflections into 
0plane. x and  0plane.y are independent  and  identically dis t r ibuted.  

Other  quanti t ies  defined in Fig. 1 are sometimes used to describe 
the amount  of multiple Cmflomb scat ter ing.  The auxil iary quanti t ies  
t°plane, gplane, and  'gptane are giwm hy 

rms 1 rms 1 
~/) pl ..... = ~ 0 pl . . . .  = ~ 00 ' 

1 1 y rms = a:0 rms _ • pl ..... ~ pl . . . .  ~ :1" 00 ' 

1 1 • r i l l s  = ,, r i l l s  = 8pl .... ~ 3  '~ 0 pla,ne 7~7~ "7" O0 ' (1(l) 

All the quant i t a t ive  es t imates  in this section apply  only in the limit 
of small 0 rms and  in the absence of large-angle scat ters .  The r a n d o m  plane 
variables s, g.', y, and  O in a given [)lane are d is t r ibuted  in a (:orrelated 
fashion (see the section on Probabil i ty ,  Statist ics,  and  Monte Carlo 
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Fig. 1. Quant i t ies  useful in describing multiple Coulomb 
scat ter ing.  The part icle  is incident in the plane of the figure. 

for the deflmtion of the correlat ion coefficient). Obviously, Y ~ .r'C,. 

in addit ion,  y and  0 have correlat ion coefficient Pyo = , / 3 / 2  ~ 0.87. 
For Monte Carl() genera t ion  of a joint  (Yplane, 0plane) d is t r ibut ion  
or for o ther  calculat ions,  it. may be most  convenient to work with 
independent  Gauss ian  r a n d o m  variables (Zl, z2) with mean  zero and  
varian(e one and  s)lbsetlnelltly set 

Ypl . . . .  =Zl x00(1 - P~011/'2/~3 + z2 pljo x 0 0 / ~  

= z t  :z: 00/x/l '2 ÷ z 2 :r 00/2 : ( l l )  

0plane =z2 00 . 

Note tha t  the second t e rm flir Yplane equals x 0plane/2 and  represents  
the displacement  tha t  would have occurred  had  the deflection 0plan e 
all occurred  at  the single point  m/2. 

(7) R a d i a t i o n  l e n g t h  and  a s s o c i a t e d  quant i t i es :  In deal ing with 
electrons and  photons  at  high energies, it is convenient to nmasure the 
thickness of the mater ia l  in units of the rad ia t ion  length  Xo. It is the 
mean  dis tance over which a high-energy electron loses all but 1/~'. of 
its energy by b remss t r ahhmg,  and  in any  case it is the appropr i a t e  
scale length for describing high-energy e lect romagnet ic  cascades.  X 0 
is ca lcula ted and t abu la ted  by Y.S. TsaL 18 His formula is less thm~ 
s t ra ight forward ,  but  can be approxi lna ted  by 19 

7 1 6 . 4 g e m  2 4 

Xn = Z ( Z  + 1)1n(287/ ,~, , )  ' (12) 

where Z is the atomic mnnber and  A the atonfic weight of the 
medimn.  Results obta ined with this formula agree with Tsai ' s  values 
to be t te r  than  2.5% for all elements except helium, where the result  
is low by abou t  5%. The radia t ion  length in a mix ture  or compound .  
may be approx ima ted  by 

1 f t  t13) 
Xo E \-~- ' 

where fi and X i are the fract ion by weight and  radia t ion  length for 
the i th  element. 

Radia t iw,  energy losses scale nearly propor t ional ly  t;o incident 
energy, while the dependence of ionization is only logarithmk:.  The 
energy at which the two are equal is called the critical energy E,.. 
For electrons il is given approximate ly  by 20 

800 MeV 
Ec = (14) 

Z + 1 . 2  

In an e lect romagnet ic  cascade E< defines the dividing line between 
shower mult ipl icat ion and  energy dissipat ion th rough  ionization. 

The t ransverse  development  of e lect romagnet ic  showers in different 
nmterials  scales fairly accura le ly  with the Moli~.re radius aM,  given 
})y21 

R.~I = XO Es/E<: . 115) 

where E.~ = 4x/T ~ m~.c 2 = 21.2 MeV. The Moli{~re radius  in a 
mater ial  conta in ing a weight fract ion fi ot' the elelnent with critical 
energy Eci and  radia t ion  length  .\'~ is given hy 

. . . .  = Z 

Rets b;.~ ' { t6) 
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For photons of infinite energy, the to ta l  e+e - pair-production cross 
section is approximately 

cr = ~ ( A / X o N A )  , (17) 

where A is the atomic weight of the mater ia l  and N A is Avogadro's 
number. This cross section is accurate to within a few percent down 
to energies as low as 1 GeV; it decreases at  lower energies, as shown 
in the figure "Practional Energy Loss for Electrons and Positrons in 
Lead." As the energy decreases a number of other processes become 
important ,  as is also shown in the figures "Contributions to the 
Photon Cross Section in Carbon and Lead." 

( 8 )  E l e c t r o m a g n e t i c  c a s c a d e s :  When a high-energy electron or 
photon is incident on a thick absorber, it ini t iates an electromagnetic 
cascade as pair production and bremsst rahlung generate nmre electrons 
and photons wi th  lower energy. The longitudinal  development is 
governed by the high-energy par t  of the cascade, and therefore scales 
as the radiat ion hmgth in the material.  Electron energies eventually 
fall below the critical energy, and they dissipate their  energy by 
ionization and exci tat ion rather  than  by the generation of more shower 
particles. In describing shower behavior, it is therefore convenient to 
introduce the scale variables 

t = x/Xo 
y =  E / E c  , (18) 

so tha t  distance is measured in units of radiat ion length and energy in 
units of critical energy. 

o . l ~ 5 F ~ - ,  , I . . . .  i ~ - ~ = - , ,  ~1oo 
o Q ~  30  GeV e l e c t ,  r o n  - Q) 

0 00 f o/ oEin  aon oo  o  

. 4 0  o 
, 

E 

O o  o o D  

0 5 10 15 2 0  
D e p t h  i n  r a d i a t i o n  l e n g t h s  

Fig. 2. An EGS4 simulat ion of a 30 GeV electron-induced cascade 
in iron. The his togram shows fractional energy deposit ion per 
radiat ion length, and the curve is a gamma-funct ion fit to the 
distribution. Circles indicate the number of electrons with total  
energy greater than  1.5 MeV crossing planes at  XO/2 intervals 
(scale on right) and the squares the number of photons with 
E _>_ 1.5 MeV crossing the planes (scaled down to have same area 
as the electron distr ibution).  

Longitudinal  profiles for an EGS422 simulat ion of a 30 GeV 
electron-induced cascade in iron are shown in Fig. 2. The number 
of particles crossing a plane (very close to Rossi 's YI functiont)  is 
sensitive to the cutoff energy, here chosen as a total  energy of 1.5 MeV 
for both electrons and photons. The electron number falls off more 
quickly than  energy deposition: this is because a larger h'action of the 
cascade energy is carried by photons wi th  increasing depth. Exact ly  
what a calorimeter measures depends on the device, but  it is not 
likely to be exactly any of the profiles shown. In gas counters it may 
be very close to the electron mnnher, but  in glass Cerenkov detectors 
and other devices with "thick" sensitive regions it is closer to the 
energy deposition (total  track length). In such detectors the signal is 
proportional to the "detectable" track length Td, which is in general 
less than  the total  track length T. Pract ical  devices are sensitive 
to electrons with energy above some detection threshold Ed, and 

T d = T F ( E d / E c  ). An analytic form for F ( E d / E c )  obtained by Rossi 1 
is given by Fabjan; 23 see also Amaldi.  24 

The mean longitudinal  profile of the energy deposit ion in an 
electromagnetic cascade is reasonably well described by a gamma 
distribution: 25 

d--E-E = E 0 b (b t )a - l e -b t  (19) 
dt F(a) 

The maximum tmax occurs at  (a - 1)/b. We have made fits to shower 
profiles in elements ranging from carbon to uranium, at  energies from 
1 GeV to 190 GeV. The energy deposit ion profiles are well described 
by Eq. (19) with 

t m a x = ( a - 1 ) / b = l . O x ( l n y + C i ) ,  i = e , 7 ,  (20) 

where Ce = -0 .5  for electron-induced cascades and C,~ -- +0.5 for 
photon-induced cascades. The results are very similar for the electron 
number profiles, but  there is some dependence on the atomic number 
of the medium. A similar form for the electron number maxinmm 
was obtained by Rossi in the context of his "Approximation B, "1 (see 
Fabjan 's  review in Ref. 23), but with Ce = -1 .0  and C- r = -0.5;  we 
regard this as superseded by the EGS4 result. 

0 . 8  

0 . 7  
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0 . 4  
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0 . 3  i p l l l ~  I I ~ i l l l l l  ~ r i i ~ l p l l  
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y = E / E  c 

Fig. 3. F i t ted  values of the scale factor b for energy deposition 
profiles obtained with EGS4 for a variety of elements for E0 
ranging from 1 GeV to 100 GeV. Fits  are for incident electrons, 
but  values for incident photons are essentially the same. 

The "shower length" X s  = X o / b  is less conveniently parametrized, 
since b depends upon both  Z and incident energy, as shown in 
Fig. 3. As corollary of this Z dependence, the number of electrons 
crossing a plane near shower maximum is underes t imated using RossFs 
approximation for carbon and seriously overest imated for uranium. 
Essentially the same b values are obtained for incident electrons and 
photons. 

The gamma distr ibut ion is very flat near the origin, while the 
EGS4 cascade (or a real cascade) increases more rapidly. As a result  
Eq. (19) fails badly for about  the first two radiat ion lengths; it was 
necessary to exclude this region in making fits. 

Because of the importance of fluctuations, Eq. (19) should be 
used only in applications where average behavior is adequate.  
Grindhainmer et al. have developed fast s imulat ion algori thms in 
which the variance and correlation of a and b are obtained by fit t ing 
Eq. (19) to individually simulated cascades, then generat ing profiles 
for cascades using a and b chosen from the correlated distributions.  26 

Measurements of the lateral dis t r ibut ion in electromagnetic cascades 
are shown in Refs. 21 and 27. On tile average only 10% of the energy 
lies outside the cylinder with radius R M. About  99% is contained 
inside of 3.5RM, but  at  this radius and beyond composit ion effects 
become impor tant  and the scaling with R M fails. The distr ibutions 
are characterized by a narrow core, and broaden as the shower 
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develops. They  are often represented as the sum of two Ganssians ,  
and  G r i n d h a m m e r  describes t hem with the funct ion 

2r R 2 
f(r)  = (r  2 + R2)2 , (21) 

where R is a phenomenological  funct ion of x/Xo and  In E.  

(9) M u o n  energy loss at high energy: At sufficiently high energies, 
radiat ive processes become more impor t an t  t han  ionization for all 
charged particles.  For muons and  pions in mater ia ls  such as iron, this 
"critical energy" occurs  at  several hundred  GeV. For energetic muons 
found in cosmic rays or p roduced  at  the newest accelerators ,  radiat ive 
effects dominate .  These processes are character ized by  small  cross 
sections, ha rd  spectra ,  large energy f luctuat ions,  and  the associated 
genera t ion  of e lect romagnet ic  and  (in the case of photonuclear  
interact ions)  hadronic  showers. As a consequence,  the t r ea tmen t  of 
energy loss as a uni form and  cont inuous  process a t  these energies is 
inadequate  for many  purposes.  

I t  is convenient  to wri te  the  average ra te  of muon  energy loss as 28 

- d E / d x  = a(E) + b(E) E .  (22) 

Here a(E) is the ionization energy loss given by Eq. (2), and  
b(E) is the sum of e+e  - pair  product ion ,  b remss t rah lung ,  and  
photonuclear  contr ibut ions.  To the approx imat ion  t ha t  these slowly- 
varying functions are constant ,  the mean  range x0 of a muon with 
initial energy E0 is given by 

x 0 --~ ( l /b)  ln(a + bEo) • (23) 

Contr ibut ions  to b(E) are shown in Fig. 4 for iron. Since a(E) ..~ 0.002 
MeV g -1  cm 2, b(E)E dominates  the energy loss above several hundred  
GeV, where b(E) is near ly  cons tant .  The ra te  of energy loss for muons 
in hydrogen,  u ran ium,  and  iron is shown in Fig. 5. 29 

I . . . . . . . .  I . . . . . . . .  I . . . . . . . .  I . . . . . . . .  ~ . . . . . . .  

y <  
6 / 

X - - - -  

i ~ bnuc  

0 P <  ,,,,,I . . . . . . . . . . .  ~ , , , I  . . . . . .  
1 0 0  1 0 1  1 0 2  1 0 3  1 0 4  1 0 5  

Muon energy (GeV) 

Fig. 4. Cont r ibu t ions  to the f ract ional  energy loss by muons 
due to e+e - pai r  p roduc t ion ,  b remss t rah lung ,  and  photonuelear  
interact ions in iron, as ob ta ined  from L o h m a n n  et al. 29 

QED cross sections for b r emss t r ah lung  and  e+e - pai r  p roduc t ion  
have long been known, bu t  were very much improved abou t  1970 to 
meet  the  needs of cosmic ray physics.  3°-34 Rozenta l  notes t h a t  the 
screened a tomic electron cont r ibut ion  can  be included by replacing Z 2 
by Z(Z  + 1.2) in the nuclear  b r emss t r ah lung  cross sections and  by 
Z(Z + 1.3} in the  case of e+e  - pair  p roduc t ion .  35 He also discusses 
other  correct ions which might  reduce the cross section by as umeh as 
5%, which we take as the present  uncertainty.  Cross sections for bo th  
processes have been evaluated  independent ly  by Tsai .  TM 

A compar ison  of various improvements  to the Bethe-Heit ler  formula  
is given by Wright .  36 For muon  energies above 100 GeV. # + #  
pair  p roduc t ion  is also possible. Such t~+~z - p roduc t ion  by muons 
is a potent ia l ly  t roublesome process because it can lead to charge 
misassignment ,  but  the mechanism contr ibutes  less t han  0.01% to the 
the total  energy loss. 29 

1ooo.  . . . . . . .  I . . . . . .  I - '  . . . . . . .  I . . . . . .  

o 1 0 0  

H total ~ 7  / 

1 0 L ~ :~...7>;~ . :o \ -  

L 2 
1 0 0  l O  1 1 0 2  1 0 3  1 0 4  1 0 5  

M u o n  e n e r g y  (GeV) 

Fig. 5. The average energy loss of a muon  in hydrogen,  iron, a n d  
u ran ium as a funct ion of muon  energy. Contr ibut ions  to dE/dz 
in iron from ionization and  the processes shown in Fig. 4 are also 
shown. 

Photonuc lear  interact ions account  for abou t  5 ~  of the total  energy 
loss of h igh-energy muons in iron, and  abou t  2% in uran ium.  37 The 
losses are concen t ra ted  in rare. relatively ha rd  events. 

These radiat ive cross sections are expressed as funct ions of the 
fract ional  energy loss v. The b remss t r ah lung  cross section goes 
roughly as 1/v over most  of the range,  while in the pai r  p roduc t ion  
case the d is t r ibut ion  goes as v 3 to v - 2  (see Ref. 38). "Hard"  
losses are therefore more probable  in b remss t rah lung ,  and  in fact 
energy losses due to pai r  p roduc t ion  may very nearly be t rea ted  
as continuons.  The m o m e n t u m  dis t r ibut ion  of an incident 1 TeV/c  
muon  beam after  it crosses 3 m of iron is shown in Fig. 6. The most  
probable  loss is 9 GeV, or 3.8 MeV g - l e m  2. The full wid th  at  half  
nmxinmm is 7 GeV/c ,  or 0.7%. The radiat ive tail is ahnos t  entirely 
due to bremss t rah lung;  this includes most  of the 10% which lost more 
than  2.8% of their  energy. Most of the 3.3% which lost more than  
10% of their  incident energy experienced photonuelear  interact ions.  
The la t ter  can  exceed nominal  detector  resolution, a9 necessi ta t ing the 
reconst ruct ion  of lost energy. Elec t romagnet ic  and  badronic  cascades 
in detector  mater ia ls  can obseure muon t racks  in detector  planes and  
reduce t racking  efficiency. 4° 

1 2 0 0 ~ ,  

[ 
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800!_ 
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incident on 3 m iron 

[ ' , , , 

9 4 0  9 6 0  9 6 0  

Fin~J  m o m e n t u m  ( G e V / ~ )  

1000 

Fig. 6. The m o n m n t m n  dis t r ibut ion  of 1 TeV/c  inuons af ter  
t ravers ing 3 m of irom as obta ined  with Van Ginniken:s T R A M U  
muon  t r anspor t  code. 38 
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(10) (~erenkov radia t ion:  41 The half-angle Pc of the (~erenkov cone 
for a particle with velocity ~c in a medimn with index of refraction n 
is 

Pc = arccos (1/n~) u ~/2(1 - 1/n~) . 

The threshold velocity ~t is l / n ,  and 7t = 1/(1 - ~t2) 1/2. Therefore, 
~t3't = 1/(25 ÷ 62) 1/2, where ~ = n - 1 .  Values of ~ for various 
commonly used gases are given as a function of pressure and 
wavelength in Ref. 42. For values at atmospheric pressure, see the 
]'able of Atomic and Nuclear Properties. 

The number of photons N per cm of path length is given by 

N a a 2 1 1 

500 sin 20c/cm (visible spectrum). 

* Revised April 1990 with the help of O. Dahl, R. Hagstrom, 
W.R. Nelson, and S.I. Parker. 
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MEAN RANGE AND ENERGY LOSS 

Mean Range and Energy Loss in Liquid Hydrogen 
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Range and energy loss ill liquid hydrogen, based 
on Bethe-Bloch equation [See Sec. (1) of Passage 
of Particles Through Matter], using an average 
ionization potent ial  for H2 of I = 20.0 eV, which is 
an approximate average of the experimental  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 lb / in  2 
(absolute) and temperature  26.2°K. The functional 
dependence of the Bethe-Bloeh equation is not 
experimental ly verified to bet ter  than about  :1:170 
over large moinentum ranges. It should be noted 
tha t  the number of bubbles per cm of a track in 
a bubble chamber is nearly proportional to 1/32. 
not d E / d x .  For the linear portions of the range 
curves. R ~x p3.6. Sca l ing  law f o r  p a r t i c l e s  o f  
o t h e r  m a s s  o r  charge  (except electrons): for a 
given medium, the range R b of any beam particle 
with mass M b. charge %, and momentum Pb is given 
in terms of the range Ra o1" any other particle with 
mass Ma, charge Za, and momentum Pa = Pb:~la/J~lb 
(i.e., having the same velocity) by the expression: 

Rb (Mb, zb, Pb)= 

~ - ,  n o  ( M ~ ,  ~,,. pa = p ~ M o / M b )  . 
ZglZ~ / 

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. 
A1, and C indicated, using Bethe-Bloeh equation 
[See Sec. (1) of Passage of Particles Through Matter] 
with corrections. Calculated by M.J. Berger, using 
ionization potentials  and density effect corrections as 
discussed in M.d. Berger and S.M. Seltzer, "Stopping 
Powers and Ranges of Electrons and Positrons," 
(2 nd ed.). U.S. National  Bureau of Standards Report  
NBSIR 82-2550-A (1982). The average ionization 
potentials (I) assumed were: Pb (823 eV), Cu (322 
eV). A1 (166 eV). and C (78.0 eV). Figure indicates 
total  pa th  length: observed range may be smaller 
(by ~ 1 2~  in heavy elements) due to nmltiple 
scattering, primarily from small  energy-loss collisions 
with nuclei. The flmctional forms have not been 
experimental ly verified to bet ter  than  roughly ~:lt~. 
For higher energies refer to discussion by Cobb 
["A Study of Some Electromagnetic  Interactions of 
High Velocity Particles with Matter," University of 
Oxfl)rd Report  H E P / T / 5 5  (1973)] and by Turner 
["Penetration of Charged Particles in Matter: 
A Symposium," National Academy of Sciences. 
Washington D.C. (1970). p. 48]. For lower energies 
neither da ta  nor theory are well understood. Scaling 
to other beam particles is. to a good approxinmtion, 
described by ~he formula in the previous figure 
capt ion. 

P (GeV/c) 
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P H O T O N  A N D  ELECTRON A T T E N U A T I O N  

Photon Attenuation Length 

The photon mass a t tenuat ion length )~ = 1 / ( # / p )  
(also known as mfp, mean free path) for various 
absorbers as a function of photon energy, where tt is 
the mass a t tenuat ion coefficient. For a homogeneous 
medium of density p, the intensity I remaining after 
traversal of thickness t is given by the expression 
I = Io e x p ( - t p / ) ~ ) .  The accuracy is a few percent. 
Interpolat ion to other Z should be done in the 
cross section o" = A / ~ N  A em2/a tom,  where A 
is the atomic weight of the absorber material  in 
grams and N A is the Avogadro number. For a 
chemical compound or mixture, use (1/)~)e ff 

wi(1/ .~)  i, accurate to a few percent, where w i 
is the proportion by weight of the i th constituent.  
See next page for high energy range. The processes 
responsible for a t tenuat ion are given in a following 
figure. Not all of these processes necessarily result 
in detectable at tenuat ion.  For example, coherent 
Rayleigh scattering off an atom may occur at such 
low momentum transfer tha t  the change in energy 
and monmntmn of the photon may not be significant. 
From Hubbell, Gimm, and Overbo, J. Phys. Chem. 
Ref. Da ta  9, 1023 (1980). See also J.H. Hubbell, Int. 
J. of Applied Rad. and Isotopes 33, 1269 (1982). 
Data  courtesy J.H. Hubbell. 
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The photon mass a t tenuat ion 
length, high energy range (note 
tha t  ordinate is linear scale). See 
previous figure caption for details. 
The a t tenuat ion length is constant 
beyond the range shown for at least 
two decades in energy. 
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Photon Pair Conversion Probability 
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P h o t o n  e n e r g y  ( M e V )  

Probabi l i ty  P tha t  a pho ton  inter- 
act ion will result  in conversion to an  
e+e  - pair.  Except  for a few-percent 
cont r ibut ion  from photonuclear  
absorp t ion  a round  10 or 20 MeV, es- 
sentially all o ther  interact ions result 
in C o m p t o n  sca t ter ing  off an  a tomic  
electron. For a pho ton  a t t enua t ion  
length A ( g / c m  2) (upper  figure), the 
probabi l i ty  t ha t  a given pho ton  will 
p roduce  an  electron pair  (wi thout  
first C o m p t o n  scat ter ing)  in thick- 
ness t (cm) of absorber  of densi ty  p 
( g / c m  a) is P[1 - exp(-tp/A)]. 

Contributions to Photon Cross Section in Carbon and Lead 
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Pho ton  total  cross sections as a funct ion of energy in ca rbon  and  lead, showing tile contr ibut ions  of different processes. 

7 = Atomic photo-effect (electron ejection, pho ton  absorpt ion)  
aCO H = Coherent  sca t te r ing  (Rayleigh sca t te r ing  a tom neither  ionized nor excited) 

OINCO H = Incoherent  sca t te r ing  (Compton  sca t te r ing  off an  electron) 
~n = Pa i r  product ion ,  nuclear  field 
~;e = Pair  product ion ,  electron fiehi 

(rpH.N -- Photonuc lear  absorp t ion  (nuclear absorpt ion,  usually followed by emission of a neu t ron  or other  particle) 

From Hubbell ,  Gimm,  and  Overb¢,  J. Phys.  Chem. l%f. Da t a  9, 102a (1980). The pho ton  to ta l  cross section is assumed approx imate ly  fiat for 
at  least two decades beyond  the energy range shown. Figures cour tesy J .H.  Hubbell .  
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Fractional Energy Loss for Electrons and Positrons in Lead 
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Fractional energy loss per radiat ion length in lead as 
a function of electron or positron energy. Electron 
(positron) scat tering is considered as ionization when 
the energy loss per collision is below 0.255 MeV, 
and as Moller (Bhabha) scat ter ing when it is above. 
Adapted from Fig. 3.2 from Messel and Crawford, 
Electron-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 Materials, namely Lr(Pb)  
= 6.4 g / c m  2. The development of electron-photon 
cascades is approximately independent of absorber 
when the results are expressed in terms of inverse 
radiat ion lengths (i.e., scale on left of plot). 

COSMIC RAY FLUXES* 

The fluxes of particles of different types depend at  the ~ 10% level 
on the lati tude,  their  energy, and the conditions of measurement.  
Some typical sea-level values 1 for charged particles are given below: 

Iv flux per unit  solid angle per unit  horizontal area about  vertical 
direction 

j (~ = 0, ¢)[8 = zenith angle, ¢ = azimuthal  angle] ; 

J1 to ta l  flux crossing unit  horizontal area from above 

-= / j ( 0 , ¢ )  c o s 0 d ~  [dl2=sinOdOd¢]; 

0_<,~/2 
,/2 to ta l  flux from above (impinging on a sphere of unit  cross-sectional 

area) 

- / j ( e , ¢ ) d a .  

~<r/2 

Total Hard Soft 
Intensity Component  Component  

I v 1.1 x 102 0.8 × 102 0.3 × 102 m -2 sec -1 sterad -1 

J1 1.8 > 102 1.3 × 102 0.5 × 102 m -2 sec -1 

J2 2.4 x 102 1.7 × 102 0.7 × 102 m -2 sec -1 

Very approximately,  about  75% of all particles at  sea level are 
penetrat ing,  and are muons (the dominant  port ion of the hard 

component at sea level). The sea-level vertical flux ratio for protons to 
muons (both charges together) is about  3.5% at 1 GeV/c, decreasing 
to about 0.5% at 10 GeV/c. 

The muon flux at sea level has a mean energy of 2 GeV and a 
differential spect rum falling as E -2,  steepening smoothly to E -3"6 
above a few TeV. The angular dis tr ibut ion is cos 2 0, changing to sec~ at  
energies above 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 -1  for Ev > 300 MeV, ~ constant  throughout  
the earth).2 Muons from this source arrive with a mean energy of 20 
GeV, and have a flux of 2 x 10 -9 m -2 sec -1 sterad -1 in the vertical 
direction and about twice tha t  in the horizontal, 3 down at least as far 
as the deepest mines. 

* Updated  April 1986. 

1. B. Rossi, Rev. Mod. Phys. 20, 537 (1948). See also C. Grupen, 
"News from Cosmic Rays at High Energies," Siegen University 
preprint  SI-84-01, and Allkofer and Grieder, Cosmic Rays on 
Earth, Fachinformationszentrum, Karlsruhe (1984); flux ratio for 
protons at  sea level from G. Brook and A.W. Wolfendale, Proc. 
of the Phys. Soc. of London, Vol. 83 (1964), p. 843. 

2. J.G. Learned, F. Reines, and A. Soni, Phys. Rev. Lett.  43, 907 
(1979). 

3. M.F. Crouch et al., Phys, Rev. D18,  2239 (1978). 
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In this section we give various pa ramete r s  for coIntuon de tec tor  
components .  The quoted  numbers  are usually based on typical  devices, 
and  should be regarded only as rough approximat ions  for new designs. 
A more detai led discussion of de tec tors  can  be found in Ref. 1. In 
Table 1 are given typical  spat ia l  and  t empora l  resolutions of common 
detectors.  

Table 1. Typical  de tec tor  character is t ics .  

Resolution Dead 
Detector  Type Accuracy  (rms) Time Time 

Bubble chamber  10 to 150 itnl 1 ms 50 ms a 
St reamer  chamber  300 #m 2 / i s  100 ms 
Propor t iona l  chamber  > 300 #hi b'c 50 ns 200 ns 
Drift chamber  50 to 300 p m  2 ns d 100 ns 
Scintil lator 150 ps 10 ns 
Emulsion 1 ,am 
Silicon str ip 2.5 # m  e e 

a Multiple pulsing tittle. 
b 300 ~ml is for 1 mm pitch. 
c Delay line ca thode  readout  can  give :t:150 Iml parallel to 

anode  wire. 
d For two chambers .  
e Limited at  present by noise and  readout  t ime of a t t ached  

electronics. 

(1) S c i n t i l l a t o r s :  The pho ton  yieM in the frequency range of 
pract ical  photomul t ip l ier  tubes  is ~ l"y per  100 eV of charged part icle 
ionization energy loss in plastic scinti l lator  2 and  as given in Table 2 
for some common  inorganic scintil lators.  

In addi t ion to the pho ton  yield, one must  take into account  the 
light collection efficiency (..5. < 10% for typical  1-cm-thick scinti l lator),  
the a t t enua t ion  length (1 to 4 m for typical  seintil lators3),  and  the 
q u a n t u m  efficiency of the photomul t ip l ier  ca thode  ( < 25% when folded 
with a typical  scinti l lator  emission spec t rum) .  

Table 2. Proper t ies  of four inorganic  scinti l lators 2'4 9 

BaF2 B G O  NaI(T1) Csl(T1) 

Density ( g / c m  a) 4.9 7.1 3.7 4.53 
Radia t ion  length  (cm) 2.1 1.i 2.6 1.85 
dE/dx (for N i P )  (MeV/cm)  6.6 9.0 4.8 5.6 
Peak emission (nm) 220 a 480 410 565 

t a l0 )  
Decay cons tan t  (ns) 0.6 300 250 1000 b 

(620) 
Index of refract ion 1.56 2.15 1.85 1.80 
Light yield (phoWns/MeV)  c 2000 2800 4000 4250 

(6500) 
Hygroscopic slightly no very somewhat  

a First  number  is for fast component ,  second (in parenthesis)  for 
the slow component .  

b Undoped  CsI has t ime cons tan t s  10 ns and  36 ns. 
c Obta ined  under  "good" conditions; not  necessarily comparab le  

between columns.  Under  ideal condit ions (small, h igh-qual i ty  
crystals  shaped  for good light collection, etc.), yields 4 10 times 
higher have been obta ined  10 . 

(2a)  E l e c t r o m a g n e t i c  s h o w e r  d e t e c t o r s :  The development  of 
e lectromagnet ic  showers is discussed in the "Passage of Part icles 
Through  Mat te r"  section. Formulae are given for the approxinmte  
descript ion of average showers, but  since the physics of e lect romagnet ic  
showers is well unders tood,  detailed and  reliable Monte Carlo 
s imulat ion is possible. EGS4 has emerged as the s t anda rd .  11 

Tim resolution of sampl ing  calorimeters  (hadronic  and  ele(tro- 

magnet ic)  is usual ly  domina ted  by sainpl ing f luctuat ions,  leading to 
fract ional  resolution (r/E scaling inversely as the square  root  of the 
incident energy. Homogenous  calorimeters,  such as solid NaI(T1), will 

in general  not have resolutkm varying as 1/x/'-E. At high energies 

deviat ions from 1 / ~ f E  occur  because of noise, pedesta l  f luctuat ions.  
nonuniformities,  ca l ibra t ion errors, and  incomplete  shower contain-  
ment .  Such effects are usually included by add ing  a cons tan t  t e rm to 
alE, either in q n a d r a t u r e  or ( incorrectly) directly. In the case of the 
hadronic  cascades discussed below, noncompensa t ion  also contr ibutes  
to the cons tan t  term, 

In Table 3 we give resolut ion as measured  ill detectors  using 
typical  EM calor imeter  technologies. In almost  all cases the installed 
calorimeters  yield worse resolution than  test beam pro to types  
for a variety of pract ical  reasons. Where  possible ac tua l  de tec tor  
per formance  is given. Fur a fixed number  of radia t ion  lengths,  the 
F W H M  in sandwich detectors  would be expected to be p ropor t iona l  
to ~ for t (=  pla te  thickness) > 0.2 radia t ion  lengths.  12 

Given sufficient t ransverse  granula r i ty  early in tile calorimeter,  
posi t ion resolution of the order  of a mill imeter can  be obtained.  

"Cable 3. Resolution of typical  e lect romagnet ic  calorimeters.  E is 
in GeV. 

Detector  l~esolution 

NaI(TI) (Crys ta l  Ball: 13 20 Xo) 

Lead glass (OPAL 14) 

Lead-liquid a rgon (NA31:15 80 (:ells: 27 X0, 1.5 m m  Pb  

+ 0.6 nnn  AI + 0.8 m m  G I 0  + 4 innl LA) 

Lead-scinti l lator  sandwich (AIRGUS TM. L A P P - L A L  17) 

Lead-scint i l lator  spaghe t t i  (CERN test module)  18 

Propor t iona l  wire chamber  (MAC: 32 cells: 13 X0. 
2.5 m m  typemeta l  + 1.6 m m  AI) 19 

2.7%/EU4 

5%/,/~ 
r.5% /,/F 

9%/~/E 

23%/~ 

(2b)  H a d r o n i c  s h o w e r  d e t e c t o r s :  20'21 The length scale appropr i a t e  
h)r i ladronic cascades is tile nuclear  interact ion length,  given very 
roughly by 

A I ~ 3 5 g c m  2A1/3 . 

Longi tudina l  energy deposi t ion profiles are character ized by a sharp  
peak near  tile first in teract ion point  (from the fairly local deposi t ion 
of EM energy resul t ing from 7r0's p roduced  in the first interaction),  
followed by a more g radua l  development  with a nmx imum at 

X/Al = tmax ~ 0 .2 In (E /1  GeV) + 0.7 

as nmasured from the front of the detector .  
The dep th  required for conta imnent  of a fixed fi 'action of the 

energy also increases logari thmical ly  with incident part icle energy. 
The thickness of iron required for 95% and  99% con ta inment  of 
cascades induced by single hadrons  is shown in Fig. 1. 22 Two of the 
sets of d a t a  are from large neut r ino  experiments ,  while the th i rd  
is t:]?onl a commonly  used paramet r iza t ion .  Depths  as measured  in 
nuclear  in teract ion lengths p resumably  scale to other  materials .  From 
the same d a t a  it carl be concluded tha t  the requirement  t ha t  95% 
of the energy in 95% of tile showers be conta ined requires 40 to 50 
cm (2,4 to 3.0 AI) nlore mater ia l  mater ia l  t han  for an  average 9 5 ~  
conta inment .  

The t ransverse  dimensions of hadronic  showers also scale as A/, 
a l though most of the energy is contained in a nar row core. 

Tbc  energy deposit  in a hadronic  cascade consists of a p rompt  EM 
component  due to rr 0 p roduc t ion  and  a slower component  mainly  due 
to low-energy hadroni (  activity. In general,  these energy deposit ions 
arc (onver ted to electrical signals with different efficiencies. The ra t io  
of the eonwwsion efficiencies is usually called the intrinsic e/h ratio,  if 
e/h = 1.0 the calor imeter  is said to be compensating. If it differs from 
tmity by more than  5% or 10%, detector  per formance  is compromised 
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Fig. 1. Required calorimeter thickness for 95% and 99% hadronic 
cascade containment in iron, on the basis of data from two large 
neutrino detectors and the parainetrization of Rock et al. 22. 

because of fluctuations in the ~r 0 content of the cascades. Problems 
include: 
a) A skewed signal distribution; 
b) A response ratio for electrons and hadrons (the "e/~r ratio") 

which is different from unity and depends upon energy; 
c) A nonlinear response to hadrons (the response per GeV is 

proportional to the reciprocal of e/~r); 
d) A constant contribution to detector resolution, ahnost propor- 

tional to the degree of noncompensation. The coefficient relating 
the constant term to Ii- e/h I is 14% according to FLUKA 
simulations, and 21°,0 according to Wigman's calculations. 20 

In most cases e/h is greater than unity, particularly if little 
hydrogen is present or if the gate time is short. This is because much 
of the low-energy hadronic energy is "hidden" in nuclear binding 
energy release, low-energy spallation products, etc. Partial correction 
for these losses occurs in a sampling calorimeter with thick plates, 
because a disproportionate fraction of electromagnetic energy is 
deposited in the inactive region. For this reason, it is very unlikely 
that a fully sensitive detector such as RGO or glass can he made 
compensa t ing .  

Compensa t ion  has been d e n m n s t r a t e d  in calor imeters  wi th  2.5 
m m  scinti l lator  sheets sandwiched  be tween 3 m m  depleted u r a n i u m  
plates 24 or 10 m m  lead plates; 25 resolutions a/E of 0.34/v~ and  

0 . 4 4 / v ~  were obta ined  for these cases (E  in GeV).  The  former  was 
shown to be  l inear to wi thin  2% over three orders  of magn i tude  in 
energy, wi th  approx imate ly  Gauss i an  signal  dis t r ibut ions.  

(3)  dE/dx reso lut ion  in argon: Part ic le  identif ication by dE/dx 
is dependent  on the wid th  of the dis t r ibut ion.  For relativist ic incident 
part icles wi th  charge e in a nmlt iple-sample Ar  gas counter  wi th  no 
lead, 26 

__-7-/dE = 0.96 N -0"46 (xp) -0"32 dE 
T# F W H M /  tlX ..... t probable 

where N = number  of samples,  x = thickness per  sample (cm), p = 
pressure (atnL).  Most  commonly  used chamber  gases (except Xe) give 
approx imate ly  the same resolution. 

(4) Free e lectron drift ve loc i t ies  in liquid ionizat ion 
chambers:27 3o Velocity as a funct ion of electric field s t r eng th  
is given in Fig. 2. 

(5) M e a s u r e m e n t  of partic le  m o m e n t a  in a uniform magnet i c  
f ie ld:  31 The t r a j ec to ry  of a part icle  wi th  m o m e n t u m  p (in GeV/c)  
and  charge ze in a cons tan t  magne t ic  field B is a helix, wi th  radius  
of curva ture  R and  p i tch  angle A. The radius  of curva ture  and  ----r 
momentuna componen t  pe rpend icu la r  to B are re la ted by 

p c o s A  = 0.3zBR, 

A 
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Fig. 2. Electron drift velocity as a function of field strength for 
commonly used liquids. 

where B is in tesla and R is in meters. 
The distribution of measurements of the curvature k - I/R is 

approximately Gaussian. The curvature error for a large number of 
uniformly spaced measurements on the trajectory of a charged particle 
in a uniform magnetic field can be approximated by 

0k) 2 = Okres) 2 + (6kms) 2 , 

where 6k = curvature error 
~kre s = curvature error due to finite measurement resolution 
6kms = curvature error due to multiple scattering. 

If many (>_ 1O) uniformly spaced position measurements are made 
along a trajectory in a uniform medium, 

e ~ /  720 
d'kres = ~7~ N + 5 " 

If a vertex cons t ra in t  is appl ied a t  the origin of the t rack,  the  
coefficient under  the  radical  becomes 320. 
where N = number  of points  measured  along t rack  

L I = the pro jec ted  length  of the t r ack  onto the bend ing  plane 
c = measurement  error  for each point ,  pe rpendicu la r  to the 

t ra jectory .  

The  cont r ibu t ion  due to mult iple Coulomb sca t te r ing  is approxi-  
mate ly  

(0.016) (GeV/e)z ~ 0  
5kms ~ Lp~ cos 2 A 

whe rep  = m o m e n t m n  (GeV/c)  
z = charge of incident part icle  in uni ts  of e 
L = the to ta l  t rack  length  

X0 = rad ia t ion  length  of the sca t te r ing  med ium (in uni ts  of 
length; the X0 defined elsewhere mus t  be mult ipl ied by 
densi ty)  

= the k inemat ic  variable v/c. 
More accura te  approx imat ions  for multiple sca t te r ing  may  be found 
in the sect ion on Passage  of Par t ic les  T h r o u g h  Ma t t e r  (following). 
The con t r ibu t ion  to the curva ture  error  is given approx imate ly  by 
5kms "~ ~ r m s  / r 2  wh rms is defined there.  ~, plane/~ , ere Splan e 

(6) Proport iona l  chamber  wire instabil ity:  The limit on the 
voltage V for a wire tension T, due to mechanica l  effects when the 
electrostat ic  repulsion of ad jacent  wires exceeds the res tor ing force of 
wire tension,  is given by (MSKA) 32 
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where s, f, and  C are the wire spacing,  length,  and  capac i tance  per 
unit  length.  An approx imat ion  to C for chamber  hal f -gap t and  wire 
d iameter  d (good for s < t) gives 33 

V < 59T U2 -f + ~ ln 

where V is in kV, and  T is in grams-weight  equivalent. 

(7) Proport ional  and drift chamber  potentials:  The poteut ia l  
d is t r ibut ions  and  fields in a p ropor t iona l  or drift chamber  can usually 
be calcula ted wi th  good accuracy  from the exact  formula  for the 
potent ia l  a round  an a r ray  of parallel  line charges q (coul /m) along z 
and  located at  y = 0, x = 0, =ks. +2s ,  . . . ,  

V(z, Y) : - 4@~0 In {4 [sin2 (~f-) + sinh2 (~sY) ] } - 

Errors  from the presence of ca thodes ,  mechanical  defects, T P C - t y p e  
edge effects, etc., are nsually small  and  are beyond the scope of this 
review. 

(8) Sil icon strip detectors  and photodiodes:  These silicon diodes 
are opera ted  with a reverse bias voltage V (typically 30 300 volts) 
sufficient to deplete the sensitive volume of most  mobile charge carriers 
(electrons and  holes). The active (depletion layer) thickness :r (cm) is 
given in a simple model  by 

x = 2~V = X/2p#eV , 
V t i c  

where n = number  of impur i ty  cen te r s / cm 3 
c = electron charge 
¢ = dielectric cons tan t  ..m 1 pF  cm -1  -.~ 11.9 ¢0 
p =  r e s i s t i v i t y ~ l  2 0 k f i c m  
# = major i ty  charge carr ier  mobil i ty 

1300 1500 cm 2 V - l s  -1  (electrons) 
.~ 450 600 cm 2 V - l s  -1  (holes). 

The capac i tance  of the diode is ( / z  per unit  area,  or 106 pF 
xA(cm2)/x(lOO#m). In the case of microstr ips  this is usually 
domina ted  by the in ters t r ip  capac i tance  of ~ 1 pF  per cm of str ip 
length. A minimum-ionizing part icle  has a skewed energy-deposi t  
d is t r ibut ion with average energy deposit  39 keV/100 # m  and  most  
probable energy deposit  26 keV in 100 #m (which scales within ~ 10% 
from ~ 20 to ~ 300 #m).  It has a full wid th  at  h a l h m a x i m n m  of 
roughly 0.1 x/f l  2 keV, where x is the de tec tor  thickness in microns and  
f l  : Vinc/C.  The wid th  is usual ly  increased fur ther  by electronic noise 
(r~ ~ 1 10 keV) and  for th in  layers by a Gauss ian  cont r ibut ion  due to 
a tomic effects [~ ~ (0.3 0.4)x/~ keV]. The average energy required to 
produce  an electron-hole pai r  is 3.6 eV, from which one can  es t imate  
to ta l  charge of either sign released. Silicon detectors  can still opera te  
as efficient detectors  in in tegrated charged-par t ic le  fluxes of up to 
1010 1014 eli]  - 2 .  

Typical  photodiodes  (e.g. H a m a m a t s u  S1723) have q u a n t u m  
eflieiencies in excess of 70% between 600 nm and  1000 lira, and  UV 
extended photodiodes  have useful efficiency down to 200 nm. 

(9) Radiat ion  levels in detec tors  at hadron eolliders: An SSC 
CentrM Design Group  task force made  a s tudy  of rad ia t ion  levels to 
be expected in SSC detectors.  34 Its model  assumed 

• The machine luminosi ty at  , /~ = 40 TeV is £ = 1033 cm 2s-1 .  
and  tile p-p inelastic cross section is Oinel = 100 mb. This 
hnniliosity is effectively achieved for 107 s yr  1. The interact ion 
ra te  is thus 108 s -1 ,  or 1015 yr  1: 

• All rad ia t ion  comes fl'om p-p collisions a t  the in teract ion point;  
• The charged part icle  d is t r ibut ion  is (a) flat in pseudorap id i ty  

for 17/I < 6 and  (b) has a m o m e n t u m  dis t r ibut ion  whose 
perpendicu lar  component  is independent  of rapidity,  which is 
taken as independent  of pseudorapidi ty :  

d2 Nch 
- H f ( p ± )  

drldp± 

(where p± = ps i l i0) .  Integrals  involving f (p±) are simplified 
by replacing f(p~_) by 5 ( p ± -  (p±)): in the worst  case this 
approx imat ion  in t roduces  an error  of less t h a n  10%; 

• G a m n m  rays from 7r ° decay are as a b u n d a n t  as charged particles.  
They  have approx imate ly  the same ~1 dis t r ibut ion,  but  hal f  the 
m e a n  i r iO l i l en t  n n l ;  

• At the SSC (xfi  = 40 TeV), H .~ 7.5 and  (p±) m 0.6 GeV/c:  
assumed values a t  o ther  energies are given in Table ,5. Together  
with the model discussed above, these values are though t  to 
describe part icle  product iol i  to within a factor  of two or bet ter .  

It then  follows t ha t  the flux of charged part icles f rom tlle in terac t ion  
point  passing th rough  a normal  area  da located a dis tance r±  from 
the beam line is given by 

dNch _ 1.2 x 108s -1  

d,~ rS~ 

In a typical  organic  mater ia l ,  a relativistic charged part icle  flux of 
3 x 109 cm 2 produces  an ionizing rad ia t ion  dose of 1 Gy, where 
1 Gy ~ 1 joule kg -1  ( =  100 rads).  The above result  may  thus be 
rewri t ten  as dose rate,  

0.4 MGy yr  -1  
D _  

(r±/1 era) 2 

If a nmgnet ic  field is present.  "loopers" may  increase this dose ra te  by 
a factor  of two. 

In a med ium in which cascades can  develop, the ionizing dose 
or neu t ron  fluence is p ropor t iona l  to dNch/da multiplied by (E}% 
where (E} is the mean  energy of the particles going t h rough  da and  
the power (~ is slightly less t han  unity. Since E ~ p = p±/sinO and  
r~ = r sin 0. the above expression for dNch/da becomes 

, 4  A 
Dose or fluence** = ~ cosh 2+c~ r I = 

r 2 sin 2+a 0 ' F ~ 

The cons tan t  A contains  the total  number  of interact ions O'inel f £dt, 
so the ionizing dose or neu t ron  flux at  ano ther  accelerator  scales as 

~inel f ~dt H (p±>~. 
The dose or fluence in a calor imeter  scales as 1 / r  2, as does the 

neu t ron  fluence inside a centra l  cavi ty  wi t t i  character is t ic  dimension r. 

Under all condit ions so far studied,  the neu t ron  spec t rum shows 
a b road  log-normal  d is t r ibut ion  peaking  at  jus t  under  1 MeV. In a 
2 m radins  central  cavi ty of a de tec tor  wi th  coverage down to ]711 = 3. 
tile average neut ron  flux is 2 x 1012 c m - 2 y r  -1 ,  including secondary  
sca t te r ing  contr ibut ions.  

VMues of A and  a are given in Table 4 for several relevant 
s i tuat ions.  Examples  of scal ing to other  accelerators are given in 
Table 5. It should be noted tha t  the assumpt ion  tha t  all rad ia t ion  
comes from the in teract ion point  does not apply  to the present  
genera t ion  of accelerators.  

The cons tan t  A includes factors evahmted wi th  cascade s inmlat ion 
p rograms  as well as cons tan ts  describing part icle p roduc t ion  at  the 
interact ion point .  It is felt t ha t  each could in t roduce  an  error  as large 
as a factor  of two in the results. 

Table 4. Coefficients A/ (100  cnl) 2 and  ct for the evaluat ion 
of calor imeter  rad ia t ion  levels at  cascade m a x i m a  under  SSC 
nominM opera t ing  conditions. At a dis tance r and  angle 
0 from the in teract ion point  the annum fiuence or dose is 
A/(r  2 sin 2+(~ 0). 

Quan t i t y  A/ (100  era) 2 Units (p±} a 

Neut ron  flux 1.5 × 1012 c m - 2 y r  -1  0.6 G e V / c  0.67 
Dose ra te  from photons  400 Gy yr  -1  0.3 G e V / c  0.93 
Dose ra te  from hadrons  29 Gy yr  -1  0.6 G e V / c  0.89 
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Table 5. A rough comparison of beam-collision induced radiation 
levels at the Tevatron, UNK, high-luminosity LHC, and SSC. 

Tevatron UNK-3 LHC SSC 

v/~ (TeV) 1.8 6 16 40 
f~nom (cm -28-1) 2 x 1030 4 x 1032 4 x 10348 1 x 1033 
O'inel 59 mb 80 mb 86 mb 100 mb 
H 4.1 4.5 6.3 7.5 
(p±) (GeV/c) 0.46 0.52 0.55 0.60 
Relative dose rate b 5 x 10 -4 0.2 27 1 

a High-luminosity option. 
b Proportional to f--nom °inel H (p±)0.7 

* Updated 1989 by D. Anderson, G. Hall, J. Huston, and 
R. Wigmans. 

** Dose is the time integral of dose rate, and fluence is the time 
integral of flux. 
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COMMONLY USED RADIOACTIVE SOURCES* 

Part ic le  Pho ton  

Type of Energy Prob.  Energy Prob.  
Nuclide Half-life decay (MeV) (MeV) 
22 u N a  2 . 6 0 2 y  ?3 +. EC 0.545 90% 0.511 Anuih.  

1.275 100% 

2MMn 0.855 y EC 01;35 100% 

Cr K X rays 24~  

256~Fe 2.73 5' EC Mn K X rays: 

0.00589 24% 

0 . 0 0 6 4 9  2 . 9 %  

57" 27Co 0.745 y EC 0.(/14 10% 

[).122 86% 

0.136 II<X 

Fe K X rays 55~X 

6°Co 5.27[ 5' /4 0.316 100% 1.173 100% 

1.333 100% 

68, E ( '  32Ge 0.742 y Ga  K X rays 44% 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~lSGa ~'4 +, EC 1.899 9 0 ~  0.511 Amfih. 

1.077 3% 

ag°Sr 28.5 y ~4- 0.546 100'~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_+ 90y  ;3 2.283 100% 

106~ 0.039 100% 44nu 1.020 y /4- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I°6Rh fl- 3.541 79% 0.512 21% 

0.622 10% 

i~iT:i 7')67 y EC 0.i~63U li'~ 0 oss 3 6'7~ 
0.084 e 45~X Ag K X rays 100cX 
0.087 ~ 9t7, 

113,~ 50 m 0.315 y EC 0.364 ,~L 29'X 0 . 3 9 2  ii4~ 

0.388 r: 6~X In K X rays 98t~ 

137Cs 30.0 V ,:4 0 . 5 H  e 94¢X 0.662 85(~ 5,5 " 
1.176 (- (i% 

'i~Ra 70.54v ~ c '  o.d5, 7o% o.o8i 34~x 
0.075 ( 6% 0.356 62% 

Cs K X rays 124~X 

207~.83 m 32.2 .v EC ([.481 c 2~X 0.569 98% 

(I.975 c 7(X 1.063 75% 

1.0.17 ( 2~Z( 1.770 7% 

Pb  K X ray,', 75% 

228~1, 1.91ii ;' 6o< 5.311 to 8.785 0.230 441~ 90 1 -  
3,'4 : O.334 to 2.246 0.583 3PX 

2.614 36'X 
224~ 220~,, 216po 212r:,, 212~" 2121;, o 

88 H a  ~ 86  r e "  ~ 84 ~ 8 2 1  D ~ 83131 ~ 84  

241 95Am 432.7 y (~ 5.443 13% 0.06{} 36{7, 

5.486 85% Np I, X rays 39% 
241 95Am/Be 4 3 2 . 7 v  6 x 1 0 5  neut rons  (4 8 MeV) and  

4 × 10 5" ,s  ( t .13 MeV) per Am decay 

2~4Cnl 18.11 v et 5.763 24% Pu  L X rays ~ 9% 

5.805 76~Z 

2~2Cf 2.645 v a' (97'X~) (i.07(; 15'~ 

6.118 82~U~ 

Fission (3.1~Z) 
20 2,':-,/fss n 80% < 1 MeV 

I neutrous/f ission:  {ET,) = 2.11 MeV 

Upda ted  April  1989 t)y E. Browne and  V. Shirley. 
"Prob."  is the probabi l i ty  per  decay  of a given emission; because of 
cascades these may total  more t han  100~.. Only pr incipal  emissions 
are listed. EC nlegns electron capture ,  and  e ineans monoenerget ic  
internal  conversion (Anger) electron. The intensity of 0.511 MeV 
e + e -  annihi la t ion photons  depemts upon  the number  of s topped  
positrons.  Eudpoin t  ?4 ± energies are listed. In some cases when 
energies are closely spa(ed,  the ">ray values arc approx imate  weighted 
averages. Rad ia t ion  from short-l ived daugh te r  isotopes is included 
where relevaut. 

Half-lives, energies, aud intensities are from E. Browne and  
R.B. Firestone,  Table of Radioactive Isotopes ( John Wiley & Sons. 
New York, 1986) or recent Nuclear Data Sheets. 
Neutrons  are fi'om Neutron Sour( es fin' Basic Physics and Applications 
(Pergaulon Press, 1983). 
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RADIOACTIV ITY  &. RADIATION PROTECTION*  

The Internat ional  Comrnission on Radia t ion  Units  and Measure- 
ments (ICRU) recommends the use of SI units. Therefore we list SI 
units first, followed by egs (or other common) units in parentheses, 
where they differ. 

• U n i t  o f  a c t i v i t y  = becquerel (curie): 
1 Bq = 1 dis integrat ion/see [= 1/(3.7 x 1010) Ci]. 

• U n i t  of  e x p o s u r e ,  the quant i ty  of X- or 3'- radiat ion at a point in 
space integrated over time, in terms of charge of either sign produced 
by showering electrons in a small  volume of air about  the point: 

= 1 coul /kg of air (roentgen; 1 R = 2.58x10 -4 eoul/kg) 
= 1 esu /cm 3 = 87.8 erg released energy per g of air); implicit in the 

definition is the assumption tha t  the small  test  volume is embedded 
in a sufficiently large uniformly irradiated volume tha t  the number of 
secondary electrons entering the volume equals the number leaving. 
• U n i t  of  a b s o r b e d  d o s e =  gray (rad): 

1 Gy = 1 jou le /kg  (=  104 erg/g  = l02 rad) 
= 6.24 x 1012 MeV/kg deposited energy. 

• U n i t  of  d o s e  e q u i v a l e n t ( f o r  biological damage) = sievert[= 102 
rein (roentgen equivalent for matt)]: Dose equivalent in Sv = grays 
xQ,  where Q (quality factor) expresses long-term risk (primari ly 
cancer and leukemia) from low-level chronic exposure; it depends upon 
the type of radiat ion and other factors. For V rays and fl particles, 
Q ~ 1; for protons,t  Q ~ 1 at  ~10 MeV. rising gradually to ~ 2 at 

1 GeV; for thermal  neutrons, t Q ~ 3; for fast neutrons,t  Q ranges 
up to 10; and for (~ particles and low-energy heavy ions (assuming 
internal deposition skin and clothing are usually sufficient protection 
against  external  sources), Q -~ 20. 
• N a t u r a l  a n n u a l  b a c k g r o u n d ,  all sources: Most world areas, 
whole-body dose equivalent rate ~ (0.4 4) mSv (40-400 millirems). 
Can range up to 50 mSv (5 renls) in certain areas. U.S. average 

3.6 mSv, including ~ 2 mSv (~  200 torero) from inhaled natural  
rdactivity, mostly radon and radon daughters  (0.1 0.2 mSv in open 

areas; average is for typical  house and varies by nrore than  an order 
of magnitude:  can be more than  two orders of magni tude higher in 
poorly ventilated mines). 
• C o s m i c  r a y  b a e k g r o u n d i n  counters (Ear th ' s  surface): 

l (uf in /cm2/sr ) .  For more accurate est imates and details, see 
Cosmic Rays section. 
• F l u x e s  (per cm 2) to deposit one Gy, assuming uniform irradiation: 

,.~ ( c h a r g e d  p a r t i c l e s )  6.24xlO9/(dE/dx), where dE/dx (MeV 
cm2/g),  the energy loss per unit  length, may be obtained from the 
Mean Range and Energy Loss figures. 

3.5 x 109 minimum-ionizing singly charged particles in carbon. 
( p h o t o n s )  6.24xlO9/[Ef/A], for photons of energy E (MeV), 

a t tenuat ion length A (g/cm 2) (see Photon Attenuat ion Length figure), 
and fraction f ~< 1 expressing the fraction of the photon's  energy 
deposited in a small  volume of thickness << ,~ but large enough to 
contain the secondary electrons. 

2 x l0 l l  pho tons /cm 2 for 1 MeV photons on carbon. ( f  ~ 1/2). 
(Quoted fluxes good to about  a factor of 2 for all materials.) 

• U.S.  m a x i m u m  permis s ib l e  o c c u p a t i o n a l  w h o l e - b o d y  dose: 
50 inSv/year  (5 rein/year) .  

• L e t h a l  dose:  Whole-body dose from penetra t ing ionizing radiat ion 
resulting in 50% mortal i ty  in 30 days (aSSUlIfing no medical t reatment) ,  
2.5 3.0 Gy (250 300 rads) as measured internally on body longitudinal  
center line: surface dose varies due to variable body a t tenuat ion and 
may be a strong function of energy. 

For a recent review, see E. Pochin, Nuclear Radiation: Risks and 
Benefits (Clarendon Press, Oxford, 1983). 

* Revised April 1990 with assistance from N.A. Greenhouse. 

The hl ternat ional  Commission on Radiological Protect ion has 
provisionally recommended that  these Q factors for protons and 
neutrons be doubled. 
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PROBABILITY, STATISTICS, AND MONTE CARLO* 

I. P R O B A B I L I T Y  
I .A General  

If x is the outcome of an  observation,  we define the probabi l i ty  of 
x as the relative frequency with which x occurs  out  of a (possibly 
hypothet ical)  large set of similar observations.  If x may take any  
value from a cont inuous  range,  we write f (x;  O) dx as the probabi l i ty  
of observing x between x and  x + dx. The funct ion f(x;O) is the 
probability dens i t y  f u n c t i o n  (p.d.f.) for the r a n d o m  variable x, 
which may depend upon a pa rame te r  0. If x can take on only one of 
a set of discrete values (e.g., tile non-negat ive integers),  then f (x:  O) 
is itself a probabil i ty,  but  we still refer to it as a p.d.f. The p.d.f, is 
always normalized to unit  area  (unit  sum, if discrete).  Both  x and  0 
may have multiple components  and  are then  usually wr i t t en  as cohmm 
vectors. If 0 is unknown and  we wish to es t imate  its value from a 
given set of da t a  x, we may use s tat is t ics  (Section II). 

Tim cumula t i ve  d is tr ibut ion  f u n c t i o n  F(a) expresses the 
probabil i ty  tha t  x _< a: 

F(a) = / f ( x )  dx . (I.1) 

- o c  

Here and  in wha t  follows, if x is discrete-valued,  the integral  is replaced 
by a sum. The endpoint  a is expressly included in the integral  or sum. 
Then 0 < F(x) < 1, F (x )  is nondecreasing,  and  Prob(a  < x _< b) = 
F(b) - F(a). If x is discrete. F(x) is flat except at  allowed values of 
x, where it has a discont inuous j u m p  equal to f (x) .  

Any function of r andom variables is itself a r a n d o m  variable, with 
(in general) a different p.d.f. The expectat ion value of any  function 
u(x) is 

[~(x)] = / ~(x) f(x) dx. E (I.2) 

- - 9 C  

The expecta t ion  value is said to exist only if it is finite, For x 
and y any  two r andom variables, E(x  + y) = E(x)  + E(y). For c 
and  k constants ,  E(cx + k) = cE(x) + k. The most  commonly  used 
expecta t ion values are tile mean  and  variance: 

# =- E(x)  (h3a) 

cr 2 =- Var(x) - E [(x - #)2] = E(x  2) _ / , 2  . (l.3b) 

The mean is the locat ion of the "center of mass" of the d is t r ibut ion  of 
x anti the variance is a measure  of the square of its width.  Note t ha t  
Var(cx + k) = c2Var(x).  

In addi t ion to the mean,  another  useful indicator  of the x l o c a t i o n  
near which most  of the probabi l i ty  is likely to concentra te  is the 
median  Xmed. This  is t ha t  value of x such t ha t  F(Xmed) = 1/2, i.e.. 
exactly hal f  of the probabi l i ty  lies above and  half  lies below Xme d. For 
a given s a m p l e  of events, Xme d is tha t  observed x such tha t  half  the 
events have larger x and  half  have smaller x (as closely as possible, not 
count ing any  t ha t  have the same x as the median).  If this lies between 
two observed x values, the sample median  is set by convention to be 
halfway between them.  If the p.d.f, for x has the form f ( x  - #) and  
/* is bo th  mean  and  median,  then  for a large number  of events N the 
variance of tile median approaches  1/[4Nf2(O)], provided f (0)  > 0. 

Let x and  y be two r a n d o m  variables with joint p.d.f, f (x ,  y). The 
marginal  p.d.f, of, for example,  x, expressing the p.d.f, for x with ~; 
unobserved~ is 

f l(X) = / f ( x , y )  dy (I.4) 

and  similarly for f2(Y). If y is fixed, the condi t ional  p.d.f, for a" 
given the fixed y is given by 

f ( x ly  ) = f (x ,  Y)/f2(Y) • ([.5) 

The x mean  is 

/7 7 t** = x f ( x ,  y) dx dy = x f l  (x) dx ([.6) 

and  similarly for y. Tile correlat ion between x and  y is a measure  of 
the dependence of one on the other:  

Px.v -- E [(x - 1~x)(Y - ~ y ) ] / ~ x  "y  -= Cov[x, YJl~x cry , (I.7) 

where ~rae, ~ry are defined in analogy with Eq. (1.3b); it can be shown 
tha t  - 1  < Pxy ~< 1. The symbol  "Coy" represents  the covariance of x 
and  y, a 2-variable analogue to the variance,  Eq. (h3b).  Two r a n d o m  
variables are i ndependen t  if and  only if 

f ( x , y )  = f l ( x )  f2(Y) • (I.8) 

If x and  .V are independent  titan Pxy = 0; the converse is not  
necessarily t rne except for Gauss ian-d i s t r ibu ted  x and  y. If x and  y 
are independent ,  E[u(x)  v(y)] = E[u(x)] Ely(y)} and  Var(x + y) = 
Var (x)+Var(y) ;  otherwise. Var(x + y) = V a r ( x ) + V a r ( y ) +  2Cov[x, y] 
and  E[u  v] does not factor.  

In a change o f  con t inuous  r a n d o m  variables from, e.g.. 
7 ~ (xl  . . . . .  Xn), with p.d.f, f ( x l , . . . , x n ) ,  to -~ =- (Yl . . . . .  Yn). a 
one-to-one funct ion of the x's,  the p.d.f, g ( Y l , , . .  ,Yn) is found by 
subs t i tu t ion  for ( x l , . . ,  ,xT~) in f followed by mult ipl icat ion by the 
absolute value of the Jacob ian  of the t ransformat ion:  

~q( Y ) = f [~'1( T ) . . . . . . .  ',~( y )] Igl . (Lg) 

The functions wi express the reverse  t r ans format ion  xi = wi( Tj ) 
for i = 1 . . . . .  n, and  Ial is the absolute  value of the de te rminan t  of 
the square mat r ix  Jij = Oxi/OYj. Such t ransformat ions  must  always 
preserve the number  of r a n d o m  variables, n. To t ransform to fewer 
variables, first per form (I.9) and  then take the margina l  (I.4) to 
eliminate unwanted  variables. If the t r ans fo rmat ion  from ~+ to ~+ is 
not one-to-one, the s i tua t ion  is more complex and  a unique solution 
may not  exist. To change variables for discrete r andom variables 
s imply subst i tute :  no Jacobian  is necessary because in tha t  case f is 
a probabi l i ty  r a the r  than  a probabi l i ty  density. If f depends  upon a 
pa rame te r  set 0. we can  change to a different pa rame te r  set ¢ = ¢(0) 
by simple subst i tut ion:  no Jacob ian  is used. 

I.B Specific Probabi l i ty  Dens i ty  Funct ions  
We describe here a Dw p.d.f. 's  commonly  encountered in physics 

appl icat ions.  Tables for most  of these distr ibutions,  relat ions a m o n g  
them,  and  fllrther informat ion may be found in Refs. 1 and  2. 
Monte Carl() techniques for genera t ing  each of them ruay be found in 
Section III.C below. 

I . B . 1  Uniform distr ibut ion (continuous) 
This p.d.f, assumes equal probabi l i ty  densi ty  for any  x in an 

allowed range [a. bJ: 

f ( x )  = 1/(b - a) . a < z < b (I.10) 

= 0, otherwise: 

E(x )  = (b + a ) / 2 :  Var(x) = ( b -  a )2 /12  . (I.11) 

I .B.2  Binomial  distr ibution (discrete) 
Any r a n d o m  process with exact ly  two possible outcomes is a Ber- 

noull i  process. If the process is repeated  n tinms independently,  and  
if the probabi l i ty  of ob ta in ing  a cer ta in  outcome (a "success") in each 
trial is p, then the probabi l i ty  of ob ta in ing  exact ly  r successes is given 
by the binomial  dis t r ibut ion:  

\ r /  r!(n - r)! 

r = 0 . 1 . 2  . . . . .  n ,  

where q = I - p  and  the order  in which the successes and  failures come 
is assumed irrelevant. 

E(r) = rq) ; Var(r)  = npq . (I.13) 

If r successes are observed in nr  Bernoulli  tr ials wi th  probabi l i ty  p of 
success, and if s successes are observed in 7~a similar trials, then t = 
r + s is also binomial  with nt = n r  + 7),. 
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I . B . 3  P o i s s o n  d i s t r i b u t i o n  (discrete)  
T h e  Poisson d i s t r ibu t ion  wi th  m e a n  # is: 

/ t n e - ~  
f ( n ; # ) =  n ~ '  n = 0 , 1 , 2  . . . . .  (I .14) 

T h e  observed  resul t  of  a Poisson process  is a non-nega t ive  in teger  
n: the  p a r a m e t e r  # is any  non -nega t i ve  real  n m n b e r .  T h e  Poisson 
d i s t r ibu t ion  descr ibes  the  popu la t i on  of  events  in any  in terval  of  
x (e.g., space  or  t ime)  whenever :  (a) the  n m n b e r  of events  in any  
interval  of  x is i n d e p e n d e n t  of  t h a t  in any  o the r  non-ove r l app ing  
interval;  (b) in any  smal l  Ax ,  the  p robab i l i ty  of  one even t  is AAx and  
the  p robabi l i ty  of  two or more  vanishes  at  least  as fast  as ( A x )  2, as 
Ax  ~ 0; and  (c) A does not  d e p e n d  on x. T h e n  t~ =- Ax; 

E(n)  = t~ ; Va r (n )  = # . (I .15) 

W h e n  # is large ( ~ 7  or  8), it is of ten  useful  to a p p r o x i m a t e  the  
d i s t r ibu t ion  of n by a G a u s s i a n  d i s t r ibu t ion  of  m e a n  p and  va r i ance  
0-2 = p, as  t h o u g h  n were a con t inuous  var iable .  T w o  or more  Poisson 
processes  (e.g., s i9na l  + background ,  with  p a r a m e t e r s  #S and  PB, 
respect ive ly)  which  i n d e p e n d e n t l y  con t r ibu te  a m o u n t s  n s  and  nB to 
a g iven m e a s u r e m e n t  will p r o d u c e  an  observed  n u m b e r  n = n S + n B ,  
which is d i s t r i bu t ed  accord ing  to a new Poisson d i s t r ibu t ion  wi th  
p a r a m e t e r  p = #S  + ~B.  

I . B . 4  N o r m a l  or  G a u s s i a n  d i s t r i b u t i o n  (cont inuous)  
T h e  G a u s s i a n  d i s t r ibu t ion  is 

f ( x ;  #, 0 -2) = 1 - - e - ( X - ~ ) ~ / 2 a ~  - o c  < x < .:x:: ; (I .16) 

E(x )  = p ; Var (x )  = 0-2 . (I .17) 

For x and  y i ndependen t  and  no rma l ly  d i s t r ibu ted ,  z = x + y obeys  

f(z; .~ +/,~, 0-~ + 0-~) 
T h e  in t eg ra t ed  p robab i l i ty  for x to fall in the  r ange  p - cr to # + cr is 

0.683. O t h e r  m e a s u r e s  of  w id th  c o m m o n l y  encoun t e r ed  are: p robab le  
er ror  (cent ra l  region con ta in ing  0.50 of  the  p robabi l i ty )  = # 4- 0.670-; 
m e a n  abso lu te  devia t ion:  E [I x - t~ t ]  = 0.80or; rms  dev i a t i on  = 0-: 
ha l f -wid th  at  h a l f - m a x i m u m  = 1 .18m 

T h e  Gauss i an  gets  its i m p o r t a n c e  in large p a r t  f rom the  cen t ra l  
l i m i t  theorem:  if a con t inuous  r a n d o m  var iable  x is d i s t r i bu t ed  
accord ing  to a n y  p.d.f,  w i th  finite m e a n  and  var iance ,  t h e n  the  
sample  mean ,  gn  of  n obse rva t ions  of  x will have  a p.d.f,  t h a t  
app roaches  a G a u s s i a n  as n increases.  There fo re  the  end resul t  
~ n  xi =- ngn of a large n u m b e r  of  smal l  f luc tua t ions  xi will be 
d i s t r ibu ted  as a Gauss ian ,  even  if the  xi t hemse lves  are  not.  

T h e  c u m u l a t i v e  d i s t r ibu t ion  (I.1) for a G a u s s i a n  wi th  # = 0 and  

0-2 = 1 is g iven by the  e r r o r  f u n c t i o n ,  er f (a ) ,  t h r o u g h  the  following 
ugly relat ion:  

F(a; O, 1) = 0.5 [1 + e r f ( a / , ~ ) ]  (I .18) 

T h e  funct ion  er f (a)  is t a b u l a t e d  in Ref. 1 and  is avai lable  as a 
F O R T R A N  fnnct ion  on m a n y  c o m p u t e r s  [caution: o the r  defini t ions of  
erf (a)  are  s o m e t i m e s  used]; for m e a n  # and  va r i ance  cr 2 replace  a by  
[(~ -/~)/0-]. 

For "~  a set  of  n (not  necessar i ly  i n d e p e n d e n t )  G a u s s i a n  r a n d o m  
var iables  xi a r r a n g e d  into a c o l u m n  vector ,  the i r  jo int  p.d.f,  is the  
m u l t i v a r i a t e  Gauss ian:  

1 
f(~; -Y, V) - (2~),,/2 IVl -~/2 (I.19a) 

x exp[--1(-97---~)Tv-l(-~--~)], I V l # 0 ,  

where  V is the  c o v a r i a n c e  m a t r i x  of the  x 's ,  I~i = Var (x i )  and  V/j 
= E[(xi - # i ) ( x j  - # j ) ]  -= Pij ch crj, and  Irl is the  d e t e r m i n a n t  of  V. 

T h e  q u a n t i t y  Pij is the  cor re la t ion  coefficient for xi and  x j ;  Ipij l  2 < 1. 
For n = 2 this becomes  

1 
f ( x l ,  x2; /~l, #2, 0-1,0-2, P) -- (I .19b) 

27r o- 1 0-2 ~ p2 

- 1  [ ( x  I - Ul)  2 2p(x  1 - /~1)(x2 - / t 2 )  
× exp ~ L  0-7 ~ : 2  

0-2 J J 
T h e  special  case 0-1 = 0-2 and  p = 0 is called the  R a y l e i g h  
d i s t r i b u t i o n .  If  V is s ingular ,  there  is a l inear  re la t ion  a m o n g  some  
variables;  in this case one usual ly  wan t s  to e l imina te  comple t e ly  
d e p e n d e n t  var iables  and  work  in a smal le r  n u m b e r  of  d imensions .  
T h e  m a r g i n a l  d i s t r ibu t ion  of  any  xi is a G a u s s i a n  w i th  m e a n  /~i 
and  va r i ance  !/:ii. V is n × n, s y m m e t r i c ,  and  posi t ive definite.  
There fo re  for any  vec to r  X ' ,  the  q u a d r a t i c  fo rm ~ T  V-1 ~ = c 
t races  an  n -d imens iona l  ellipsoid as X varies  for any  g iven c > 0. 
If  Xi  = ( x i - / t i ) / 0 - i ,  t hen  e is a r a n d o m  var iable  obey ing  the  
)~2(n) d i s t r i b u t i o n ~ w h i e h  is discussed in the  following section. The  
probabi l i ty  t h a t  X co r re spond ing  to a set of  Gauss i an  r a n d o m  
var iables  :2: i lies ou t s ide  the  ellipsoid cha rac t e r i zed  by  a g iven vahm 
of c ( =  X 2) is g iven by Eq. (I.22) and  m a y  be r ead  f rom Fig. 1. 

For example ,  the  " s - s t a n d a r d - d e v i a t i o n  ellipsoid_~" occurs  at  c = s 2. 
For the  two-var iab le  case (n = 2) the  point  X lies outs ide  the  
o n e - s t a n d a r d - d e v i a t i o n  ellipsoid wi th  61% probabil i ty ,  so b o t h  X1 and  
X2 lie inside the  ellipsoid wi th  39% probabil i ty .  This  a s sumes  tha t  tzi 
and  c h are  correct .  For  Xi  = x i /0 - i ,  the  ellipsoids of cons tan t  ?(2 have  
the  s ame  size and  or ien ta t ion  bu t  are cen te red  at  -~ .  T h e  use of  these  
ellipsoids as indica tors  of p robab le  er ror  is desc r ibed  in See. I I .E.1 .  

I t  is a charac te r i s t i c  of  the  mu l t i va r i a t e  G a u s s i a n  t ha t  Pij = 0 iS 
necessary  and  sufficient for xi and  x j  to be independen t .  For a g iven 
covar iance  m a t r i x  V. there  a lways  exist nons ingula r  n x n ma t r i ces  
H such t h a t  H H  T = V; H is usual ly  uppe r  or  lower t r i angu la r  in 
the  mos t  efficient a lgor i thms .  T h e n  7 = H - I ( T  ' - ~ )  is a vec to r  of  
n i ndependen t  G a u s s i a n  r a n d o m  variables  w i th  zero m e a n  and  wi th  
covar iance  m a t r i x  equal  to tile identity.  

I . B . 5  T h e  X 2 d i s t r i b u t i o n  (cont inuous)  
If  x l  . . . . .  xn  are  i ndependen t  Gauss i an  d i s t r ibu ted  r a n d o m  

var iables ,  tile s u m  z = ~ n ( x i  p02/0-~ is d i s t r ibu ted  as a X 2 w i th  n 

degrees  o f  f r e e d o m  [x2(n)]: 

f ( z ;  n) -- 1 zn/2 1 e z/2 . z _> 0 : (I .20) 
2n/2r(n/2) 

E(z)  = n ; Var (z )  = 2 n .  (I.21) 

U n d e r  a l inear  t r a n s f o r m a t i o n  to n d e p e n d e n t  G a u s s i a n  var iables  x i," t 

the  X 2 at  each t r a n s f o r m e d  point  re ta ins  its value; t hen  z = 
~ ' t T  V 1 ~ b  as in the  prev ious  section. For a set of  zi, each  of  which  
is x2(ni) ,  ~ z i is a new r a n d o m  var iable  which  is X 2 ( ~  hi). 

Fig. 1 show's the  Confidence Level  (CL)  ob ta ined  by in t eg ra t ing  the  
tai l  of the  funct ion  g iven in Eq. (I.20) for nD degrees  of f reedom: 

o c  

C L ( x  2) / f ( z ;  nO) dz : (I .22) 

X 2 

this  a r ea  is shown schemat ica l ly  in Fig. 2. I t  is equal  to 1.0 minus  
the  c u m u l a t i v e  d i s t r ibu t ion  func t ion  F ( z  = X2; nD). I t  is useful  in 
eva lua t i ng  the  cons is tency  of  d a t a  wi th  a mode l  (see Sec. II):  CL  is 
the  probabi l i ty  t ha t  a r a n d o m  r e p e a t  of  the  g iven e x p e r i m e n t  would  
observe  a w o r s e  )~2, assunfing the  cor rec tness  of  the  model .  I t  is also 
usefifl for confidence in tervals  for s ta t i s t ica l  e s t ima to r s  (See. I I .E ) ,  
when  one is in te res ted  in the  u n s h a d e d  a r ea  of  Fig. 2. 

I . B . 6  S t u d e n t ' s  t (cont inuous)  
Suppose  t h a t  x and  Xl . . . .  , xn are  i ndependen t  and  n o r m a l  wi th  

2 and  m e a n  0 and  var iance  1. We then  define z = y']~ x i , 

t =  x /  zx/~ . (I.23) 

T h e  var iable  z d ins  belongs to a x2 (n )  d is t r ibut ion .  T h e n  t is dis- 
t r i bu t ed  accord ing  to a S tuden t ' s  t d i s t r ibu t ion  wi th  n degrees  of  free- 
dora: 

f ( t :  n) -- 1 F [(n + 1)/2] 1 + , (I .24) 
r(n/2) 

--oc < t < ~c . 
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X 2 Confidence Level vs. X 2 for n D Degrees of Freedom 

0.I 
Or) 

. ~  OO 
,, ~ 0.06 
~- ~> 0.04 0 

E 0.03 
o ~ 0.02 
(I) o 

> g  0.01 
._1 "0 
,~ ~ 0.006 

~ 0.004 
0.003 " 0  

0.002 
0 

o 0.001 

0.0006 
0.0004 
0.0003 
0.0002 

0.0001 

f(Z;ng) 

I 2 ,] 4 5 6 8 I0 20 30 40 50 60 80100 

I 2 3 4 5 6 8 I0 20 30 40 5060 80100 
X 2 (or X 2 x I00 f 0 r ~  

Fig. 1. Conf idence  level vs. X 2 fl)r n degrees  of  f reedom,  as def ined in Eq. (I.221. T h e  cu rw '  fl)r a g i w m  o. expresses  the  p robab i l i t y  that  

a value at  least  as large as  X 2 will be o b t a i n e d  in an  e x p e r i m e n t .  For  a fit, CL  is a m e a s u r e  of  goodness-of - f i t  in t h a t  a good fit ~o a correc t  
mode l  is e x p e c t e d  to yield a low ) 2 (Sec. I I .C) .  D}r a conf idence  in terval .  ¢~ m e a s u r e s  the  p robab i l i ty  t h a t  the  in terval  does no t  cover  the  

t rue  value of  t he  q u a n t i t y  be ing  e s t i m a t e d  (See. I I .E) ,  

I 
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Fig.  2. S c h e m a t i e  i lh l s t ra t ion  of t im conf idence  level in tegra l  

g iven  in Eq. (I.22). 

all( [ 

E( t )  -- (} for ?t > 1 : Var ( t )  = fi)r ~1 > 2 . (1,25) 
?1 2 

Here l ' (k )  is the  g a m m a  funct ion ,  equal  to ( k -  1)! if k is an in teger ,  
S t m l e n t ' s  t d i s t r i b u t i o n  resembles  a G a u s s i a n  dis t : r ibut ion wi th  wide 
tails, As , ~ :',c, the  d i s t r i bu t i on  a p p r o a c h e s  a G a u s s i a n .  and  if 
, = 1, ~he d i s t r i buUon  is Cauehy.  or Br e i t -W igner .  T h e  inean is 
f ini te  for ~t > l and  the  va r i ance  is f ini te  for *~ > 2. so for r~ - 1 or  
~l 2. t does  not obey  the  cent ra l  l imit  t heorem.  

As an example ,  cons ide r  the  sample  mean  x -  ~ : r i / ~  and  the  

sample  variance s 2 '52~(.ri y ) 2 / ( ~  1) for n o r m a l l v  d i s t r i b u t e d  

r a l ldOl l t  var iab les  ,r~ wi th  I l I lkl lowII  I l lea l l  /t  ail(]  var i ance  o -2. T i m  

s a m p l e  l l l ea i l  h~l.s ~/ (~allSSiitdl ( ] i s l r i l ) u t i ( )n  with a v a r i a n c e  o . 2 / o ,  so  

the  var iab le  (Y P ) / X / ~ ' ~  is normal  wi th  m e a n  0 and var ianeo  1. 
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Similarly, (n - 1) s2/cr 2 is independent  of this  and  is X 2 d i s t r ibu ted  
with n - 1 degrees of freedom. The ra t io  

(x - I t ) / X / ~ 2 ~  - ~ - # (I.26) 
t = X/( n _ 1).s2/cr 2 ( n -  1) X / ~  

dis t r ibutes  as f ( t ;  n - 1). The unknown  t rue  var iance ~2 cancels,  and  
t can  be used to test  the probabi l i ty  t ha t  the t rue  mean  is some 
par t i cu la r  valne #. 

The d is t r ibut ion  (I.24) is wr i t ten  such t ha t  n is not  required to be 
an integer. A S tuden t ' s  t d i s t r ibu t ion  wi th  nonin tegra l  n > 0 is usefifl 
in cer ta in  appl icat ions.  

I . B . 7  T h e  g a m m a  d i s t r i b u t i o n  (continuous) 
If a process genera t ing  events as a f imction of x (e.g., space or 

time) satisfies condi t ions  (a) (c) of the Poisson dis t r ibut ion,  then 
the x dis tance f rom an  a rb i t r a ry  s t a r t ing  point  (which may  be some 
par t i cu la r  event) to the k th event is belongs to a g a m m a  dis t r ibut ion:  

X k-1 A k e Ax 
f ( x ;  A,k) -- 0 < x < ~c . (I.27) 

r ( k )  

F(k) is the g a m m a  fimction, equal to (k - 1)! if k is an  integer. The  
Poisson pa rame te r  It is A per  uni t  x: 

E(x )  = k /A  ; Var(x)  = k /A  2 . (I.28) 

The special  case k = 1 is called the exponential dis t r ibut ion.  A stun 
of U exponent ia l  r a n d o m  variables x i is d i s t r ibu ted  as f (Gx i ;  A, U).  
Eq. (I.27) allows k > 0 to be nonintegral .  If A = 1/2 a n d  k = n/2,  the 
g a m m a  and  x2(n)  d is t r ibut ions  are identical.  

I I .  S T A T I S T I C S  
I I . A  G e n e r a l  

A probabi l i ty  densi ty  funct ion with known pa rame te r s  enables us 
to predict  the frequency wi th  which a r a n d o m  variable will take on a 
par t i cu la r  value (if discrete) or lie in a given range (if cont inuous) .  In 
p a r a m e t r i c  stat is t ics  we have the opposi te  p rob lem of es t imat ing  the 
pa ramete r s  of the p.d.f, f rom a set of ac tua l  observat ions.  

We refer to the t rue  p.d.f, as the popu la t ion ;  the d a t a  form a 
sample f rom this  popula t ion .  A s t a t i s t i c  is any  funct ion of the 
da ta ,  plus known constants ,  which does not  depend  upon  any  of the 
unknown  paramete rs .  A s ta t is t ic  is a r a n d o m  variable  if the d a t a  have 
r a n d o m  errors. An e s t i m a t o r  is any  s ta t is t ic  whose value is in tended 
as a meaningful  guess for the value of an  unknown  paramete r ;  we 
denote  es t imators  wi th  hats ,  e.g., 0". 

Often it is possible to cons t ruc t  more t h a n  one reasonable  es t imator .  
Let 0 represent  the t rue  value of a p a r a m e t e r t o  be es t imated;  0 
is a vector if there  is more t h a n  one. Then  if 0 is an  es t imator  for 
O, desirable proper t ies  for 0 are: (a) Unbiased;  bias b = E(0") - 0, 
where the expec ta t ion  value is taken  over a hypo the t i ca l  set of similar 
exper iments  in which 0" is cons t ruc ted  the same way. The  bias may 
be due to s ta t is t ical  proper t ies  of the es t imator  or to systematic 
errors in the exper iment .  If we can  es t imate  the average bias b we 
usually sub t r ac t  it; f rom 0" to ob ta in  a new O~ --- 0" -  b. However, b may 
depend  upon  0 or o ther  unknowns,  in which case we nsual ly  t ry  to 
choose an  es t imator  which minimizes its average size. (b) M i n i m u m  
variance: the min imum possible value of VAT(0) is given by the 
Rao- Cramdr-Prechet  bound:  

Varmi n = [1 + Ob/O0] 2 / I ( 0 )  : (II.1) 

0 E l  n f (x i ;  O) . I(0) = E ~ i=1 

The sum is over all d a t a  and  b is the  bias, if any; the xi are assumed 
independent  and  d i s t r ibu ted  as f (x i ;  0), and  the allowed range  of 
x mus t  not  depend  upon  0. The ra t io  e = Varmin /Var (O)  is the 
e f f i c i ency .  An e f f i c i e n t  es t imator  (with ~ = 1) exists only for 
cer ta in  cases. The square  root  of the var iance expresses the expected 
spread of 0 abou t  its average value, as would be observed in a 
large number  of repeats  of the same measurement .  (c) M i n i m u m  
m e a n - s q u a r e d  e r r o r  (rose); rose = E[( 0 " -  0 )2] = V ( 0 )  + b 2. Tile 
rose combines the error  due to any  bias quadra t i ca l ly  wi th  the 

variance,  which expresses only the spread abou t  E ( 0 ) ,  as dist inct  
f rom 0, the  t rue  value. (d) Robus t ;  a robust  es t imator  is not  
sensitive to errors  in our assumpt ions ,  e.g., to depar tu res  from the 
assumed p.d.f, due to such factors as noise. 

These cr i ter ia  (and others)  allow us to evaluate any  procedure  for 
ob ta in ing  O. In many  cases these cr i ter ia  conflict. The bias, variance,  
and  mse may de2end  on the unknown 0. In this case the o p t i m u m  
prescr ipt ion for 0 m a y  depend  on the range  in which we assume 0 to 
lie. 

Following are techniques in common  use for ob ta in ing  es t imators  

and  their  s t a n d a r d  errors  c~(0") = ~ / - ~ 0  ). W h e n  the  condit ions of 

the centra l  limit theorem are satisfied, the interval 0 +  a ( 0 )  forms 
a 68.3% c o n f i d e n c e  in terva l .  This  is a r a n d o m  interval in t ha t  
its endpoints  depend  upon  the r andomly  sampled  da ta ;  its meaning  
here will be taken  to be tha t  in 68.3% of all similar exper iments  the 
interval will include the t rue  value 0. One should be aware t ha t  in 
most  prac t ica l  cases the centra l  limit theorem is only approx imate ly  
satisfied and  accordingly  confidence intervals which depend  on tha t  are 
only approximate .  Confidence intervals are discussed in Section II.E 
below. 
II .B  D a t a  w i t h  a C o m m o n  M e a n  

(1) Suppose we have a set of N independent  measurements  
Yi assumed to be unbiased measurements  of the same unknown 
quan t i ty  p wi th  a common,  but  unknown,  variance a 2 resul t ing from 
ineasurenlent  error. Then  

N 
1 E Yi (11.2) 

i - I  

N 
3 .2_  1 ~ - ~ ( Y i - 3 )  2 =  N ( E ( y  2 ) - 3  2 ) (II.3) 

N - 1  ~ ' 
i--1 

are unbiased es t imators  of # and  a 2. The variance of 3 is cr2/N. If tim 
common  p.d.f, of the Yi is Gaussian,  these s tat is t ics  are independent .  
Then,  for large N,  the variance of 3.2 is 2cr4/N. If the Yi are Gauss ian  
or N is large enough  tha t  the centra l  linfit theorem applies, then  3 is 
an  efficient es t imator  for #. Otherwise  3 is sometimes subject  to large 
f luctuat ions,  e.g., if the p.d.f, for Yi has long tails. In this case the 
median  of the Yi may be a more r o b u s t  es t imator  for #, provided the 
median  and  mean  are expected  to lie a t  the same point  in the p.d.f. 
for y. For Gauss ian  y, tile median  has asympto t i c  ( large-N) efficiency 
2/~r ~ 0.64. The S tuden t ' s  t d i s t r ibut ion  provides an  example in which 
there are large tails. In this case, for large N the efficiency of the 
sample median  relative to the sample  mean  is (oc, .~c, 1.62, 1.12, 0.96, 
0.80, 0.64) for (1, 2, 3, 4, 5, 8, ec) degrees of freedom. 

If 0 '2 is known,  3 as given in Eq. (II.2) is still the best  es t imator  for 
It; if It is known,  subs t i tu te  it for 3 in Eq. (II.3) and  replace N - 1 by 
N ,  to ob ta in  a somewhat  be t te r  es t imator  3 "2. 

(2) If the Yi have different, known,  variances cr 2, then  

N 
1 

3 = w Z wi Yi . (II.4) 

is an  unbiased es t imator  for p wi th  smaller  variance t h a n  Eq. (II.2). 

where wi = 1/c~/2 and  w = ~ wi. The variance of 3 is 1/w. 
I I .C  L e a s t - S q u a r e s  F i t  

We wish to deterufine the best  fit of unbiased da t a  Yi, measured  
at  N points  xi (assumed known with  negligible error),  to the form 
y(x) = Ea,~ f~(x) ,  where the fn  are any  known,  l inearly independent  
funct ions (e.g., 1, z,  x 2 , . . . ,  or Legendre polynomials)  which are 
single-valued over the allowed range  of x, and  the sum runs from 1 to 
k. We require k _< N,  a n d  at  least k of the xi must  be dist inct .  We 
wish to es t imate  the l inear coefficients an. Late r  we will discuss the 
nonl inear  case. 

In the me thod  of least squares,  it is assumed tha t  each measured  
Yi is equal  to this sum plus a r a n d o m  error  ei. If the d is t r ibut ion  of ei 
has an expec ta t ion  value of zero (unbiased) and  has a finite, known 
variance or/2 which is fixed (does not depend on the pa ramete r s  of 
the fit), then  the es t imates  of an  obta ined  by minimizing the sum 



111.32 

PROBABILITY, STATISTICS, AND MONTE CARLO (Cont'd) 

of squares which physicists call X 2 = Y'~4 [Yi - ~ n  an fn(xi)] 2/a2i 
will be unbiased and  have the smallest  possible variance of all 
l inear unbiased est imates  (Gauss-Markov Theorem).  If the point  
errors ei are Gaussian,  then the min imum X 2 will be d is t r ibuted  
as a X 2 r andom variable wi th  N - k degrees of freedom. We can  
then  evaluate the goodness-of-fit  f rom Fig. 1. The  observed X 2 
for n D =  N - k can be used to find the "confidence level" CL. 
This expresses the probabi l i ty  tha t  a w o r s e  fit would be obta ined  
in a large number  of s imilar  exper iments  under  the assumpt ions  
that :  (a) the model  y = ~ a n  fn  is correct  and  (b) the  errors ei 
are Gauss ian  and  unbiased wi th  variance a 2. If this probabi l i ty  is 
larger than  an  agreed-upon  value (0.001, 0.01, or 0.05 are common  
choices), the d a t a  are c o n s i s t e n t  with the assumptions;  otherwise 
we may  want  to find improved assumptions .  As for the converse, 
most  people do not  regard  a model  as being t ru ly  i n c o n s i s t e n t  
unless the probabi l i ty  is as low as corresponds to four or five 
s t a n d a r d  deviat ions for a Gauss ian  (6 x 10 - 3  or 6 × 10 - 5 ,  see 
Sec. II.E.1). If the e i are not Gaussian,  the me thod  of least squares  
still works, but  the goodness-of-fit  test  would have to be done using 
the correct  d is t r ibut ion  of the r a n d o m  variable we will continue to 
call "X2. '' 

F inding the min imum of X 2 is s t ra ight forward:  

1 0 X  2 (Y i  - ~ n a n  f n ( X i ) )  
2 0 a ~  - E S,,,(~/) 2 i cri 

= ~E yi fm(Xi)c~ E an E In(xi)cr 2fm(xi) (11.5) 

Wi th  the definitions 

gm= E Yi Sm(Xi)/°2 (II.6) 
i 

and 

m n  i 

the k-element vector of solutions a (all vectors are column vectors),  

for which OX21Oam = 0 for all m,  is given by  

a = V  a y .  (II.8) 

More generally, the measured  yi's are not independent .  Then  the 
set of (r2's must  be replaced by the N × N covarianee ma t r ix  ~ .  
Then,  if H is the N x k ma t r ix  with element Hin = fn(Xi), the 
solution 3 is given by the solution to the n o r m a l  equa t ion  

(H T ky -1 H )  a = H T V y  1 -y , (II.9a) 

or, formally, 

a = (H T Vy  1 H )  -1  H T V ~  t -'~ - D-~  , (II.9b) 

where ~ is the N-element  vector of measured  yi's. The normal  
equat ions may be solved by  numerical  methods  much more  computa -  
t ionally efficient t han  bru te  appl ica t ion  of Eq. (II.9b). In par t icu lar ,  
H T V y  1 H is sometimes s ingular  or near ly  singular .  In such cases 
there is a t  least one fn which may be expressed as a l inear combina t ion  
of others (or nearly so) when evaluated at  the d a t a  points.  The best 
procedure  is usually to drop  such functions frmn the expansion (or set 
an  = 0). See Press,  3 Maindonald ,  4 or Basilevsky 5 for discussions. 

In te rms  of the k x N mat r ix  D~ the s t a n d a r d  covariance mat r ix  for 
the a is es t imated  by 

v~ = z) vy 1) r . (H.lO) 

If the measured  yi's are independent ,  V u is d iagonal  with ii th element 

a/2 and  V a is ob ta ined  from Eq. (II.7) above. 

The expected covariance [see Eq. (I.7)] of an and  am is es t imated  
by 

E [ ( a n - a n ) ( a m - a m ) ]  = ( V ~ )  . . . . .  ( I I . l l )  

Even when the yi's are independent  (diagonal  Vy), "dn and  am may 
not  be (nondiagonal  V~). For the model funct ion y = y]~ an fn(X), the 
es t imated  variance of an  in terpola ted  or ex t r apo la t ed  value of y a t  a 
point  x is 

= E ( V ' d ) n m  fn(X) fm(X) • (II.12) 
n , m  

If y is not linear in the f i t t ing paramete rs  an, or if the errors o- i 
depend upon  y and  therefore on an, the solut ion vector may  have to 
be found by i tera t ion of Eqs. (II.6) (II.8) or Eq. (II.9b). The same 
results may  be obta ined  by numerical  techniques from the sun] of 
squares,  X 2, directly, if we have a reasonable first guess "fi*0 for the 
solution vector: 

( 02X2~ - I  0X2 (II.13a) 

a = ~ o -  - -  " ~ ~o  \ Oa~ )-~o 
and 

(02) /2 '~  -1  
V~ = 2 ~0~-a2 ] a  ( I I . lab)  

where O~2/Oa is a k -demen t  vector whose n th element is OX2/Oa~, 
02X2/Oa 2 is a k x k mat r ix  with rnn th element 02X2/(Oam . Dan), 
and  all derivatives are to be evaluated at  the points  indicated.  If 
,,X2, is a t rue  X 2, the second-derivative mat r ix  is independent  of -d*: 
therefore the shape of the )~2 as a funct ion of -~ is a parabolo id  and  
Eq. (II.13a) will give the solution immediately.  Otherwise  one may 
need to i terate Eq. (II.13a) to arrive at  a solution (Newton-Raphson  
method) ,  

Note tha t  in Eq. (II.9b), one needs only a ma t r ix  p ropor t iona l  to 
Vu to find a. Hence, for example,  if the variances a/2 of the errors  
are unknown but  assumed equal  and  independent ,  and  E(ei) = 0, 
one can  still solve for 2. One cannot ,  however, solve for V~ a o r  

evaluate goodness-of-fit .  These can be es t imated  from the res iduals ,  
ri = y (x i )  - Yi, where ~'(xi) is the fitted curve at  x~, because  s tudy  
of the r i enables one to es t imate  I/}. In addit ion,  the residuals can  
be used to look for evidence of bias such as t rends  in the d a t a  not  
incorpora ted  in the model.  2 

Note t ha t  the errors on the solution a are independent  of the value 
of X 2 a t  n l i n i m u m - t h e y  depend only upon  the shape  abou t  the 
minimum.  Eq. (II.13b) implies tha t  one-s tandard-devia t ion  limits on 
the elements of a are given by the set of "~; such tha t  

X2 (-~t) 2 (11.14) 
: XIniI l  ~- 1 

(compare  with the corresponding relat ion for maximum-l ikel ihood 
est imation.  See. II.D.2). This  equat ion,  which defines a contour  in 
"~-space,  is often convenient for es t imat ing  errors in appl icat ions 
of least-squares techniques to n o n l i n e a r  cases~ where the second 
derivative [Eq. (II.13b)] may  be a rapid ly  varying funct ion of 7 .  In 
general,  contours  at  s s t a n d a r d  deviat ions may be found by replacing 
the 1 in Eq. (II.14) by s 2. If the problem is highly nonlinear ,  all such 
contours  are at  best  only approximat ions  to desired exact  confidence 
regions which would have some given probabi l i ty  of covering the 
t rue  value of ~ .  It may  be t ha t  Eq. (II.14) will define a set of 
disjoint regions. In addit ion,  i terat ion of Eq. (II.13a) may  require 
sophis t icated techniques a to reach convergence in a pract ical  amount  
of computa t ion .  For example,  in cases involving many  variables in 
W. especially' if the correlat ions are not  small, simplex or other  
techniques which do not  involve explicit calculat ion of derivatives are 
often to be preferred. Such techniques are designed to find their  way' 
t h rough  compl ica ted  nonl inear  problems wi thout  diverging to infinite 

(unless the min imum is ac tua l ly  at  infinity). 
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Least-squares est imation,  unlike maximum likelihood 
(Sec. II.D), requires tha t  an error mat r ix  Vy be known (a ma- 
tr ix proportional to Vy will suffice to find an est imator) .  For counting 
experiments it is therefore necessary to group the da ta  in bins in 
order to associate a Poisson error wi th  each bin. In this case Yi is 
the bin height and the error depends on the expectat ion value of the 
theory in each bin, N [h, as est imated by the best fit of the model. 
Thus the requirements of the Gauss-Markov theorem are not satisfied, 
since the errors are not fixed. Many experimenters  arrange the bins 
to contain enough expected events (say ~> 7 or 8) tha t  the Gaussian 
approximation to the Poisson (Sec. I.B.3) is accurate, in which case 
the expected error is the square root of the theoretical  height and 
"X 2" is approximately a true X 2. If an approximate error is used, 
based on the actual  observed height N °bs rather  than  the theoretical  

height N[ h, the Gauss-Markov conditions would be satisfied except 
tha t  a bias favoring downward fluctuations will occur. This is because 
a f luctuation in the da ta  which goes down from the true expectat ion 
value will be assigned a smaller error and therefore a greater weight 
than  an equal f luctuation upward. 

For bins with few events, a procedure tha t  converges to the above 
when N[ h is large and yields correct error es t imates  for all N[ h is to 
define 

x2 = E [ 2(~:~h - N°b~) + 2N°b~ln(N°b~/Nth)] " (II.15) 

i 

This assumes tha t  N °bs is the outcome of a Poisson process, with 

Poisson parameter  # = N th, in the i th bin. In bins where N °bs 

= 0, the second term is zero. For any ~ h  s-s tandard-deviat ion 
error est imates are constructed as in Eq. (II.14) and subsequent 
discussion. If we drop the requirement tha t  X 2 converge to a true 
X 2 for large nmnbers of events in each bin, then minimizing "X 2'' = 

t h  obs .. ( nrth~l  2 ~ i [ N  ~ - N~ h* ~'i 11 will give the same answer and errors, with 
slightly faster execution, as the above. 

E x a m p l e ~ S t r a i g h t -  L i n e  F i t  

For the ease of a straight-l ine fit, y(x) = al + a2 x, one obtains, 
for independent measurements Yi, the following est imates of a l  and 

a2,  

81 = (S v Sxx - Sx Szy) /D , 
(II.16) 

82 = (&  & y  - & Sy) /D  

where 

El, Sx, Sy, ,fix:c, Sxy = E ( 1 ,  xi, Yi, x~, x i yi)/o'2i , (11.17) 

respectively, and 

D = S 1 S x x  - S2x • 

The covarianee matr ix  of the fitted parameters  is: 

( V l l  V12) 1 ( S x x  - S x )  (II.18) 
V12 V22 = D ~ , -Sx  S1 " 

The est imated variance of an interpolated or extrapolated value of y 
at  point x is: 

~111 DS1 ( Sx '~  2,5,1// . (I1.19) ( y - -  ~/true)21e,t[ = q- 3? -- 

I I . D  T h e  M e t h o d  of  M a x i m u m  L i k e l i h o o d  

I I . D . 1  G e n e r a l  

This is often the simplest  method in many cases the only practical  
m_~ethod for es t imat ing the unknown values of a set of parameters  

. We suppose tha t  a set of measured quanti t ies  "~ came from a 
part icular  p.d.f, f which depends upon 8 ; he_+nce f ( 7 ;  "~). Now we 
assume tha t  the probable range of values of O is restricted by the 
condition tha t  it must  not have been too unlikely tha t  -~ could have 
come from our f .  The principle of max imum likelihood (M.L.) asserts 
t h a t t h e  best explanat ion for a set of da ta  is provided by tha t  value 
of O which maximizes the joint probabil i ty density for all the da ta  

...+ 
x .  If we have a set of measured -Yi values which we assume were 

independent ly  sampled from f ,  then the joint probabil i ty density is 

C.(~) = 1-I f('-x'i; -~) . (II.20) 
i ___+ 

£ is called the likelihood; it is a function of 8 for the fixed set of 
measured -~i 's .  Al though it is computed from a prob_+ability density 
for the da ta  "~, it is not a probabil i ty density for 0 , even when 
normalized to unit  area. 

In evaluat ing the E, it i_+s impor tant  tha t  any normalizat ion factors 
in the f ' s  which involve 8 be included. However, we will only._.be 
interested in the maximum of £ and in ratios o f / :  at  different 8 's; 
hence any mult ipl icat ive factors which do not involve the parameters  
we want to est imate may be dr_oopped: this includes factors which 
depend on the da ta  but  not on 0 .  

It is often more convenient to work with 
---+ 

g( 8 ) = in 12( 8 ) (11.21) 

since the product  in Eq. (II.20) is converted into a sum; also the 
p_:,d.f.'s f often involve exponentials.  The maximum of g is at the same 
8 as tha t  of £. The extremum for both is found from 

Og 1 0/2 
- Sn = 0 . (II .22) 

OOn £ OG~ 

S is called the score function. Eq. (I.I.22) is called the likelihood 
condi t ion  for the opt imal  solution O. At solution, the score will 
have a negative slope through zero. We must be alert to various 
possibilities for error: (a) Eq. (II.22) may yield a minimum, therefore 
one must  check the second derivative; (b) there may be more than  one 
maximum one must try to find the global maximum; (c) the global 
maximum may lie at a boundary of the physical region, in which case 
Eq. (II.22) will not find it. 

If an unbiased, efficient es t imator  exists, M.L. will find it. A lineal" 
score function will guarantee tha t  the est imator  is efficient; other 
efficient cases are discussed in the li terature. 2 For large amounts of 
data,  the central l imit  theorem will usually assure this condition in 
some significant neighborhood of zero; hence the M.L. es t imator  is 
usually efficient in tha t  case, provided certain conditions are met (e.g., 
tha t  the solution does not lie on a boundary).  In this case, in the 
neighborhood of the maximum, the shape of g is a downward parabola  
and £ is proport ional  to a Gaussian. However, "large" is not well 
defined, and in many practical  s i tuat ions the M.L. es t imator  may be 
neither unbiased nor efficient. 

The results of two or more experiments may be combined by adding 
the score functions, adding the g's, or mult iplying the £ 's .  

-.+ 
Under a one-to-one c h a n ~  of~aramete r s  from "~ to ~ '  = A T (  e.~, 

the M.L. est imate is simply ¢ : .~¢  ( O ), given the solution for 8 for 0 . 
That  is, the M.L. solution for ¢ is found by simple subst i tu t ion of 
into the transformation equation. It is possible tha t  the new solution 

will be a biased solution for the true value of ¢ even if 8 is not 
biased, and vice-versa. In the asymptot ic  l imit  (of large amounts of 
data)  both ~ and ¢ will (usually) converge to unbiased solutions, but  
at different rates. 

Unlike least-squares estimation, the value of the likelihood at  the 
solution does not tell us whether the final fit was a sensible description 
of the da ta  or not. To evaluate this, one may: (a) prepare histograms 
of the data  projected on various axes and make X 2 (or other) 
comparisons with the fitted model projected upon the same axes; 
and /o r  (b) do numerous Monte Carlo simulations of the experiment 
under the hypothesis tha t  the fitted parameters  are correct, fit each 
of these, and compare the experimental  likelihood (or g) with those 
obtained from these simulations. If the experimental  likelihood is 
lower than  tha t  of some agreed-upon fraction of these results, one 
should question the appropriateness of the p .d . f . f .  At the same t ime 
one can check for bias in the solution. 

The likelihood approach has the advantage over least-squares 
methods tha t  no binning of the data, with its consequent loss of 
information, is required. For small da ta  samples this may be very 
important .  Additionally, the p.d.f, f may depend on a number of 
measured quantities. For least-squares fitting it may be necessary to 
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projec t  the  d a t a  onto a h i s tog ram in one or more  dimensions and  fit 
to this  h is togram.  This  loses the informat ion  abou t  any  variables not  
in the  h is togram,  in addi t ion  to t ha t  lost by the  binning.  It is often 
not  even clear wha t  variables one should look at  a n d  include in the 
X 2. W h e n  using the sum of two or more  project ions,  if the variables 
are not completely  independent ,  thei r  f i t ted X2's will be corre la ted 
and  one must  take  this into account  in der iving error  es t imates .  
M.L. requires no such project ion;  it uses the full mul t id imensional  
informat ion in the da t a .  However, M.L. es t imat ion  requires t h a t  the 
form of f be known; the results  may  be sensitive to devia t ions  f rom 
this form. T h a t  is, M.L. es t imators  may  not  be  robus t .  Leas t -squares  
f i t t ing only requires t ha t  the point  errors  ei be unbiased and  of finite 
variance (to go fur ther  and  evaluate  goodness-of-fit ,  one needs to 
know f ) .  In the  l inear least squares  problem of See. II.C, if the ei 

1 2 are Gauss ian-d is t r ibu ted ,  ~ = - ~ X  + constant and  bo th  least squares  

and  M.L. will give the same est imators .  

I I . D . 2  E r r o r  e s t i m a t e s  
The covariance ma t r ix  V may  be es t imated  from 

L - ~ I  ~ , ] )  -1  (II.23) v,~m 
% 

If the score, Eq. (II.22), is linear, the "expecta t ion"  opera t ion  in 
Eq. (II.23) has no effect because  the second derivative of g is cons tant .  
Otherwise,  it may  be app rox ima ted  by tak ing  the average of the 
quan t i ty  in square  brackets  over a range of On and  0m near  the 
solution. For complex cases it may  be more prac t ica l  to evaluate  
s - s t andard -dev ia t ion  errors  from the contour  

e ( ~ )  = e . . . .  - s2 /2  , 

where gmax is the value of g a t  the solut ion point  (compare  wi th  
Eq. (II.14) and  the comments  following, for least-squares  fit t ing).  
The extreme limits of this con tour  parallel  to the  On axis give an 
approx imate  s - s t andard -dev ia t ion  confidence interval  in 0 . These 
intervals may  not  be symmet r i c  and  they  may even consist  of two or 
more disjoint intervals. This  procedure  gives one-s tandard-dev ia t ion  
errors in On equal to Vv/~nn of Eq. (II.23) if the es t imator  is efficient. 
If it is not  efficient, the level of confidence implied by the value of s is 
only approximate .  
I I . E  E r r o r s  a n d  C o n f i d e n c e  I n t e r v a l s  
I I . E . 1  G a u s s i a n  e r r o r s  

If the d a t a  are such t ha t  the d i s t r ibu t ion  of the es t imator(s)  
satisfies the centra l  limit theorem discussed in See. I.B.4, the Gauss ian  
d is t r ibut ion  is the basis of the error  analysis.  If there  is more t h a n  
one pa rame te r  being es t imate& the mul t ivar ia te  Gauss i an  is used. We 
define a confidence interval as being an  interval  cons t ruc ted  from 
the d a t a  to have probabi l i ty  at least 1 - c~ (c~ is called the confidence 
coe~cient)  of covering the t rue  value of 0. For the  univar ia te  case 
wi th  known c~, 

1 - c ~ =  _J f(x; Z, a2)(tx / ] ~ (II.24) 

/ , o \  

-2o  - o 0 ~ 2~ 

Fig. 3. I l lus t ra t ion of a two s t anda rd -dev ia t ion  confidence 
interval (unshaded)  for a measurement  of a single quan t i t y  wi th  
Gauss ian  errors.  In tegra ted  probabil i t ies,  defined by c~, are as 
shown. 

is the probabi l i ty  t h a t  the t rue  value of /~ will fall wi thin  
:t:6 (6 > 0) of the  measured  3. This  interval will cover /~ in a 
fract ion 1 - a of all similar measurements .  Fig. 3 shows a 6 = 2o- 
confidence interval unshaded .  The choice 6 = ~ = a gives an 
interval called the standard error which has 1 c~ = 68.33% if a is 
known. O the r  f reqnent ly  used choices for 6, in te rms  of c~ are: 

AND MONTE CARLO (Cont'd) 

(%) 6 
31.67 l a  

4.55 2a  

0.27 3 a  

6 . 4 x 1 0  - 3  4 a  

5 .8x10  - 5  5or 

2.0x 10 7 6 a  

20 1.28a 

10 1.64a 

5 1.96a 

1 2 .58a 

0.1 3.29a 

0.01 3 .89a 

For other  & find a as the ord ina te  of Fig. 1 on the nD = 1 curve 
a t  )/2 = (5 /a)2 .  We can  set a one-sided (upper  or lower) limit by  
excluding above ~ + b (or below ~ - 6); a ' s  for such limits are 1/2 the 
values in the table  above. 

Note t ha t  we have increased confidence t ha t  the interval covers the 
t rue  value as 1 - c~ increases, or ;g2 increases. We must  be careful to 
d is t inguish this  case from the other  m a j o r  use of Fig. 1, evaluat ion of 
goodness-of-fit  (Sec. II.C). In t ha t  case we have increased confidence 
in the fit as X 2 decreases.  In an a t t e m p t  to reduce possible confusion 
in this discussion, we will use the ct no ta t ion  (which corresponds  
to no ta t ion  used in hypothesis  tes t ing 2) when discussing confidence 
intervals and  CL no ta t ion  when discussing goodness-of-fit .  Elsewhere 
in this Review, where the confusion between fit confidence level and  
interval (usual ly an  upper  or lower limit) confidence level does not 
arise, we follow the common prac t ice  of using "CL" to refer to the 
confidence level of the interval.  This  CL is unde r s tood  to represent  
l--o!. 

If the var iance cr 2 of the es t inmtor  is not  known, bu t  must  be 
es t imated  f rom the da ta ,  then  we need to incorpora te  the error  in 
into our  confidence interval using S tuden t ' s  t dis t r ibut ion.  If we have 
N d a t a  points  wi th  which we es t imate  k pa ramete r s ,  the Gauss ian  
approx ima t ion  is adequa te  for N - k >> 1. Otherwise  replace 6 by a 
factor  T~,  T being defined by 

T 
1 - c~ = / f ( x ; N -  k) dx,  (II.25) 

T 

where f is defined in Eq. (I.24). T is t abu l a t ed  in Ref. 1 and  here: 

(%) 
N -  k 31.67 10.00 5.00 4.55 1.00 0.27 

1 

2 

3 

4 

5 

10 

20 

O(2 

1.84 6.31 12.71 13.97 63.66 235.78 

1.32 2.92 4.30 4.53 9.92 19.21 

1.20 2.35 3.18 3.31 5.84 9.22 

1.14 2.13 2.78 2.87 4.60 6.62 

1.11 2.01 2.57 2.65 4.03 5.51 

1.05 1.81 2.23 2.28 3.17 3.96 

1.03 1.72 2.09 2.13 2.85 3.42 

1.00 1.64 1.96 2.00 2.58 3.00 

For mul t ivar ia te  0 we must  consider  pairwise correlat ions.  Assuming  
a mul t ivar ia te  Gauss ian ,  Eq. (I.19a), and  subsequent  discussion the 
s t a n d a r d  error  ellipse for the pai r  (Ore, On) may be d rawn  as in Fig. 4. 

. . . . . . .  

1 ? ~ .  °-n 

°m 
Fig. 4. S t a n d a r d  error  ellipse for the es t imators  0m and  0~z. In 
this case the correla t ion is negatiw~. 
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The miniInum X 2 or inaximum likelihood solution is at 
(0~m,0n). The  s tandard  errors am and an are defined as shown, 

where the ellipse is at a constant value of X 2 2 = Xmin + 1 or 
,~ = tmax -- 1/2. The angle of the major  axis of the ellipse is given by 

2pmn a m  an  (II.26) 
tan 2¢ -- rr2 -- a2 

" - m  n 

For non-Gaussian or nonlinear cases, one may construct an analogous 
contour f rom the same X 2 or g relations. Any other parameters 

O'b g =~ m, n, must be allowed freely to find their  opt imum values for 
every trial point. 

For any unbiased procedure (e.g., least squares or M.L.) being used 
to est imate k parameters  0i. i = 1 , . . . ,  k, the probability 1 - a that  
the true values of all k lie within the s-standard deviation ellipsoid 
may be found from Fig. 1. Read the ordinate as a; the correct value of 
(~ occurs on the n D = k curve at X 2 = s 2. For example, for k = 2, the 
probability that  the true values of 01 and 02 simultaneously lie within 
the one-standard-deviation error ellipse (s = 1), centered on 01 and 
0"2, is 39%. This probability only assmnes Gaussian errors, unbiased 
estimators, and that  the model describing the da ta  in terms of the 0i 
is correct. 

I I . E . 2  G a u s s i a n  e r r o r s - - b o u n d e d  p h y s i c a l  r e g i o n  
In certain statistical problems the true value of the parameter  to be 

estimated, p, is constrained to lie within a bounded p h y s i c a l  r e g i o n  
(e.g., the mass of a neutrino is bounded from below by 0). However, 
due to random measurement  error, real measured values may or may 
not occur inside the physical region. For this case no completely 
satisfactory approach exists, but here we suggest a technique for 
obtaining linfits within the physical region approximately at specified 
confidence levels. The  "classical" statistical techniques of the previous 
section can still be used for confidence intervals at some exaet a .  
However, such limits are useful mainly in the statistical sense where it 
is assumed that  no bound exists. In bad cases, the linfit may exclude 
the physical region entirely, or extend into it a small distance and 
create the false impression of a powerful limit close to the edge of the 
physical region. 

We assume a measurement  x, which represents one observation 
(or the result of combining nufltiple measurements  as in See. II.B) 
from a Gaussian of true (but unknown) mean # and known, fixed, 
variance cr 2. We e s t i m a t e  # by fi = x and a t t empt  to construct a 
confidence interval for # from the resultant Gaussian, as above. If 
or a significant portion of the probability lies in the unphysical region 
(Fig. 5), the result, while statistically perfectly correct as stated, is 
physically unsatisfactory. 

If we assume # is bounded from below by/Zmi n (the argument  for p 
bounded from above is similar), we may est imate a reasolmble upper 
limit t o r #  at the 1 - a  (e.g., 90% or 95%) level by the following 
procedure: (1) r e n o r m a l i z e  the Gaussian probability distribution for 
x such that  the integral of Eq. (I.16) with # = ~ over x from #min to 
infinity (i.e., over the physical region), unshaded in the figure below, 
is equal to 1.0; (2) find the value /z 1 such that  the integral over x of 
the renormalized distribution from ltmin to /1,1 is equal to the desired 
value of 1 - a: (3) se t / t  1 to be the desired upper limit with eoufidenee 
1 a.  In fact, it can be shown that  this is c o n s e r v a t i v e ,  in the sense 
that. tim probability that  this interval actually covers the true value of 
p is > 1 (*. 

/~ /~min 

Fig. 5. An example of a bounded physical region with Gaussian 
errors. In this case the est imator ~ has fallen within the 
unphysical region due to random error. 

For # - #rain >> a, this technique, which may be applied for any 
measured x (physical or unphysieal), converges smoothly to that  of 
the previous section since x is then effectively confined to the physical 

region. 
One should exercise caution for values of x which lie many s tandard  

deviations outside the physical region. It  may be that  the particular 
probability model (Gaussian with variance a 2) may not be a correct 
description of the measurement  process (e.g., the true variance may 

have unanticipated components and be > cr 2, or there inay be a bias), 
in which case confdence levels of this sort will not be correct. 

If fi < /tmin, some authors prefer to use a fixed upper limit 
calculated for ~ = ~tmi n or ~ = ~min q- (7, rather  than  allow the upper 
linfit to decrease as ~ decreases. In any case, averaging of experiments 
requires that  ~ and its variance be quoted, in addition to any upper 
limits, even if ~ is unphysical. 

I I . E . 3  P o i s s o n  p r o c e s s e s  u p p e r  l i m i t s  
Because the outcome of a Poisson process is an integral number  

of events, no, it is usually not possible to set confidence intervals for 
tile true Poisson parameter  # at a certain exact a. For large no an 
approximate interval can be set using the Gaussian approximation, 
Sec. I.B.3. and the techniques of Sec. II.E.1. 

For small no we can define an upper limit N for p as being that  
value of # such that  it would be at least 1 - a (e.g., 90% or 95%) 
probable that  a random observation of n would then lie above the 

observed no. Thus 

1 - a = f (n ;  N )  a = E f (n;  N )  . (II.27) 
n-n0+l  n -0  

1-a  

? 
o 

f(n: N) 

I I I ' 
8 1 2  

Fig. 6. Illustration of Eq. (II.27) Poisson probabilities for an 
assumed mean of N.  With an observed count no = 2, N = 5.3 
as shown gives sunnned probability 1 - a = 90%. 

Fig. 6 illustrates the case with no = 2 and 1 - a = 90%, for which 
it may be shown that  N = 5.3. For any given no and desired a we can 
obtain N from the k 2 Confidence Level figure because of a relation 
between the Poisson and the k2: read the ordinate as a ,  find );2 on 
tile curve for ri D = 2(n0 + 1); then N = X2/2. Some useful values are: 

Poisson upper limits N for n o observed events 

n o 10% 5% 

0 2.30 3.00 

1 3.89 4.74 

2 5.32 6.30 

3 6.68 7.75 

4 7.99 9.15 

5 9.27 10.51 

no 10% 5% 

6 10.53 11.84 

7 11.77 13.15 

8 13.00 14.44 

9 14.21 15.71 

10 15.41 16.96 

The meaning of these upper limits is that.  fi)r a given true #, the 
probability is a t  l e a s t  1 - (* that  one will observe n o which will result 
in N which is _> l*. Tile probability for that  to occur may be higher 
than 1 - ~: for example, if l* -< 2.a0 a "90c7~ '' upper limit will actually 
exceed p 100% of the time. Note from Eq. (II.27) that  for no - 0, 
N = In [ ~ / ( 1  - , t ) ] .  
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I I . E . 4  P o i s s o n  p r o c e s s e s  w i t h  b a c k g r o u n d  6 

If we observe! n 0 events in a Poisson process which has two 
components, signal and t)ackground, estimating a linfit on the signal 
is more complicated. Let PS be the unknown mean (the Poisson 
parameter)  for the signal and IZB be the mean for the sum of all 
backgrounds. Assume PB is known with negligible error: however 
we don't  know riB, the actual number  of events resulting fi'om the 
background. We do know that  n B _< n 0. If PB + 115 ' is large, the 
Ganssian approximation to the Poisson distribution (see Sec. I.B.3) is 
usually adequate, and one can define confidence intervals or linfits as 
at)ove, assuuling n B  ~ I~B and therefore PS = *~0 - P/3 with variance 
equal to n 0 (larger than PS to allow for the error in riB). 

Otherwise an upper limit can t)e defined by extension of the 
argmnent  of the preceding section. Lel N be the desired upper limit 
on #S with confidence coeffi(:ient (*. Set N to be t h a i  value of PS such 
that  any random repeat of the current experim(mt with p.q N and 
the same PB would observe m o r e  than n0 events in total a n d  would 
have n B _< n 0, all with probability 1 (*. For any assumed N and PB 
we can calculate this probability: 

no 
e-0,.+N) ~ ( ~  + N)" 

n! 
1 - a = 1 n=O (II.28) 

no 

n! 
n=0 

We adjust N to obtain a desired a. For I*B = 0 this converges to 
(II.27). As in that  case (see the last paragraph of Section II.E.3) this 
gives a c o n s e r v a t i v e  upper limit in that  for any given true PS we get 
a true probability _> 1 - c~ that  N _> /IS, averaged over a large set of 
identically performed experiments. For ct = 0.10, Fig. 7 shows N as a 
function of no and I*B. 

16 

"~ 14 
(D 

: ~ - ~  12 a:::: c" 

88 
¢- .~ 8 

k =  : =  6 

O 
O Q.. 

2 

. . . .  r . . . .  i 

10 Events observed 

:0 

, , ~ , i i I i i i i 

5 10 15 

Expected background (events) 
20 

Fig. 7. 90% confidence coefficient npper limit on tile number of 
signal events as a flmction of the expected number  of background 
events. For example, if the expected background is 8 events and 
5 events are observed, then the signal is 4.0 (approximately) 
or less with 90% confidence. Dashed portions indicate regions 
where it is to be expected that  the number  observed would 
exceed tile nunlt)er actually observed _> 99% of the time, even in 
the complete absence of signal. 

Averaging of experiments and other comparisons require that  n 0 
and #B be quoted and the technique used ff)r upper limit extraction 
be given. 

If >B >> no the experimenter should question the probability of 
observing n B as that  n 0. If this is very small the background. PB, 
may not have been calculated properly and the upper limit for lz S 
obtained under those assumptions may be too low. For example, in 
Fig. 7. the dashed portions of tile curves lie in the region where no 

is expected to exceed the observed value 99% of the time (or more), 
even in the complete absence of signal. In these regions one should be 
cautious about accepting the results of the measurement.  

As in tile Ganssian case (II.E.2), whenever no < PB some 
experimenters may prefer to use N calculated as if no ,~ >B rather  
than the smaller value obtained from the observed no. 
I I . F  P r o p a g a t i o n  o f  E r r o r s  

Suppose we have a set of N random variables Yi which may be 
direct measurenlents or derived estimators O, and we have a covariance 
matr ix V ( y )  for these. V¢~ can make a transformation to a different 
set of variables f j  =_ f j ( y ) ,  j = 1 . . . . .  M (M _< N)  and obtain best 
estimates for the f3 from 

1 ~  [ 02~j ] 

with eovariance matr ix 

of~ o/j 
~ j (  f ) 5-" (II.30) 

,--- oy,~ .~ ay m .~ n,m 

For a single-valued function f of a single measurement  y with variance 
¢2 (i.e., M - 1. N = 1), this becomes 

1 2 H 
f m  f ( ~ ' ) + ~ c r  f ( y )  

(II.31~ 
V ( f )  m cr2Ift (~)]  2 . 

where the prinles denote differentiation with respect to y, evaluated at 

These approximations are based on a Taylor expansion of f about 
the true value of y. If f is approximately linear in y over a range of 
roughly ij  i + cr(yi), the approximation is good and the second-order 
terms in (II.29) and (II.31) can be neglected. This is what  is usually 
done. However, if linearity is badly violated (e.g., f x 1 / y  and 
is no more than a few a from zero), it should be recognized that  
~ 'opagat ion of errors will give very approximate results. In such cases 
f ~ f ( :~)  may be a biased est imator for f even if ~ is unbiased for y, 
and the second-order terms in (II.29) and (II.31) will help to reduce 
that bias. 

I I I .  M O N T E  C A R L O  T E C H N I Q U E S  

Monte Carlo techniques are used to simulate on a computer  random 
behavior which is too complex to be derived analytically. Most 
calculations are based upon pseudorandom numbers, a reproducible 
sequence of numbers generated on the open interval (0,1) in such a way 
that  they satis[v varions statistical tests for a uniform distribution, 
with independent numbers. (Caution: some commercial random 
number generators fill the c l o s e d  interval [0,1]. The occurrence of 0 
or 1 can sometimes cause problems for the algorithms below). No 
such mmlbers are truly uniform and independent. Many commercial 
random number  generators sacrifice randomness in favor of speed. It 
is not rare that  unforeseen correlations will introduce non-negligible 
errors in the results. A useful test for this is to recompute the same 
results with a different algorithm for the pseudorandom numbers. To 
improve the performance of an existing generator one nlay use tile 
B a y s - D u r h a m  a l g o r i t h m  [see Ref. 3 for discussion]: (a) Initialize by 
generating and storing N (e.g., N = 97) random numbers in an array 
v, using tile available generator. Generate a new random number u 
a n d  saw" it:. (b) On ttle next call, use this u as an address j = i +  
(integer part of N,z) to select v 3 as the random rmmber to be returned. 
Also save this vj as a fi)r the next call. Replace ,i,,j in the array with a 
new random number using the available generator.  On the next call, 
go to (b). 

A second problem sometimes encountered in computations requiring 
long sequences of random numbers is that  all pseudorandom number  
generators will eventually begin over and repeat the same sequence. 
One may choose algorithms which minimize the number used. One 
may also use two or three different generators in different parts of the 
program. 
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Monte Carlo s imulat ions  of complex processes break  t hem down 
into a sequence of steps. At  each step a pa r t i cu la r  ou tcome is chosen 
f rom a set of possibilities accord ing  to a ce r ta in  p.d.f. To do this we 
must  t r ans fo rm our  uni form r a n d o m  numbers  into r a n d o m  numbers  
sampled  f rom different d is t r ibut ions  on different ranges.  

Two techniques are in wide use to do this. We will discuss only 
single variable cases; mult iple var iable  cases use s t r a igh t fo rward  
extensions of these techniques.  We assume we are in possession of a 
r a n d o m  number  u chosen f rom a un i form d is t r ibu t ion  on (0,1). 
III .A Inverse  Trans form M e t h o d  

If the  desired probabi l i ty  densi ty  funct ion is f ( x )  on the range  
- o c  < x < oc, its cumula t ive  d i s t r ibu t ion  funct ion (expressing the 
probabi l i ty  t h a t  x < a) is given by Eq. (I.1). If a is chosen wi th  
probabi l i ty  densi ty  f(a),  t hen  the in tegra ted  probabi l i ty  up  to point  
a, F(a), is itself a r a n d o m  variable which will occur  wi th  uni form 
probabi l i ty  densi ty  on [0, 1]. Ignor ing  the endpoints ,  we can  then  find 
a unique x d i s t r ibu ted  as f (x )  for f (x)  continuous, for a given u if 
we set 

u = F(x) , (III.1) 

provided we can  find an  inverse of F ,  defined by  

x = E - l ( u )  , (III.2) 

as is i l lus t ra ted in Fig. 8 

C o n t i n u o u s  
d is t r ibu t ion  

1 . ~ ~  
F(x) u . . . . . . . . . .  , 

0 
x = F -1 (u) x 

D isc re te  
d is t r ibu t ion  

1 .Or 
.... . . . . .  ! . . . . .  !,lx l 

Xk Xk + 1 X 

Fig. 8. Use of a r a n d o m  nmnbe r  u chosen f rom a uni form 
dis t r ibut ion  (0,1) to find a r a n d o m  number  x f rom a d i s t r ibu t ion  
with cumula t ive  d i s t r ibu t ion  funct ion F(x). 

For a discrete dis t r ibut ion,  F(x) will have a discont inuous  j u m p  of 
size f (xk)  at  each allowed xk, k = 1, 2, . . . .  Choose u f rom a uni form 
dis t r ibut ion  on (0,1) as before. F ind  x k such t ha t  

k 
F(xk_l)  < u < F(xk) =-- P r o b  (x < xk) = Z f (x i )  ; (III.3) 

i=1 

then  x k is the  value we seek (note: F(xO) =- 0). 
I I I . B  A c c e p t a n c e - R e j e c t i o n  M e t h o d  ( V o n  N e u m a n n )  

Very commonly  a n  analy t ic  form for F(x) is unknown  or too 
complex to work with,  so t h a t  ob ta in ing  an  inverse as in Eq. (111.2) is 
impract ical .  We suppose  t ha t  for any  given value of x the probabi l i ty  
densi ty  funct ion f (x)  can  be compu ted  and  fur ther  t h a t  enough  is 
known abou t  f ( x )  t ha t  we can  enclose it entirely inside a shape  which 
is C times an  easily genera ted  d i s t r ibu t ion  h(x) as i l lus t ra ted in Fig. 9. 

Frequent ly  h(x) is un i form or is a normal ized  sum of uni form 
dis tr ibut ions.  Note t ha t  bo th  f (x)  and  h(x) must  be normal ized 
to uni t  a rea  and  therefore the p ropor t iona l i ty  cons tan t  C > 1. 
To genera te  f ( x ) ,  first genera te  a cand ida te  x accord ing  to h(x). 
Calcula te  f (x)  and  the height  of the envelope C h(x);  genera te  u and  
test if f (x)  < uC h(x). If so, accept  x; if not  reject x and  t ry  again.  
If we regard  x and  uC h(x) as the abscissa and  o rd ina te  of a point  in a 
two-dimensional  plot ,  these points  will popu la te  the  entire a rea  C h(x) 
in a smooth  manner ;  then  we accept  those which fall under  f (x) .  The 
efficiency is the ra t io  of areas,  which must  equal  1/C; therefore we 
must  keep C as close as possible to 1.0. Therefore we t ry  to choose 
C h(x) to be  as close to f (x)  as convenience dicta tes ,  as in the lower 
pa r t  of Fig. 9. This  prac t ice  is called importance sampling, because  

Ch (x) 
f(x) - L > . / - J ~  ' ~ , , , ]  

f(x)~ ~ h  (x) 

~ X  
Fig. 9. I l lus t ra t ion of the acceptance-re jec t ion method .  R a n d o m  
points  are chosen inside the uppe r  bound ing  figure, and  rejected 
if the ord ina te  exceeds f (x) .  Lower figure i l lustrates impor t ance  
sampling.  

we generate  more t r ia l  values of x in the region where f (x)  is most  
impor t an t .  

I I I . C  A l g o r i t h m s  
Many a lgor i thms for genera t ing  common  dis t r ibut ions  are given by 

Rubins te in  (1981), 7 Devroye (1986), s Press  (1986), 3 Walck (1987), 9 
and  Everet t  (1983); 10 a few of these axe reproduced  here. For many  
dis t r ibut ions  a l ternat ive  a lgor i thms exist, vary ing  in complexity,  speed, 
and  accuracy.  For t inm-cri t ical  appl icat ions,  these a lgor i thms may  be 
coded in-line to remove the significant overhead often encountered  
in mak ing  funct ion calls. Variables named  "u" are assumed to be 
independent  and  uni form on (0,1). 

I I I . C . 1  S i n e  and cos ine  o f  r a n d o m  a n g l e  

Genera te  ul  and  u2. Then  Vl = 2Ul - 1 is uni form on ( - 1 , 1 ) ,  and  
v2 = u2 is uniform on (0,1). Calcula te  r 2 = vl 2 + v22. If r 2 > 1, s ta r t  
over. Otherwise,  the sine (S) and  cosine (C) of a r a n d o m  angle are 
given by 

s = 2VlV2/r 2 and c = ( v ~  - ,~)/~2. 

III.C.2 Gauss ian  d i s tr ibut ion  
If Ul and  u2 are uniform on (0,1), then  

zl = s i n 2 7 r u l ~ - - 2 1 n u 2  and  z2 = c o s 2 r u l ~  

are independent  and  Gauss ian  d i s t r ibu ted  wi th  mean  0 and  a = 1. 
There  are many  faster  var iants  of this basic a lgor i thm.  For example,  

cons t ruc t  vl = 2Ul - 1 and  v2 = 2u2 - 1, which are uniform on ( -1 ,1 ) .  
Calcula te  r 2 = Vl 2 + v~, and  if r 2 > 1 s ta r t  over. If r 2 < 1, it is uni form 
on (0,1). Then  

_ 2 / - ~ - n  r 2 _2f_~]~-n r 2 
Z 1 = VlV ~ - -  and  z2 = v2 V ~'~ 

are independent  numbers  chosen from a normal  d is t r ibut ion  wi th  
mean  0 and  variance 1. z~ = # + azi dis t r ibutes  wi th  mean  # and  
variance if2. 

For a mul t ivar ia te  Gauss ian  it often is simplest to find a 
t r ans fo rma t ion  ma t r i x  H as described at  the end of Sec. I.B.4 and  
generate  n independent  zi's with zero means  and  uni t  variances;  then  
r e tu rn  7 = H 7  + -~.  For n = 2 it is convenient to choose H such 
tha t  x 1 = Zlo- 1 + #1 and  

x2 = V1 2 x1/o-2 + z2 [(o_12 o-22 _ V22)/a2] 1/2 + ~ 2 ,  where o-/2 = V/i. 

I I I . C . 3  x2(nD)  dis tr ibut ion  
For n D even, genera te  nD/2 uniform numbers  ui; then  

faD/2 "~ 
y=-21n l ~ u, ) is X2(n~) 
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For n D odd.  g e n e r a t e  (it D 1)/2 un i fo rm numl)ers  " i  and  m w  
( ; a u s s i a n  z as in I l I .C .2 :  l hen  

f(,,L) ')/'2 '~ 
v= 21,, I H "~1 + 2  is C'(,,.) 

\ ,=1 / 

For ?1 D ~ 30 t, he m u c h  fas ler  (~auss ian at) t)roxinmtioH for the  ') , ~ IliaV 1)(' 
preferable :  g e n e r a t e  z as in 1II.C.2 and us(' 

r 2 , 
:/ = [z + ~ ]  /2:  if e < ~ - ]  le}{,c{ . . . .  ] s t : l i ' [  

over. 

I I I . C . 4  G a m m a  d i s t r i b u t i o n  

• I f  k = 1 in E( t. ( I . 2 7 )  (the exponential d i s t r i b u t i o n ) ,  a(:('el)t 

.,: = (In ~t)/),. 
• I f  0 < ]~: < 1. ini l ial ize wi th  d = (1 k) //,:,'ll k). [ ]  G ( u l e r a t ( '  

~'1 = - ( I n  Ul ) /A and  v 2 = (In , 2 ) / t .  If  I' 1 + I,, 2 <~ d + *'I '~'. acce])t 
1/k 

,r = v I and  s top:  o the rwise  go back to [ ]  . 
• I f / , :  is a smM] integer ,  ret)eat the  t" = 1 case  k t imes  and add  the  
resul ts .  

• O the rwi se .  if/," > 1 inil ial izo wi th  (' = 3,~: 0.75. [ ]  G o l w r a t e  v I = 

u l ( l  i*l) and  i, 2 = (l~l ().5! ~ .  [f 

:r = /*:+ ¢"2 1 < (), go back 1 o [ ]  : o the rwi se  c o m p u t e  t: 3 =(i4vi3tz 2. 

i f  u 3 _< I 2v2 / r  or  if In u 3 _< 2{[k 1] In [ . r / ( k -  1 ] - "2} ....... 'et), .r 

and  s top:  o the rwi se  go back 1o [ ] .  

I I I . C . 5  B i n o m i a l  d i s t r i b u t i o n  
If  p < 1/2  hi E( 1. (1.12), i t e ra te  unti l  a suc¢'essful choice is ilia(l(': 

benin wi th  k = I: ( ' omtmte  P/. = q" [fOl" ~: ~: 1 us(' P/,. ~ .f(r~,,: . . p ) .  
Eq. (I.12)] and  s tore  I~: into /3: g(!Iler;-fl(! ti. i f  u < /3 a('(:el)l r t. = /,: 1 
atld st()[): oth(!rwis(! ill('l'(!llIOll[ ]~: })y 1 and  ('()llll)llt(' ll(!xt /9 L. all(] add  
t.o B:  Renerate  a now i* and  r('l)(~at. [f w(' a r r ive  al /~: = n + 1. s lop  and  

aucepl r , ,  1 = ~l. l f p  > 1/2 it will he m o r e  eflicienl to genera l ( '  r f rom 
f ( r :n ,q ) ,  i.e.. w i th  p and  q in lerchange( l ,  and  then  set r~ = ~ r. 

I I I . C . 6  P o i s s o n  d i s t r i b u t i o n  
I t e r a t e  unti l  a successful  (:hoi(:e is made :  Begin  wi lh  k = I a i m  set 

: t  = 1 to s ta r t .  Gmle ra t e  u. Fhq)]ace .1 wi th  u . l :  if' llO\V A "~ {'Xt) ( H). 
where  p is the  Poisson p a r a m o t e r ,  ac(:t!l)t ~lt. = L I and  stop.  

O t h e r w i s e  hwrmnenl  ,~" I)y 1. g e n e r a l e  a new u and  I'l![)('al. a lways  
s t a r t i n g  wi th  lhe  value of  A lefI f rom the p rev ious  try. F(n' large 

It( > 11)) il m a y  I)e sa t i s fa t ' lo ry  ( ami  m u c h  ['~sl(q) to al)l)roxima~l(~ 
lht '  I)oisson ( l is t(( l int(on l )  5" kl (;;-t/lsSiall  (t]stl '][) l l l iol~ IS(!('. 1.13.4] and  

gOll('raI(' ; f rom f ( z : 0 . 1 ) :  111o11 a('ce))t :r .- lll~t×(0. [It @ 2Xe/]~ 1).,5]) 

whore [] sig:nifies the  gr( 'atosl  im( 'g( ' r  < t lw eXl)r('ssion. 

I I I . C . 7  S t u d e n t ' s  t d i s t r i b u t i o n  

For ~ > 0 degrees  of f l 'eedom (~ not necessar i ly  in teger ) ,  g e n e r a t e  :r 

fl 'om a Gauss ( an  wi th  m e a n  [) and  o -2 = I a c c o r d i n g  to the  me t i lod  of  

111.C.2. Nex t  g e n e r a t e  Y, an  i ndependen t  g a m m a  r a n d o m  va t (a te  wi th  
,~' /~/2 degrees  of  f r eedom ac( 'ord ing  to the  m e t h o d  of  I l l . C A .  T h e n  

z :r ~ / ~  is d i s t r i b u t e d  as a t w i t h  ~l degrees  of f reedom.  

For the  special  case  ~l = 1. the  Bre i t -  W i g n e r  d i s t r i bu t ion ,  g e n e r a t e  

tl I alia  It2: SOl Pl = 2Ul 1 and I, 2 2~z2 1. I f  l :  2 * , 2  < 1 a t c e p t  = _ i 2 
z -- v 1/I,2 as a B r e i l - W i g n e r  d i s t r i bu t i on  wi th  uni t  area.  cen te r  a t  0.0. 

a im  F W H M  2.0. ( ) t he rwi se  s ta r t  over. For cen te r  M0 and  F W H M  F. 
use W = : I ' / 2  + M0. 

* I~ovised Apri l  1990 wi th  the  a s s i s t ance  of L. Lyons  an(l 
A .P .T .  P a h m n e k .  

1 . .kI ,  A l ) r amowi tz  and  l. Stegull .  ('(is.. H(tndbook of .l[alltemati(al 
f'u~wttorts (Dow' r .  Now Ym'k. 1!172). 

2. W . T .  Eadh ' .  I). Dr i j a rd .  F .E.  , lames.  M. I{oos. and  B. Sadouhq .  
.qtatisti(ol 3it(hods m K.U~rtm~'~dol l'hgsic.~ (Norlh t lo l land .  

: \ms le r (h tn i  mid lxm(lolL I971):  L. I .yons. Statistics f o r  Nt*clea¢ 
amt PoHWIt PhysWisl* ( ( ' ambr i ( t go  lh f ive r s i ty  Press ,  New York. 
1986): S.I.. Meyer ,  [)al(* Arudys~s f t , '  Scie~dists a , d  Engit~e~ts 
(,h)lm Wi ley  and  Sons. Inc.. New "~)~rk. 1975): A.( ; .  Frodesen .  

( )  Sk jogges tad .  and [t. ] 'o f fe .  Probobd~ig and Statistics m ParlWb 
P/Lqsics ( [ 7uivorsitet sfor lagel .  ()slo. Norway.  1979). 

3. \V.II .  Pl(!ss ([ al.. NllrIl~l~(:ll, l l¢l:('ip(s i (?aml)r idgo 17niv(,rsity 
l ' ross.  Now York. 1986}. 

1. \V.II .  M a h M ( m a l d  ~t M.. Statistical ('ompldalior~ ( J o h n  \Vile 3 and 
So~ts, Inc..  New York.  198,1). 

5. A. 13asil(,vsky :1 ,l., tpphcd Mah'i.r Al.qebla m lh~ ,Sl(ll~stWa! 
S o m m e  v (Norl  h Hol land.  New York.  IC.)8;3). 

(5. (). lh 'h.hc.  Nucl. Ins t r .  and  M m h .  212 .  319 (1983). 

7. I{.Y. l{ubinste in .  S i m d ,  ti(,~ ,m l  ft,' .'l.lonl( ('arlo 3lelhod (.John 
\Vile5 and Sons.  luc.. New York.  19811. 

8. 1_ I)ovroye.  %.* [', , fl . ' .¢ lTa*zdo*n tTHi(t*¢ (7¢'s¢+rali(m (Splingm- 
\ : ( ' r la  K. N('w Y~)rk. 198(7). 

9. (ql. \Valck. Nomlom :\~tm/)~'r (;~*wlali(m. [Tnivetsi ty of  S to( 'kholm 

Phys ics  I)(,1)artmenI I{oport 1987-10-21){Vvrs. 3.0]. 

10. C.,I. Eve re t t  and  E.l) .  ( ' ashwel l ,  ,-t Ttm*t Mont~ ('ado ,%mpl(~*. 
Los A l a m o s  ropotl  LA-9721-MS (1983). 
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ELECTROMAGNETIC RELATIONS* 

Quant i ty  Gaussian CGS SI 

Units  and 
conversions: 

Charge: 

Potential:  

Magnetic field: 

Electron charge: 

2.99792 x 109 esu 

(1/299.792) s tatvolt  
= (1/299.792) erg/esu 

10 4 g a u s s  = 10  4 d y n e / e s u  

e = 4.803 242 x 10 -10 esu 

= 1 coul = 1 amp-s 

= 1 volt = 1 joule/coul  

= 1 tesla = 1 n t / a m p - m  

= 1.602 189 2 x 10 -19 coul 

Lorentz F = q ( E + V -  × B )  F = q ( E + v x B )  
force: c 

Maxwell 
equations: 

Materials: 

Permi t iv i ty  of 
free space: 

Permeabi l i ty  of 
free space: 

Fields: 

Static 
potentials:  
(coulomb 
gauge) 

~7. D = 4 r p  
1 0 B  

V x E  . . . .  
c Ot 

V . B = 0  

V x H 4 r j  I 0D  
c c Ot 

D = e E .  B = , u H  

~v~c = 1 

#vac • 1 

1 0 A  
E = - V V  - - - -  

c Ot 
B = V x A  

charges  

A = I  E I 
c 7' 

cur ren ts  

Ell = Ell 

E~ = 7 ( E ±  + 1-v × B) 
c 

BII = BII 

B ~  = ~ ( B ±  - 1-v x E )  
c 

Relativist ic 
transforma- 
tions: 
(v is the 
velocity of 
prinmd system 
as seen in un- 
primed system) 

V . D = p  
OB 

V x E -  
0t 

~ . B = 0  
0D 

V x H = j +  Ot 

D = e E ,  B = p H  

~vac = (0  

Pvac = #0 

0 A  
E = - ~ V  - 

Ot 
B = V x A  

1 q 

charges  

A = ~ 0  ~ I 
47r r 

currents  

Ell = Ell 

E ~ = 7 ( E ± + v x B )  

BII = BII 

t 1 v B ± = - f i B ± - ~  x E )  

1 7 c°ul2 1 10_9 coul 2 
4~re0 = r i 0  ~ - -  8.987 55 x nt m 2 

- -  ~ S2 
tz0 10 7 n t  ; c = 2 . 9 9 7 9 2 4 5 8 x 1 0  s i n s  1 
4n coul 2 
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ELECTROMAGNETIC RELATIONS (Cont'd) 

Impedances (SI) 

p = resis t ivi ty  at  r o o m  t e m p e r a t u r e  in 10 8 ~ m: 
1.7 for Cu ~ 5.5 for W 
2.4 for Au  ~ 73 for SS 304 
2.8 for A1 ~ 100 for Nich rome  

(AI alloys m a y  have  double  the  A1 value.)  

For a l t e rna t ing  eurrents ,  i n s t an taneous  cu r ren t  I ,  vol tage  V. 
angu la r  f requency w: 

V = V 0 e J ~ t  = Z I  . 

h n p e d a n c e  of  se l f - inductance  L: Z = j w L  . 

h n p e d a n c e  of  capac i t ance  C: Z = 1 / j w C  . 

h n p e d a n c e  of  free space: Z = ~ = 376.7 ~ . 

I m p e d a n c e  pe r  unit  lengttl  of  a fiat conduc to r  of wid th  w (h igh  
frequency, u): 

Z = (1 + j )  p where  b = effective skin d e p t h  : 
w 

(5 = ~ 6 . 6 c m  
for Cu . 

Capacitance C and inductance L per unit length (SI) 
Fiat  r e c t angu l a r  p la tes  of  wid th  w. s epa ra t ed  by  d << w: 

w d 

= 2 to 6 for plastics: 4 to 8 for porcelain,  glasses. 
E0 

Coaxial  cable of  inner  rad ius  r l ,  ou te r  rad ius  r'2: 

271" ,~ L = ~ In ( r 2 / r l )  . 

(~ = In ( ' r2 / r l  ) : 27r 

Transmiss ion  lines (no loss): 

hnpedance: Z = ~ / £ / ( a  . 

Veloeit~ . . . . .  1 / ~  = 1 / ~ .  

Synchrotron radiation (CGS) 
For a par t ic le  of charge  e, veloci ty  H. ~, energy  E .  
t ravel ing  in a c i rcular  orhi t  of  rad ius  R: 

47r e 2 
E n e r g y  loss / revohl t ion  (MeV) = 3 -  R f13 ~4 

0.0885 [E(GeV)]4/R(m) for e = if fl ~ 1. 

Ene rgy  spec t rum:  For y >> 1, the  ene rgy  r a d i a t e d  per  p a r t M e  per  
revolut ion  into the  p h o t o n  ene rgy  interval  d(hw) is 

i11 = 87ra ? / " (w/we)  d (hw)  . 

9 

where  a - e2/hc is the  f ine-s t ruc ture  cons tan t .  Tim nornml ized  
funct ion  F ( y )  is 

y j F(y) = ~ , / 5  d~: K5/3 (x) q 

Y 

where  Ks~ 3 (x) is a modif ied Bessel funct ion  of the  th i rd  kind. and  

3w3e . 
wc = ~ -  Is the  cri t ical  f requency;  

hwc (keV) ~ 2.22 [E(GeV)]3/R(m) for e ± , 

Fig. 1 shows F(y)  over  its i m p o r t a n t  range  of y. 

0 . 6  

0 . 5  

0 . 4  

0 . 3  

" R  
v 

. . . . . . . .  I . . . . . . . .  I . . . . . . . .  

0 . 2  

0.1 - 

0~0-2  1 0 - 1  1 0  0 1 0 1  

Y 

Fig. 1. Normal i zed  synch ro t ron  rad ia t ion  s p e c t r u m  F(y) .  

In the  l imit  ~ >> 1, 

for w << ~ .  : 

itl  
- -  ~ 3.3~ (wR/c)  b'3 : 
d(h~') 

and for w > 3we : 

. . . .  ] 
d(hw) ' w. 

T h e  rad ia t ion  is confined to angles  ~< 1 /~  re la t ive  to the  in s t an taneous  
di rect ion of  mot ion .  

* Revised  Apri l  1990 by ,I.D. Jackson.  See ,i.D. Jackson,  Classical 
Eleetrodynamics. 2 nd edi t ion ( John  Wiley  & Sons~ New York. 
1975) for more  formulae  and details .  ( P r e p a r e d  Apri l  1974: 
revised Apri l  1990.) Jackson  uses a definit ion of Wc twice as large 
as the  ¢ u s t m u a r y  definit ion given above.  
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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  

N o t e :  A \,~ is t o  

I+i/2 +llzl l lo o L 
I+1/2 -ll211/z l/zl il 
t 1 / 2  + i l z l l l z - l /Z I - l |  

I × ~  3/2 1/2 
-112 *1/2 

+10-1/2 1/3 2/3 
+1/2 2/3 -l/.~ 

I 0 - i / 2  

2 × 

b e  u n d e r s t o o d  o v e r  e v e r y  c o e f f i c i e n t ;  e . g . ,  for - 8 /15  r ead  - , [ ' 8 7 ~ .  N o t a t i o n :  

Y10 = ~ I m .  m .  

1 
YI : --'~ 

y20 = 

Y21 

3/2 112 
-1//2 - 1 / 2  ¥ 

2/3  1/-" 3/2 
1/3 -Z/ !  - 3 / 2  

t i  - l /Z 1 31 

J ii 1 M M 

3 2 1 
+1 +1 +1 

Gi. 
0 

/5 
/ 5 -  

4~r ~ m - imp, d : x/ 2~+t Y~ e n3~0 

d j , = ( _ 1 ) m - m I d j  , : d j , 
nl , FI in, tn - m ,  -hi 

3/2  

3/2 

( J l J L m l m i l J l J e J M ) -  Jf " Jz 1 

= (_1) J (9231 ,~,± m 113e31J M 

1/2 0 ~ 1/2 : - s m 
1/2, i/2 = c o s~ ~ I/2, - I/'2 

3 2 1 
~1 +1 +1 
t/5 1/2 3/10 

o -2/5 
/ / 5 - 1 / 2  3/10 

_I/2 -i/~ -i/~ I 1-3j2 +1/~ 11 
4/'[3527/70 21'5 WIO I - 

18/35 3135 -1/5 -1/5 
12/35 -5/14 0 3/10I  7/2 5/2 3/2 

1/35 -61'35 215 -2/8 i-3/2 -3,,9 -3/2 
Y I 0-3/2 I 2/7 I8,38 ~/5 

I I -~-w2 I , v  -1,35-2/5 
/ I -2 1/2 I 1/7-1(~/35 21'5 

v2 8/2 v2 I+i?~+;~13/~ 1+2 +Wzl 317 4/71 I 
3/2 +312 *3/2 i-1/2"3/2~ . 

~ 1 / v  16/35 2 / 5 ~ , , ~  

I 2 2/7 1/2 t 1/12 ~ 1/2 ~ 1/2 I 0 3/q -18/35 1 / ~ ~  
1/'35 6/35 2/5 2/5 I +2 - 3 / 2 ~  

~ I -~/'2 12/35 5/~4 0 - 3 / 1 0  
4 3 2 0 1/2 1 8 / 3 5 - 3 / 3 5 - 1 / 5  1/5 7/2 

+2 q2 ~2 4 /35 -27 /70  2/5 -1/10 | - t  3 / 2 ~ - 1 / 2  
3/14 ~/2 2-57 I+~-3/2 
4/'7 0 -3/'7 4 3 2 1 | 0 - 1 / 2  
31'14 - 1 /2  2/7 *J -1 -1 ~1 | - 1  11'2 

t 2  -1 1/t4 3/10 3•'7 12'5 -2 3/2 I 
1 0 3/7 1/5 -1/14 -3110 

3 ,2  I t 2os0  0 1 3 /7  -1/5 -1/14 3/10 4 3 2 1 0 
d3.2, 3'2 = cos 7 1 2 1/14 -3/I0 3/7 -I/'5 0 0 0 0 0 

I | - 2  - 2  1/70 1/10 217 215 I /5  

d 3/'2, I/2 = - ~ 3  2 sln~- 2,d \ ] 0 0 18/35 0 - 2 / 7  0 i / 5  
-1 1 8/35 -2/5 1/14 1/10 - 1 / 5  
-2 2 1/70 -11'10 2/7 - 2 / 5  3/~ - t  .... ~ o ~  '~,1 

3/2, - t / 2  :~ 3 2 
-cos~ . I /5  stn~ 

I !  - i ~ l  -2 ~- 0 -I 
3,/2 1 cOS@sen2 d 2 \0 ~inZ0 2 1+2osO(2cos¢~_l) -I 0 

d3'2, 3/2 2 2,C' ; 4 d l ,  1 = 

1 c o s 8  . 2 [3./2 3 . . . . .  J c o s ~  d22,1 2 sinO = - -  _ _  sfn( . . . . . .  0 c 1'2, :i :2 = 2 = _ d 1,0 I 

~'2 5cos0~1 0 d~ ) : 2 1 cosO 
d I/2, -I,'2 = -  Z s m ~  ~,-~ ~ , - i  2~ ( 2 c o s 0  I )  

t 1 1, cos@ I dl sin0 d l , l  = 2- %0 : - - ~  

3 2 1 0 
0 0 0 0 l I - co s0  

W20 1/4 9/20 1/4 d~,-1 
9/20 1/4 - 1/20 - 1/4 
, 9 / 2 0 - V 4 - W 2 0  1/4 ~ 1 3  2 1 
' i /20 -11'4 9/20 - t / 4  -1 -1 -1 ½ 1/5 W2 3/1c 

I - 1 / z - 1 / 2  3/'5 0 -z/5 
1-3/2 +i/2 I15 -V2  3/1o 

4 3 2 l 
-1 -~ -J -1 

1/14 3/qo 3,.7 t /5 
M7 1/5 - W J 4 - 3 / l o  
3/7 -1/5 - t /14  3/10 
1/14-3/10 ~/7 -1/5 

4 3 Z 
-2 -2 -Z 

3/'14 1/2 2/7 
4/W o -3/7 
3/14 - I / 2  2/7 

d / ; coco 0,0 

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 AND REPRESENTATION MATRICES 

The most  commonly  used SU(3) isoscalar factors,  cor responding 
to the singlet, octet ,  and  decuplet  content  of 8 ® 8 and  10 ® 8, are 
shown at  the right.  The nota t ion  uses part icle  names to identify the 
coefficients, so t ha t  the pa t t e rn  of relative couplings may be seen at  a 
glance. We il lustrate the use of the coefficients by example.  See a .J  
de Swart ,  Rev. Mod. Phys.  35,  916 (1963) for detai led explana t ions  
and  phase  conventions. 

A ~/- is to be understood over every integer in the matrices; the 
exponent  1/2 on each mat r ix  is a reminder  of this. For example,  the 

E ~ ~ K  element of our 10 ~ 10 ® 8 ma t r ix  is - x / 6 / x / ~  = - 1 / 2 .  

In t ramul t ip le t  relative decay s t reng ths  nmy he read direct ly from 
our matrices.  Thus,  the ra t io  of the par t ia l  widths  for ~* ~ W~ and  
A ~ Nrr is, f rom the 10 ~ 8 x 8 matr ix ,  

F { W - ~ - ~ )  12 
-- x (phase space factors) . 

I" (A --~ Nrr) 6 

1 ~ 8 ® 8  

1 (2 3 - 1  - 2  )1/2 (A) - ( N ~  Xrr A,~ - K )  - ,/g 

8 1  ~ 8 ® 8  

N K  Err A, / E K  ] ~ - 1 2  - 4  

E K  A K  Err Er! / - 1  - 9  

8 2  ~ 8 ® 8  

E ~ N K  Err Arr E7/ = K  

A N K  Err AT1 E K  

E E K  A K  Err ET/ 

) (3 3 3)1J2 
1 2 8 0 0 - 2  

= ~  6 0 0 6 
3 3 3 - 3  

1 0 ~ 8 ®  8 

N K  En Arc E* 1 E K  1 - 2  2 - 3  3 2 
Z K  A K  Err '-r! = ~  3 - 3  3 3 

E K  12 

8 ~ 1 0 ~  
w, th  for  nvo w  uper  os, ,o , of ( ' i )  

(symmetric)  and  82 (ant i symmetr ic)  couplings.  For example,  

F { E * ~ E r r ) ~  - .qt + g2 • 

The relations between gl  and  92 (with de Swar t ' s  normal izat ion)  
and  the s t anda rd  D and  F couplings tha t  appea r  in the interact ion 
Lagrangian ,  

I 

£ = - ~ / 2 D T r ( [ B , B ] . M ) + ~ / 2 F T r ( [ B , B ] _ M )  . 

Arc E K  ) 
A ~  Err Ezl E K  

__ Err --K 
E K  --Tr Ez 1 f~K 

10 ~ 1 0 ® 8  

E K  Err --r! ~ K  

E-K ~b I 

1 - 2  - 3  

, / 5  9 6 
- ; 3  - 3  ' 

15 3 --6 ) 
1 8 8 0 - 8  

x/24 12 3 -;3 6 
12 12 

1/2 

abc f abc are 

123 1 

D =  ~ 0  "~6 1/2 40 gl , F =  ~ -  g2 • 147 
156 1/2 

246 1/2 
Thus,  for example,  257 1/2 

345 1/2 

F(F_* ~ --rr) ~ ( F  D) 2 ~ (1 - 2(t) 2 . ;367 - I / 2  

45s ~ / 2  
where a = D / ( D  + F). 678 ,~3/2 

When  act ing upon a representa t ion  of dimension d. the general, ors 
of SU(3) t ransformat ions ,  Aa (a = 1, 8), are d x d matr ices  tha t  obey 
the following commuta t ion  and  an t i conmmta t i on  relationshii)s: (" 

A I =  1 
0 

(oo A4 
{Aa, Ab} = 3~abI + 2dab(A,:, l 

(" where I is the d x d unit  nmtrix.  The fabc are odd  under  the AT= {} 
pe rmuta t ion  of any [}air of indices, while the dab{: are even. The {1 
ilOiizero elements are 

abe dab(: abc dab c 

118 1 / x ~  

146 1/2 

157 1/2 

228 ~/4a 
247 - 1 / 2  

2~6 1/2 

338 1 / ~  
341 t/2 

a88 1/2 
366 1/2 
377 1/2 

448 - 1 / ( 2 x / 3 )  

558 ~/(2,~) 
668 -1/(2,/~) 
778 1 / (2 , /3 )  

888 ~/,/5 

In the fun{tam{total 3-dimensional  representat ion,  the Aa'S are 

1,,) 
0 (} ),2 = {} 0 A3 = 0 - 1 0 
0 {} O 0 0 0 0 

,, ,, 
{} A5 = {} [} (} A6 = 0 0 I 
0 0 i 0 0 0 1 (} 

0 0) ,!) 
{} - i A8 = 0 1 
t {} ~ 3  0 0 - 



111.43 

S U ( N )  M U L T I P L E T S  A N D  Y O U N G  D I A G R A M S  

This  note tells how SU(rl) part icle  mult iplets  are identified or 
labeled, how to find the number  of part icles  in a mnlt iplet  f rom its 
label, how to draw the Young d i a g r a m  for a mult iplet ,  and  how to 
use Young d i ag rams  to de termine  the  overall mult iple t  s t ruc ture  of a 
composi te  system, snch as a 3-quark  or a n leson-baryon system. 

(1) M u l t i p l e t  l a b e l s  An SU(n) mult iplet  is uniquely identified 
by a s t r ing  of ( n - I )  nonnegat ive  integers: (a ,  fl, "( . . . .  ). Any such set 
of integers specifies a mult iplet .  For an  sue2 )  nmlt iplet  such as an 
isospin nmltiplet ,  the single integer a is the nunfl)er of s teps  f rom  one 
end of the mnlt iplet  to the other  (i.e.. it is one fewer t h a n  the number  
of part icles in tile mnlt iplet) .  In sue3 ) ,  the two integers rs and  [:/are 
the numbers  of steps across tile top and  b o t t o m  levels of the nmlt iplet  
d iagram.  Thus  the labels for the sue3 )  octet  and  decuplet  

are (1.1) and  (3,0). For larger  7~. tile in te rp re ta t ion  of the integers 
in te rms  of the geometry  of the nmltiplets ,  which exist in an  
(n 1)-dinmnsional space, is not  so readily appm'ent .  

The label fur the SU(n) singlet is (0,0 . . . . .  0). In a flavor SU(n) ,  
the r~ quarks  toge ther  form a (1 ,0  . . . . .  0) mult iplet ,  and  the n 
an t iqnarks  belong to a ( 0 , . . .  ,0 ,  l )  nnfltiplet.  These two mult iplets  
are conjugate  to one another ,  which means  their  labels are related by 

(~. 3 . . . .  ) ~ ( . . . . .  & (~). 

(2) N u m b e r  o f  p a r t i c l e s  The number  of part icles in a nmltiplet ,  
N = :Y(r~,3 . . . .  ), is given as follows (note the p a t t e r n  of the 
equat ions) .  Ill S[7(2), N = i \ r (o)  is 

N -  (c~ + 11 
1 

In SUe3). N = N ( a , A )  is 

N =  ( ( ~ + 1 )  ( i ; t + l )  ( ( ~ + / ~ + 2 )  
1 1 2 

In sue4) ,  N = N ( a .  3 . 'y)  is 

((~+1) (/~+1) ~ + 1 )  (c~+3+2) ,3+ '~+2)  ( a + 3 + ' y + 3 )  
N =  

1 I 1 2 2 3 

Note tha t  there is no factor  with (~ + ~ + 2): only a consecut ive  
sequence of the label integers apt)ears in any  factor.  One more 
exanlplc shouht  make the pa t t e rn  (:lear' for any  SU(n).  In sue5) .  3, r = 
:\r((~ ,,~, ,~, (5) is 

N ((*+1) ( i t+ l )  ('?,+1) ((5+1) ( (*+3+2)  (,3+2,+2) x 
1 1 1 1 2 2 

(-~+b+2) ( ~ + 2 + - y + 3 )  U~+~,+~+5) ( a + i ~ + ~ + ~ + 4 )  

2 3 3 4 

Mulliplets  tha!  are conjl lgale to one another  obviously have the sann! 
nmnber  of t)articles, but  so can o ther  multiplets .  For example,  tile 
sue4)  mult iplets  (3.0.0) and  (1.1,0) each have 20 particles.  

( 3 )  Y o u n g  d i a g r a m s  A Young d i a g r a m  consists of an  a r r ay  of 
boxes (or some other  symbol)  a r r anged  in one or more le f t - just i f ied 
rows. with each row being at least as long as the row beneath .  The 
correspondence  between a d i a g r a m  and  a mult iplet  label is: The top 
row ju ts  ont  a boxes to tile r ight pas t  tile end of tire seeond row. tile 
second row jn ts  out 3 boxes to the r ight  pas t  the end of tile th i rd  
row, et( .  A d i ag ram in Sl,J(n) has at  most  n rows. There  can  be any  
number  of "completed"  colmnns of n boxes but t ress ing  the left of a 
d iagram:  these don ' t  affect the label. Thus  in sue3 )  the d i ag rams  

represent  the mult iplets  (1,0), (0,1), (0,0), (1,1), and  (3.0). In any 
SU(n),  tlle qua rk  mnlt iplet  is represented by' a single box, tile 
an t iqua rk  mult iplet  by a c o h m m  of ( n - l )  boxes, and  a singlet by a 
completed cohunn  of 'n boxes. 

(4)  C o u p l i n g  m u l t i p l e t s  t o g e t h e r  The following recipe tells how 
to find the mult iplets  tha t  occur  in coupling two mult iplets  together .  
To couple together  more than  two multiplets ,  first couple two, then 
couple tile th i rd  with each of the mult iplets  obta ined  from the first 
two, etc. 

First  a definition: A sequence of the letters a, b ,e  . . . .  is admiss ib le  
if a t  any  point  ill the sequence at  least as lnany a ' s  have oecnr red  as 
b's, at least as many  b's have occurred  as e's, ete. Thus  abed and  aabeb 
are admissible sequences and  abb and acb are not. Now the recipe: 

(a) Draw the Young d iag rams  for the two nmltiplets ,  bu t  in one of 
tim d i ag rams  replace the boxes in the first row with a 's .  the boxes in 
the second row with  b's. etc. The unle t tered  d i ag ram forms tile tepper 
lef t-harM corner  of all the enlarged d iag rams  eons t rue ted  below. 

(b) Add the a ' s  from the let tered d i ag ram to the unle t tered d i ag ram 
to fornl all possible legi t imate Young d iag rams  tha t  have no more 
than  one o per cohunn.  (All tile a ' s  appea r  in each new d iagram,)  

(c) Use the b's to fur ther  enlarge the d i ag rams  a l ready obta ined.  
subject  to the same rules. Throw away any d i a g r a m  in which the 
sequence of let ters formed by reading right to left in tile first row. then 
the second row, etc.. is not admissible.  

(d) Proceed as in (c) wi th  the o's, etc. 
Thus .  for example,  the cah:ulat ion to find the nmltit)lets that, can  

oeeur in a sys tem made  up of two s u e 3 )  octets  (one might  be the 
re-meson octet ,  the other  the N - b a r y o n  oetet)  is as follows: 

' ® a a  = 

b 

a a @  . a a ( ~  _ a ( ~  . a @  _ a ~  . . 

b a b a b a 
b b a a b  

Here only the (tiagrains with a(hnissible Se(lnences and  with fewer than  
Ibm' rows (since n = 3) have been kept.  h te rms  of mult iplet  labels. 
the above inay be wr i t ten  

(1.1) >2, (1.1) = (2.2) @ (3 .0 )@ ( 0 . 3 ) ~  (1, 1) @ ( 1 . 1 ) ~  (0:0) , 

or in te rms  of nmnbers  of particles.  

8 ~ 8 = 2 7 @ 1 0 ~ 1 0 @ 8 @ 8 ~ 1  . 

The t)roduct of the mmlbers  on tile left is equal to tile stun on the 
right. (See the se(:tion on the Quark  M[odel for results for 3-quark  
systems.)  



111.44 C.M.  E N E R G Y  A N D  M O M E N T U M  VS. B E A M  M O M E N T U M  
(for scattering on a fixed proton target) 

(Formulae are given in Section B of the Kinematics section: this table may be dropped irl future editions.) 

E c r u  d e e m  = 7rtp d T b e a m  = 7 n p  / : ]beam d p b e a m  

Pbeam - -  /~Jcm - -  Momentum in c.m 

(GeV/c) (GeV) (GeV/c) 

7P, up v:p K p  PI' .vp, up ~vp K p  pp 
.-~ ep -.~ ep 

0 O0 .938 1078 1.432 1877 000 .000 000 000 
002  958 1079 1432 1.877 .020 017 013 010 
004 .977 1,083 1.433 1,877 038 035 026 020 
0 06 996 1.089 1.434 1878 086 052 .039 030 
008  1015 1.096 1436 1878 .074 068 .052 040 

O.lO 1033 1105 1439 1879 091 .085 065 050 
0.12 1051 1.116 1.441 1.880 107 I01 078 060 
014 1069 1127 1445 1.882 123 117 .091 .070 
016 1.087 1139 1448 1.883 .138 132 104 .080 
0.18 1.104 1.152 1453 1885 153 .147 116 .090 

020 I 121 1165 1457 1.887 167 .161 129 099 
022 1.137 1 178 1462 1,889 182 175 141 I09 
0.24 1.154 1.192 1468 1.892 195 189 153 119 
026 1170 1.206 I 473 1894 209 202 166 129 
028 1186 I 219 1480 1 897 .222 215 .178 188 

0.30 1201 1.233 1486 1900 234 228 189 148 
0.32 1217 1.247 1.493 1903 247 .241 201 158 
034 1232 1261 1.500 1906 259 253 213 167 
036 1.247 1275 1 507 1.910 271 265 224 .177 
0 38 1.262 1.288 1514 1913 282 277 235 186 

040  1.277 1302 1.522 1917 294 288 247 196 
042 1292 1315 1530 1.921 305 300 258 205 
044 1.306 1.329 1538 1.925 316 311 268 .214 
046 1320 1.342 1.546 1929 327 322 279 224 
048 1335 1.356 1.554 I 934 337 332 .290 233 

0,50 1349 1369 1.563 1938 348 343 300 242 
0.52 1.362 1.382 1,571 1943 .358 353 .310 251 
0.54 I 376 1395 1580 1947 368 .363 321 260 
0.56 1390 1408 1.589 1 952 378 373 331 269 
058 1.403 1421 1598 1957 388 383 341 .278 

0.60 1416 1.434 i 607 1962 397 .393 350 287 
062 1.430 1.447 1.616 1968 407 .402 360 .296 
064 1443 1459 1625 1.973 416 .412 370 304 
0.66 1 456 1.472 1634 1.978 425 421 .379 313 
0.68 1468 1.484 1643 ]984 .434 430 368 322 

070 1481 1.496 1.653 1989 443 439 397 330 
0.72 1494 1509 1662 1.995 452 .448 .406 339 
0.74 1506 1.521 1671 2.001 .461 457 .415 347 
0,76 1519 I 533 1,681 2007 ,470 465 424 ,355 
078  1531 1545 1690 2013 478 474 433 364 

0 80 1,543 1557 1699 2,019 486 482 442 372 
0,82 1,555 1,569 1709 2,025 495 490 ,450 380 
084  1,567 1580 1,718 2.031 ,503 499 459 ,388 
086  1579 1.592 1,728 2037 511 ,507 467 ,396 
088 1,591 1,604 1737 2,043 519 ,515 475 404 

090 i 603 1.615 i 747 2.050 527 523 484 412 
092 i 615 1.627 1756 2.056 538 531 492 .420 
0.94 1626 1638 1.765 2062 542 .538 ,500 428 
0.96 1638 1 649 1775 2069 550 546 508 435 
0 98 1.649 1661 1784 2075 558 554 .515 443 

1.00 1,660 1 672 1.794 2082 .565 561 523 451 
102 1672 1683 1,803 2088 .573 569 531 458 
104 1,683 1694 1.812 2 095 580 576 538 466 
106 1.694 1 708 1.822 2.102 587 583 546 473 
108 1705 1 716 1.831 2108 594 591 553 481 

i i 0  1.716 1.726 1840 2115 601 598 561 .488 
i 12 1,727 1737 I 850 2,122 609 ,605 568 495 
114 1 738 1748 1859 2129 616 ,612 575 502 
1 16 1748 1759 1 868 2,136 622 619 ,583 510 
118 1 759 1,769 1877 2142 ,629 626 590 517 

120 1770 1,780 1887 2149 636 633 597 524 
122 1780 1 790 1,896 2156 643 ,639 604 531 
1 24 1 791 1,800 1,905 2,163 650 646 ,611 538 
1,26 1 801 1811 1914 2170 ,656 653 618 545 
1 28 1812 1821 1,923 2177 .663 660 .624 552 

1 30 1822 183 l  1932 2184 669 666 631 559 
132 1.832 1841 1.941 2.191 676 673 638 .565 
134 1 843 1851 1950 2198 682 679 645 .572 
136 1.853 1 862 1 959 2205 689 685 651 579 
138 1 863 1 872 1968 2212 695 .692 658 .585 

1 40 1873 1882 1 977 2 219 701 698 664 592 
1 42 1883 1891 1 986 2.226 708 704 .671 599 
144 1893 1901 1995 2.233 714 711 677 .605 
146 1903 1.911 2004 2 240 720 717 684 612 
1 48 1913 1.921 2 013 2247 726 723 .690 618 

1 50 1922 1.931 2022 2 254 732 729 .696 624 
1 52 1932 1940 2031 2.261 738 735 702 631 
1.54 1942 1 950 2039 2268 744 741 709 637 
1 56 1951 1.959 2048 2275 .750 747 715 643 
158 1961 1 969 2.057 2.282 756 753 721 650 

160 1970 1978 2.065 2289 762 759 727 656 
1 62 1 980 1988 2074 2296 768 .765 733 662 
1 64 1.989 1.997 2 083 2304 773 770 739 668 
1 66 1999 2 006 2091 2.311 779 776 745 674 
168 2008 2 016 2100 2318 785 782 751 680 

Pbearn - -  /bcm - -  Momentum in c.m 

(GeV/c) (GeV) (CeV/c)  

7P, lq~ ~I) K p  pp ^,p, vp ~p K p  pp 
ep ~ ell 

170 2218 2025 2109 2325 791 .788 756 586 
172 2.027 2.034 2117 2332 796 793 762 692 
174 2036 2.043 2.126 2.339 802 799 768 698 
176 2.045 2.053 2134 2.346 807 805 774 704 
178 2.054 2,062 2.143 2353 813 810 780 710 

1.80 2064 2.071 2151 2 360 .818 816 .785 716 
1.82 2073 2.080 2159 2.367 .824 821 791 721 
1.84 2082 2.089 2.168 2374 829 827 796 727 
186 2 0 9 I  2 098 2.176 2381 835 832 802 .733 
188 2100 2107 2.184 2 388 840 837 808 739 

190 2.109 2115 2193 2395 845 .843 813 744 
192 2.117 2 124 2201 2402 851 .848 819 750 
194 2.126 2133 2.209 2409 856 853 824 756 
196 2135 2142 2217 2.416 861 859 829 761 
198 2 144 2151 2226 2 423 867 864 .835 767 

20  2153 2.159 2 234 2430 872 869 840 772 
21  2196 2.202 2274 2.465 897 895 866 799 
2.2 2238 2244 2314 2 500 .922 920 892 826 
23  2.280 2286 2353 2534 947 944 917 .852 
2 4 2320 2326 2.392 2 568 970 968 941 .877 

25  2 360 2366 2430 2602 994 991 965 901 
2.6 2400 2.405 2 468 2636 1 02 1.01 989 926 
2 7  2.439 2.444 2505 2.669 1 04 1.04 1 O1 .949 
2 8  2.477 2.482 2.542 2,702 106 1 06 103 972 
2 9  7514 2520 2578 2.735 108 108 106 995 

3.0 2.551 2.556 2613 2.768 1 lO 110 1.08 102 
31  2588 2.593 2649 2800 1 12 112 1 10 1.04 
32  2624 2.629 2.683 2832 114 114 1 12 106 
33  2660 2.664 2718 2863 1.16 1 16 114 1 08 
3.4 2 695 2699 2.752 2895 1.18 118 1 16 110 

35 2729 2 734 2.785 2 926 1.20 120 118 1.12 
3.6 2763 2768 2,818 2.957 I 22 1.22 i 20 1.14 
37 2.797 2801 2.851 2987 1 24 1.24 122 116 
3 8 2.830 2835 2884 3.018 126 1.26 124 i 18 
39 2.863 2.868 2916 3048 128 128 i 26 1 20 

40 2.896 2900 2947 3.077 ] 30 129 i 27 122 
41 2928 2932 2979 3107 1 31 1.31 1.29 124 
42 2960 2.964 3010 3136 183 133 1.31 1.26 
48 2992 2.996 3041 3165 i 35 135 133 127 
4 4 3023 3.027 3071 3,194 137 136 134 129 

4 5 3.054 3.058 3.101 3223 1.38 i 38 1.36 131 
4.6 3084 3.088 3131 3251 1 40 140 i 38 1.33 
4.7 3115 3.118 3.161 3.279 142 1.41 1 40 134 
48 3.144 3148 3.190 3307 143 1.43 141 136 
4 9 3.174 3178 3220 3335 145 1 45 1 43 i 38 

5.0 3,204 3.207 3 248 3.363 I 46 146 i 44 140 
52 3.262 3265 3305 3.417 150 149 148 1 43 
54 3319 3,322 3362 3 471 153 I 53 1.5] 1 46 
5 6 3,375 3,378 3417 3524 156 156 1.54 149 
5.8 3430 3.433 3 471 3576 159 159 1.57 152 

60 3484 3.487 3524 3.627 162 161 160 155 
62 3538 3.541 3577 3678 164 164 163 158 
6.4 3590 3.593 3629 3 728 1.67 i 67 1.65 161 
66 3642 3645 3.680 3778 1.70 170 168 1.64 
6.8 3.693 3 696 3.731 3 827 1.73 173 171 i 67 

7.0 3 744 3747 3.781 3875 175 175 174 170 
7 2 3.794 3797 3.830 3923 178 1.78 1 76 172 
74 3.843 3.846 3878 3970 1 81 1.81 i 79 175 
7 6 3.891 3.894 3.926 4016 183 183 182 178 
78 3.939 3942 3974 4.062 1 86 186 i 84 180 

80 3 987 3.989 4 021 4.108 1 88 1.88 187 183 
82 4.033 4036 4067 4 153 191 i 91 1.89 1 85 
84 4080 4.082 4.113 4198 193 193 192 188 
86 4125 4.128 4158 4 242 196 1 95 194 190 
88 4 171 4.173 4 203 4286 198 1.98 1 90 193 

9.0 4215 4218 4.247 4329 200 200 1 99 1.95 
9 2 4260 4.262 4.291 4.372 203  2.03 2 O1 1.97 
9.4 4303 4306 4.335 4415 205 205 203 200 
96  4347 4349 4 378 4.457 2 07 2.07 206  202 
98  4.390 4392 4420 4498 209 2 09 2.08 204 

i00 4.432 4435 4462 4540 212 212 210 207 
10.5 4537 4.589 4 566 4.641 2 17 217 216 212 
11 0 4.639 4642 4668 4741 222 222 221 218 
115 4739 4 742 4767 4839 2.28 2 28 2.26 223 
12 0 4 837 4.839 4 864 4934 2 33 233 2 31 228 

125 4933 4.935 4960 5 028 238 2 38 236 233 
130 5027 5.030 5 053 5.120 243 243 2 41 238 
135 5120 5122 5145 5 211 2.47 2 47 2.46 243 
14.0 5 211 5213 5236 5300 2 52 252 2 51 2 48 
145 5 300 5 302 5.324 5388 2 57 257 2 56 2.53 

150 5388 5 390 5.412 5 474 261 261 2 60 257 
185 5.474 5 476 5498 5 559 266 2 66 265 2 62 
16.0 5559 5.561 5582 5.642 270 270 269 2 66 
165 5643 5645 5666 5725 274 274 273 270 
17 0 5726 5727 5748 5806 2 79 2 79 2 78 275 

Pbeam 

(GeV,/c) 

78 

80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

I00 
150 
200 
250 
30O 

350 
400 
45O 
500 
550 

6OO 
650 
70O 
800 
9O0 

1000 
2000 
5000 

10000 
20000 

50000 
I x105 433 2 433.2 433.2 433.2 
2x 105 6126 6126 6126 612.6 
5 x 105 9686 9686 9686 9686 
1 × 106 1370 1370 1370 1370 

Ecru - -  Momentum in c .m 

(GeV) (GeV/c) 

~qx vp 7rp K p  pp ~p. up rcp K p  pp 

17 5 5.807 5809 5829 5.886 283 2.83 2.82 2.79 
180 5887 5.889 5.909 5.965 287  2.87 286 288  
18.5 5966 5.968 5988 6.043 291 291 2.90 287  
190 6.044 6.046 6.066 6,120 2.95 2.95 2,94 2.9t 
195 6122 6123 6.142 6196 2.99 299 2.98 2.95 

20 5.198 6.199 5.218 6272 3.03 3.03 3.02 2.99 
21 6347 6349 6.367 6419 3.10 3.10 309 307 
22 6.493 6495 6513 6.564 318 318 3.17 314 
23 6636 6,638 6,655 6.705 3.25 3,25 3,24 3,22 
24 6,776 6778 6795 6,843 332  3,32 331 329  

25 6913 6.915 6932 6.979 339 339 3.38 3 36 
26 7 048 7.049 7066 7112 3.46 3.46 3.45 3.43 
27 7180 7.181 7 197 7243 3.53 353  3.52 350 
28 7309 7311 7326 7 371 3.59 359  3.59 356 
29 7436 7438 7 453 7497 3.66 366 365 3.63 

30 7562 7 563 7,578 7621 3,72 372 3,71 3,69 
31 7685 7686 7,701 7743 3,79 3,78 378  3,76 
32 7806 7807 7,822 7,864 3.85 3,85 384  382 
33 7925 7,926 7941 7982 3,91 3,91 3,90 3,88 
34 8043 8.044 8 058 8.099 397  3.97 3.96 3 94 

35 8158 8160 8174 8.214 403  402 4.02 400  
36 8273 8.274 8288 8327 4.08 4.08 4.08 406  
37 8385 8.385 8.400 8439 4.14 4.14 4.13 4 i i  
38 8496 8,498 8511 8,549 420  420  4.19 417 
39 8606 8.607 8621 8.658 425 4.25 424 423 

40 8 715 8.716 8,729 8766 4.31 4.31 430 428 
41 8.822 8.823 8,836 8.872 4.36 4.36 4,35 4.34 
42 8927 8928 8.941 8.978 4.41 4.41 441 4.39 
43 9.032 9033 9.046 9.081 4 47 4.47 446  4.44 
44 9.135 9.136 9149 9.184 4.52 4.52 451 450 

48 9.237 9238 9251 9.286 457 4.57 4.56 4.55 
46 9338 9339 9352 9.386 462 462 4.62 460 
47 9438 9.439 9451 9.486 4.67 4.67 467 465  
48 9.537 9.538 9550 9584 472  4.72 472 470  
49 9635 9.636 9.648 9681 477  477  4.77 475 

50 9732 9733 9745 9778 482 482 4.81 480 
52 9.923 9924 9.935 9968 4.92 4.92 491 4.89 
54 iO. l l  I011 10.12 1015 5.01 5.01 5.01 4,99 
56 1029 10.30 10.31 1034 5.10 5.10 5.10 5.08 
58 1047 1048 10.49 1052 5.20 5.19 5.19 5.17 

60 10.65 1065 1066 10.69 5.28 5.28 5.28 526 
62 10 83 10.83 10.84 1087 537 5.37 537 535 
64 l l .O0 i i 0 0  I i 0 1  11.04 546  5.46 5.45 544  
66 1117 1117 1118 11,21 5,54 5,54 5.54 553  
68 1134 1134 1135 1137 5.63 563 5.62 5 61 

70 1150 11.50 11.51 1154 571 571 5.71 569 
72 1166 1166 1167 11.70 5,79 579 579 577 
74 1182 1182 1183 1186 5.87 5.87 5.87 5.85 
76 ii 98 11.98 1199 1202 5.95 5.95 595 5.93 

1213 12 14 12.14 1217 6.03 603 603 6.01 

12 29 1229 12 30 12.32 611 6.11 610 609 
1244 1244 12.45 12.48 618 6.18 618 617 
12.59 1289 12.60 12.68 6.26 6.26 6.26 624 
12 74 12.74 1275 1277 633 6.33 6.33 6.32 
12.88 1289 12.89 1292 641 6.41 640 639 

13.03 1303 1304 13.06 648 648 6.48 646 
13 17 1317 1318 13.21 6.55 6.55 6.55 6.54 
13 31 13.32 1332 13.35 662 662 6.62 6.61 
13 45 13.46 13 46 1349 669 669 6.69 6.68 
1359 13.59 1360 13.63 6 76 6.76 676 675 

1373 1373 1374 13.76 6.83 6.83 683 6.82 
1680 16.80 16.81 1683 8.38 8.38 8.37 8.36 
19 40 19.40 19.40 1942 968 9,67 967 9.66 
2168 2168 21.69 21.70 108 i0,8 108 108 
2375 2375 23.75 2376 119 119 11.9 118 

25.65 2565 2565 2566 128 12.8 128 12.8 
2741 27.41 2742 27.43 137 13.7 13.7 137 
2907 2907 2908 29.09 148 14.5 145 145 
3065 30,65 8065 30,66 15.3 153 153 153 
32 14 3214 3214 32.15 161 16.1 16.1 16.0 

33 57 33.57 3357 3358 168 168 16.8 16.8 
3494 3494 34.94 3495 175 175 17.5 17 4 
3626 3626 3626 3627 18.1 181 181 181 
38 76 3876 38.76 3877 19.4 19.4 194 19.4 
41.11 41 ii 4111 41 12 20.5 205 205 20.5 

4333 43 33 43.33 43.34 217 217 217 216 
6127 6127 6127 6128 30 6 30.6 306 30.6 
96.87 9687 9687 9687 484 48 4 48.4 484 
137.0 137 O 1370 1370 685 68.5 685 685 
193 7 1937 193 7 193.7 96 9 969 96.9 969  

306 3 3063 306 3 306.3 153 153 153 153 
217 217 217 217 
306 306 306 306 
484 484 484 484 
685 685 685 685 
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KINEMATICS*  

Throughout  this section units are used in which h = c = 1. The 
following conversions are useful: hc = 197.3 MeV fermi, (he) 2 = 

0.3894 (GeV) 2 mb. 

A. L O R E N T Z  T R A N S F O R M A T I O N S  
The energy E and 3-momentum ~ '  of a particle of mass m form a 

4-vector p = (E, p'_~ whose square p2 __- E 2 _ t~12 = m 2. The velocity 
of the particle is fl = "-~ /E .  The energy a__,nd momentum (E* , ' -~*)  
viewed from a frame moving with velocity /3 ] are given by 

()(= E" ~i -~I~J~(pll ' 

P~ (A.I) 
P~ -'~s/3s "Ys / / = p± ' 

where ~YI = (1 - / 3 } ) - 1 / 2  and p± (Pll) are the components of p '  

perpendicular  (parallel) to /3 f .  The scalar product  of two 4-vectors 

Pl  • P2 = E 1 E 2  - -~1 " "~2 is invariant  (frame independent).  
In the collision of two particles of masses m l  and m2 the total  

center-of-mass energy is 

Ecm = (Pl H-P2) 1/2 = [(E1H-E2) 2 - ( ~ 1 H - p * 2 ) 2 ]  1/2 

= [ml 2 + m2 2 + 2E1E2(1-/31/32 cos0)]  1/2 (n .2 )  

where 0 is the angle between the particles. In the frame where one 
particle (of mass m2) is at  rest (lab frame), 

Earn = (ml  2 + m 2 + 2Ellab m2)  1/2 . (A.3) 

The velocity in the lab of the center-of-mass frame is 

~ c m  = " ~ l l a b / ( E l l a b  + m2) , (A.4) 

and 

%m = (El lab + m 2 ) / E c m  " 

B. C E N T E R  OF M A S S  E N E R G Y  A N D  M O M E N T U M  
A beam of particles with mass m and momentum Pbeam is incident 

on a fixed target  consisting of particles wi th  mass M. The energy of 
the beam particles E beam, the center-of-mass energy Ecm , and center 
of mass momentum of one of the particles Pen: are given by 

E b  . . . .  = V/P~eam Win2 

Ecru = ~ m  2 + 2EbeamM + M 2 

M 
Pcm = PbeamEc m . 

For example, if a 0.80 GeV/c  kaon beam is incident on a proton 
target,  the center of mass energy is 1.699 GeV and the center of mass 
momentum of either particle is 0.442 GeV/c.  It  is also useful to note 
that  

Ecru dEem = M d E  beam = M/3 beam dp beam - 

C. L O R E N T Z  I N V A R I A N T  A M P L I T U D E S  
The invariant ampli tude - i M  for a scat tering or decay process is 

determined in per turba t ion  theory by a set of Feynman diagrams. The 
convention of Bjorken and Drell is used except tha t  fermion spinors 
are normalized so tha t  ug  = 2m. As an example, the S-matr ix  for 
2 ~ 2 scat tering is related to 34 by 

(plp'2 ISI pip2) = I - i(2rr) 4 54(pl + p2 - p l  - p 2 )  

34(Pl ,  P2; Pl ,  P2) (C.1) 
x (2E1)1/2 (2E2)1/2 (2E~)1/2 (2E~)1/2 . 

The s ta te  normalizat ion is such tha t  

(ptlp) = (2~)353(-~ -- T t) . (C.2) 

D. P A R T I C L E  D E C A Y S  
The par t ia l  decay rate of a particle of mass M into n bodies in its 

rest frame is given in terms of the Lorentz invariant matr ix  element 
34 by 

(271") 4 
dF = ~ t3412 d o n  (P; Pl  . . . . .  Pn) ,  (D.1) 

where d e n  is an element of n-body phase space given by 

d O n ( P :  Pl  . . . . .  Pn)  = 54 ( P  - E Pi) d3pi (D.2) 
(2~r)a2Ei ' i=1 i=1 

This phase space can be generated reeursively, viz. 

d O n ( P ;  Pl  . . . .  , Pn)  = dOj(q;  Pl  . . . . .  P j )  (D.3) 

x d O n - j + l  (P; q, Pi+l ,  . . . ,  P n ) ( 2 r ) 3 d q  2 , 

v-, n ~ 2 
where q2 = (~in=j+l  El )2  _ L i = j + l  P i . This form is part icular ly 

useful in the case where a particle decays into another  particle which 
subsequently decays. 

D.1  S u r v i v a l  p r o b a b i l i t y :  
If a particle of mass M has mean proper lifetime r (=  I / F )  and has 

momentum (E ,  -~), then the probabil i ty tha t  it lives for a t ime to or 
greater before decaying is given by 

P ( t o )  = e - t °  F/7 = e - M t o  F /E  , (D.4) 

and the probabil i ty tha t  it travels a distance xo or greater is 

P ( x o )  = e - M x O  r/[-fi*[ . (D.5) 

D.2  T w o - b o d y  d e c a y s :  

P,M ~ < P l , m l  

P2,m2 

Fig. 1. Variable definitions for two-body decays. 

In the rest frame of a particle of mass M, decaying into 2 particles 
labeled 1 and 2, 

M 2 _ m2 + m l  2 
E 1 - -  

2M 

I T l l  = IT21 (D.6) 

[ (M 2 - ( m l  + m2) 2) (M 2 - - ( m l  - -m2)2)]  1/2 

2M 

and 

1 I~hl  d a  (D.7) d r  = ~ IMI 2 ~ -  , 

where df~ = d¢ld(cos 01) is the solid angle of particle 1. 

D .3  T h r e e - b o d y  decays :  

P,M ~ Pvm~ 
~ P2'm2 

P3,m3 

Fig. 2. Variable definitions for three-body decays. 
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K I N E M A T I C S  ( C o n t ' d )  

, 2 the,1 " 4  + " 4  + Defining Pij = Pi + pd, m2j = Pij ,  = 
2 2 = = M 2 M 2 + m 2 + rn 2 + m 3 and  rn~12 ( P  - Pal 2 + m~ - 2 M E a .  

The relative or ientat ion of the three final-state part icles is fixed if 
their  energies are known. Their  momen ta  can therefore be specified 
by giving three Euler angles (c~, ~, 7) which specie '  the or ienta t ion of 
the final sys tem relative to the initial particle.  Then 

1 l 
dF - (2~r)5 16M IMI2 dE1 dE2 da dcos f l  d3' • (D.8) o ~  

Alternat ively K 

1 1 }-'9tl 2 }-P~I }~31 dml2  d ~  d ~  3 , (D.9) 
dF - (27c)5 16M2 

where (IP*~I, ~t~) is the m o m e n t u m  of part icle  1 in the rest f rame of 
1 and  2, and  fl3 is the angle of part icle  3 in tile rest  f rame of the 

• [P  11 and  1"~3[ are given by decaving particle.  --** 

IY~ I  = [(",,:(2 (mr  + -~a )  2) (,r',~2 (-~t - m2)2)]  ,/2 
2rn12 

and  

IYa l  = [(m:~ - (,1)12 + r~'t3) 2) ( M 2  - ('17"t12 - t~'t3)2)] 1/2 (D .10 )  
2M 

[Compare wi th  gq .  tD.6).] 
In tegra t ing  over tile angles in Eq. (D.8) (this is only possible if 

the decaying p a r t M e  is a scalar  or we average over its spin states: 
otherwise M depends  on (~. fl, and  ~) gives 

l 1 I~MI 2 dE] dE:  
dF = (2~r)~ 8A~ 

_ 1 1 IMI 2 din22 din]3 . (D.1I) 
(27r) 3 32M 3 

This  is the s t a n d a r d  form for the Dalit.z plot.  

D . 3 . 1  D a l i t z  p l o t :  
If rn~2 is fixed then the range of m 5 is deternfined by its vahms 

when ~ I  is parallel  or ant iparal lel  to p 3" 

(m23) . . . . .  --  

+ E 3 ) - + . 

where E:~ = (M 2 - m122 - m2) / (2m12)  and  
E~ = (rn212 + rn 2 m ~ ) / ( 2 m 1 2 ) .  The scat ter  plot in m~2 and  m23 has 
uniform phase  space densi ty [see Eq. {D.11)] and  is called a Dalit~ 

plot. 
A nonunitbrnfi ty in the plot gives immediate  informat ion on 

I~12.  For example,  in the case of D ~ K~rTr, bands  appear  when 
m(K~r ) -- ~nK.(892), reflecting the appea rance  of the decay chain 

D ~ K*(892)~r ~ Krrc .  

D . 4  K i n e m a t i c  l i m i t s :  
In a three-body decay the max innnn  of ]P+3I, [given by 

Eq. (D.10)], is achieved when m12 = m l  + m2, i.e., partieles 1 
and 2 have the same vector veha:ity in the rest franm of the decaying 
particle.  If, ill addit ion,  m3 > "nq, lit 2, t hen  1~3llllaox > I ~ 1  IHIRX' 

IY~l ..... 
D . 5  M u l t i b o d y  d e c a y s :  

The above results may  be generalized to final s ta tes  conta in ing any 
number  of part icles by combining some of the part icles into "effective 
particles" and  t rea t ing  the final s ta tes  as 2 or 3 "effective part icle" 

states.  Thus,  if Pijk... Pi + Pj + Ple + . . . .  then 

mijk. . .  = ~/ t f2i jk . .  • 

and  mijk. . ,  nlay be used in t)lace of e.g.. /ill2 in the relations in 
Sec. D.3 or D.3.I ahnve. 

(M-m2)  2 

(m~+m3) 2 
(ml+m2) 2 

m 2 
( 13)max 

I 

2 

-I 1 

( M - r e a l  2 

m~2 

Fig. 3. Dalitz plot for a three-body final state.  Four -momen tum 
conservat ion restr icts  events to the interior of tile closed curve. 

p~,m t .- p~",m~' 
% i ~ . . . ~ . _ ~ , . ~  p2~,m2 

P2,m2 . /~ . .  )x . . . ~ . . ~ , . ~  Pn/,mp ' 

Fig. 4. Variable definitions for p roduc t ion  of an t l -body final 
state.  

E .  C R O S S  S E C T I O N S  

The differential cross section is given by 

(2~r)4 Ijvll 2 
do- = 

x ddPn(pl 4 - p 2 : P 3  . . . . .  Pn+2) • 

[See Eq. (1).2).] In the res! fl 'ame of m2(lab) .  

( ~ p l  " p2) 2 ;n.2m, 2 = m2Pl[ah : 

while in the center-of-mass franle 

E . 1  T w o - b o d y  r e a c t i o n s :  

p l , m t  - . .  ~r ~ p 3 ' m 3  

" ~  " P4 m4 p 2 , m 2  ~- -. , 

(E.U 

Fig. 5. Variablc definitions for a two-body final state.  

Two parii( 'les of nlonlenta t11 and  /9 2 and  lnasses ¢o 1 and  nt2 sca t te r  to 
part ic les  of  illOiilellta P3 alld t)1 alld [nasses 'ii~ 3 alld lit,4: the  l~orei]tz 
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invar iant  Mande l s t am variables are defined by 

s = (Pl + P 2 )  2 = (P3 + P 4 )  2 

= m l  2 + 2E1E2 - 2 P ' 1 "  ~ 2  + m2 

t = ( P l - - P 3 )  2 = (P2- -P4)  2 

m 2 -- ---+ ~ 2 = 2 E 1 E 3 + 2 p 1 .  P 3 + m 3  

u = (Pl -- P4) 2 = (P2 -- P3) 2 

= m l  2 -- 2E1E4 -I- 2 ~ 1 "  ~ 4  + m42 

and  they  satisfy 

2 2 2 2 s + t + u = m l  + m 2 + m 3 + m 4  . 

The two-body  cross sect ion m a y  be wr i t t en  as 

d a _  1 1 
dt 64.,~ I -~cml  2 IMI2" 

In the center-of-mass f rame 

t = (Elcm -- E3cm) 2 -- (Plcm -- P3cm) 2 

--4plcm P3cm sin2(0cm/2) 

= to -- 4plcm P3cm sin2(0cm/2) , 

where 0cm is the angle between part ic le  1 and  3. 

2 2 2 2 2 
[ m  1 - r n ~ - m  2 + m 4 ]  

t:F = L 2e'~ J 

KINEMATICS (Cont'd) 

Under  a boost  in the z-direct ion to a f rame with velocity /3, 
y ~ y + t anh  -1  f3. Hence the shape  of the rapid i ty  d is t r ibut ion  dN/dy  
is invariant .  The invariant  cross sect ion may  also be rewr i t t en  

d3 a d3 a 
E dpZ - d~, d v ~  

Feynman ' s  x variable is given by 

Pz ( E + pz 
X = Pzmax ~ \ (E- '~Pz)max]  ; 

in the center-of-mass frame, 
(E.2) 

2pzcm ~ 2m2 s inhycm (E.9) 

For Ycm such t ha t  e 2ycm<< 1, 

X ~ m ±  eYcm 

(E.3) 
and  

(y~m)m~x = In ( ~ / , , ~ )  

The definition of rapid i ty  [Eq. (E.8)] may  be expanded  to ob ta in  

(E.4) 1 cos2(0/2)  + m2/4p 2 + . . .  

y = ~ in s in2(0/2  ) + m2/4p2 + - ~  

--~ - I n  t a n ( 0 / 2 )  --= 7 / (E.10) 

if the  part icle  has zenith angle 0. The  pseudorap id i ty  ~ defined by 
the second line is approx imate ly  equal to the  rapid i ty  y for m >> p 
and  0 >> 1 /% and  in any  case can  be measured  when the mass  and  
m o m e n t m n  of the par t ic le  is unknown.  From the definition one can  
ob ta in  the identit ies 

sinh ~1 = cot 0 

c o s h r / =  1 / s i n 0  

t anh  r / =  cos 0 . 

E . 3  P a r t i a l  w a v e s :  

The ampl i tude  in the center  of mass  for elastic sca t te r ing  of spinless 
part icles  may be expanded  in Legendre polynomials  

f(k,O) = ~1 E ( 2 / +  1)aePt(cosO) , (E.11) 

where k is the c.m. molnen tmn,  0 is the c.m. sca t te r ing  angle, ae 
= (7?te2iQ - 1)/2i ,  0 _< ~/e -< 1, and  ~it is the phase  shift of the gth 
par t ia l  wave. For purely  elastic scat ter ing,  tie = 1. The differential 
cross section is 

dcr 
d--~ = If(k'O)12 " 

The opt ical  theorem s ta tes  t ha t  

error = k I m f ( k , 0 )  , (E.12) 

and  the cross sect ion in the gth par t ia l  wave is therefore bounded:  

47r 2g 4rr(2g + 1) 
~e = ~ (  + 1)lael 2 -< k2 (E.13) 

The par t ia l -wave ampl i tude  a e can  be displayed in an  A r g a n d  plot.  
The  usual Lorentz invariant  ma t r ix  element .M (see Sec. C above) 

for the elastic process is re lated to f ( k ,  O) by 

M = -87rx/~ f ( k ,  O) , 

so 

1 
atot = - 2k--~s hnAA( t  = 0) , (E.14) 

where s and  t are the center-of-mass energy squared  and  m o m e n t u m  
t ransfer  squared,  respectively (see See. D.1). 

2 1 1 / 2 / 2  

Note t ha t  t_ ( t+)  is the largest  (smallest)  value of t for 2 ---* 2 
sca t ter ing  processes and  t ha t  t+  is a lways negative.  In the l i te ra ture  
the no ta t ion  tmi n (tmax) for t_  ( t+)  is sometimes used. This  usage 
should be d iscouraged since t -  > t+ .  The center-of-mass energies and  
momen ta  of the incoming part icles  are 

Ecm _ s +/t~ 2 - m 2 (E.6) 
2 , f i  

[(s - (ml  + -~2) 2) (s - (,~1 - m 2 7 ) ]  1/2 
pcm = 2 , F  

_ Pl labm2 (E.7) 
v~ 

Here the subscr ip t  lab refers to the f rame where part icle  2 is a t  rest. 
[For o ther  relat ions see Eqs. (A2 A4).] 

E . 2  I n c l u s i v e  r e a c t i o n s :  

Choose some direct ion (usual ly the beam direction) for the z-axis: 
then the energy and  momen tun l  of a part icle  can  be wr i t t en  as 

E = m ± c o s h y  , Px , Py , Pz = m ± s i n h y  , 

where m ±  is the t ransverse  mass  

2 m ~  = m 2 + p~. + py , 

and  the rap id i ty  y is defined by 

y = l l n  ( E + P z  ~ 

=In  (E+P~z ']  = t a n h - l ( E  ) " 
\ m ±  / 

(E.8) 
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KINEMATICS (Cont'd) 

Im A 1@ 
-1/2 0 1/2 Re A 

ImA 
1! 

Re A 

Fig. 6. Argand  plot for the display of a par t ia l -wave ampl i tude  
as a function of energy. 

E.3.1  R e s o n a n c e s :  
The Brei t -Wigner  form for ae with a resonance at  c.m. energy E/~, 

elastic wid th  Feb and  total  wid th  

Fto t is 

F~L/2 
at = E R - E iF to t /2  ' (E.15) 

where E is the c.m. energy. This  gives a circle in ttw Argand  plot with 
center  iXel /2 and  radius  Xel/2, where the elasticity Xel = Fel/Ftot.  
The ampl i tude  has a pole at  E = E R - i r t o t / 2 .  

Fig. 7. Argand  plot for a resonance.. 

The Brei t -Wigner  cross section for a sp in - J  resonance produced in 
the collision of particles of spin S 1 and  82 is 

c rBw(E  ) = (2J  + 1) ~ BinBoutPt2t 
( 2 S 1 + 1 ) ( 2 S 2 + 1 )  k 2 ( E -  ER)  2 + Ft2ot/4 ' 

where k is tim c.m. nlonleiltunl, E is the c.m. energy, and  Bin and  
Bout are the b ranch ing  fract ions of tile resonance into the ent rance  
and  exit channels.  The 2 8  + 1 factors are the multiplicities of the 
incident spin states,  so they are replaced by 2 for photons,  etc. This 
expression is valid only for a part icle of narrow" width.  If the width  
is not s m a l l  Ftot cannot  be t rea ted  as a cons tan t  independent  of E. 
There are many  other  forms for o-BW, all of which are equivalent to 
the one given here in the nar row-wid th  case. Some of these forms may 
be more appropr i a t e  if the resonance is broad.  

* Revised April  1990 with the assistance of K. Kajant ie .  

A .  L E P T O P R O D U C T I O N  

CROSS-SECTION FORMULAE FOR SPECIFIC PROCESSES 

/ 

P,M 

Fig. 1. Kinemat ic  quant i t ies  for descript ion of lepton-nucleon 
scat ter ing,  k and  k ~ are the four -momenta  of incoming and  
outgoing leptons. P is the fou r -momen tum of a lmcleon with 
mass M.  The exchanged part icle is a ?,  W ±, or Z0: it t ransfers  
four -momentum q = k - k ~ to the target .  

Invar iant  quanti t ies:  

q . P  
u = --'M-- = E - Eqs  the leptorFs energy loss in the lab (in earlier 

l i terature  sometimes u = q • P) .  Here, E and  E ~ are the 
initial and  final lepton energies in the lab. 

Q2 = _q2 = 2 ( E E '  - T .  T ' )  - m~ - rn 2, where rug(me,)  is the initial 

(final) lepton mass. If E E ' s i n 2 ( O / 2 )  >> m~, m~,, then 

,.~ 4 E E t s i n 2 ( O / 2 ) ,  where 0 is the lepton 's  sca t te r ing  angle in the 
lab. 

Q2 
x = ~ In the p a t t o n  model, x is the fract ion of the t a rge t  nucleon's  

m o m e n t u m  carr ied by the s t ruck quark.  See section on 
QCD. 

q . P  u 
is the fraction of the lepton 's  energy lost in the lab. 

Y - k . P - E  

W2 = ( p  + q)2 = M 2 + 2 M u  Q2 is the mass squared  of the sys tem 
recoiling agains t  the lepton. 

Q2 
s = ( k + P )  2 = - -  + M  2 

x y  

A.1  L e p t o p r o d u c t i o n  cross  sec t ions :  

d2a - u (,s - M 2) d2c~ _ 2~r M u  d2a 

dx  dy ~ E ~ dflla b d E  ~ 

= X(,s -- M 2) d2°- 
dx  dQ 2 " 

A . 2  E l e c t r o p r o d u c t i o n  s t r u c t u r e  funct ions :  
The neut ra l -cur ren t  proeess, e N  ~ e X .  is par i ty  conserving at  low 

Q2 and  can be wr i t ten  in terms of two s t ruc ture  functions F1NC(x~ Q2) 
and  F N C ( x ,  Q2): 

d2cr _ 47r a2 ( s  M 2) [ FfiWC 
dx dy Q4 (1 - y) 

.2 ] 
+ y2XYl Nc ( s - -~t2  / x Y ~  ~c 

The charged-cur ren t  processes, e N ~ uX,  u N  ~ e X,  and  
F N  ~ e * X .  are par i ty  violat ing and  can be wr i t t en  in te rms  of three 
s t ruc ture  fimetions F e e ( x ,  Q2), FCC(x,  Q2), and  F3CC(x, Q2): 

d2~, G~ (,~ - M 2) M 4 
d x d y  27r (Q2 + M~v)2 (h .1)  

M 2 

y2 y2 } 
+ ~ 2xF1CC + (,q - ~ ) ~ : F  CC , 
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CROSS-SECTION FORMULAE FOR SPECIFIC PROCESSES (Cont'd) 

A.3 T h e  Q C D  p a r t o n  mode l :  
In the QCD parton model, the structure functions defined above 

can be expressed in terms of parton distribution functions. The 
quantity f i (x ,  Q2)dx is the probability that a parton of type i (quark, 
antiquark, or gluon), carries a momentum fraction between x and 
x + dx of the nucleon's momentum in a frame where the nucleon's 
momentmn is large. For the cross section corresponding to the 
neutra l -curren t  process ep --* eX,  we have for s >> M 2 (in the case 
where the incoming electron is either left- (L) or right- (R) handed): 

dx dy ~ (x fq (x' Q2) + x f q (x' Q2) 
k q 

Here the index q refers to a quark flavor (i.e., u, d, s, c, b, or t), and 

Aq = -qq + gLq gLe 02 + M2Z + -qq + gRq gRe Q2 + M2Z ] " 

~ ~'~Z] \ 

Here qq is the charge of flavor q. For a left-handed electron, gRe = 0 
and gne = (--1/2 + sin 20W)/(sin 9 W cos 9W), while for a right-handed 
one, gLe = 0 and gRe = ( s in20W)/(sinOw c°s0w)" For the quarks, 
gLq = (T3 - qq sin20W)/(sin OW cos OW ), and gRq = (--qq sin20W) / 
(sin OW cos OW ). 

For neutral-current n e u t r i n o  (an t ineu t r ino )  scattering,  the 
same formula applies with gLe replaced by gLv = 
1/ (2s inOwcosOw) (gLP = 0) and gRe replaced by gRu = 0 
[gRP = -- 1 / (2 sin OW cos OW )]. 

In the case of the charged-current  processes  eLP ~ uX  and 
~p ~ e+X,  Eq. (A.1) applies with 

F2 = 2xF1 = 2x [fu(X, Q2) + fc(X, Q2) 

+ f t (x ,Q  2) + f d  (x ,Q 2) + f~  (x ,Q 2) + fb  (x, Q2)] 

F 3 = 2x[ fu ( x ,O  2) + f c ( x ,Q  2) 

+ f t ( x , Q  2) - f ~  (x ,Q 2) - f~  (x ,Q 2) - f-~ (x, Q2)] 

For the process up ~ c - X :  

= 2xF 1 = 2x[ fd (x ,O  2) + f s ( x , Q  2) F2 

+ fb(x ,Q 2) + f ~  (x ,Q 2) + f~ (x ,Q 2) + f t  (x, Q2)] 

F 3 = 2x [fd (x, Q2) + fs (x, O 2) 

+ fb(X ,Q2) _ f ~  (x ,O 2 ) - f~  (x,O. 2 ) - f~ (x, Q2)] 

B. e + e  - A N N I H I L A T I O N  
For pointlike spin-l /2 fermions in the c.m., the differential cross 

section for e+e --* f f  via single photon annihilation is 

dfida _ a24s /3 [1 + c o s 2 0 + ( 1 - 3 2  )sin 2 0 ] Q }  

where/3 is the velocity of the final state fernfion in the center of mass 
and Qf  is the charge of the fermion in milts of the proton charge. For 
/3---* 1, 

4~ra 2 86.8 Q~ nb 

= ~ Q} - ~(GeV 2) 
At higher energies the Z 0 (mass M Z and width FZ) nmst be 

included, and the differential cross section for e+e - -~ f f  becomes 

da o 2 [ 
dr/ -- 4s ~ Q } [ l + c o s  2 0 + ( 1 - / 3 2 )  sin 201 

- 2 Q f  x 1 { V V f  [l +cos2 0 + ( 1 -  /32) sin2 0] - 2af /3cosO} 

+X2{ V} (1 + V 2) [1 + cos 2 0 + (1 - /32)  sin20] 

+ / 3 2 a } ( 1 + V 2 ) [ 1 + c o s 2 0 ] _ 8 / 3 V V f  a]cosO}] , 

t s(s - M 2) 
2 2 X1 = 16sin20wCos29w ( s - M z 2 )  2 + F z M  z 

1 s 2 
2 2 ' X2 = 256 sin 40W cos 40W (s - M2)  2 + F z M  Z 

V = - l + 4 s i n 2 9 w  , 

af  = 2T3f , 

Vf = 2T3f - 4Qf  sin 2 Ow , 

where the subscript f refers to the particular fermion and 

T3 = +1/2  for ue, u~, ur, u, c, t. 

T3 = - 1 / 2  for e , # - ,  T - ,  d. s, b. 

C. e + e  - T W O - P H O T O N  P R O C E S S  
In the equivalent photon approximation, the cross section for 

e+e - ~ e + e - X  is related to the cross section for "/7 ---+ X by 

1 

(s) = 7] 2 / dw f (w)  do-77~ X (ws) dffe + e 
0 

where 

71 --~ ~ In 

and 

I ( ~ ) = ~ ,  ( 2 + ~ ) 2 1 n ~  2(1 ~ ) ( 3 + ~ )  . 

The factor r] arises from integrating over the mass squared of the 
virtual photon. For the production of a resonance, form factors 
suppress contributions from very virtual photons, so in the standard 
formula for production of a resonance of mass mR and spin J # 1, 
namely, 

a(e+ e ~ e + e - R ) = 7 / 2  ( 2 J + l )  S~r 2 F ( R ~ 7 7 )  f (m2a) , 
sm  R s 

it would be better to use 

o 

where m V is the mass of the vector (p, ¢, -..) that enters into the 
form factor. 

D .  I N C L U S I V E  I - I A D R O N I C  R E A C T I O N S  
One-particle inclusive cross sections E(d3~)/(d3pi ) for the 

production of a particle of nmmentum Pi are conveniently expressed 
in terms of rapidity (see above) and the momentum p± transverse to 
the beam direction (defined in the center-of-mass frame) 

d3a d3er 
E dy d2p± - d3p " 

In the case of processes where p± is large or the mass of the produced 
particle is large (here large means greater than 10 GeV), the parton 
model can be used to calculate the rate. Symbolically 

a.hadronic = E / fi(Xl, Q2) f j (x2 ,  Q2) dx I dx 2 ~partonic , 
z2 

where f i (x ,  Q2) is the parton distribution introduced above and Q 
is a typical momentmn transfer in the partonic process and a is 
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C R O S S - S E C T I O N  F O R M U L A E  F O R  S P E C I F I C  P R O C E S S E S  ( C o n t ' d )  

the par tonic  cross section. Two examples  will help to clarify. Tile 
p roduc t ion  of a W + in pp react ions at  rap id i ty  y in the center-of-mass 
frame is given by 

do- G F 7r ~/2 
d y - -  3 

r [eos2 Oc (u(x l  , ]~I~,, ) 7t Ix2, ~9/2,,) X 

+ u(x 2 . M2Q 3 ( x l , M ~ ) )  

+ si,? 0~(.(x~ . M~r)~ (x.2. M~) 

+ s(x> M~..) ~ (:r,. 'M'~h) ] . 
where x 1 = , / 7  ~Y. x2 = , / 7  e ~. and r = MISsis.  Simi lm' ly  the 
p roduc t ion  of  a je t  in pp (or p~) col l is ions is g iven by 

d3a 

d2p± dy 
z3 

[ ~ d ~ - ]  d , r l d x 2 6 ( , ~ +  ~-+}~) ' (D.I) 

where the summat ion  is over quarks,  gluons, and  ant iquarks .  Here 

s = (m + p 2 )  2 , 

t = (Pl --;°jet) 2 • 

u--  (P2--Pi( t )2  . 

Pl and  P2 are the mmnen ta  of the in(:oming p and  p (or ,~) and  ,~'. [ ,  
and ~i are s, t, and  a with Pl ~ :rlPl and P2 ~ x2 P2. The t)artonic 
cross section ~'[ (d8) / (d t ) ]  can be fnund in Ref. 1. Example:  for the 
process gg ~ q~. 

"~-da =3(~2 ( t ' 2 + u 2 )  [ 4 8 g  ~ -  ,~1 ] . 

The predict ion of Eq. (D.I) is compared  to d a t a  from the UA1 and  
UA2 col laborat ions in a f g u r e  labeled "Jet  P roduc t ion  in pp and  ~p 
Interact ions"  in the Plots  of Cross Sections and  Related Quant i t ies  
section. 

E. O N E - P A R T I C L E  I N C L U S I V E  D I S T R I B U T I O N S  
In order  to describe one-part icle inclusive p roduc t ion  in 

e*e  - annihi la t ion or deep inelastic scat ter ing,  it is convenient 
to in t roduce a f r agmenta t ion  function D h (z, Q2)/z  which is the 
probabi l i ty  tha t  a pa r ton  of type i and  m o m e n t u m  p will f ragment  
into a hadron  of" type h and  m o m e n t u m  zp. The Q2 evolution is 
predicted by QCD and  is sinfilar to tha t  of the pa r ton  d is t r ibut ion  
fuuctkms (see section on Q u a n t u m  Chromodynain ics) .  The Dh(z. Q2) 
are nornlalized so tha t  

~ / D:' (z, O2)dz = l . 

If the cont r ibut ions  of the Z t/osun and  three-jet  events are 
neglected, the cross section for producing  a hadron  h in e+e 
annihi la t ion is given t)y 

1 do ~ie i2  Dih (z, Q2) 

ah,~d dz Z i  e2 

wlmre c i is the charge of qua rk - type  i, o-ha d is tile total  hadronk:  cross 
section, and  the m o m e n t m n  of the hadron  is zEcm/2.  

In the case of deep inelastic ninon scat ter ing,  the (:ross section for 
producing  a fiadron of energy E h is given by 

1 do Eie2i qi(x, Q2) D~'(z.Q 2) 

O-to t dz E i  ~2 qi(x ' Q2) 

where E h = uz. (For the kinematics  of deep inelastic scat ter ing,  
see section 1).2 of the Kinelnat ics  section of this Review.) The 
f l 'agmentat ion functions for light and  heavy quarks  have a different 
z dependence:  the fornmr peak near  z = 0. They  are i l lustrated in a 
figure m the section on Plots of Cross Sections and  Related Quanti t ies ,  

1. (LF. ()wells. F. lqeya, and M. Gliick, Phys.  Rev. D 1 8 ,  1501 
(1978). 

Q U A N T U M  C H R O M O D Y N A M I C S *  

A. T H E  QCD L A G R A N G I A N  
Q u a n t u m  Chromodynamics  (QCD),  tile gauge  field theory which 

describes the interact ions of colored quarks  and  gluons, is one of 
the components  of the S U ( 3 ) x S U ( 2 ) × U ( 1 )  S t a n d a r d  Model. The 
Lagrang ian  is (up to gauge-fixing terms) 

L Q C D -  4 t*u 
q 

i 
-- E ~l~q Wq lPqi • 

q 

F,!,'*, ) = 0,, A~ - O~, A~ + .q.~ fabc' A~  A',; . 

M! • 
(Dt,)ij = hij Op - i g ,  E "J Aa (A.1) 2 " p " a 

where gs is t i le Q C D  coupl ing constant,  and the fabc are the s t ruc ture  
cons tan ts  of tile SU(3) a lgebra  (tile A matr ices  and  values for f~*bc (:all 
be found in "SU(3) Isoscalar Factors  and  Representa t ion  Matrices" ). 
The O~(a') are the 4-component  Dira(: spinors associated with each 

quark  field of color i and  flavoi" q and  the A~(x) are the (8) Yang-Mills 
(glu<m) fieMs. A complete  list, of the Feynman  rules which derive frIun 

this Lagrangian ,  together  with some usethl color-algebra ideatities. 
<tail b e  f o u n d  in  Ref .  1. 

The principle of "asympto t ic  free(Ion(' (see below} de<re'mines that  
ttw renornlalized QCD coupling is small only at  high energies, and  
it, is only in this domain  that  higfi-prec'ision tests  similar to those 
in QEI)  can be performed using pe r tu rba t ion  tlmory. Nonetheless,  
tiler<! has in recent years been much progress in unde r s t and ing  and  
quant i fy ing the predict ions of QCD in tim nonper tu rba t ive  domain.  
for example in soft, ha<ironic processes and  on tim lattice. 2 This shorI 
review will concent ra te  on QCD at short  dis tances  (large momen tun l  
t ransfers) ,  where pe r tu rba t ion  theory  is tim s t a n d a r d  tool. 

B. T H E  QCD C O U P L I N G  A N D  R E N O R M A L I Z A T I O N  
S C H E M E  

Tim renormal iza t ion scale dependence  of the effec, tive Q, CD coupling 
o's = g2/4rc is controlled by tile 3-fllnction: 

0 *s fl0 ( 2 '41 t~  - . .  
I< Ot I 27r ~'~ ~ 2  

2 
H 0 = 11 ~ . f  , 

38 
A1 = 102 ~Ttf: , (B.1). 
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and nf is the number of quarks with mass less than  the energy scale 
p. In solving this differential equation for as ,  a constant  of integrat ion 
is introduced. This constant  is the one fundamental  constant  of QCD 
which nmst be determined from experiment.  The most sensible choice 
for this constant  is the value of as  at  a fixed reference scale P0, but  it 
is more conventional to introduce the dimensional parameter  A. The 
definition of A is arbitrary. One way to define it (adopted here) is 
to write a solution of Eq. (B.1) as an expansion in inverse powers of 
in (p2): 

127r 
as(P)  = (33-- 2n/) l n ( p 2 / A  2) x 

6 ( 1 5 3 - 1 9 n 1 )  In [ ln(p2/A2)] ]  
1 ( 3 3 -  2n / )  2 1 ~  J + . . . .  (B.2) 

The next term in this  expansion is 

[ l n  2 [in (p2/A2)] 

Ok ,  l n 3 - i ~  ] " 

This solution i l lustrates the asymptotic freedom property: as  ---* 0 
as p ~ oc. Alternat ive definitions of A are possible. For example, 
the solution of Eq. (B.1) with the ~-function t runcated at  the second 
order: 

1 + b l  in ( b l ~ s  ~ P 
a~ k , l + b  1 as , ]  = b 0  in X ' 

~0 fll (B.3) 
b 0 =  ~ , b l -  4nil0 

(:an be used. 3 For a given value of a s ( p  =5 GeV) one finds tha t  
(A[Eq. (B . 2 ) ] -  A[Eq. (B.3)]) varies by 5 to 22 MeV as A goes from 
120 to 350 MeV, while for a s ( #  =30 GeV) it varies by 3 to 11 MeV 
over the same A range. 

In the above discussion we have ignored quark-mass effects, i.e., we 
have assmned an idealized s i tuat ion where quarks of mass greater than  
# are neglected completely. In this picture, the ~-function coefficients 
change by discrete amounts  as flavor thresholds are crossed when 
integrat ing the differential equation for as .  I t  follows that ,  for a 
relationship such as Eq. (B.2) to remain valid for all values of p, 
A must also change discretely through flavor thresholds. This leads 
to the concept of a different A for each range of p corresponding 

to an effective number of massless quarks: A ~ A (n/).  This is the 
s tandard convention. It  follows tha t  when comparing measured A 
values, account must be taken of the effective number of quark flavors 
in each experiment.  In practice, it is s traightforward to relate the 

different A(nI ) using the above expressions. For example, one finds 4 
(the meaning of ~ will be explained below) 

~(4) ~ A(5) [mb ] 2 / 2 5 [  { 7~'lb x ]963/14375 

A(4)~ ~,~ A(3)M_S [A(M3--~)S ] 2/25 [ { '~'tc "~]-107/1875 
2 In . (B.4) 

L J k ]J 
Note that  these differences are nmnerieally very significant: for 

example, if A~M--!g~ s = 200 MeV, the corresponding At.~ s = 293 MeV, 

Most da ta  from P E P / P E T R A  quote a value of AtM--2g~ s . We have 

converted it to A~M--2g~ s as required. 
All this confnsion could be avoided by ignoring A altogether, but 

old habits  die hard. The confusion can be minimized by adopting 
A(4) ~g  defined through Eq. (B.2) as the s tandard.  This is done for all 
values of A quote(] in this smnmary. In a given experiment where 1.5 
GeV< p < 5 GeV. A (4) is obtained from Eq. (B.2) with n f  = 4. For 5 

GeV< p < mt GeV (rot is the top-quark mass). A (5) is obtained from 
Eq. (B.2) with n f  = 5. Eq. (B.4) is then used to convert to A (4) . 

We turn now to a discussioil of renornlalization-schenle dependence 
in QCD. Although necessarily rather  technica l  this discussion is vital 
to undcrstamling how A values ca,, be measured and compared. See 
thc review by Duke and Roberts  5 for fnrther details. 

Consider a "typical" QCD cross section which, when calculated 
perturbatively,  s tar ts  at  O(as) :  

a = A l a ~ + A 2 a  2 +  " "  • (B.5) 

The coefficients A1, A2 come from calculating the appropriate  Feynman 
diagrams. In performing such calculations various divergences arise, 
and these must  be regulated in a consistent way. This requires a 
part icular  renormalizat ion scheme (RS). The most commonly used 
one is the modified minimal  subtract ion (~-~) scheme. 6 This involves 
continuing momentum integrals from 4 to 4 2e dimensions and then 
subtrac t ing  off the resulting 1/e poles and also (in 4~T -- "YE), which 
is another artifact of continuing the dimension. (Here "~E is the 
Euler-Mascheroni constant.) To preserve the dimensionless nature 
of the coupling, a mass scale p must  also be introduced: g ---+ p~g. 
The finite coefficients A i thus obtained depend implicit ly on the 
renormalization convention used and explicit ly on the scale p. 

The first two coefficients (~0, ~1) in Eq. (B.1) are independent of 
the choice of RS's. In contrast,  the coefficients of terms proport ional  
to a~ ~ for n > 3 are RS-dependent.  Although the value of A, defined 
as above, does depend on the convention, it is straightforward to 
relate the different A's corresponding to different RS's. It has become 
conventional to use the ~ scheme for calculating QCD cross sections 
beyond leading order. 

The f imdamental  theorem of RS dependence is straightforward. 
Physical quantit ies,  in part icular  the cross section, calculated to all 
orders in per turbat ion theory, do not depend on the RS. It follows 
tha t  a t runcated series does exhibit  RS dependence. In practice all 
QCD cross sections are known either to leading or to next-to-leading 
order, and it is only the latter,  which has reduced RS dependence, 
that  are useful for precision tests. At second order the RS dependence 
is completely given by one condition which can be take,, to be the 
value of the renormalization scale p. One therefore has to address 
the question of what  is the "best" choice for p. There is no definite 
answer to this question higher order corrections do not "fix" the 
scale, ra ther  they render the theoretical predictions less sensitive to 
its variation. 

There has been much discussion as to what  consti tutes the 
best choice of scheme. One could imagine tha t  choosing a scale p 
characteristic of the typical energy scale in the process would be 
most appropriate.  More sophist icated choices are the scale for which 
the next-to-leading-order correction vanishes ("Fastest  Apparent  
Convergence "7) or the scale for which the next-to-leading-order 
prediction is stationary. 3 

An impor tant  corollary is that  if the higher order corrections are 
natural ly  small, then the addit ional  uncertainties introduced by the RS 
dependence are likely to be less than  the experimental  measurement 
errors. There are some processes, however, for which the choice of 
scheme (i.e. the value of p) can influence the extracted value of A ~ .  
There is no resolution to this  problem other than  to try to calculate 
even more terms in the per turbat ion series, t 

In the cases where the higher order corrections to a process are 
known and are large, some caution should be exercised when quoting 
the value of c~s. In what  follows we will. where possible, indicate 
the size of the correction and will assign a theoretical uncertainty to 
as  which corresponds to the size of this higher order correction. We 
est imate  this error by comparing the value of as (p)  obtained by fit t ing 
da ta  using the QCD formula to highest known order in C~s, and then 
comparing it wi th  the value obtained using the next-to-highest-order 
fornmla (p is chosen as the typical  energy scale in the process). The 
corresponding A's are then obtained by evolving as (p)  to p = 5 GeV 
using Eq. (B.1) to the same order in ~s as the fit, and then converting 
to A (4) using Eq. (B.4). 

C. Q C D  IN D E E P  I N E L A S T I C  S C A T T E R I N G  
The original and still  one of the most powerful quant i ta t ive  tests of 

per turbat ive  QCD is the breaking of Bjorken scaling in deep inelastic 
lepton-hadron scattcring. In the leading-logarithm approximation 
the measured structure functions Fi(x, Q2) are related to the quark 
dis tr ibut ion fm~ctions qi(x, Q2) according to the naive par ton model 
by the fi)rmulae in "Cross-Section Formulae for Specific Processes" (in 
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that  section, qi is denoted by the notat ion fq). In describing the way 
in whieh scaling is broken in QCD, it is convenient to define nonsinglet 
and singlet quark distributions: 

FNS = qi - qj FS = E ( q i  + ~ti) • (C.1) 
i 

The nonsinglet s t ructure  fu~mtions have nonzero values of flavor 
quantum numbers such as isospin or baryon number. The variation 
with Q2 of these is described by the so-called Altarell i-Parisi  
equations 8: 

Q2 0 F N  S _ a~(lQI) pqq , FNS 
OQ 2 2T~ 

(c.2) 

where * denotes a convolution integral: 

1 

x 

The leading-order Altarell i-Parisi  spli t t ing functions are 

(c.3) 

pqq 4 [  1 + x 2  ] 
= 3 L 1 - x  j +  + 2 5 ( 1  - x )  , 

1 [ x 2 + ( 1 - - x ) 2 ]  , pqg = 

pgq = 4 [ 1 + ( 1 -  x) 2] 
3 ,7: 

P g g = 6  1 x X + x ( l - x ) +  ~ . + i 2  ~ ( 1 - ~ : )  

(c.4) 

Here the gluon distr ibution G(x, Q2 has been introduced and 
1/(1 - x)+ means 

1 l 

dx f(x) = f dx f ( x ) -  f ( l )  
(1 z)+ E : ~  

o o 

The precision of contemporary experimental  da ta  demands that  
higher order corrections also be included. 9 The above results are for 
massless quarks. Algori thms exist for the inclusion of nonzero quark 
masses, t0 At low Q2 values there are also important  "higher-twist" 
contributions of the form: 

F~ HT) (x, Q2) 
Fi(x,Q 2) : ~(I~i,LT) ( x , Q  2) + + . . . .  Q2 (c.5) 

These corrections are numerically important  only for Q2 < (9(10 GeV 2) 
except for x very close to 1. 

A detailed review of the current s ta tus  of the experimental  da ta  can 
be found, for example, in Ref. 11, and only a brief smnmary will be 
presented here. From Eq. (C.2), it is clear tha t  a nonsinglet s t ructure 
function offers in principle the most precise test of the theory since 
the Q2 evolution is independent of the unmeasured gluon distribution. 
In practice, however, such a measurement involves forming differences 
between cross sections (e.g.. F 3 in neutrino scattering).  Until recently 
this has meant tha t  the most accurate measurements,  involving 
singlet-dominated structure functions such as F2, have resulted in 
strongly correlated measurements of h ~ g  and the gluon distribution. 
The most accurate da ta  currently available are from the BCDMS 
collaboration. By utilizing high-statist ics da ta  at  large x (> 0.25) and 
large Q 2  the impact  of the gluon distr ibution on the evolution and 
hence on the measured rathe of A~g is much reduced. 

The result obtained is. 12 

A (4) = 2:30 + 20(star.) + 60(sys.) Me\ '  (C.6) 
MS 

which is consistent with earlier measurements.  A summary of 
published A~g values from various experiments is displayed in Fig. 1. 

In Fig. 2 we have indicated the average value of A (4) (238 4- 43 MeV. " 'MS 
stat is t ical  and systematic  uncertainty added in quadrature)  from the 
deep inelastic experiments shown in Fig. 1. 

0 

0 
0 

1 . . . .  I . . . .  I ' ' 

Deep-Ine las t ic  Scat ter ing 
o BCDMS (~ C) 

o BCDMS (p. H~) 
E~C (~ Pc) 
EMC (/z Hz) 
BEBC WA59 (v Neon) 

0 CDHS (v Fe) 
O CCFRR (v Fe) 

0 CHARM (v Marble) 

F2 ~ 
o PLUTO a 

O PLUTO b 
o TASS0 

o JADE 

O TPC a 
O TPC b 

Energy-Energy Corr. 
TASS0 (Ali) O 
TASS0 (Lund) 
CELLO (Lund) 
Mark II (Lund) 

O 

. . . .  E . . . .  I 
200  400 

A (4) ( s t r o n g  c o u p l i n g  i n  M~ s c h e m e  i n  MeV) 

~14) 
Fig. 1. Values of nRg  as determined by various experiments. 

The results on deep inelastic scat tering are from BCDMS, 12'13 
EMC, 14 B E B C j  5 CDHS, 16 CCFRR. 17 and CHARM. 18 The 
photon structure function results are from PLUTO 19 and TPC. 20 
who quote two values of A arising from different assumptions 
about  the hadronic part of the structure function, and from 
TASSO 21 and JADE. 22 The Energy-Energy correlation results 
are fr(nn TASSO, 23 CELLO, 24 and Mark IL 25 The Planar  Triple 
Energy correlation result is due to MARK-J. 26 

The impact on the measurement of ct s of the higher order 
corrections can be est imated as follows. BCDMS used the evolution 
Eqs. (C.2) to leading order in as ,  and defined ALO from (xs(Q 2) = 
127r/[(33 2nf)  ln (Q2/Ago)] .  They then obtained ALO = 215 MeV. 
This corresponds to as(5 GeV) = 0.240: whereas their  next-to-leading- 
order fit corresponds to as(5 GeV) = 0.191. We have used this to 
est imate the theoretical uncertainty shown on Fig. 2. 

Typically. A is extracted fi'om the da ta  by parametr izing the par ton 
densities in a simple analytic way at  some Qg, evolving to higher 
Q2 using the next-to-leading-order evolution equations, and fitting 
globally to the measured structure functions to obtain AM-'g. Thus 
an important  by-product of such studies is the extract ion of pat ton 
densities at a fixed reference value of Q~. These can then be evolved in 
Q2 and used as input for pheuomenological studies in hadron-hadron 
collisions (see below). To avokl having to evolve from the s tar t ing 
Q02 value each time. a parton density is required; it is useful to have 
available a simple analytic approximation to the densities valid over a 
range of :r and Q2 values. Such parametr izat ions are available in the 
literature. 27 

0 
o 

0 
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i i L i I , , ~ i 

600 800 
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to the corresponding par ton cross sections, and the agreement is 
impressive. As an example, the figure on "Jet Product ion in pp and 

0.3 p~ Interactions" in "Plots of Cross Sections and Related Quanti t ies" 
shows the inclusive jet  cross section at zero pseudorapidi ty as a 

[ function of the jet transverse momentum for p~ collisions. The QCD 
prediction combines the par ton distr ibutions wi th  the leading-order 
2 -* 2 par ton scattering amplitudes.  Da ta  are also available on the 
angular  dis tr ibut ion of jets; these are also in agreement with QCD 
expectations.  37 

QCD corrections to Drell-Yan type cross sections (i.e., the 
production in hadron collisions by quark-ant iquark annihilat ion of 
lepton pairs of invariant mass Q from vir tual  photons, or of real W 
or Z bosons) are known. 38 These O(as) QCD corrections are sizable 
and approximately constant  over the lepton-pair mass range probed 
by experiments.  Thus 

o" o "(0) [1 + °Ls(Q2)C + .. .]  (D.1) 
D Y  ~ D Y  27r  " 

It is interesting to note that  the corresponding correction to W and 
E-E Corr. Z production, as measured at  p~ colliders, has essentially the same 

theoretical form and is of order 30%. Total W and Z production cross 
sections soon will be measured accurately enough to be sensitive to 

' ' ' such 30% effects and can in principle offer a test  of the theory. The 
800 key ingredient which is missing at  present is the complete O(as  2) QCD 

correction which is potent ial ly impor tant  in view of the large O(c~s) 
term. QCD effects are also observable in the production of W and 
Z bosons with large transverse momentum. 39 There is good qual i tat ive 
agreement, al though the stat is t ics  are rather  poor at present. 40 

E. Q C D  I N  H E A V Y  Q U A R K O N I U M  DECAY 
Under the assumption tha t  the hadronic and leptonic decay widths  

of heavy QQ resonances can be factorized into a nonperturbat ive 
part  dependent on the confining potent ia l  and a calculable pertur- 
bative part ,  the ratios of part ial  decay widths allow measurements 
of a~s at  the heavy quark mass scale. The most precise da ta  come 
from the decay widths of the 1 - -  J / ~  and T resonances. Potent ial  
model dependences cancel from the ratios of decay widths. Impor tan t  
examples of such ratios are 

r ( 1 - -  -~ g99) r ( 1 - -  ---, 7gg) (E.1) 
r ( 1 -  ~ u + ,  - )  ' r ( 1 - -  -~ ggg) 

The per turbat ive  corrections to these ratios are ra ther  large. 41 
They change the predictions by a factor of 1.64 and 0.77 respectively 
in the case of T decay. The corrections in the J / ~  case are much 
larger. Relativist ic corrections are unknown and could be substant ia l  
for the J / ~  case. We will therefore assign a 20% uncertainty to the 
value of c~s obtained from T decays. 

A recent analysis 28 of bot tonmnium decay-width ratios from CUSB, 
CLEO, and ARGUS 29'3°'31 finds 

as(rob) = 0.179 ± 0.009 (E.2) 

if the theoretical uncertainties are ignored. These uncertainties are 
indicated in Fig. 2. 

F. PERTURBATIVE QCD IN e+e - C O L L I S I O N S  
The total  cross section for e+e - ---* hadrons is obtained by 

mult iplying the muon-pair  cross section by the factor R = 3~qe~. The 
higher order QCD corrections to this quant i ty  have been calculated, 
and the results can be expressed in terms of the factor: 

[ (v) ] 2 + C3 .-- R = R  (°) 1 +  a~ + C 2  + , 
T7 

- - ( 2  11 )  365 __ 11~.(3 , (F.I)  c~ s= C(3)-]5 ~S+5~- 

R (0) can be obtained from the formula for da/d~ for e+e - -~ f 7  by 
integrat ing over fL The formula is given in "Cross-Section__ Formulae 
for Specific Processes," Section B. Numerically C Ms =__1.41. Recently 
C3 has been computed; 42 numerically (for n/  = 5) C MS = 64.7. This 
result  is s tr ict ly only correct in the zero-quark-mass limit. The O(as )  
corrections are also known for massive quarks. 43 

Fig. 2. Summary of the values of A(M~) s from various processes. 
The deep inelastic value is an average of those shown in Fig. 1. 
The T result  is from 28 an average of measurements.  29'30'31 The 
two-photon value is the allowed range from the results of Fig. 1 
and takes into account the systematic  error from the different 
models for the nonperturbat ive component of the s t ructure  
function. The value from R is the average 32 of the compilat ion 
of Ref. 24. The result  for the energy-energy correlations 33 is a 
range of allowed values and includes the systematic  errors due 
to different f ragmentat ion models. The dashed lines give our 
est imate of the possible uncertainty due to higher order QCD 
corrections; see text.  For convenience, the top scale gives the 

value of a8(5 GeV) corresponding to the values of ArM--g) s . The 
vertical dot ted lines indicate our allowed range and central value 
for A. 

D. QCD IN HIGH ENERGY HADRON COLLISIONS 
There are many ways in which per turbat ive  QCD can be tested 

in high energy hadron colliders. The most precise of these is 
the production of single large-transverse-momentum photons. The 
leading-order QCD subprocesses are q~ ~ ~fg and q9 --* "yq. Explici t  
expressions for the corresponding scattering ampli tudes can be found, 
for example, in Ref. 34. If the par ton distr ibut ions are taken from 
other processes and a value of A~-g assumed, then an absolute 
prediction is obtained. Conversely, the da ta  can he used to extract  
information on quark and gluon distr ibut ions and the value of AR-g. 
This is also one of the few hard scat ter ing processes for which the 
next-to-leading-order corrections are known, 35 and so a precision test 
is possible in principle. In practice, however, the residual uncertainties 
on the (most accurate) exper imental  da ta  and in the theoretical 
prediction are on the order of 20-30%, and this is sufficiently large 
to l imit  the accuracy of an as measurement.  Nevertheless a value for 
AR'g in the range 100 300 MeV gives very satisfactory agreement with 
a wide range of data.  36 

The production of hadrons with large transverse momentum in 
hadron-hadron collisions provides a direct probe of the scat tering of 
quarks and gluons: qq -* qq, q9 --* qg, g9 -* g9, etc. The present 
generation of p~ colliders provide center-of-mass energies which 
are sufficiently high tha t  these processes can be unambiguously 
identified in two-jet production at  large transverse momentum. 
Corrected inclusive jet  cross sections can he directly compared 
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At the highest energies currently accessible (PETRA-PEP-  
TRISTAN),  the corrections from QCD and Z exchange are comparable. 
A comparison of the theoretical prediction of Eq. (F.I) (corrected for 
the b-quark mass) with all the available data  (including those from 
TRISTAN at x/s  = 50 GeV) has been performed by the CELLO 
collaboration. 24 The result is a correlated measurement of a~ and 
sin 2 0 W.  Fixing sin 2 0 W at the world-average vahle of 0.23 then 
gives: 32 

a , ( 3 4  GeV) = 0.132 ± 0 .016.  (F.2) 

The corresponding value of A~-N is shown in Fig. 2. Two comments  
are in order.  First,  the principal  advan tage  of de termining  as  from R 
in e+e  - annihilation is that there is no dependence on fragmentation 
models, jet  a lgori thms,  etc. Second, the order  a a te rm in Eq. (F.1) 
is nunmricany twice as large as the order  a~ term. Tile accuracy  of 
the QCD predict ion is therefore suspect .  To take account  of this we 
have given in Fig. 2 a theoret ical  uncer ta in ty  which corresponds to the 
difference of the values of a~ with and  wi thout  the (~a te rm (12~  of 
(t,~). 

The t rad i t iona l  me thod  of deternfining (t.s in e+e annihi la l ion 
is from measur ing  quant i t ies  which are sensitive to the relalive ra te  
of two- and  three-jet  events. 44 There  are many  possible choices 
of such "shape variables":  thrus t ,  45 energy-energy correlat ions.  46 
p lanar  t r iple-energy correlat ions,  47 average jet mass. etc. All of these 
are infrared safe, which means they can be reliably calculated ill 
pe r tu rba t ion  theory. The s ta r t ing  point  for all these quant i t ies  is the 
simple "three-jet"  cross section for e + e  - ~ q q g :  

1 d2o - _ 20.s ;2  + 2,2 (F.3) 

cr d x t d x 2  3re ( 1 - X l ) ( 1 - a ; 2 )  

where 

2E~ 

are the eenter-of-mass energy fractions of the f inal-state (massless) 
quarks.  A dis t r ibut ion in a " three-jet"  variable, such as those listed 
above, is obta ined  by in tegra t ing  this differential cross section over all 
appropr ia te  phase space region for a fixed value of tile variable. 

See Fig. 1 fl)r a compila t ion of the more recent da t a  on A from tile 
energy-energy rorrelat ion.  Three  (x)lnnlents lnllst be ulade concernillg 
these de terminat ions  of as .  First ,  there are theoret ical  ambiguit ies  
in tile way" tha t  tile second-order  matr ix  elements are combined with 
par ton  f ragmenta t ion .  These have been a source of some confusion 
and have accounted  for some of the differences in the results obta ined  
from different analyses.  Fortunately.  there appears  to now be some 
consensns and  the different approaches  have converged. 48 A more 
serious source of uncer ta in ty  concerns the effect of using different 
hadroniza t ion  models which are used to describe the evolution of a 
t)arton jet into a hadron  ,jet. 49'5(1"51 These dynamics  are controlled 
by QCD effects which we cannot  yet cah:ulate. Some exper imental  
groups continue to quote  separa te  (~,~ values according to the 
f raginenta t ioa  model nsed. while others  comt)ine the uncer ta in ty  with 
other  sys temat ic  errors. For example the TASSO col laborat ion 23 uses 
tile energy-energy correlat ion and  quotes  (~s (44 GeV) = 0.143 ± 0.014 
for the Lund f i 'agnmntat ion model 49 and (~,~ (44 GeV) - 0.129 ± 0.012 
for the All model, 5° after  the f ragmenta t ion  models have been fitted 
to the da t a  at  ~.s - 44 GeV. 

Third,  nuinerically tile order  a 2 teruls produce  corre( t ions of order  
13¢X. 52 We will therefore assign a theoret ical  uncer ta in ty  of lifts size 
to tile value of a,~ ex t rac ted  (see Fig. 2). 

A compilat ion of all the availat)le d a t a  and  a oomph're list of 
references (:all be found in Ref. 5;/. A "world-average" is 33 

(t,~(34 GeV) = 0.14 ± 0.02 , (F.4) 

wilh the error being tile spread between the differenl ext)ei'itrlents 
including tile f i 'agmentat ion uncer ta inty,  but  not tha t  due to the 
size of tile higher order  corrections,  which fi'om our es t imate  al)ove 
is somewhat  larger than  this error. Notice that  this vahle of (t.~ 
is ill agreement  with the vahle ohta ined fixnn the lueasurPllleilt of 

/? descrit)ed above. Since these results are essentially completely 
independent ,  the associated A~g values are displayed separa te ly  in 
Fig. 2. 

There are many  other  ways ill which QCD can be tested in 
electron posi t ron collisions. Mention should he made  in par t i cn la r  of 
the interest ing and  impor tan t  results from "two-photon"  processes. 
For a c(nnprehensive review of the da ta .  see Ref. 54. P a r a m o u n t  
among  these is tile measurement  of the photon s t ruc ture  funct ion in 
collisions involving a highly vir tual  and  an ahnos t  real photon.  

In cont ras t  to hadronie s t ruc tnre  flmctions, the pho ton  s t ruc ture  
f lmction increases linearly with log Q255 and  a measurement  of the 
absolute  size at, large Q2 provides infornlafion abou t  A. However. 
the exact  s i tuat ion is complicated and somewhat  controversial .  Tile 
difficulty arises when the higher order  QCD correct ions 56 are included. 
These appea r  to in t roduce a negative s ingular i ty  in tim s t ruc ture  
flmetion at  :r - 0. 57 A more colnplete t r ea tmen t  then reveals tha t  
ttmse singularit ies are in fael cmnpensa ted  by the nonper tu rba t ive  
hadronic  component  (tile solution of tile homogeneous par t  of the 
Altarell i-Parisi  equalions) .  This appears  to reduce the useflflness of 
the photon s t ruc ture  flmction to tha t  of hadronic  s t rne ture  flmciions. 
in tha t  only the evolution can t)e unamhiguous ly  predicted in QCD,  
and the sensit ivity tu A is much reduced,  laNmtlmrmore, fits to the da ta  
involve the de te rmina t ion  of pa ramete r s  which fix the nonper tu rba t ive  
components  as well as A. 58 Tile T P C / 2 - g a m m a  col laborat iou 2° quotes 
two values of A~Tg ~ 215 ± 55 and  119 ± 34 MeV. depending  upon 
how the t ionper turbat ive  component  is parametr ized .  Sys temat i r  
errors from this pa ramet r i za t ion  donl inate  s ta t is t ical  errors and  the 
s i tuat ion is somewhat  similar t,o tha i  for the energy-energy correlat ions 
discussed above. All the da t a  on the photon  s t ruc ture  flmetion (see 
Fig. 1) are ronsistent  with 59 

N] +100 AMs = 1~ ) MeV . (F.5) 

This value is shown ill Fig. 2. The higher order  QCD corrections 
correspond api)roximately to a shift of 20~  ip_ the pho ton  stru(:ture 
t im(l ion mM henre ill (~.~.56 The corresponding uncer ta in ty  is indicated 
on Fig. 2. 

G.  C O N C L U S I O N S  
In this short  review we have fb(used on those high energy processes 

which (ur ren t ly  offer tile most  quant i ta t ive  texts of per tu rba t ive  QCD. 
The precision illeasul'eulents of AMS eoule fronl those processes which 
involve real or vir tual  photons  and  for whi(h the next- to- leading 
correcti(/iis are knowll. Fronl Fig. 2 we see tha t  all i t leasureulents at(' 
consistent aud  t)oint to a value of : \ ~  for ~ f  = 4 of order ')°°+15°~ 8() 
MeV. The remarks  in Set. B concerning (tifli?rent A's for different 
effeclive /If values should he renmnfl)ered. [t is interest ing to note tha t  
the nleasurenlents  are not yet pre(ise enough to reveal the expected 
differences l~'om different pro(esses. Jet  produel ion  da t a  fi'om high 
energy ha(tron collisions, while not yet in the precision measurement  
(lass. ( tenlonstrate ill a very ('lear way the sca t ter ing  of quarks  and  
ghl()llS OVel" ulany orders of lnagni tude  ill cross section. 

The nee(t t\)r hrevity has meant  tha t  many other  i m p o r t a m  topirs  
ia QCD pllenonmno]ogy have had to t)e omit ted fi'om this review. 
One shonld nlention ill l lar t icular  the s tudy  of exchlsive pro(esses 
(form factors,  elastic sca t ter ing  . . . .  ), the behavior  of quarks  and 
glu(ms ill nuclei, the spin t)rot)erties of t, he theory and tile iml)ortanee 
of polarized sca t ter ing  da ta .  the interface of soft and hard QCD as 
maniti 's t ,  for example,  by minijet product ion  and  bard diffractive 
processes and QCD effects in hadron  spectroscopy.  While we (:all be 
confhtent tha t  QC1) i~ the s t rong interact ion field theory, there are 
still many imI)ortant tesls to he made.  

* I 'ret)ared At)ril 1988 by ]~.M. Barnet t .  I. ttinehliffc, aud  
W..I. St Ming: minor  changes in Septenfl)er 1989. 

t Since the pe r tu rba l ion  expansion is an  a sympto t i (  series. 
eventually the computa t ion  of additi(mal t e rn>  is of no value. 

t This tit includes the ( 'a  t{wm. If this t{wm is not inchlde(t, the fit 
gives (t~ (3:1 Ge\:)  = 0.145 ± {1.{}19. 24 
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STANDARD MODEL OF ELECTROWEAK INTERACTIONS*  

The s tandard electroweak model is based on tile gauge group 1 
SU(2) x U(1), with gauge bosons W~, i = 1,2,3, and Bt~ for 
the SU(2) and U(1) factors, respectively, and the corresponding 
gauge coupling constants g and 9/. The left-handed fernfion fields 

( u i )  and ( d l )  o f t he i t h  fermionfamilytransforlnasdoublets  

under SU(2), where d~ =- ~ j  Vij dj, and V is the Cabibbo-Kobayashi- 

Maskawa mixing matrix.** The right-handed fields are SU(2) singlets. 
In the minimal model there are three fermion families and a single 

complex Higgs doublet ¢ -= ( ; ; )  . 

After spontaneous synnnetry breaking the Lagrangian is 

nti gmiH 

9 2 ~  ~ ~" (1 - ~5)(w+ W + + T -  %, / ¢~ 

- e  E qi ¢i ~t v' ¢i At~ - "q x 
i 2 cos 0 W 

E ~ i  7P( Vi - A/75) ~'i Z~L . (1) 
i 

0 W - - t a n - I l l / 9 )  is the weak angle; e = gsinO W is the positron 
electric charge; and A = B c o s 0 w  + W 3 s i n 0 w  is tile (massless) 
photon field. W + = (W 1 t z i W 2 ) / , f 2  and Z =- - B s i n O w  + W  3 cos0w 
are the massive charged and neutral  weak boson fields, respectively• 
T + and T -  are the weak isospin raising and lowering operators• The 
vector and axial couplings are 

V i =_ t3L(i ) -- 2qi sin 2 0 W 

A i - t3L(i) , (2) 

where tar(i) is tile weak isospin of fermion i (+1 /2  for ui and ui; - 1 / 2  
for di and ei) and qi is the charge of ~i in units of e. 

The second term in £F represents the charged-current weak 
interaction. 2 For example, the coupling of a W to all electron and a 
neutrino is 

e 
2~/2s~n0w [I/V~- h-Tt*(l 7 5 ) v + H ' T V T l t ( 1 - 7 5 ) e ]  " (3) 

For momenta small compared to Mw,  the second term gives rise 
to the effective fonr-fermion interaction with the Fermi constant  
given (at tree level, i.e., lowest order ill per turbat ion theory) by 
GF/X/~ = 92/8M~,. C P  violation is incorporated in the Standard 
Model by a single observable phase in V/j. Tile third term in £F 
describes electromagnetic interactions (QED), and the last is the weak 
neutral-current interaction. 

In Eq. (1), lni is the mass of the i th teriuion 1/) i. For the quarks 
these are the current masses. For the light quarks, a typical est imate 3 
gives m.u ,,~ 5.6 + 1.1 MeV, m d ~ 9.9 4- 1.1 MeV, m ,  ~ 199 + 33 MeV. 
and mc ~ 1.35 ± 0.05 GeV (these are running masses evaluated at 
1 GeV). For the heavier quarks mb ~ 5 GeV (the "pole" nlass), and 
m t >  0(80)  GeV. 

H is the physical neutral  Higgs scalar which is tile only remaining 
part of ¢ after spontaneous symmetry  breaking. The Yukawa coupling 
of H to V~i. which is flavor diagonal in the minimal  model, is 
9rni /2Mw . The H mass is not predicted by the nmdel. Experinlental  
limits are given in the Higgs section. In nonnfinimal models there are 
addit ional  charged and neutral  scalar Higgs particles 4. 

R e n o r m a l i z a t i o n  and  rad ia t ive  correct ions:  The Standard Model 
has three parameters (not connting M H and the fermion masses and 
mixings). A part icularly useflfl set is: (a) tile fine s tructure constant 
a = 1/137.036,t deternlined fi'oin the electron magnetic nmment 
anonlaly ( 9 - 2 ) ,  (b) tile Fermi constant, GF = 1.16637 x 10 5 GeV 2 
determined from the ninon lifetime fornmla (to which one must add 
lepton mass and O(a) radiative corrections): 

G ~ , , ~  
5~ 1 192r 3 , (4) 

and (c) sin 20w,  determined fi'om neutral-current processes 5 and the 
W and Z masses. The value of sin 2 0w depends on the renormalization 
prescription. A very useful scheme 6 is to take the tree-level fornmla 
sin 20V v, 2 2 = 1 M w / M  ~ as tile definition of the renormalized sin 2 0w 

to all orders in per turbat ion theory.t Alternatively, one can take MZ 
rather  than  sin 2 0 W as the third fundamental  parameter .  

Experiments  are now at such a level of precision tha t  complete 
O(a)  radiative corrections must be applied. These corrections are 
conveniently divided into two classes: 

1. QED diagrams involving the emission of real photons or the 
exchange of virtual  photons in loops, but not including vacumn 
polarization diagrams. These graphs yield finite and gauge- 
invariant contributions to observable processes. However• they 
are dependent on energies, experimental  cuts, etc., and must be 
calculated individually for each experiment.  

2. Electroweak corrections, including ~-y, 7Z,  ZZ,  and W W  vacnmn 
polarization diagrams, as well as vertex corrections, box graphs, 
etc., involving virtual  W's anti Z's. Many of these corrections are 
absorbed into the renorlnalized Fermi constant defned ill Eq. (4). 
Others modify the tree-level expressions for neutral-current 
ampli tudes in several ways. 5 

Ill addition, the tree-level expressions for M W and MZ are modified: 

A0 
MW = s in0w(1  Ar) l /2  

MW 
MZ - (5) 

COS 0 W 

where A0 = (Tra/~/2Gf) 1/2 = 37.281 GeV. The radiative correction 
parameter  Ar  is predicted to be 0.0574 4- 0.0013 for m t =  100 GeV 
and 0.0217 for m t =  200 GeV (both for MH = 100 GeV). If M z  is 
regarded as fundanlental,  then 

s in20w = ~ 1 1 M ~ ( 1 - A r ) J  (6) 

is a derived parmneter, and MW = MZ cos 0w. 

Cross sec t ion  and  a s y m m e t r y  formulas:  It is convenient to 
write the four-fernfion interactions relevant to u-hadron, ue, and 
pari ty-violat ing e-hadron neutral-current processes ill a form that. is 
valid in all arbi t rary gauge theory (assuming massless left-handed 
neutrinos). One has 

£ v H a d r o n  GF i7 "/~' (1 - ~ 5 ) u  
,/5 

x E [ ~ L ( i )  c~ .),1(1_.~5)q/ + e R ( i ) ~ T t t ( l + 7 5 ) q , ]  , (7) 
i 

= ~ vp, "v~(l -- 2,")vtt e 3'#(•q~ -- g,~75)e (8) 

(for we  or vee, the charged-current contribution must be included), 
a n d  

_/~eHadron G F 

Z X 

i 

(One must add the parity-conserving QED contribution.) 
The Standard Model expressions for (L.R(i), gV, Ae ,  and Cij are 

given ill Table 1. 
A precise deternl inat ion of sin'20W ' which depends only very weakly 

on m,t and M H, is obtained from deep inelastic neutrino scattering 
fi'om (approximately) isoscalar targets• The ratio R ,  =- crNC/aCC 

• v N  I vN 
of neutral- to charged-current cross sections has been measured 
m 1~, accuracy by the CDHS 7 and CHARM 8 collaborations, 
so it is important  to obtain theoretical expressions for Rv and 
Rv ~ ~uN~NC'~CC/~N (as functions of sin 2 0W) to comparable accuracy. 
Fortunately most of the uncertainties from tile strong interactions 
and neutrino spectra cancel in the ratio. 
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Table 1. Standard model  expressions for the neutral-current  parame- 
ters for v-hadron, re, and e-hadron processes. If radiat ive corrections 
are ignored, p = t~ = 1, )~ = 0. At O(a) ,  pvNNC = 1.0032, ~vN = 1.0078, 

)%L = --0.0031, /~dL = -0.0026,  and )~uR = 1/2Adn = 3.5 x 10 -5 for 

m t =  100 GeV, M H = 100 GeV, sin 2 0 W --- 0.23, and {Q2) = 20 GeV 2. 
For ue scattering, ave = 1.0074 and Pve = 1.0079 (at (Q2} = 0.). For 

t = 1.012. For the SLAC = 0.9818 and t%q atomic par i ty  violation, Peq 
polarized electron experiment,  P~eq = 0.972, t~teq = 1.011, Peq = 0.995, 
and neq = 1.05 after incorporat ing addi t ional  QED corrections. For 
mt = 200 GeV the p(n) values should be increased by 0.0094 (0.0402). 

Quant i ty  Standard Model Expression 

~L(U ) NC OW 4- AuL) p u N ( 1 - - 2 ~  vN sin  2 

eL(d ) NC 1 s i n 2 0 W  + "~dL) 

eR(u) uC _2~ PvN ( 3 vN s i n 2 0 w  + AuR) 

eR(d) pvNNC (~t~vNI sin 2 0 w  + /~dR) 

g~ P v e ( - l  +2~ve  s in2Ow) 

C1 u p~q( l + 4 , ]~eq sin20W) 
(1 2~ sin20W) Cld Peq \~  -- ~ eq 

C2u Peq ( - - l  + 2e:eq sin2 Ow)  

C2 d -C2u  

A simple zeroth-order approximation is 

Rv = g2 L + g2Rr 

= 9~ + 9~ ,  (lO) r 

where 

g2L=--eL (u) 2 + e L ( d )  2 ~ l - s i n  2 0 W + 5 s i n  40W 

g 2 5 sin 40W (11) R ---- eR (u) 2 + e F t ( d )  2 ~  ~ 

and r = ~CC/(TCC is the ratio of P and v charged-current cross ~ v N  / vN  
sections, which can be measured directly. [In the simple par ton model, 
ignoring hadron energy cuts, r ~ (1 + e)/(1 + l e ) ,  where ~ ~ 0.125 

is the ratio of the fraction of the nucleon's momentum carried by 
ant iquarks to tha t  carried by quarks.] In practice, Eq. (10) must  
be corrected for quark mixing, the s and e seas, c-quark threshold 
effects, nonisoscalar target  effects, W - Z  propagator  differences, and 
radiative corrections (which lower the extracted value of sin 2 0 W by 

0.009). Details of the neutrino spectra,  exper imental  cuts, x and 
Q2 dependence of s t ructure  functions, and longitudinal  s t ructure 
functions enter only at  the level of these corrections and therefore 
lead to very small  uncertainties. The largest theoretical  uncertainty is 
associated with the c threshold, which mainly affects (7CC. Using the 

5 slow rescaling prescription the central value of sin 2 0 W varies as 0.013 
[mc(GeV)-l.5],  where me is the effective mass. For me = 1.5 4-0.3 
GeV (determined from u-induced dimuon production) this contributes 
4-0.004 to the total  theoretical  uncertainty A sin 2 0 W ~ 4-0.005. This 
would be very hard to improve in the future. (The experimental  
uncertainty is 4-0.(}03). 

The laboratory cross section for u~e -+ uue or pt, e ---* pue elastic 
scat tering is 

dauu,P u G2Fme Ev 
x 

dy 2~r 

where the upper (lower) sign refers to u~(Pt~), and y -- Ee /Ev  ]which 
runs from 0 to (1 + me/2Eu)  -1] is the ratio of the kinetic energy of 
the recoil electron to the incident u or P energy. For Ev >> me this 
yields a to ta l  cross section 

2v 

The most accurate leptonic measurements  9 11 of sin 2 0 W are from the 
rat io R ~ avt, e /a~u e in which many of the systematic  uncertainties 
cancel. Radiat ive corrections (other than  mt effects) are small  
compared to the precision of present experiments and have negligible 
effect on the extracted sin 2 0 W. The cross sections for Uee and Pee 

e by e + 1, where may be obtained from Eq. (12) by replacing gV, A 9V, A 
the 1 is due to the charged-current contribution. 

The SLAC polarized-electron experiment 12 measured the parity- 
violating asymmetry  

A = aR - (7L , ( 1 4 )  
(TR + (7L 

where O-R, L is the cross section for the deep-inelastic scat tering of 
a right- or left-handed electron: eR,LN --~ eX. In the quark par ton 
model 

A 1 - (1 - y)2 
= a l + a 2  l + ( 1 - - y ) 2  ' (15) 

where Q2 > 0 is the momentum transfer and y is the fractional energy 
transfer from the electron to the hadrons. For the deuteron or other 
isoscalar target,  one has, neglecting the s quark and antiquarks.  

3GF 1 5 sin2 0 w  ) a l =  

3GF 1 o 2 =  _ (sin20 - ¼)  16> 

Radiat ive corrections (other than  mt effects) lower the extracted value 
of sin 20 W by ~ 0.005. 

Experiments  measuring atomic pari ty violation 13 are now quite 
precise, and the uncertainties associated with atomic wave functions 
are relatively small  (especially for cesium). For heavy atoms one 
determines the "weak charge" 

Q w  = - 2  [Clu (2Z + N)  + Cld (Z  + 2N)] 

Z(1 - 4sin 2 0 w )  - N . (17) 

Radiat ive corrections increase the extracted sin 2 0 w  by ~ 0.008. 
The forward-backward asymmetry  for e+e - ~ gg, g = # or r ,  is 

defined as 

AFB = CrF -- O'B (18) 
(TF + (TB 

where (Ty(aB) is the cross section for g -  to travel forward (backward) 
wi th  respect to the e -  direction. AFB and R, the total  cross section 
relative to pure QED, are given by 

R =  F1 

AFB = 3F2/4F1 , (19) 

where 

F I = I - 2 X o V  e V e  cos6 R + X  2 ( V  e 2 + A  e2) ( V  * 2 + A  .2) 

F2 = -2XO A e A* cos5 R + 4X~ A e A e V e V* . (20) 
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where 

M z F z  
t a n 6 R - -  M 2 _ s  

2 ~ 2  11/2 XO = 2 " , . ~  [ ( .n~  -- s) 2 + ,t,Z.Z] 

and  ~ s  is the CM energy. Eq. (20) is valid at  tree level, i f  the d a t a  
are radiat ively corrected for QED effects (as descr ibed above),  then 
the remain ing  electroweak correct ions can  be incorpora ted  14 (in an  
approx imat ion  adequate  for exist ing PEP,  P E T R A ,  and  TRISTAN 
data)  by replacing X0 by %(s) = X0( s ) a /~ ( s ) ,  where ~(s)  is the 
running  QED coupling. Nuinerically, a /~ , (s)  ~ 1 A r  if A r  is 
evaluated for m t <  100 GeV. Formulas  for e+~ ~ hadrons may be 
found in Ref. 15. 

At  SLC and  LEP. AFB for e ~ e -  ~ f f  a t  the Z pole will be 
measured  to high precision for f = #, ~-, s, c, b. Sinfilarly, the left-right 
a s y m m e t r y  

ALR ~ eL - aR (22) 
aL + o R 

where ~L(GR) is the cross section fin a left- ( r ight ) -handed incident 
electron, will lie measured  very precisely at  SLC and  possibly at  LEP. 
At tree level and  neglect ing t e rms  of order  (F Z / M  z ) 2  one has 

,/~ + U2(P,,) 
AFB ~ 371f 1 + 2Prth: 

ALR ~ 27 h , (23) 

where Pe is the initial e polar izat ion and  

l / f A Y  
7if = l , f2  + A f  2 . (24) 

Unlike AFB,  ALR is especially sensitive to sin 2 0 W, and  is insensitive 
to radiat ive corrections.  Precise measurements  of die 7 polar izat ion 
Pr  = r/~ should also be obtained.  

N e u t r a l - c u r r e n t  e x p e r i m e n t a l  r e s u l t s :  sin 2 0 W and,  equivalent, ly, 
M z have been de termined  from the W and  Z masses and  from a 
variety of u e u t r a l < u r r e n t  processes spanning  a very wide Q2 range. 
The results. 5"7 13.15 25 showu in Table 2, are in impressive agreement  
with each other,  indicat ing the quan t i t a t ive  success of ~tle S t anda rd  
Model. The best fit to all d a t a  yields sin 2 0 W = 0.2305 -t- 0.0005 for mt 
= 100 GeV and  0.2189 2:0.0004 for tnt = 200 GeV. where the errors 
(as well as those given below for other  neut ra l -cur ren t  parameters )  
include full s tat is t ical ,  systematie~ and  theoret ical  uncertaint ies .  
When  mt is allowed to be total ly  arb i t rary ,  the fits to all d a t a  yield 
sin 2 0 W = 0.2259 =c 0.0046. 

The most  precise results are from M z.  HoweveL the deriw~d 
s i n 2 0 w  is seusitiw~ l,o the isospin breaking  5,26 associated with a 
large mr, as can lie seen in Fig. 1. Consis tency of the sin 2 014 
values deriw~d fronl the various react ions requires 5 m.t < 186 GeV 
at  9 0 ~  CL (mr < 198 Ge\ :  at 95% CL) for MH <_ 100 GeV. with 
a slightly weaker limit for larger M H. (Similar linfits hoM for the 
mass spli t t ings between four th-genera t ion  quarks  or leptons.) It has 
been emphasized 27 tha t  tile ~ g  quan t i ty  sin 2 0"w(Mz)  is less sensitiw' 
to mr.  A fit to all d a t a  yields s i u 2 0 w ( M z )  - 0.2334 ± 0.0005 
(0.2307 2: 0.0005) for tilt = 1 0 0  ( 2 0 0 )  Geg, and  0.2324 ± 0.0011 for 
a rb i t r a ry  ut t . 

The measured values of Mt~ and  31z are given in Table 3. ] ' hey  
are in agreement  with the predict ions of the S t anda rd  Model when 
fifll radiat ive corrections (to bottt tile W and  Z niass fornmlas and to 
deep inelastic scat ter ing)  are included, but  disagree significantly when 
the corrections are ex(:luded. From a fit to all d a t a  one ot)tains [see 
Eq. (5)] A r  = 0.947 ± 0.011 (0.036 ± t).011) for mt  -- 100 (200) GeV, 
and  A r  = 0.04.1 ± 0.014 flw a rb i t r a ry  mr. 

W and  Z decays: The par t ia l  decay width  for gauge  bosons to decay 
into nlassless fermions f l f 2  is 

= ~ 229 ± 3 MeV 

Table 2. Determina t ion  of sin 2 0 w and  M z (in GeV) from various 
reactions. The central  values of all fits assnme MH = 100 GeV 
in the radiat ive corrections.  Where  two errors are shown, the first 
is exper imental  and  the second (in square brackets)  is t heo re t i ca l  
conlputed  assuiniug 3 fermiou families and  ~/H < 1 TeV. Z p roduc t ion  
refers to tile individual  AI Z measurements ,  while M w / M  Z refers 
to the ra t io  ob ta ined  in pp experiments.  At PEP,  P E T R A .  and  
TRISTAN energies tile asymmetr ies  are nearly an absolute  predict ion 
of the model (ahnost  independent  of sin 2 0 W and  mr). The total  cross 
sections only cons t ra in  sin 2 0 w  (via the vector couplings) weakly. 
The s t ronger  sin 2 0W constra int  from the energy dependence of the 
p ropaga to r  15 is iuehn]ed in the M z const ra int .  The top line is for 
m t =  100 GeV; the b o t t o m  line (in parentheses)  shows the centra l  
value for mt - 200 GeV. (The results ex t rapola te  roughly  linearly in 
this range.)  

React ion sin 2 O W 31 z 

Z produc t ion  0.2306 ± 0.0002 =I- [0.0004] 91.161 2:0.031 
(0.2188) 

Deep inelastic 0.233 2:0.003 ± [0.005] 90.8 ± 0.4 ± [0.7] 
(isocalar) (0.230) (89.6) 

u~Avl~)p ~ u t j v ~ ) p  0.207 ± 0.032 94.8 ± 4.7 
(0.201) (94.0) 

uljP/~)~ ~ ul,(V/,)e 0.222 2:0.011 92.4 ± 1.5 
(0.214) (91.9) 

M~v/31 z 0.219 ± 0 . 0 0 9  92.9 ± 1.3 
(0.219) (91.2) 

Atomic par i ty  0.215 ± 0.007 -~ [0.017] 93. 7 ) ± 1.1 ± [2.5] 
violation (0.204) (93.5) 

S L A C e D  0.217 + 0 . 0 1 5  2:[(I.013] 93.1 9 - 2 . 2 ± [ l . 9 ]  
(0.21 II (92.4) 

All d a t a  0.2305 2:0.0002 ± [0.(/004] 91.16 2:0.03 
(0.2189) 

qb 
Od 

0.25 

0 .24  

> 

0 . 2 2  -Mw/Mz / 
0.21 ....... ~ ...... 

0 ' 2 0 0  50  

i i i i I 
I 

f /DIRECT MH= 100 GeV 

\ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'Q-~ k' . . . . . . .  

\ 4 -  

M z "-~: 

I _  I I I 
100 I 5 0  2 0 0  250 3 0 0  

m 1 

Fig. 1. One s t anda rd  deviat ion uncertaint ies  in sin 2 0w as a 
flnn't ion of mr.  the direcl const ra int  vU > 77 Ge\: .  and  the 9()(~: 
CL region in sin 2 0 W mt allowed by ~11 da ta .  

F (W ~ ~ . H i l  - ( 'Gt, 'M~, ~W'% [E:]2 ~ 1 7 1 4 ± l l t l E j [  2 M e ' , '  /25 
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Table 3. The  W and  Z masses  (in GeV).  The  first uncer ta int ies  are 
mainly  s ta t is t ica l  a n d  the second are energy ca l ibra t ion  uncer ta in t ies  
t ha t  are 100% corre la ted between M W and  MZ for each group.  There  
is an  addi t ional  L E P  machine  energy unce r t a in ty  A M  Z = 0.030 which 
is common to the 4 L E P  experiments .  The  combined fit is f rom the 
List ings for the W a n d  Z in the full-sized edi t ion of the Review of 
Part icle  Proper t ies .  The  last two rows are predict ions of the  S t a n d a r d  
Model, using sin 2 0 W de te rmined  f rom deep inelastic sca t ter ing ,  wi th  
and  wi thout  radia t ive  correct ions,  respectively. 

Group  MW M z  

UA2 (Ref. 16) 80.79 ± 0.37 ± 0.81 91.49 :t: 0.37 ± 0.92 

UA1 (Ref. 17)(e nmdes) 82.7 ± 1.0 ± 2 . 7  93.1 ± 1.0 ± 3.1 

M A R K  II (Ref. 18) 91.14 4- 0.12 

A L E P H  (Ref. 19) 91.182 ± 0.026 

D E L P H I  (Ref. 20) 91.171:1:0.030 

L3 (Ref. 21) 91.160 4- 0.024 

OPAL (Ref. 22) 91.154 :E 0.021 

CDF (Ref. 23) 80.0 + 3.3 :c2 .4  90.9 ~ 0 . 3 ±  0.2 

e+e E <  90 GeV (Ref. 24) 88.6 +2.0 1.8 

Combined  fit 80.6 4- 0.4 91.161 ~ 0.031 

Predic t ion  wi th  79.6 4- 0.9* 90.8 ± 0.7 ~ 
radia t ive  correct ions (78.6) (89.6) 

Predic t ion  wi thout  75.9 4- 0.9 87.1 4- 0.7 
radia t ive  correct ions 

*The first value is for m t =  100 GeV: 

the second (in parentheses)  is for 200 GeV. 

C G F M }  [vi2  + .1i2 ] 

,J" 166.2 ± 0.2 (167.8) MeV (i,,V), 83.4 ± 0.1 (84.2) MeV (e+e),  
t 296.1 ± 0.4 (300.6) MeV (u~), 382.3 ± 0.5 (387.7) MeV (dd). 

where the first (second) values are for mt  = 100 (200) GeV and  the 
quoted  errors are f rom MW, Z. For leptons C = 1, while for quarks  
C = 3(1  + oq~(Mv)/Tr), where the 3 is due to color and  the factor  
in parentheses  is a QCD correct ion,  which in t roduces  an addi t ional  
uncer ta in ty  of ~ 1% in the hadronic  widths .  6'28 Correct ions  to Eq. (25) 
for massive fermions are given in Refs. 6 and  28. Here the  numerica l  
values assume M w = 80.6 4- 0.4 GeV, MZ = 91.161 ± 0.031 GeV, 
and  as  ~ 0.12 4- 0.02. Express ing the widths  in te rms  of G F M 3 z  

incorpora tes  the bulk  of the electroweak radia t ive  corrections.  6,28 
The remain ing  correct ions in t roduce  a small  rat dependence,  which is 
included in the numbers .  

For 3-fermion fanfilies the to ta l  widths  are 

FZ ,~ 2.482 4- 0.003 (2.507) GeV 

£ w  ~ 2.11 ± 0.03 GeV . (26) 

for rn~ = 100 (200) GeV. QCD int roduces  an addi t ional  uncer ta in ty  
of ~ 11 MeV in F z .  (Fermion masses have been included in Fz ) .  
This is to be compared  with the exper imenta l  results: 18 22 [ ' z  = 
2.534 ± 0.027 GeV and  F W = 2.25 ± 0.14 GeV. 

D e v i a t i o n s  f r o m  t h e  S t a n d a r d  M o d e l :  Tile W and  Z masses 
and  neu t ra l -cur ren t  d a t a  can  be used to search for and  set limits on 
deviat ions from the S t a n d a r d  Model. For example,  tile relat ion in 
Eq. (5) between MW and  MZ is modified if there are Higgs nmlt iplets  
with weak isospin > 1/2 wi th  significant vacuum expec ta t ion  values. 
In order  to calculate to higher  orders  in such theories one must  define 
a set of four fundaInenta l  renornlal ized parameters .  It is c o n v e n i e n t  

to take these as a, Gp, Mz,  and  .~IW. since M w  and  M Z are 

direct ly measurable .  Then  sin 2 0 w  and  p can  be considered dependent  
pa rame te r s  defined by 

sin 2 0w  ~- ~ / M ~ ( 1  - A~) (27) 

and  

2 2 2 p = M w / ( M  z cos Ow) . (28) 

Provided t ha t  the new physics which yields p ¢ 1 is a small 
pe r t u rba t i on  which does not  significantly affect the radia t ive  
corrections,  p can  be regarded  as a phenomenological  pa r ame te r  which 
multiplies G F  in Eqs. (7) (9), (21), and  F z  in Eq. (25). (Also, the 
expression for MZ in Eq. (5) is divided by , ~ ;  the MW formula  is 

unchanged. )  The allowed regions in the p - sin 2 0 w  plane are shown 
in Fig. 2, and  a global  fit to all d a t a  yields 5 

sin 2 0 w  = 0.230 4- 0.0013 (0.221 4- 0.0013) 

p = 1.003 ± 0.004 (0.993 ± 0 ,004) ,  (29) 

for m t =  100 (200) GeV, which is r emarkab ly  close to uni ty  ( just ifying 
the neglect  of p - 1 in the radiat ive corrections).  The effects of p < 1 
can  compensa te  a large m~, leading to the  much weaker limit m t <  400 
GeV. 

1.,5 1 / I  \ 1  I ~1- I I I 

/ / 
1.4 / \ w,z  

\ \ DEEP 
/ / /~ \ , INELASTIC 

1 ;5- \ /i l / e  

jo 1 2 -  AtO ,C \X \\\// i 

, ," \~ I t " ,  
/ i \/,.4 \ 0 9 -  ( /' ....:\// \\ 

0.~ I I / I I ,.I I \ - , I  I I 
.0 0.1 0 .2  0 3  0.4 0.5 

s in  2 0 w 

Fig. 2. The allowed regions in sin 2 0 w  - p at  90% CL for various 
react ions for rn~ = 100 GeV. 

Most  of the pa ramete r s  relevant to v-hadron,  re, e-hadron,  and  
e+e  - processes are now de te rmined  uniquely and  precisely from the 
d a t a  in "nmdel  independent"  fits (i.e., fits which allow for an  a rb i t r a ry  
electroweak gauge theory) .  The  values for the pa ramete r s  defined in 
Eqs. (7) (9)are given in Table 4 along wi th  the predict ions of the 
S t a n d a r d  Model. The agreement  is excellent, The e+e - results are 
difficult to present  in a model - independent  way beeanse Z - p r o p a g a t o r  
effects are non-negligible at  TRISTAN.  P E T R A .  and  P E P  energies. 
However, assuming  e -p - r  universali ty,  the lepton asynunet r ies  imply 15 
4(AS) 2 = 0.99 4- 0.05, in good agreement  with the S t a n d a r d  Model 

predic t ion +1.  Similarly, 2A c = 1.12 ± 0.20 and  2A b = - 1 . 0 7  ± 0.25 
compared  with the predict ions of +1  and  - 1  respectively. 15 The 
vector couplings are in agreement  wi th  the S t anda rd  Model. bu t  with 
nmch larger errors. 
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Table 4. Values of the model-independent neutral-current parameters, 
compared with the Standard Model prediction using the global best 
fit value of sin 20W for m~ = 100 (200) GeV. There is a second 
g~,A solution, given approximately by g~ ~ g~l, which is eliminated 

by e+e - data under the assumption that the neutral current is 
dominated by the exchange of a single Z. Oi, i = L or R, is defined as 
tan-l[ei(u)/ei(d)]. 

Experimental Standard Model 
Quantity Value Prediction Correlation 

eL(U) 0.328 ±0.016 0.343 (0.348) 

eL(d ) 0.436 ±0.011 --0.427 (--0.431) non- 

eR(u) --0.177 +0.009 --0.155 (--0.155) Gaussian 

¢R(d) -0.023 +0.077 0.078 (0.078) --0.048 

g2 0.2977±0.0042 0 .300  (0.307) 

g 2 0.0317+0.0034 0 .030  (0.030) small 

OL 2.50 ±0.03 2.46 (2,46) 

O R 4.59 +0.44 5.18 /5.18) -0.27 

g~t -0.513 ±0.025 -0.504 (-0.509) -0.05 

g~ -0.045 ±0.022 -0.036 (-0.042) 

Ch, -0.253 ±0.071 -0.185 (-0.191) -0.99 0.88 

Cld 0.391 ±0.064 0.338 (0.343) 0.88 

C2 u 1 
- -  ~C2d 0.22 ±0.36 0.025 (--0.036) 

* This section prepared June 1989 by P. Langacker. 

** Constraints oil V are discussed in the section on the Cabibbo- 
Kobayashi-Maskawa nfixing matrix. 

t a is dependent upon the energy scale of the process in which it is 
measured. This value is appropriate for low energy. At energies 
of order MW the value 1/128 is applicable. 

An alternative is to use the modified minimal subtraction ( ~ )  
quantity sin20"w(#), where tL is conveniently chosen to be Mz 
for electroweak processes. The two definitions are related by 
sin 20w(Mz) = C(mt,  MH)sin 20W, where C = 1.013 (1.054) for 
m~ = 100 (200) GeV, M g = 100 GeV. 
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T H E  C A B I B B O - K O B A Y A S H I - M A S K A W A  M I X I N G  M A T R I X *  

In the s tandard  model wi th  SU(2) x U(1) as the gauge group of 
electroweak interactions, bo th  the quarks and leptons are assigned to 
be left-handed doublets and r ight-handed singlets. The quark mass 
eigenstates are not the same as the weak eigenstates, and the mat r ix  
relating these bases was defined for six quarks and given an explicit  
parametr iza t ion by Kobayashi and Maskawa 1 in 1973. It  generalizes 
the four-quark case, where the matr ix  is parametr ized by a single 
angle, the Cabibbo angle. 2 

By convention, the three charge 2 /3  quarks (u, c, and t) are 
unmixed, and all the mixing is expressed in terms of a 3 × 3 uni tary 
matr ix  V operat ing on the charge - 1 / 3  quarks (d, s, b): 

s' = /v~,~ v~ v~b/ . (1) 
b' \ Vtd Vts Vtb ] 

The values of individual  mat r ix  elements can in principle all be 
determined from weak decays of the relevant quarks, or, in some 
cases, from deep inelastic neutrino scattering. Using the constraints  
discussed below together with unitarity,  and assuming only three 
generations, the 90% confidence l imits on the magni tude of the 
elements of the complete mat r ix  are: 

0.9747 to 0.9759 0.218 to 0.224 0.001 to 0.007 "~ 
0.218 to 0.224 0.9734 to 0.9752 0.030 to 0.058 ) . (2) 
0.003 to 0.019 0.029 to 0.058 0.9983 to 0.9996 

The ranges shown are for the individual  matr ix  elements. The 
constraints  of uni tar i ty  connect different elements, so choosing a 
specific value for one element restricts the range of the others. 

There are several parametr iza t ions  of the Cabibbo-Kobayashi-  
Maskawa matrix.  In view of the need for a "standard" parametr iza t ion 
in the li terature, we advocate: 

S12C13 C12C13 i5 i51~ 
~" ~ --812C23--CI2S23813e 13 CI2C23--SI2523SI3e J 823C13 (3) 

i~ 1 i613 812s23--C12C23813e 3 --C12823--SI2C23SI3 e C23C13 

proposed by Chau and Keung.3 The choice of ro ta t ion angles follows 

earlier work of Maiani, 4 and the placement of the phase follows tha t  

of Wolfenstein. 5 The notat ion used is tha t  of Harari  and Leurer 6 

who, along with Pritzsch and Plankl,  7 proposed this parametr iza t ion 
as a part icular  case of a form generalizable to an arbi t rary  nmnber  
of "generations." The general form was also put  forward by Botella 
and Chau.8 Here cij = cos0ij  and sij  = s in0i j ,  wi th  i and j being 

"generation" labels, { i , j  = 1,2,3}. In the l imit  023 = 013 = 0 the 
third generation decouples, and the s i tuat ion reduces to the usual 
Cabibbo mixing of the first two generations with 012 identified with 
the Cabibbo angle. 2 The real angles 012, 023~ 013 can all be made to 
lie in the first quadrant  by an appropriate  redefinition of quark field 
phases. Then all s~j and % are positive, ]Vus[ = s12c13, [Vub[ = 813, 

and IVcbl = s23c13. As cla is known to deviate from unity only in the 
fifth decimal place, IVusl = s12, IVubl = s13, and IVcb[ = s23 to an 
excellent approximation.  The phase ~13 lies in the range 0 < 513 < 2r ,  
with non-zero values generally breaking C P  invariance for the weak 
interactions. The generalization to the n generation case contains 
n(n - 1)/2 angles and (n - 1)(n - 2)/2 phases. 6'7'8 The range of matr ix  
elements in Eq. (2) corresponds to 90% CL l imits  on the angles of 
s12 = 0.218 0.224, s23 = 0.030 0.058, and s13 = 0.001-0.007. 

Kobayashi and Maskawa 1 originally chose a parametr iza t ion  
involving the four angles, 01, 02, 03~ ~: 

s '  = , h e 2  (4) 
Cl,S2c3+e283ei~ ClS2S3-c2c3ei~ / \ b /  

where c i = cos0i and s, = s in0i  for i = 1,2,3. In the l imit  
02 = 03 = 0, this reduces to the usual Cabibbo mixing wi th  01 
identified (up to a sign) wi th  the Cabibbo angle. 2 Slightly different 
forms of the Kobayashi-Maskawa parametr iza t ion are found in the 
li terature. The C-K-M matr ix  used in the 1982 Review of Part icle 
Propert ies is obtained by let t ing s 1 ---* - s~  and ~ ~ ~+~r in the matr ix  

given above. An al ternat ive is to change Eq. (4) by s 1 ~ - s  1 but  leave 
unchanged. Wi th  this change in s 1, the angle 01 becomes the usual 

Cabibbo angle, with the "correct" sign (i.e. d t = dcos01 + ss in01)  in 
the l imit  02 = 03 = 0. The angles 01, 02, 03 can, as before, all be taken 
to lie in the first quadrant  by adjust ing quark field phases. Since all 
these parametr izat ions  are referred to as "the" Kobayashi-Maskawa 
form, some care about  which one is being used is needed when the 
quadrant  in which 5 lies is under discussion. 

Other  parametrizat ions,  mentioned above, are due to Maiani 4 and 
to Wolfenstein. 5 The la t ter  emphasizes the relative sizes of the matr ix  
elements by expressing them in powers of the Cabibbo angle. Still 
other parametr izat ions  9 have come into the l i terature in connection 
with a t tempts  to define "maximal C P  violation". No physics can 
depend on which of the above parametr izat ions  (or any other) is used 
as long as a single one is used consistently and care is taken to be sure 
tha t  no other choice of phases is in conflict. 

Our present knowledge of the matr ix  elements comes from the 
following sources: 

(1) Nuclear be ta  decay, when compared to muon decay, gives 13 

IVud[ = 0.9744 ± 0.0010. (5) 

This includes refinements in the analysis of the radiat ive corrections, 
especially the order Za  2 effects, which have brought the if-values from 
low and high Z Fermi transi t ions into good agreement. 

(2) Analysis of Ke3 decays yields 14 

IYusl = 0.2196 ± 0.0023. (6) 

The isospin violation between K + and K°3 decays has been taken into 
account, bringing the values of IVusl extracted from these two decays 
into agreement at the 1% level of accuracy. The analysis of hyperon 
decay da ta  has larger theoretical uncertainties because of first order 
SU(3) symmetry  breaking effects in the axial-vector couplings, but  
due account of symmetry  breaking 15 applied to the WA2 da ta  16 gives 

a corrected value 17 of 0.222 ± 0.003. We average these two results to 
obtain: 

Iyusl = 0.2205 ± 0.0018 . (7) 

(3) The magnitude of IVcdt may be deduced from neutrino and 
ant±neutrino production of charm off valence d quarks. The dimuon 
production cross sections of the CDHS group is yield -Bc IYcdl 2 = 

0.41 ± 0.07 × 10 -2,  where Bc is the semileptonic branching fraction of 
the charmed hadrons produced. The corresponding prel iminary value 

19 from a recent Tevatron experiment  is Bc iYcdl2 = 0.534_0.078+0.052 x 10-2. 

Averaging these two results gives -Be IVcdl 2 = 0.47 ± 0.05 × 10 -2.  
Supplementing this with measurements of the semileptonic branching 
fractions of charmed mesons, 20 weighted by a production rat io of 

D ° / D  + = (60 ± 10)/(40 ~ 10), to give Bc = 0.113 ± 0.015, yields 

IVcdl = 0.204 ± 0.017 (8) 

(4) Values of [vcs[ from neutrino production of charm are dependent 
on assumptions about the strange quark density in the parton-sea. 
The most conservative assumption,  tha t  the s trange-quark sea does 
not exceed the value corresponding to an SU(3) symmetr ic  sea, leads 
to a lower bound, 18 [Vcs[ > 0.59. It  is more advantageous to proceed 
analogously to the method used for extract ing ]Vus[ from Ke3 decay; 
namely, we compare the experimental  value for the width  of De3 decay 
with the expression 21 tha t  follows from the s tandard weak interaction 
amplitude: 

F(D --* K e + , ~ )  = I/D(0)I 2 IVcsl 2 (1.54 × 101I s -1)  . (9) 

Here f+D(q2), with q = PD --PK,  is the form factor relevant to 
De3 decay; its variat ion has been taken into account with the 
parametr iza t ion f D ( t ) / f D ( o )  = M 2 / ( M  2 - t) and M = 2.1 GeV/c  2, 
a form and mass consistent with Mark III  and E691 measurements.  23 

Combining da ta  on branching ratios for D~3 decays 22,23 with accurate 
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values 24 for rD+ and rDO, gives the value 0.78 2_ 0.11 x l0 II s -1 for 

P(D ~ Ke+ue). Therefore 

I fD(0) l  2 ll4.d 2 = 0.51 ± 0 .07 .  (10) 

A very conservative assumpt ion  is tha t  If+D(0)[ < 1, (rein which 
it follows tha t  I~.~1 > 0.66. Calcula t ions  of the form factor  ei ther 
performed 26 direct ly at  q2 = 0, or done 27 a t  the m a x i m n m  vahm 

of q2 = (m D inK) 2 and  interpreted at  q2 = 0 using the measured  

q2 dependence~ yield f+D(0) = 0.7 + 0.1. It follows tha t  

I~,~l = 1.o2 + o . 1 8 .  ( l l )  

Tile constraint of unitarity when there are only three generations gives 
a much t ighter  b o u n d  (see below). 

(5) The ra t io  [Vub/Veb[ can  be obta ined  from the semileptonir  
decay of B mesons by fi t t ing to the lepton energy spee t rum as a 
sum of cont r ibut ions  involving b ~ u and  b -+ c. The relative overall 
phase space factor  between the two processes is ca lcula ted  fi'om tile 
usual four-fermion in teract ion with one massive fermion (c quark  or 
u quark)  in the final state.  The vahle of this faetor det)ellds on the 
quark  masses, hnt  is roughly one-half  (in sut)t)ressing b --+ ~ compared  
to b ~ u). Both  the CLEO 28 and  ARGUS 29 eol laborat ions have 
repor ted evidence for b ~ 'u t ransi t ions  in senfileptonic B decays. 
The in terpre ta t ion  of the result  in te rms  of II/;,b/t~:bl depends fairly 
s t rongly  on the theoret ical  model  nsed to generate  the lepton energy 
spect rum,  especially for b ~ u transi t ions.  26'27"a° Confl)ining the 
experimental  and  theoret ical  uncertaint ies ,  we quote  

IE,b/t~+l = 0.09 ± 0.04 . (12) 

(6) The magn i tude  of T~b itself can be de termined  if the nleasm'ed 
semileptonic b o t t o m  hadron  par t ia l  wid th  is assumed to be t ha t  of a b 
quark  decaying th rough  the usual V - A interaction:  

F(b ~ cg~g) BF(b --+ ( : ~ )  G 2 m 5 
rb -- ~ , 9 , 2 ~ f ( m c / m b ) I ~ b l  2 . (13) 

where r 6 is tile b lifethne and  F ( m c / m b )  is the phase spa(:(! factor  noted 
above as approxinla te ly  one-half. Most of the error  on Iicbl derived 
from Eq. (13) ix not from the ext)erinlental uneertaint ies,  but  in lt~e 
theoret ical  uncer ta int ies  in choosing a vahle of m b and ill the use of 
tile qua rk  model  to represent  inclusively semileptonic decays which, 
at  least for the B meson, are donf inated by a few exelusive channels.  
Instead we quote tile value derived Dora Bg 3 deeay, B ~ DFPg, by 
compar ing  the observed ra te  with the theoret ical  expression tha t  
involves a form factor ,  fB+(q2). This  is anah)gous to wha t  gives 1he 

most  accura te  values for [1~,,1 (fronl Ke3 decay) and  I~.~l (from 
Dea decay).  It avoids all questions of what  masses to use, and  the 
heavy quarks  in bo th  the initial and  final s ta tes  give more confidence 
in the accuracy  of the theoret ical  cah:ulat ions of the form factor.  Wi th  
account  of a mnnber  of models of the fornl factor,  the da t a  31 yiehl 

IE:,,I = 0.044 ± 0.009 . (1.1) 

Tile central  vahle and  the error are now (onlt)aral)le to whal is 
obta ined from the inclusive semileptonie decays, hu t  ultiInately, wilh 
more d a t a  and  more confiden('e in the cah:ulation of the form factor,  
ex(lusive semileptonic decays should provide the most  accura te  value 

of IV;hi- 
The results for three generat ions  of quarks ,  from Eqs. (5), (7), (81, 

(111, (12), and  (141 plus uni tar i ty ,  are summar ized  in the matr ix  
in Eq. (2). The ranges  given there are difl'ereut f rom those given in 
Eqs. (5) (14) (because of the inclusiml of uni tar i ty) ,  hut  are consistent  
with the one s t a n d a r d  deviat ion errors on tile input  matr ix  elements, 

The d a t a  do not preelude there heing more than  three generations.  
Moreover, the entries deduced fi'om un i ta r i ty  might  be al tered when 
the C-K-M mat r ix  is expanded to accommoda te  more generations.  
Conversely, tile known entries restr icl  tile possible values of addi t ional  
elements if the mat r ix  is expanded to account  for addi t ioual  
generations.  For example,  mfi tar i ty  and  the known elements of the 
first row require tha t  any addi t ional  element in tile first row have a 
magn i tude  II,~b,I < 0.07. Wheu  there are more than  three generat ions 

the allowed ranges (at 90% CL) of the matrix elements connecting the 
frst three generations are 

11.182 to 0.227 0.865 to 0.975 0.030 to 0.058 
to (I.13 0 to 0.45 0 to 0.9995 

! ! 

where we have used mfi lar i ty  (for the expanded  matr ix)  and  Eqs. (5), 
(7), (8), ( n ) ,  (12). a,ut (14). 

Fur the r  informat ion on the angles requires theoret ical  assumptions .  
For example,  /3d -- Bd nfixing, if it or iginates  fi'om short  dis tance 
eontr ihut ions to A M  B domina ted  by box d iagrams  involving vir tual  
t quarks,  gives inf()rmation on ~)b l/t~/ once hadronie  mat r ix  elements 
and  the t quark  nlass are known. A sinlilar comment  holds for l)b I~,~ 
and B , ~ -  Bs mixing. 

Direet and  indirect intkuuuation on tile C-K-M mat r ix  is nea t ly  
sumnlar ized in terms of tile "uni ta r i ty  t r iangle."  The name arises 
since uni ta r i ty  of the 3 x 3 C-K-M mat r ix  applied to tile first and  
th i rd  cohnnns  yieMs 

In the paran le t r iza t iou  adop ted  above, I~: b is real and  ~cd is real to 
a very good approximat ion .  Set t ing eosiues of small angles to unity. 
Eq. (15) becomes 

L~b + ~),~ = IE.d E~,I. (16i 

The uni tar i ty  t r iangle is just, a geometr ical  i)resentation of this 
equat ion  in the complex plane, a2 

(?P-vio la t ing  processes will revolve (,he phase  in the C K-M matr ix .  
assunfing tha t  the observed C P  violation is solely related to a 
nonzero value of this phase.  This allows addi t ional  cons t ra in ts  to 
he inlp()sed. More specifically, a necessary and  sufficient eondit ion 
tbr C P  vh)lalion wi th  lhree gmlerat ions ean be formulated ill a 
pa ranmlr iza t ion- iudependent  nlanner  ill terms of the non-vanishing 
of the de te rminan t  of (fie eonnnu ta to r  of the mass  nlatrices for the 
charge 2c/a and eharge ( / 3  quarks,  aa C P  violat ing anlt)litudes 
or differences of rates  all are p ropor t iona l  to the C-K-M factor  in 

this quanti ty.  This is the produ(' t  of fat'(ors ,SI2.SI3823eI2c~3(:23SesI3 
in the l )arametr izat ion adop ted  above, and  is ,s 1"2.s2.' q3cl(2(3s h ,  ' , ill t ha t  
of Re(, 1, Wi th  the at)i)roxinlation of set t ing cosines to unity, this is 
jus1 twice the area  of the un i la r i ty  triangle.  While hadronic  inatr ix 
eletnellts whose vahles are ilnprecisely known general ly now enter,  the 
cons t ra in ts  fi'om ( ' P  violation ill the neutra l  kaon system are tighl 
enough to very much restrk:t  the range of angles and  the phase  of the 
C-K-M matr ix .  For CP-v io la t ing  asymmetr ies  of neutra l  /3 mesons 
decaying to C P  eigenstates,  there is a direcl relat ionship between the 
magn i tude  of the a symmet ry  ill a given decay and  sin 20, where o is 
an appropriat(~ angle of the uni'~arity triangle.  32 The combina t ion  of 
all the d i r e<  and  indirect intbrmation , a n  he used to find the overall 
cons t ra in ts  (ill tile C-K-M matr ix  and  thence the implicat ions for 
fllture measurenmnts  of ( ' P  violation in the B system. 34 
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QUARK MODEL 

A .  Q U A N T U M  N U M B E R S  

Each quark has spin 1/2. The additive qnantum numbers (other 
than baryon number = 1/3) of the quarks known or presumed to exist 
are shown in Table 1. With the conventions used in Table 1, any flavor 
carried by a charged meson has the same sign as the charge; e.g., the 
strangeness of the K + is +1 and the bottomness of the B + is +1. 

Table 1. Additive quantum nmnbers of the three generations of 
quarks. 

Quantum nunlber 

Q electric charge 

Iz isospin z-component 

S strangeness 

C charm 

B bottomness 

T topness 

Quark type (flavor) 

d u s c b t 

1 _t. 2 1 _I_2 1 +_2 
3 3 3 5 3 3 

1 1 - ~  +~ o o o o 

0 0 --1 0 0 0 

0 0 0 +1 0 0 

0 0 0 0 -1  0 

0 o o o o +1 

B .  M E S O N S  

Nearly all known mesons can be understood as bound states of a 
quark q and an antiquark q'  (the flavors of q and q~ may be different). 
If the orbital angular momentum of the qg~ state is L, then the parity 
P = (--1) L+I. A state q~ of a quark and its own antiquark is also an 

eigenstate of charge conjugation with C = ( -1)  L+S, where the spin 
S = 0 or 1. The L = 0 states are the pseudoscalars. J P  = 0- ,  and the 
vectors, J P  = 1-. Assignments for some known q~/ states are given 
in Table 2. States in the "normaF' spin-parity series, P = (-1)  J, 
must, according to the above, have S = 1 and hence C P  = +1. Thus 
mesons with normal spin-parity and C P  = -1  are forbidden in the 
q~l quark model. The , ]PC = 0 - -  state is forbidden as well. Mesons 
with such , ]PC may exist, but would lie outside the q~' model. 

The nine possible q~ combinatkms containing u, d, and s quarks 
group themselves into an octet and a singlet: 

3 ® 3 = 8 G 1  

States with the same I J  P and additive quantum numbers can mix 
(if they are eigenstates of charge conjugation, they must also have 
the same value of C). Thus the I = 0 member of the ground-state 
pseudoscalar octet mixes with the corresponding pseudoscalar singlet 
to produce the ~ and ~1~. These appear as members of a nonet, which 
is shown as the middle plane in Fig. l(a). Similarly, the ground-state 
vector nonet appears as the middle plane in Fig. l(b). 

A fourth quark such as charm can be included in this scheme by 
extending the symmetry to SU(4), as shown in Fig. 1. Bottom could 
be included in this way instead of charm, but if both are included the 
fignre becomes four-dimensional. 

For the pseudoscalar mesons, the Gell-Mann-Okubo formula is 

tit2 = 1 2 5(4mK - m~) , 

assuming no octet-singlet mixing. However, the octet rls and singlet 
711 mix because of SU(3) breaking. The physical states r/ and r/ are 
given by 

r I = 7?8 cos0p - rll sin0p 

r / =  *]8 sin Op + rll cos Op . 
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Table 2. S t a n d a r d  quark-model  ass igmnents  for some of the known mesons. Some assignments ,  
especially for 0 ++ ,  are controversial .  Only  the s ta tes  in the u~, dd,  sa. c~, and  bb cohmms and  
the neu t ra l  s ta tes  in the I = 1 column are eigenstates of charge conjugat ion  C. 

ud, u/L dd u~, dd, sa c? 

2 S + I L j  j P C  I = 1 I = l) I = 0 

1S 0 0 - +  rr ~l, r /  rio 

3S 1 1 p ¢,  ~; J / d ;  

1P1 1 + -  b1(1235) h l ( l l 7 0 )  

3po 0 ++  ao(980) f0(975),  fo(1400) Xco(1P) 

ap1 1 ++ a1(1260) /1 (1285) , f1 (1420)  X d ( 1 P )  

3 P  2 2 ++ a2(1320) f~(1525), f2(1270) X c 2 ( 1 P )  

1D2 2 - +  7r2(1670 ) 

3D 1 1 ~p(3770) 

3D 2 2 

3D 3 3 p3(1690) w3(1670 ) 

bb :~u, ad  e~, cd ca 

I = 0 I - -  1/2 I = 1/2 I = 0 

K D D ,  

T K* (892) D*(2010) i 

K 1 B  D1 (2420) Dsl  (2536) 

X b o ( 1 P )  K~(1430) 

Xbl (1P) K1A 

Xb2(1P) K~(1430) D~(2460) 

bu. bd 

s = 1/2 

K2(1770) 

K~(1780) 

D/ 
(a) D° ~ D + 

0 , + 
K K 

+ 

K -  , ~ o  

D ~  D° 
o/ 

D2 ÷ 

(b) D * ~  D *+ 
i g . o  / K *  + 
I _ 

K * -  f K ~*0 

/ y ~ D * "  

DY 

Fig. 1. The SU(4) hexadecuplets  for the (a) pseudoscalar  and  
(b) vector mesons made  up of u, d, s, and  c q~S combinat ions.  
The nonets mesons occupy the centra l  planes, to which the c~- 
members  have been added.  The neut ra l  mesons a t  the center  of 
these planes are mixtures  of ui/, dd, sa, and  cc states.  

These combinat ions  diagonalize the mass-squared  ma t r ix  

1 2 where M28 = ~ (4m K - , , , 2 ) .  It follows t ha t  

2 2 
M88 - rTtrl 

t an  2 0p  -- ~ 7 ,  -~ 
r/  88 

The sign of Op is meaningful  in the qua rk  model. If 

rl l  = (.i7 + d3 + sa)/¢zJ 

~8 = (,,n + da - 2sa)l,/g 

then the mat r ix  element M128, which is due most ly  to the s t range  
quark  mass,  is negative.  Prom tile relat ion 

Mg - - 4  
t an  0p  -- M2 8 

we find 0p < 0. However, we note tha t  caut ion  is suggested in the use 
of the ~1-7/ mixing-angle fornmlas,  as they are extremely sensitive to 
SU(3) breaking.  If we allow M828 = -1 (4rn~: - m 2) (1 + A), the mixing 

3 
angle is de termined by 

t an  2 0p = 0.0319(1 + 17A) 

0p  = --10.1°(1 + 8.5A) 

to first order  in A. A sinall breaking of the Gell-IMann-Okubo relat ion 
can produce  a ma jo r  modif icat ion of 8p.  

For the vector mesons we replace rr -+ p, K ~ K*. 71 ~ ¢, and  
,1 ! --+ ',.d , SO 

¢ = ~08 cosOv wl s i n 0 v  

= a08 sill O V + w 1 COS 0 V . 
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For “ideal mixing,” 6 = sS. tan&/ = I!&$ so 0~ = 35.3’. 
Experimentally, 0~ is near 35’, the sign being determined by a 
formula analogous to that for tan Bp. Fallowing this procedure we find 
the mixing angles given in Table 3. 

Table 3. Singlet-octet mixing for the pseudoscalar, vector, and 
tensor mesons. The sign conventions are given in the text. The 
value of gguad is obtained from the equations in the text, and 

f?li,, is obtained by replacing n? by nr throughout. Of the two 
isosinglets. the mostly octet one is listed first. 

JPC Nonet Members e Wad &in 

0-+ R, K, 03 17’ -100 -23’ 

1-- P, h’*(892), @> w 390 369 

2++ a2(1320), K;(1430). f;(1525), fi(1270) 28’ 26’ 

3-- ps(1690), K;(1780), X(1850), w3(1670) 29’ 28’ 

In the quark model, the coupling of neut,ral mesons to two photons 
is proportional to xi&:, where &; is the charge of the i-th quark. 
This provides an alternative characterization of mixing. For example, 
defining 

Amp [P + $kr) $!Q)] = .Qc”“~ tip k1” c& k2~ , 

where ci~ is the X component of the polarization vector of t,he ith 
photon, one finds 

173fO 18 

=7 

WV’ + 7-Y) 
Iw(lrO - 7-r) 

cc 2m ( sinOp 
cosap+ - 

2fi > 

= (6.78 f 0.04)zm 

These data favor BP z -20”. which is compatible with the quadratic 
mass mixing formula wit.h 5= 12% W(3) brcakmg in AZ’&. 

C. BARYONS 
All the Wablished baryons are apparently $-quark (qqq) states, and 

each such state is an SU(3) color singlet, a completely antisymmetric 
state of the three possible colors. Since the quarks are fermions, 
the state function for any baryon must be antisymmetric under 
interchange of any two equal-maas quarks (up and down quarks in the 
limit of isospin symmetry). Thus t,he state function may be written as 

where the subscripts S and A indicate symmetry or antisymmetry 
under interchange of any two of the equal-mass quarks. Note the 
contrast with the state function for the three nucleons in 3H or 3He: 

This difference has major implications for internal structure. magnetic 
moments, etc. (For a nice discussion, see R.ef. 1.) 

The “ordinary“ baryons are made up of d. u. and s quarks. The 
three flavors imply an apptoximate flavor SU(3). which requires that 
baryons made of these quarks belon g to the multiplets on the right 
side of 

(see the section on SU(n) Multiplcts and Young Diagrams). Here 
the subscripts indicate symmetric, mixed-symmetry, or antisymmetric 
states under tnterchange of any two quarks. The 1 is a sud state 
(Ai) and the octrt contains a strntlar state (AR) If these have the 
same spin and parit.y they can mix. An example is the mainly octet. 
f)od h(l690) and mainly singlet L4)3 h(1520). In the ground state 
multiplet, the W(3) Ilavor- singlet A is (orbidden by Fermi statistics. 

The mixing formalism is the same as for WJ or &-w (see above). 
except that for baryons the mass Af instead of &f’ is used. The 
section SU(3) Isoscalar Factors shows how relative decay rates in, say. 
10 + 8 @ 8 decays may be calculated. A summary of results of fits to 
the observed baryon masses and decay rates for the best-known SU(3) 
multiplets is given in Appendix II of our 1982 edition.2 

Figures Z(a) and Z(b) show the (badly broken) W(4) nmltiplets 
that have as their “ground floors” the W(3) o&et that conrams the 
nucleons and the W(3) decuplet that contains t.he A(1232). All the 
particles in a given SU(4) multjplet have the same spm and parity. 
The only charmed baryons that have been discovered each contain 
one charmed quark. These belong to the first floor of the multiplet 
shown in Fig. 2(a), which consists of two W(3) multiplets: a 8 which 
contains the AC and E,: both of which decay weakly, and a 6 that 
contains the x,(2455), which decays strongly into A,ir. A second % 
and a 0: remain to be discovered to fill out the 6, and a host of other 
baryons with one or more charmed quarks are still needed to fill out 
the W(4) multiplets shown in Fig. 2. Furthermore, evem N or A 
baryon resonance “starts” a multiplet lie tbose shown in Figs. 2(a) 
and 2(b). Analogous SU(4) structures can be made by substituting b 
for c. If both are present, the figures are four-dimensional. 

Fig. 2. W(4) multiplets of baryans made of u, d, s, and c 
quarks. (a) The 20.plet with an SU(3) octet. (b) The 20.plet 
wit.11 an SU(3) decuplet. 

For the “ordinary” baryons, flavor and spin may be combined in an 
approximate flavor-spin SU(6) 1 13 which the six basic states are d i, 
d 1: .. ‘. s 1 (T; i = spin up. down). Than the baryons belong to the 
multiplets on the right side of 

6 @ 6 8 6 = 56.5 @ 70‘1,~ 4, IOn1 e 20.4 

These W(6) multiplets decompose into flavor W(3) muhiplets as 
follows: 

56=~1oG!s8 
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where the superscript (2S + 1) gives the net spin S of the quarks 
for each particle in the SU(3) multiplet. The JP = 1/2 + octet 
containing the nucleon and the JP  = 3/2 + deeuplet containing the 
A(1232) together make up the "ground-state" 56-plet in which the 
orbital angular momenta between the quark pairs are zero (so that 
the spatial part of the state flmction is trivially symmetric). The 
70 and 20 require some excitation of the spatial part of the state 
function in order to nrake the overall state function symmetric. States 
with nonzero orbital angular momenta are classified in SU(6)®O(3) 
supermultiplets. Physical baryons with the same quantum numbers 
do not belong to a single supermultiplet, since SU(6) is broken 
by spin-dependent interactions, differences in quark masses, etc.: 
nevertheless, the SU(6)®O(3) basis provides a suitable framework for 
describing baryon state functions. 

It is convenient to classify the baryons into bands that have the 
same number N of quanta of excitation. Each band consists of a 
number of supermultiplets, specified by (D, LPN), where D is the 
dimensionality of the SU(6) representation, L is the total quark 
orbital angular momentum, and P is the total parity. Snpermultiplets 
contained in bands up to N = 12 are given in Ref. 3. The N = 0 band, 
which contains the nucleon and A(1232), consists only of the (56,0~) 
supernmltiplet. Tim N = 1 band consists only of tim (70,11) multiplet 
and contains the negative-parity baryons with masses below about 1.9 
GeV. The N = 2 band contains five supermultiplets: (56,0 +) (70,07~), 

(56,2+), (70,2+), and (20,1+). Baryons belonging to the (20,12 +) 
supermultiplet are not ever likely to be observed, since a coupling from 
the ground-state baryons requires a two-quark excitation. Selection 
rules are sinfilarly responsible for the fact that many other baryon 
resonances have not been observed. 4 

In Table 4, quark-model assignments are given fl)r many of the 
established baryons whose SU(6)®O(3) compositions arc relatively 
unmixed. Note that the unestablished resonances N(1540)P13, 
A(1550)Pal, E(1480), E(1560), 2(1580), E(1770). and --(1620) in our 
Baryon Full Listings are to() low in nlass to be aeeonmmdated in un)st 
modern (tuark Inodels. 4'5 

Quark models for baryons are extensively reviewed in l{ef. 6. 

D.  D Y N A M I C S  
Many specific quark models exist, bnt most contain basically the 

same set of dynamical ingredients. These include: 

i) Using a confining interaction, which is generally spin-independent. 
ii) Adding a spin-dependent interaction, modeled after the effects of 

gluon exchange in QCD. For example, in the S-wave states, there 
is a spin-spin hyperfine interaction of tile forin 

HHF = - { t s M  Z(~')ca)i(~ ' )~A)j  , 
i>j 

where M is a constant with units of energy; k A, A = 1..-. ,8, 
is the set of SU(3) unitary spin matrices, defined in the "SU(3) 
lsosealar Factors and Representation Matrices" section: and 
the sum runs over constituent quarks or antiquarks. Spin-orbit 
interactions, although alh)wed, seem to be small. 

iii) Taking the strange quark mass to t)e somewhat larger than the 
up and down quark masses in order to split tile SU(3) nmltiplets. 

iv) In tile case of isosealar mesons, an interaction is needed for 
mixing qT/configurations of different flavors (e.g., uu ~ dTt, s~) in 
a nl.anner which is generally chosen to be flavor independent. 

These four ingredients provide the basic mechanisms which 
determine the hadron si)ectrum. 

Table 4. Quark-model assigmnents for some of the known 
baryons in terms of a flavor-spin SU(6) basis. Only the dominant 
representation is listed. Assignments for some states, especially 
for All810), A(2350), --(1820). and --(2030), are merely educated 
guesses. 

JP (D. L P) S Octet members Singlets 

1/2 + (56,0~) 1/2 N(939) h( l l l6)  E(1193) E(1318) 

1/2 + (56,02 ~) 1/2 N(1440) All600) 2(1660) El?) 

1/2 (70,11) 1/2 N(1535) A(1670) E(1620) El?) A(1405) 

3/2- (70,11) 1/2 N(1520) A(1690) E(1670) -'-(1820) A(1520) 

1/2 (70,11 ) 3/2 N(1650) All800) E(1750) -(?)  

:~/2- (70,11) 3/2 N(1700) A(?) E('?) --(?) 

5/2 (70,11 ) 3/2 N(1675) A(1830) z(1775) =(?) 

1/2 + (70,0 +) 1/2 N(1710)A(1810) I2(1880) El?) A(?) 

3/2 + (56,2 + ) 1/2 N([720) A(1890) E(?) E(?) 

5/2 + (56,2 + ) 1/2 N(1680)A(1S20) E(1915) F.(2030) 

7/2 (70,33) 1/2 N(2190) A(?) El?) --(?) A(2100) 

9/2 (7l),3~-) 3/2 N(2250) A(?) El?) El?) 

9,/2 + (56,4 + ) 1/2 N(2220)A(2350) El?) El?) 

Decuplet members 

3/2 + (56,0 o) 3/2 A(1232) z(1385) 5(1530) ~t(1672) 

1/2 (70A1) 1/2 A(1620) E('?) E(?) ~('}) 

3/2 (70,1[) 1/2 A(1700) v(?) z(?) ~(?i 
5/2 + (56,22) 3/2 /',(1905) El?) -(?) ~t(?) 

7/2 + ~: ,, + [o6,22) 3/2 A(1950) E(2030) ={?) tt(?) 

11/2 + (56,4~) 3/2 A(2420) E(?) E(?) ~t(?) 

1. F.E. Close, in Quar,~:s and N~clear Forces (Springer-Verlag. 
1982), p. 56. 

2. Particle Data Group. Phys. Lett. 111B(1982). 

3. R.tt. Dalitz and L.J. Reinders. in Hadron Structure as Known 
from Electromagnetw and StTvng InteTnctions. Proceedings of 
the Hadro~ '77 Co~@rence (~da ,  1979), p. 11. 

4. N. Isgur and G. Karl. Phys. Rev. D18. 4187 (1978); ibid. D19, 
2655 (1979); ibM. D20. 1191 (1979); and K.-T. Chao, N. Isgur. 
and (;. Karl. Phys. Rev. D23, 155 (1981). 

5. C.P. I'brsyth and R.E. Cutkosky. Z. Phys. C18, 219 (1983). 
6. A.J.G. Hey and R.L. Kelly, Phys. Reports 96, 71 (1983). Also 

see S. Gasiorowiez and J.L. Rosner. Am. J. Phys. 49. 954 
(1981). 
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Most particle physics Monte Carlo and analysis systems use a 
numbering scheme ~o represent particles. The lack of s tandardizat ion 
of such schemes inhibits  interfacing different programs. The following 
table proposes a s tandard  numbering scheme. Some of the properties 
of this scheme are: 

1. Quarks and leptons are ordered by family, and within the family, 
by isospin. This puts the u and d in the opposite order than  is 
often used in other numbering schemes. In our scheme we call the 
highest numbered quark the heaviest quark. 

2. For mult iple quark systems (mesons, baryons, and diquarks),  the 
r ightmost  digit, is generally L = 2J  + 1. (The K O and K ° are 
exceptions.) 

3. Mesons are represented by the form N M L  and baryons by 
N M K L ,  where N, M, and K are quark numbers. 

4. For these systems the heaviest quark is usually on the left 
and the quarks are in decreasing mass order from left to right. 
One exception to this convention is the 0 0 K L - K  S pair. A second 
exception is for the A's for which we invert the up and down 
quarks to dist inguish the A from the E °. 

5. The other exception to this mass order rule is for some N ' s  and 
A's. For N's ,  the u and d quark are reversed for spins 3/2 and 
7/2. For A's, they are reversed for spins 1/2 and 5/2. The quarks 
are in the normal decreasing order when I + J is odd. 

6. Mesons, and only mesons, have the third digit  nonzero and the 
fourth digit zero. (We designate the r ightmost  digit as the first 
digit.) 

7. Only baryons and diquarks have the fourth digit nonzero. 
8. Only quarks and diquarks have the second digit equal to zero. 
9. Particles have positive numbers; each antipart icle has the negative 

of its counterpart .  

10. The particle-antiparticle convention is the one used by the Part icle  
Data  Group, so tha t  the K + and B + are particles. 

11. The above rules imply tha t  for mesons (as opposed to anti- 
mesons), when the number of the leftmost (heaviest) quark is 
even. it is a quark, and when the number of the leftmost quark is 
odd, it is an antiquark.  

12. The gluon has two numbers. I ts  official number is 21 to place 
it with the other gauge bosons. Its number is also 9 so tha t  a 
glueball is specified as 99. 

13. Tile fifth digit is used to differentiate different particles with the 
same quark content and spin. 

14. Although isospin is not manifest in this scheme, there is some 
isospin content. Mesons with l l J  are isospin 1 and those with 
22J  are isospin 0. For nonstrange baryons, if the quarks are in 
the normal decreasing order, then I + J is odd, otherwise I + J 
is even. If a strange baryon does not have the normal decreasing 
quark order, it has I = 0. 
More details about  the motivation behind, and properties of, 

this scheme can be found in Ref. 1. Although this scheme has the 
advantage that  a particle 's  number has considerable physics content, 
it has the disadvantage tha t  it is not compact. An algori thm tha t  
t ranslates this scheme into a more compact scheme is needed for its 
implementat ion.  Contact  the Berkeley Part icle Data  Group for further 
information on such an algorithm. 

A list of particle numbers follows. 

* Wri t ten  April 1988 by G.R. Lynch and T.G. Trippe. 

1. T.G. 2Mppe and G.R. Lynch. "Particle I.D. Numbers, Decay 
Tables, and Other Possible Contributions of the Part icle Data  
Group to Monte Carlo Standards," LBL-24287. in Proceedings of 
the Workshop on Detector Simulation for the SSC (August 1987). 

ELEMENTARY DIQUARKS 
PARTICLES 

Quarks ddl 1103 
udo 2101 

d 1 udl 2103 

u 2 UU 1 2203 

s 3 sdo 3101 

c 4 ~dl 3103 

b 5 suO 3201 

t 6 SUl 3203 
Leptons 
ue 12 M E S O N S  

~, 14 u+ 211 

u~ 16 ~o 111 

e -  11 ~l 221 

# 13 p(770) + 213 

w 15 p(770) ° 113 

G a u g e  a n d  w(783) 223 
H i g g s B o s o n s  q~(958) 331 

3 22 f0(975) 10221 

W + 24 a0(980 ) 10211, 10111 

Z ° 23 ¢(1020) 333 

g 21 and 9 h1(1170) 10223 

HI ) 25 b1(1235) 10213. 10113 

H~ 35 a1(1260) 20213, 20113 

H~ 36 f2(1270) 225 

H + 37 q(1280) 20221 

f1(1285) 20223 

7(1300) 20211. 20111 

a2(1320) 215. 115 

w(1390) ? 

~1(1400) 30221 

M E S O N S  ( C o n t ' d )  

f1(1420) 30223 

q(1440) 40221 

p(1450) ? 

f1(1510) 40223 

ff2(1525) 335 

fo(1590) 50221 

w(1600) ? 

w3(1670) 227 

~2(1670) 10215, 10115 

¢(1680) 10333 

p3(1690) 217. 117 

p(1700) 30213. 30113 

f2(1720) 10225 

03(1850) ? 

f2(2010) 20225 

f4(2050) 229 

f2(2300) 30225 

f2(2340) 40225 

K + 321 
K 0 311 

K~ 31() 

K~ 130 

K*(892) + 323 

K*(892) ° 313 

K1(1270) 10323. 10313 

K*(1370) 30323. 30313 

Kl(1400) 20323. 20313 

K~(1430) 10321. 10311 

K~(1430) 325. 315 

K*(1680) 40323. 40313 
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M E S O N S  ( C o n t ' d )  

K2(1770) 10325, 10315 A (1232) ++ 

K~(1780) 327, 317 A(1232) + 
K~(2045) 329, 319 /~(1232) ° 

D + 411 A(1232) 
D O 421 A(1620) 

D*(2010) + 413 A11700) 

D*(2010) 0 423 A(1900) 

D1(2420) ° ? A(1905) 
D~(2460) ° ? A(1910) 
D + 431 :',(1920) ,s 
D~ ~- 433 A(1930) 

Dsi(2536)+ ? A(1950) 

B+ 521 A 

B ° 511 :\11405) 

qc(1S) 441 A(1520) 

J/w(1S) 443 A(1600) 

Xco(1P) 10441 A(1670) 
Xd(1P) 10443 A(1690) 

~c2(1 P) +15 A(1800) 
W(2S) 20443 A(1810) 
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The nucleon structure functions /'2 and xF3  measured in charged-current neutrino and antineutrino scattering on iron (CCFRR, CDHSW) 
and marble (CHARM) targets, versus Q2, for fixed bins of x. Closed symbols are read on the right-hand scale, open symbols (appearing for 
alternate x values) on the left-hand scale. Only statistical errors are shown. R = a L / ~  T = 0 is used in the CHARM data, and a QCD-inspired 
parametrization for R is assumed in the CCFRR and CDHSW data. The CHARM measurements have not been corrected for the recalibration 
of the total neutrino and antineutrino cross sections in the CERN neutrino beam which was completed after the publication of these data. 
References: C C F R ~ D . B .  MacFarlane et al., Z. Phys. C26, 1 (1984); C D H S W  P. Berge et al., CERN-EP/89-103; C H A R M  F. Bergsma 
et al., Phys. Lett. 1230,  269 (1983) and Phys. Lett. 141B, 129 (1984). 

r 
i 

" • l  0 

C O O  o c  ° * 
¢ 

, = 0 C 7  ( ,6)  

J 
I "•'•" ••• "• ~=C, 10 ( . 5 )  

] ~ e e o 0 o  ° o  o ° ° 

i'" '+++ ....... " ..... 
0.5 t '" ' *÷++ . . . . .  " ' " ' " " "  

/ 

•i" O < > q o  ¢ o °wa°°QQ x :O  225 
O ¢' (2 (xl 2) 

¢ 0 * o ×=o 275 

0.2 , , , d  . _ ,  , , , , , d  , 

1 I0 I0 2 

Q2 (CeV 2) 

0.1 

0.05 

0.01 

i £ 
i i 

'[ 0 o"~" ~=035 
*=0 45 • %"#'*'"~ " "9, • • o •, 

~=o55 .. "$*,.*•~,.~ 
o 

• i, 

...... . 

• BCDMS 

0 EMC 

• SLA( MIT 

, I , , l i d  

i0 102 

Q2 ( O e V  2) 

The proton structure function F p measured in 
electromagnetic scattering of electrons (SLAC- 
MIT) and muons (BCDMS, EMC) on hydrogen 
targets, versus Q2 for fixed bins of x. The data 
have been multiplied by the factors shown on the 
left-hand figure for convenience in plotting. Only 
statistical errors are shown. R = eyL/a T = 0.21 
is assumed in the SLAC-MIT data, R = 0 in the 
EMC data, and a QCD prediction for R in the 
BCDMS data. Where necessary, the SLAC-MIT 
and EMC data were interpolated to the x bins 
of the BCDMS data. Note that there are no 
SLAC-MIT data in the lowest x bin. References: 
SLAC-MIT--A. Bodek et al., Phys. Rev. D20, 
1471 (1979); EMC J.J. Aubert et al., Nucl. Phys. 
B259, 189 (1985); BCDMS A.C. Benvenuti 
et al., Phys. Lett. B223, 485 (1989). 
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St ructure  Functions 
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sca t ter ing  of muons on iron ( B F R  EMC) and  ca rbon  (BCDMS) 
targets ,  versus (,22, for fixed bins in m. For a: of 0.05. 0.125. 0.175, 
0.275, 0.45, and  0.65 use the r igh t -hand  scale; for all o ther  bins of a:. 
use the lef t -hand scale. Only s tat is t ical  errors are shown. R - ~rL/~r T 
= 0 is used in the B F P  and  a QCD predict ion for R is assumed in 
the BCDMS and  EMC data .  References: B C D M S  A.C. Benvenuti  
et al.. Phys.  Lett .  B 1 9 5 ,  91 (1987): B F P  P.D. Meyers et al.. Phys.  
Rev. D 3 4 ,  1265 (1986): E M C  J.J .  Anhe r t  e /aL.  Nucl. Phys.  B 2 7 2 ,  
158 (1986). 
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T h e  s t r n c t n r e  f n n c t i o n s  F 2 .  ; e F ,  3 ,  a n d  ? ] ~  m e a s u r e d  i n  d i f f e r e n t  

exper iments  on isoscalar ta rge ts  as functions of Bjorken z. The 
CCFIRR, CDRSW,  BFP. and  EMC d a t a  were taken with iron 
targets;  the C H A R M  d a t a  with a marble  (CaCO3) target;  and  
the BCDMS d a t a  wi th  a ca rbon  target .  Only s ta t is t ical  errors 
are shown. The C H A R M  and  B F P  col laborat ions assume R = 
CZL/cr,r = 0, whereas a QCD predict ion for R is assumed in 
the analysis  of the CCFRt{,  CDHSW. BCDMS, and  EMC data .  

The e lect romagnet ic  s t ruc ture  fnnct ion F,~ *N is compared  to the 

charged ('llrrent s t ruc tnre  fultction F2uN correct ing for tile average 
sqnared qua rk  charge 5/18.  No correct ions have been applied for the 
difference between the s t range  and  charmed  quark  sea. References: 
C C F R R  D.B. MacFar lane  et  al.. Z. Phys.  C 2 6 ,  1 (19841: 
C D H S W  P. Berge et  al,. CERN-EP/89-103 ;  C H A R M  
F. Bergsma et al.. Phys.  bert .  1 2 3 B ,  269 (19831 and  Phys• Lett .  
1 4 l B .  129 (1984): B C D M S  A.C. Benvenuti  et  al.. Phys.  Lett .  
B 1 9 5 .  91 (19871: B F P  P,D. Meyers et  aL. Phys.  Rev, D 3 4 ,  1265 
(1986): E M C  J.J .  Auber t  ~t al.. Nucl. Phys. B 2 7 2 ,  158 (1986). 
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The ratio of nucleon structure functions F A ( x ) / F D ( x )  for nuclear targets A compared to deuterium D, measured in deep inelastic electron 
(SLAC-E139) and muon (BCDMS, EMC) scattering: (a) medium-weight targets (A = N, C), (b) heavy targets (A = Fe, Cu). Only statistical 
errors are shown. The SLAC-E139 data were evaluated as cross section r a t i o s  oA/o "D but are equal to structure function ratios if R = aL/C~T 
is independent of A. References: BCDMS G. Bari et al., Phys. Lett. 163B, 282 (1985); and A.C. Benvenuti et al., Phys. Lett. B189, 48a 
(1987); EMC J. Ashman et al., Phys. Lett. B202, 603 (1988); SLAC-E139 R.G. Arnold et al., Phys. Rev. Lett. 52. 727 (1984); and 
SLAC-PUB-3257 (1983). 
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the form (Nch } = 0.88 + 0.44 i n s  + 0.118 (ln s) 2. e+e - 
data points have been combined to reduce overlap; errors 
(not shown) are dominated by 10% 25% systematic effects. 
References: pp G.J. Alner et al., Phys. Lett. 138B, 304 
(1984); p ~ W .  Thom6 et al., Nuch Phys. B129, 365 (1977); 
W.M. Morse et al., Phys. Rev. D15, 66 (1977); and J. Benecke 
et al., Nucl. Phys. B76, 29 (1974); e+e - ADONE: C. Bacci 
et al., Phys. Lett. 86B, 234 (1979): MARK II: J.L. Siegrist 
et al., Phys. Rev. D26, 969 (1982); LENA: B. Niczyporuk 
et al., Z. Phys. C9, 1 (1981); and TASSO: M. Althoff et al., 
Z. Phys. C229, 307 (1984). 
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Jet Product ion  in pp and ~ p  Interact ions Pseudorapidi ty  in ~ p  Interact ions 
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Differential cross sections for observation of a single jet of rapidi ty 
Y = 0 as a function of the jet transverse momentum. ISR (pp) and 
SppS eollider (~p) da ta  compared. Error bars include a contribution 
due to est imated systematic error in defining jet  direction and PT.  
Solid curve: QCD prediction; refer to the "Cross-Section Formulae 
for Specific Processes" section and the "Quantum Chromodynamics" 
section in the full-sized edition. References: I S R - - T .  Akesson et al.. 
Phys. Lett. 118B, 185 (1982); U A 2  P. Bagnaia et al.. Phys. 
Lett. 138B, 430 (1984); and P. Bagnaia et al., Z. Phys. C20,  117 
(1983); U A 1  G. Arnison et al., Phys. Lett.  123B, 115 (1983a); 
and G. Arnison et al., Phys. Lett. 132B,  144 (1983b). 
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Comparison of the distr ibution of the pseudorapidity q - 
- in (tan 0era/2) for charged-particle production in proton- 
antiproton collisions at ~/~ = 53 GeV (1) and 540 GeV (2). 
References: (1) K. Alpgard et al., Phys. Lett.  112B,  209 
(1982); (2) UA5 Collaboration, presented by J. Rushbrooke 
in the Proceedings of  the X I V  In t e rna t iona l  S y m p o s i u m  on 
Mul t ipar t ic le  D y n a m i c s ,  eds. J.F. Gunion and P.M. Yager 
(World Scientific Publishing Co., Singapore, 1984). 
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The (:ross section ( s / f l )  do ' /dz  versus z for producing a hadron h 
in e+e - annihilation, measured in different experiments, for fixed 
energies Q2 = s. This quant i ty  is closely related to the frag- 
mentat ion function Dhi(z,  Q2) as discussed in the "Cross-Section 
Formulae for Specific Processes" section. Note that  we use 
2" = ( E  + Pl[)hadr°n/(E 3- Pll)quark' w h e r e a s  s o m e  e x p e r i m e n t s  

i _ • z I, E 2 rr~2ad)l/2. usc z - -EhaJron/Ebeai  n or m Phadron/( b e a m -  
The data  are shown for pious (singlet term) measured by the 
TPC at 29 GeV: they actually used z" for z > 0.05 the 
difference between z and z" can be neglected at  those energies. 
The data  for heavy quarks are frequently parametr ized by the 
Peterson et al. fornl, D(z) = N z ( l  - z)2/[(1 - z) 2 + eiz] 2. The 
t)arameter e for quark type i depends on x/s and upon the 
heavy quark mass. At , ~  ~ 30 GeV, % = 0.006 4- 0.002, ec = 
0 o~+0.03 Curves corresponding to these values (N is chosen " ~ - 0 . 0 1 5 "  
arbitrari ly) are shown on the figure. References: C. Peterson 
et al., Phys. Rev. D27, 105 (1983); T P C - - H .  Aihara et al., 
Z. Phys. C27.  495 (1985); and J. Chrin, Z. Phys. C36,  163 
(1987). 
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Quark Fragmentation in Electron-Positron Annihilation 
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Average h a d r o n  mult ipl ic i ty  per  e+e - annih i la t ion  event a t  
~ 10 GeV. and  v/S = 29 GeV. The  ra tes  given include decay 

p roduc t s  f rom resonances wi th  c~-, 10 cm, and  include charge 
con juga ted  states.  References: W. Hofmann ,  Ann.  Rev. Nucl. 
and  Par t .  Sci. 38,  279 (1988); a n d  H.D. Saxon,  in High Energy 
Electron Positron Physics, World Sci., p. 540 (1988); R. Marshal l ,  
RAL-89-021 (1989). 
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Fragmen ta t i on  into light hadrons:  Inclusive cross sections 
(1/~7~)(dcr/dx) for p roduc t ion  of charged hadrons  Qr, K , p )  in 
e+e  - annihi la t ion  at  ,¢~ ~ 10 GeV and  v/S = 29 GeV, normal ized  
to the to ta l  hadronic  cross section, as a funct ion of x = 2 E v ~ .  
References: H. A iha ra  et aL, Phys.  Rev. Let t .  61,  1263 (1988); 
and  H. Albrecht  et al., DESY-89-014 (1989). 
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Heavy qua rk  f ragmenta t ion :  Inclusive cross section for the 
p roduc t ion  of D*(2010) + mesons in e+c  - annihi la t ion  at  
~/s ~ 10 GeV, as a funct ion  of the scaling variable x+  = 
(E + p ) / (E  + P)kinem. limit. Also shown is the Peterson et aL 
form, d(r/dz ~ z ( 1 - z ) 2 / [ ( 1 - z ) 2 + e z ]  2, for e = 0.15. We note t ha t  
instead of the scal ing variable x or x+ ,  some exper iments  prefer 
to define a scal ing variable z as z = (E + plL)had./(E + P)quark, 
correc t ing  for g luon rad ia t ion  before the final f ragmenta t ion .  
Wi th  this  definition a t  x/~ ~ 30 GeV, (zc) = 0.67 4-0 .03  

(ZB) = 0.83 5= 0.03, cor responding to eC = 0.06+_0:03 and  
eB = 0.006 4-0.002.  The  cor responding  Peterson shapes are 
included here. References: D. Bor to le t to  et al., Phys.  Rev. D 3 7 ,  
1719 (1988); J. Chr im Z. Phys.  C 3 6 ,  163 (1987); and  C. Pe terson 
et al., Phys.  Rev. D 2 7 ,  105 (1983). 
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R in e + e  - Collisions 
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Selected measurements  of R -- o-(c ~ ~ ~ hadrons) /a (~ '+~ ~ It+t t ), where the annihi la t ion in the mnneraCor proceeds via one photon  or via 
the Z 0. Measurements  in the vicinity of the Z 0 mass are shown in the fullowing figure. The denomina to r  is the calcula ted QED single-photon 
process; see the section on Cross-Section Formulae for Specific Processes. Radia t ive  corrections and.  where impor t anL  correct ions for two-photon  
processes and  7- p roduc t ion  have been made.  Note tha t  the A D O N E  da t a  (772 and  MEA) is for > 3 hadrons.  The points  in the ~/,(3770) 
region are from the M A R K  I Lead Glass Wall experiment .  To preserve clari ty only a representat ive subset  of the available measurements  is 
shown references to addi t ional  d a t a  are included below. Also for clarity, some points  have been combined or shifted slightly (< 4%) in Ecru, 
and  some points  with low sta t is t ical  significance have been omit ted.  Systemat ic  normal izat ion errors are not included: they range from ~ 5  20%, 
depending  on experiment .  We (au t ion  tha t  especially the oMer exper iments  tend t,o have large normal iza t ion  uncertaint ies .  Note the suppressed 
zero. The horizontal  extent  of the plot symbols  has no significance. The posit ions of the J/~'~(15'), r,(25'), and  the fimr lowest T vector-meson 
resonances are indicated.  Two curw~s are overlaid fbr Ecru > 11 GeV, showing the theoret ical  predict ion for R. ineluding higher order  QCD 
[M. Dine and  J. Sapirstein. Phys.  Rev. Lett .  43,  668 (1979)] and electroweak corrections.  The A values are for 5 flavors in the ~ scheme and  

are A ~  = 60 MeV (lower curve) att(t A ~  = 250 MeV (upper  curve). References (including several references ~o d a t a  not appear ing  in the 
figure and  some references to prel infinary data) :  

A M Y :  T. Mori e:t al.. Phys.  Lett .  B 2 1 8 ,  4!)9 (1989); 
C E L L O :  H.-J.  Behrend et al., Phys.  Lett .  1 4 4 B .  297 (1984): 

and  H.-J.  Behrend et al., Phys.  Lett .  1 8 a B ,  400 (1987); 
C L E O :  t/.  Giles et al.. Phys.  Rev. D 2 9 .  1285 (1984): 

and  D. Besson el al., Phys.  Rev. Lett,. 54, 381 (1985); 
C U S B :  E. Rice et al,, Phys.  Rev. Lett .  48. 906 (1982): 
C R Y S T A L  B A L L :  A. Osterheld e~ a l .  SLAC-PUB-4160:  

and Z. Jakubowski  el al., Z. Phys.  C 4 0 ,  49 (1988); 
D A S P :  R. Brandelik et al., Phys.  Lett .  76B .  361 (1978): 
D A S P  II:  Phys.  Lett .  l 1 6 B ,  383 (1982); 
D C I :  G. Cosine el al., Nncl. Phys.  B 1 5 2 ,  215 (1979): 
D H H M :  P. Book e~ al. (DESY-Hamburg-Heide lberg-  

MPI Mfinchen Collab.),  Z. Phys.  C6 ,  125 (1980); 
"T~2: C. Baeci et al.. Phys,  Lett .  8 6 B ,  234 (1979); 
HITS: D. Bender  et al.. Phys.  Rev. D 3 1 ,  1 (1985): 
J A D E :  W. Bartel  et al.. Phys.  Lett .  1 2 9 B ,  145 (1983): 

and  W. Barrel e ta / . .  Phys. Lett .  1 6 0 B ,  337 (1985); 
L E N A :  B. Niezyporuk el al., Z, Phys.  C 1 5 ,  299 (1982). 

M A C :  E. Fernandez ~! aL. Phys. l/ev. D31 ,  1537 (1985); 
M A R K  J:  B. Adeva ~t M.. Phys. Rev. Lett .  50, 799 (1983); 

and  B. Adeva el (tl., Phys. Rev. D34 .  681 (1986); 
M A R K  I: .I.L. Siegrisl ~1 a/., Phys.  Rev, D 2 6 ,  969 (1982); 
M A R K  I + L e a d  G l a s s  Wal l :  P.A. Rapidis  et a/., 

Phys.  I~ev. Lett .  39, 526 (1977); and P.A. Rapidis,  thesis. 
SLA(: Rep(~rt-220 ( 1979): 

M A R K  II: J. Pa:r ick.  Ph.D.  thesis. LBL 14585 (1982): 
M E A :  B. Esposito ct  al.. Lett. Nuovo Cimento 19, 21 (1977): 
P L U T O :  A. B£cker. thesis Gesamthochschule  Siegen. 

I)ESY F33-77/03 (1977): C. Gerke. thesis, H a m b u r g  Univ. (1979); 
Ch. fh ' rger  el al., Phys.  Lett .  8 1 B .  110 (1979); 

and \V, Lackas, lhesis, RWTH Aachen.  I)ESY Pluto-81/11 (1981): 
T A S S O :  R. Brandelik el rK, Phys. LetL 1 1 3 B ,  499 (1982): 

and  M. Althoff ~t al_ Ph3~. Lett.  1 3 8 B .  411 (1984); 
T O P A Z :  I. Adachi H ~d.. Phys. Rev. Lett .  60, 97 (1988): 
and  V E N U S :  H. Yoshida ~t a/.. Phys. l,ett.  1 9 8 B ,  570 (1987). 
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e+e - Annihilation Cross Section in Vicinity of M Z 

o M a r k  II 
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Data from tile Mark II, ALEPH, DELPHI, L3, and OPAL Collaborations (Refs. 1 5) for the cross section in e+e - annihilation into hadronic 
final states as a flmction of can. energy near the Z. LEP detectors obtained data at the same energies; some of the points are obscured by 
overlap. The curves show the predictions of the Standard Model with three species (solid curve) and four species (dashed curve) of light 
neutrinos. The mass of tile Z was fixed by the data to be 91.157 GeV, and there were no other free parameters. The resulting widths are 
respectively 2.488 GeV and 2.653 GeV, which include QCD corrections for tile hadronic channels and assulne no t-quark contribution. The 
asymmetry of the curves is produced by initial-state radiation. 

1. Mark II G.S. Abrams et al., Phys. Rev. Lett. 63, 2173 (1989). 
2. ALEPH D. Decamp et al., to be published in Phys. Lett. B (1990). 
3. DELPHI P. Abreu et al.. CERN-EP/90-32, to be published in Phys. Lett. B (1990). 
4. L3 B. Adeva et al., submitted to Phys. Lett. B (1990). 
5. OPAL M.Z. Akrawy et a l ,  to be published in Phys. Lett. B (1990). 
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a T / E u  for the muon neutrino and antineutrino charged-current total cross section as a flmction of neutrino energy. The error bars include 
both statistical and systematic errors. The straight lines are averages for the CCFRR measurement. Note the change in the energy scale 
between 30 and 50 GeV. The data points on the right give averages for other high energy measurements. Courtesy M.H. Shaevitz, Columbia 
University (Nevis Laboratory). 

(1) D.B. MacFarlane et al., Z. Phys. C26, 1 (1984); 
(2) P. Berge et al., Z. Phys. C35, 443 (1987); 
(3) J. Morfin et al., Phys. Lett. 104B, 235 (1981); 
(4) D.C. Colley et al., Z. Phys. C2, 187 (1979); 
(5) O. Erriquez et aL, Phys. Lett. 80B, 309 (1979); 
(6) A.S. Vovenko et al., Yad. Phys. 3 0 ,  527 (1979); 
(7) D.S. Baranov et al., Phys. Lett. 81B, 255 (1979); 
(8) C. Baltay et aL, Phys. Rev. Lett. 44. 916 (1980); 
(9) S. Ciampolillo et al., Phys. Lett. 84B, 281 (1979); 

(10) S.J. Barish et al., Phys. Rev. D19, 2521 (1979); 
(11) J.V. Allaby et al., Z. Phys. C38, 403 (1988), E.  = 10 160 GeV; 
(12) P. Bosetti et al., Phys. Lett. l lOB, 167 (1982), Eu = 20 200 GeV, 

as revised in M. Aderholz et al., Phys. Lett. 173B, 211 (1986); 
(13) T. Kitagaki et al., Phys. Rev. Lett. 49, 98 (1982), Ev  = 10-200 GeV; 
(14) N.J. Baker et al., Phys. Rev. Lett. 51, 735 (1983), E .  = 10 240 GeV; 
(15) G.N. Taylor et al., Phys. Rev. Lett. 51, 739 (1983), Ev  = 5 250 GeV: 
(16) N.J. Baker et al., Phys. Rev. D25, 617 (1982), Ev  = 1.6 10 GeV. 
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High-energy Parametrizations of Hadron Cross Sections 
The C E R N - H E R A  G r o u p  has done a least-squares  fit to the  cross sect ion in the h igh-energy region for each of the h a d r o n  react ions p lo t ted  

below. The pa rame t r i za t i on  they  used was a = A + Bp n + C l n  2(p) + D l n ( p ) ,  where a is in mb and  p is in GeV/c .  The best-fit  coefficients 
A, B,  C, a n d  D and  the fi t ted exponent  n are  t a b u l a t e d  here. The errors in these pa ramete r s  are highly correlated;  this should be taken  into 
account  before mak ing  any  changes.  The  appl icable  m o m e n t u m  range  is given in the  r igh t -hand  column; use of these pa ramete r iza t ions  outside 

of this range  may  give incorrect  results.  

React ion  

5'P (total)  

"~d (total)  

7r+p (total)  

~r+p (elastic) 

~r+d (total)  

7r-p  (total)  

~r-p (elastic) 

7r-d  (total)  

K+p (total)  

K+p (elastic) 

K+n (total)  

K+ d (total)  

K - p  (total)  

K - p  (elastic) 

K - n  (total)  

K - d  (total)  

pp (total)  

pp (elastic) 

pn (total)  

pd (total)  

pd (elastic) 

~p (total)  

~p (elastic) 

p n  (total)  

~n (elastic) 

~d (total)  

A B n C D 

M o m e n t u m  
range  (GeV/c)  

Pmin Pmax 

Ap (total)  18.0 ± 1.9 0.121 ± 0.017 - 3 . 9 2  ± 0.83 6.38 ± 0.74 0.1 21.0 

Ap (elastic) 3.5 ± 5.6 26 ± 25 - 1 . 0  ± 1.3 - -  2.0 24.0 

17.1 ± 0.9 5.5 ± 5.2 - 2 . 7  ± 2.0 0.139 ± 0.076 - 0 . 2 7  ± 0.53 2.0-310 

5.73 ± 0.29 17.2 ± 1.1 - 3 . 0 2  ± 0.21 0.191 :i: 0.026 - 1 . 6 2  ± 0.18 1.5-175 

18.56 ± 0.31 (0.16±4.9)  x 10 - 7  3.0 ± 5.1 0.178 ± 0.050 - 0 . 7 1  ± 0.26 2.0 310 

34.2 ± 1.2 7.9 -4- 3.8 - 2 . 1  ± 1.1 0.346 ± 0.074 - 0 . 9 9  ± 0.61 2.0 310 

- 1 . 0  ± 5.4 36.4 ± 4.8 - 0 . 3 4  ± 0.05 3.02 -4- 0.57 3.0 310 

7.24 ± 0.16 46 ± 32 - 4 . 7  ± 1.0 0.279 ± 0.017 - 2 . 3 5  ± 0.11 2.0 175 

8 ± 11 22.6 ± 6.9 - 0 . 4 5  ± 0.31 2.0 ± 1.3 10-310 

45.5 ± 9.2 26.7 ± 3.5 - 1 . 1 2  ± 0.65 0.54 ± 0.32 - 4 . 0  ± 3.4 3.0-310 

45.64 ± 0.17 239 ± 126 - 4 . 3 3  ± 0.50 0.414 ± 0.009 - 3 . 4 4  ± 0.08 3.0-2100 

11.9 ± 0.8 26.9 ± 1.7 - 1 . 2 1  ± 0.11 0.169 ± 0.021 - 1 . 8 5  ± 0.26 2.0-2100 

47.70 ± 0.13 - 1 0 0  ± 14 - 4 . 5 6  ± 0.20 0.512 ± 0.012 - 4 . 2 9  ± 0.09 2.0-280 

92.2 ± 1.2 - 0 . 0 8  ± 0.65 0.7 ± 1.0 1.36 ± 0.41 - 9 . 8 2  ± 0.49 3.0 370 

- 2 3 7  :t: 53000 253 ± 53000 0.1 ± 4.5 - 0 . 5  ± 52 - 2 0  ± 2600 2.0 384 

39.8 ± 4.3 77.1 ± 3.0 - 6 . 6 0  ± 0.68 0.278 ± 0.048 - 1 . 5  ± 0.9 5.0-1.73 x 106 

10.55 ± 0.72 52.7 ± 1.8 - 1 . 1 7 6  ± 0.05 0.135 ± 0.016 - 1 . 3 9  ± 0.22 2.0 1.73 × 106 

41.8 ± 2.4 96.1 ± 4.6 - 0 . 9 8  ± 0.07 - 0 . 1 4  ± 0.46 1.1 280 

38 ± 21 - 3  ± 17 - 3  ± 38 - 1 3  ± 12 1.1 5.55 

112 ± 13 125 ± 8 - 1 . 0 8  ± 0.15 1.14 i 0.49 - 1 2 . 4  ± 4.9 2.0-280 

0.154 + 0.021 - 0 . 0 1 8  + 0.023 - 1 . 4  ± 3.7 0.0026 ± 0.0009 - 0 . 0 2 0  ± 0.009 3.0-183 

0.206 ± 0.007 0.111 ± 0.006 - 0 . 7 8  ± 0.16 2.0-17.8 

- 5 . 0  i 8.1 40.4 ± 7.7 - 0 . 2 8  ± 0.05 - -  3.7 ± 0.8 4.0 340 

7,4 ± 1.4 11.2 ± 1.6 - 1 . 6 7  ± 0.48 0.180 ± 0.079 - 1 . 7 1  ± 0.67 2.0-200 

28.4 ± 8.7 51.9 ± 3.4 - 0 . 5 6  ± 0.17 2.9 :h 1.2 6.0 340 

33.0 ± 1.2 14.0 ± 1.8 - 1 . 3 6  + 0.29 0.456 ± 0.049 - 4 . 0 3  + 0.48 2.5 370 

1.76 ± 0.42 11.2 ± 0.3 - 0 . 6 4  ± 0.07 0.043 ± 0.011 - -  2 .0-360 

41.6 ± 0.9 44.0 ± 2.5 - 0 . 7 9  ± 0.07 0.150 -i- 0.026 2.5-370 
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Hadronic Cross Sections 
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Hadronic Cross Sections 
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Hadronic Cross Sections 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 

Hadronic Cross Sections 
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See key on page IV.1 Gauge & Higgs Boson Full 
V.1 

Listings 
"/,W 

I GAUGE AND 

E] 
HIGGS BOSONS II 

1(J PC) = 0 , i O - - )  

7 M A S S  

For a review of the photon mass, see BYRNE 77. 

VALUE (MeV) CL~ DOCUMENT ID TECN COMMENT 

<3 X 10 - 3 3  CHIBISOV 76 Galactic mag. field 
• * * We do not use the following data for averages, fits, limits, etc. * • • 

<6 × 10 - 2 2  99.7 DAVIS 75 Jupiter magfield 
<7.3 × 10 - 2 2  HOLLWEG 74 AIfven waves 
<6 x 10 - 2 3  1 FRANKEN 71 Low freq. res. cir. 
<1- × 10 - 2 0  WILLIAMS 71 CNTR Tests Gauss law 
<2.3 × 10 -21  GOLDHABER 68 Satellite data 
<6 x 10 21 1 PATEL 65 Satellite data 
<6 × 10 -21  GINTSBURG 64 Satellite data 

1Validity questionable. See criticism in KROLL 71 and GOLDHABER 71. 

7 CHARGE 

VALUE (10 .32 e) DOCUMENT ID TECN COMMENT 

<2 COCCONI 88 TOF Pulsar f l ,  f2 TOF 

W W I D T H  

VALUE (GeV) CL~ E V T S  DOCUMENT ID TECN COMMENT 
2.254-0.14 OUR AVERAGE 
2.19±0.20 9 ABE 90 CDF Extracted value | 
2.30±0.19±0,06 10 ALITTI 90c UA2 Extracted value I 2.8 +1.4 ±1.3 149 11 ALBAJAR 89 UAI F_.~mP= 546,630 GeV - 1 . 5  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5.4 90 149 11 ALBAJAR 89 UA1 E~mP = 546,630 GeV 

<7 90 251 ANSARI 87 UA2 F~mP = 546,630 GeV 

<7 90 119 APPEL 86 UA2 F ~ n =  546,630 GeV 

<6.5 90 86 12 ARNISON 86 UA1 Repl. by 
ALBAJAR 89 

<7 90 27 ARNISON 83D UA1 Repl. by 
ARNISON 86 

9ABE 90 measure R = cr(W ~ eu) /cr(Z ~ e + e  - )  which is equal to 
[ ~ (W) /~ (Z ) ] [F (W ~ eu ) /F (Z  ~ ee)] r(z)/r(w). The bracketed quantities can 
be calculated with plausible reliability. ABE 90 then extract F(W) by using the value 
F(Z) = 2.57 ± 0.07 GeV. They measured R = 10.2 ± 0.8 ± 0.4, assumed sin26~V 
= 0.229 ± 0.007, and took predicted values ~(W) /c r (Z )  = 3.23 ± 0.03 and r ( w  
eu ) /F (Z  ~ ee) = 2.70 ± 0.02. This yields F(W) /F(Z)  = 0.85 ± 0.08. The quoted 

error for F(W) includes systematic uncertainties. F..~mP = 1800 GeV. 

IOALITTI  90C used the same technique as described for ABE 90. They measured R = 
9.38+0182 ± 0.25, obtained F(W)/F(Z)  = 0.902 ± 0.074 ± 0.024. Using F(Z) = 
2.546 ± 0.032 GeV, they obtained the r(w_) value quoted above and the limits F(W) < 

2.56 (2.64) GeV at the 90% (95%) CL. ~ P  = 546,630 GeV. 

11ALBAJAR 89 result is from a total sample of 299 W ~ ev events. 
121f systematic error is neglected, result is 2.7+_~: 4 GeV. This is enhanced subsarnple of 

172 total events. 

R E F E R E N C E S  FOR 7 

COCCONI 88 PL B206 705 (CERN) 
BYRNE 77 AstSp.Sci. 46 115 (LOIC) 
CHIBISOV 76 SPU 19 624 (LEBD) 
DAVIS 7S PRL 35 1 4 0 2  +Goldhaber, Nieto (CIT, STON. LASL) 
HOLLWEG 74 PRL 32 961 (NCAR) 
FRANKEN 71 PRL 26 115 +Ampulski (MICH) 
GOLDHABER 71 RMP 43 277 +Nieto (STON, BOHR, UCSB) 
KROLL 71 PRL 26 1395 (SLA£) 
WILLIAMS 71 PRL 26 721 +Failer, Hill (WESL) 
GOLDHABER 68 PRL 21 567 +Nieto (STON) 
PATEL 65 PL 14 105 (DUKE) 
GINTSBURG 64 Soy. Astr. A J7 536 (ASCI) 

D J =  1 

W M A S S  

The fit uses the W and Z mass and mass difference measurements. 

VALUE (GeV) EVT5 D OCUM._ENT ID TECN COMMENT 
80.6 4- 0 . 4  O U R  FIT Error includes scale factor of 1.1. 
8 0 . 9  ± 0 . 8  O U R  AVERAGE 

80.79± 0.31±0.84 1 ALITTI 90B UA2 ~ P =  546,630 GeV | 
2 

m 

80.0 ± 3.3 ±2.4 22 ABE 891 CDF F.~mP= 1800 GeV I 
3 

m 

82.7 ± 1.0 ±2.7 149 ALBAJAR 89 UA1 ~ P  = 546,630 GeV I 
• * * We do not use the following data for averages, fits, limits, etc. * * • 

81.8 + 6.0 ±2.6 46 4 ALBAJAR 89 UA1 F-~m ~ =  546,630 GeV 
- 5.3 

89 ± 3 ± 6  32 5 ALBAJAR 89 UA1 E~P= 546,630 GeV 

80.2 ± 0.6 ±1.4 251 6 ANSARI 87 UA2 Repl. by ALITTI 908 
81.2 ± 1.0 ±1.4 119 6 APPEL 86 UA2 Repl. by ANSARI 87 

83.5 + 1.1 ±2.7 86 7 ARNISON 86 UA1 Repl. by ALBAJAR 89 
- 1.0 

81. + 6. 14 8 ARNISON 84D UA1 Repl. by ALBAJAR 89 
- 7 .  

83.1 ± 1.9 ±1.3 37 BAGNAIA 84 UA2 Repl. by ALITTI 908 
81. ± 5. 6 ARNISON 83 UA1 Repl. by ARNISON 83D 
80.9 ± 2.9 27 ARNISON 83D UA1 Repl. by ARNISON 86 
81.0 ± 2.8 BAGNAIA 83 UA2 Repl. by BAGNAIA 84 

80. +10. 4 BANNER 83B UA2 Repl. by ALITTI 9OB 
- -  6 .  

1 There are two contributions to the systematic error (±0.84):  one (±0.81)  which cancels I 
in m ( W ) / m ( Z )  and one (±0.21) which is non-cancelling. These were added in quadra- | 
ture. 

2 ABE 891 systematic error dominated by the uncertainty in the absolute energy scale. | 
3ALBAJAR 89 result is from a total sample of 299 W ~ ev events. I 4ALBAJAR 89 result is from a total sample of 67 W ~ /~u events. 
5ALBAJAR 89 result is from W ~ ~-~, events. 
6 There are two contributions to the systematic error ( ±  1.4): one ( ±  1.3) which cancels in 

m ( W ) / m ( Z )  and one (±0.5)  which is non-cancelling. These were added in quadrature. 
7 This is enhanced subsample of 172 total events. 
8Using W ± ~ /~±u. 

W A N O M A L O U S  M A G N E T I C  M O M E N T  ( A m )  

The full magnetic moment is given by/~(W) = e ( 2 - Z ~ ) / 2 m ( W ) .  In the Standard 
Model, A~; = 0. The parameter A appearing below is a regularization cutoff and 
may correspond to the energy scale where the structure of the W boson becomes 
manifest. 

VALUE (e/2rn(W)) DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

13 GRIFOLS 88 THEO 
14 GROTCH 87 THEO 
15 VANDERBIJ 87 THEO 
16 GRAU 85 THEO 
17 SUZUKI 85 THEO 
18 HERZOG 84 THEO 

13GRIFOLS 88 uses deviation from p parameter to set limit A n  < 65 (M2W/A2 ). 

14GROTCH 87 finds the l imit - 3 7  < A~ < 73.5 (90% CL) from the experimental limits 
on e + e -  ~ u ~  l assuming three neutrino generations and - 19.5 < A n  < 56 for 
tour generations. Note their AN has the opposite sign as our definition. 

15VANDERBIJ 87 uses existing limits to the photon structure to obtain I A ~  < 33 
(m(W) /A) .  In addition VANDERBIJ 87 discusses problems with using the p parameter 
of the Standard Model to determine A~. 

16 GRAU 85 uses the muon anomaly to derive a coupled l imit on the anomalous magnetic 
dipole and electric quadrupole (A) moments 1.05 > An  I n (A /m(W) )  + A/2 > -2 .77 .  
In the Standard Model A = 0. 

17SUZUKI 85 uses partial-wave unitarity at high energies to obtain IA~I < 190 

(m (W) /A )  2. From the anomalous magnetic moment of the muon, SUZUKi 85 obtains 
IA~[ < 2 .2 / In (A/m(W)) .  Finally SUZUKI 85 uses deviations from the p parameter 

and obtains a very qualitative, order-of-magnitude limit IA~I ~< 150 ( m ( W ) / A ~  if 

In~ I << 1. 
18 HERZOG 84 consider the contribution of W-boson to muon magnetic moment including 

anomalous coupling of W W--f. Obtain a l imit - ] < A~ < 3 for A >~ 1 TeV. 

W + D E C A Y  M O D E S  

W -  modes are charge conjugates of the modes belOW, 

Mode Fraction ( F i / r )  Confidence level 

r l  e+~ (10 0+~:~) °~ 

F2 e+zJ'y [a] < 1.0 % 

r3 u + ~ (10.0_+~i~) 

E4 IZ+ U'Y 

90% 

[a] See the  List ings be low for the  7 energy range used in th is  measurement .  



V.2 

Gauge & Higgs Bosun Full Listings 
W,Z 

W B R A N C H I N G  R A T I O S  

r(e%,)/rtotal r l / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0.104-0.014_4-0:8 ] 248 19 ANSARI 87E UA2 E~m p = 546,630 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 299 20 ALBAJAR 89 UA1 F~m p = 546,630 GeV I 
seen 119 APPEL 86 UA2 F . ~ =  546,630 GeV 

seen 172 ARNISON 86 UA1 Repl. by ALBAJAR 89 

19 The first error was obtained by adding the statistical and systematic experimental uncer- 
tainties in quadrature. The second error reflects the dependence on theoretical prediction 

of total W cross section: ~(546 GeV) = 4.7_+ 0.714 nb and 0~(630 GeV) = 5.~_R+ 1.018 nb. 

See ALTARELL1858. 
20ALBAJAR 89 experiment determines values of branching ratio times production cross I 

section. 

r (e +,,-y)/r (e +,,) r2/r l  
VALUE EL% EVT5 DOCUMENT IO TEEN COMMENT 

<0.1 90 1 21 ARNISON 84 UA1 F_~.mP= 546 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

none in 119 0 APPEL 86 UA2 EcPm p 546,630 GeV 
W ~ ew evts 

21 After accounting for selection efficiency and geometric acceptance, and requiring E T (?)  
> 10 GeV. ARNISON 84 W - -  eu7  one event in 52 W - -  ev events is consistent 
with QED Bremsstrahlung. Mass not restricted to W mass. 

r ( .+ . l / r (e+~)  r3/r l  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

1.004-0.144-0.08 67 ALBAJAR 89 UAI  ~ P  = 546,630 GeV J 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

I ~4 +0 '6  14 ARNISON 84D UAI Repl. by ALBAJAR 89 
'~ - 8 . 4  

r(.+.~)/rtotal r4/r 
VALUE EVTE DOCUMENT IO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

none in 18 W ~ # u  evts 0 22 ARNISON 84 UA1 F~ p = 546 GeV 

22Mass not restricted to W mass. 

r(~+ ~)/r(e +.) rs/rl 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

I 1.024-0.~0.12 32 ALBAJAR 89 UA1 ~ P  = 546,630 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1 0 2 4 - 0 . 2 0 ± 0 1 0  32 ALBAJAR 87 UA1 Repl. by ALBAJAR 89 

R E F E R E N C E S  F O R  W 

ABE 90 PRL 64152 
ALITTI 908 PL B (to be pub.) 

CERN EP/9022 
ALITTI 90C ZPHY C (to be pub.) 

CERN EP/9(T20 
ABE 891 PRL 621005 
ALBAJAR 89 ZPHY C4415 
GRIFOLS 88 IJMP A3 225 

Also 87 PL B197 437 
ALBAJAR 87 PL B185 233 
ANSARI 87 PL B186 440 
ANSARI 87C PL 8194 158 
GROTCH 87 PR 036 2153 
VANDERBU 87 PR D35 1088 
APPEL 86 ZPHY C30 1 
ARNI5ON 86 PL 1668 484 
ALTABELLI 85B ZPHY C27 617 
GRAU 85 PL 154B 283 
SUZUKi 85 eL ]53B 289 
ARNISON 84 PL 135B 250 
ABNISON 84D eL 134B 469 
BAGNAIA 84 ZPHY C24 1 
HERZOG 84 PL 148B 355 

Also 84B eL 155B 468 e~[atum 
ABNISON 83 PL 12aB 103 
ARNISON 83D PL 1298 273 
BAGNAIA 83 PL 129B 130 
BANNER 83B PL 122B 476 

+Amidel, Apolllnari, Atac, Auchincloss~ (CDF CoHab) 
+Ansari, Ansorge, Autiero+ (UA2 Collab ) 

+Ansari, Ansorge. Bagnaia- (UA2 Collab 1 

{Arnidei, Apoll]nari, Ascoli, Atac+ (cog Collab) 
*Albrow, Allkofer, Am±son, Astbury ~ (UAI Collab ) 
-Per±s, Sola (BARC, DESY) 

Grifols, Per±s, Sola [BARE, OEBY} 
#Albrow, Allkofer, Arnison, Astbury~ (UAI Coliab ) 
+Bagnaia, Banner, Battiston+ (UA2 Collab } 
+8agnaia, 8anneq Battiston- (UA2 Collab ) 
+Bobinett (PSU) 

van der 8ij (FNAL) 
+Bagnaia, Banner, 8attiston4 (UA2 CoBab.} 
+Albrow, AIIkofer, Astburyt (UA1 Collab )J 
+Ellis, Martinell] (CERN. FNAL, FBAS) 
+Grifohs (BABE) 

(LBL) 
~Astbury, Auber[, Bacci+ (UAI Co±lab.) 
+Astbury, Aubert, Bacci+ (UA1 Collab) 
--Banner, Battiston Blech* (UA2 Collab ) 

(W~SC) 
Herzog (WISE} 

+Astbury, Aubert, 8acci- (UAI Collab ) 
+Astbury, AuberC 8acci* (UA1 Collab) 
+8anneL 8attiston, Bloch+ (UA2 Colla8) 
+Battiston, 81och, 8onaud]~ (UA2 Collab ~ 

El J =  1 

Z M A S S  

The fit uses the W and Z mass and mass difference (see below) measurements. 

VALUE (GeV) EVTS DOCUMENT ID TEEN COMMENT 

91.1614-0.031 OUR FIT 
91.1604-0.031 OUR AVERAGE 
91.171d-0.030±0.030 l l k  1 ABREU 90 DLPH F.~e= 88,3-95.0 GeV 

91.160±0024:=0.030 17k 1 ADEVA 90E L3 ~ e  = 88.28-95.04 GeV 

91154±0 .021±0 .030  28k 1 AKRAWY 90£ OPAL ~ =  88.28-95.04 GeV 

91.182±0.026±0.030 20k 1 DECAMP 90D ALEP E~em = 88.28-95.04 GeV 

90.9 ±0 .3  =0.2  188 2 ABE 89c CDF F..~ p = 1800 GeV 

91.14 = 0 1 2  480 3 ABRAMS 898 MRK2 F_..~em = 89.2-93.0 GeV 

88.6 + 2 0  4 MORI 89 RVUE Ec ee < 57 GeV 
18  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

91.49 ± 0 3 5  ±0 .93  5 ALITTI 90B UA2 ~ ) ~ =  546,630 GeV I 
91.06 =0.09 ±0.045 1066 6 AARNIO 89 DLPH F..~em = 89.26-93.27 GeV 

91.11 4-0.23 106 ABRAMS 89 MRK2 Repl. by ABRAMS 898 | 
m 

91132±0 .057±0 .046  2538 6 ADEVA 89 L3 Repl. by ADEVA 90C I 91.01 ± 0 0 5  ±0.045 4350 6 AKRAWY 89 OPAL Re]~l. by AKRAWY 90E 

93.1 ± 1 0  ± 3 0  24 7.8 ALBAJAR 89 UA1 ~Pm = 546,630 GeV 

+5.2 ±3 .2  14 9 ALBAJAR 89 UA1 E~?n= 546,630 GeV J 907 - 48  
91.174±0.055±0.045 3320 6 DECAMP 89 ALEP RepL by DECAMP 90D J 
91.5 ± 1.2 = 1.7 25 7 ANSARI 87 UA2 Repl. by ALITTI 90B 
92,5 = 1 3  ±1 .5  13 APPEL 86 UA2 Repl. by ANSARI 87 
930  i 1 4  4-3.0 14 ARNISON 86 UA1 Repl. by ALBAJAR 89 

7 0  10 ARNISON 84E UA1 Rept. by ALBAJAR 89 85.8 - 5 4 

92 7 = 17  ± 1 4  4 11 BAGNAIA 84 UA2 Repl. by ALITTI 908 
952  ±2 .5  5 ARNISON 83E UA1 Repl. by ARNISON 83D 
956  4-3.2 5 ARNISON 83D UA1 Repl. by ARNISON 86 
91 9 ± 19  4 BAGNAIA 83 UA2 Repl. by ALITTI 908 

1 The systematic error (0.03) is an error in common to the 4 LEP experiments. 
2 First error of ABE 89 is combination of statistical and systematic contributions; second I 

is mass scale uncertainty. 
3ABRAMS 89B uncertainty includes 35 MeV due to the absolute energy measurement. 
4 MORI 89 result is from all existing measurements of R below the Z region including 

AMY, VENUS, and TOPAZ at TRISTAN plus data from PEP, PETRA, CESR, and 
DORIS. Assuming F(Z) - 2.5 GeV and A r  _ 0070. 

5Enters fit through W / Z  mass ratio below. 
6The systematic error (0.045) is an error in common to the 4 LEP experiments, 
7 Enters fit through Z - W  mass difference below. 
8 ALBAJAR 89 result is from a total sample of 33 Z ~ e + e events. 
9 ALBAJAR 89 result is from a total sample of 19 Z ~ #+  Iz events. I 

10 ARNISON 84E is from 4 i~+ ~ , 1#+ # -  ~,. 
11 BAGNAIA 84 is a reanalysis of BAGNAIA 83 after recalibration of calorimeter. 

W / Z  M A S S  R A T I O  

VALUE DOCUMENT ID TECN COMMENT 
0.884 ~:B.OOB OUR FIT Error includes scale factor of 1.1. 

0.8831::E0,00484-0.0026 12 ALITTI 908 UA2 ~ n  = 546,630 GeV 

I2AL ITT I  90B scale error cancels in this ratio. 

Z - W M A S S  D I F F E R E N C E  

The fit uses the W and Z mass and mass difference measurements. 

VALUE IGeV) DOCUMENT ID TECN COMMENT 
10.54-0.4 OUR FIT Error includes scale factor of 1.1. 

10.4=t=1.4/:0.8 ALBAJAR 89 UA1 E ~ n =  546,630 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1 1 3 ± 1 . 3 ± 0 . 9  ANSARI 87 UA2 F~P=  546,630 GeV 

Z W I D T H  

VALUE (GeV I EL% EVT5 DOCUMENT ID TEEN COMMENT 

2.534t:0.027 OUR AVERAGE 
2.511±0.065 11k ABREU 90 DLPH F~em=883-95.0 I 

GeV 
2 839±0,054 17k ADEVA 90c L3 F ~ e =  88.28-95,04 l 

GeV 
2.53610.045 28k AKRAWY 90E OPAL F..~em = 88.28 95.04 I 

GeV 
2 5 4 1 ± 0 0 5 6  20k DECAMP 90D ALEP F..~em = 88.28-95.04 I 

p~eV ! 
3.8 ± 0 8 ± i 0 188 ABE 89C CDF E~m= 1800 GeV , | 

+ 0 4 5  480 13 ABRAMS 89B MRK2 E~ e =  892-93,0  | 242 035  
GeV | 

+ 12  ± 1 3  24 14 ALBAJAR 89 UA1 E~m p = 546,630 GeV I 27  10  

2 7  ±2 .0  ± 1  0 25 15 ANSARI 87 UA2 F ~ n =  546,630 GeM 
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V.3 

Gauge & Higgs Boson Full Listings 
z 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.42 ±0.21 ±0.09 1066 16 AARNiO 89 DLPH F..~ e = 89.26-93.27 I 
GeV 

l 

1.61 +0.60 106 ABRAMS 89 MRK2 Repl. by I - 0.43 
ABRAMS 89B 

2.588±0.137 2538 ADEVA 89 L3 Repl. by ADEVA 90c I 
2.60 4-0.13 4350 AKRAWY 89 OPAL Repl. by I 

_AK RAWY 90E l 

< 5.2 90 24 14ALBAJAR 89 UA1 E~P=546 ,630GeV I 

2.68 /_0.15 3320 DECAMP 89 ALEP Repl, by DE- I 
£ A M P  90D 

< 5.6 90 25 15 ANSAR] 87 UA2 ~ P  = 546,630 GeV 
< 3.2 90 13 17 APPEL 86 UA2 Repl. by ANSAR187 

2.2 +0.7  ±0 .2  13 17 APPEL 86 UA2 Repl. by ANSAR187 - 0 . 5  
< 4.6 90 13 APPEL 86 UA2 Repl. by ANSAR187 
< 8.3 90 14 18 ARNISON 86 UA1 Repl. by 

ALBAJAR 89 
< 6.5 90 4 19 BAGNAIA 84 UA2 Repl. by ANSAR187 
< 2.6 90 4 BAGNAIA 84 UA2 Repl, by ANSAR187 
<10.2 90 4 ARNISON 83c UA1 Repl. by 

ARNISON 86 
< 8.5 90 4 ARNISON 83D UA1 Repl. by 

ARNISON 86 
<11. 90 4 BAGNAIA 83 UA2 Repl. by ANSARI 87 

13ABRAMS 89B uncertainty includes 50 MeV due to the miniSAM background subtraction I 
error. 

14ALBAJAR 89 result is from a total sample of 33 Z ~ e + e -  events. I 
15Quoted values of ANSARI 87 are from direct fit. Ratio of Z and W production gives 

either r (z)  < (1.09 ±0.07) × r (w) ,  CL = 90% or r (z)  = (0.82_+°i~9 ±0.06) × r (w) .  
Assuming Standard-Model value r ( w )  = 2.65 GeV then gives r ( z )  < 2.89 ± 0.19 or = 
2 17 +0.50 ± 0.16. 

" - 0 . 37  
16The systematic error (0.09) originates in a 6% systematic error on the absolute value of I 

the cross section. 
17Ratio of Z and W production gives either F(Z) < F(W) x (1.2 ± 0.1), CL = 90% or 

F(Z) = r ( w )  x [0 ~ +0.26~ Assuming Standard-Model value r ( w )  2.65 GeV then • ~ _ 0 . 2 2  I. = 
gives F(Z) < (3.2 ± 0.2) or - "> ,)+0.7 ± 0.22. 

. . . .  - 0 . 5  
o+ 2.3 181f systematic error is neglected, result is . . , _  1.5 GeV, 

19Ratio of Z and W production gives r ( z )  < r ( w )  x (0.93 ± 0.09). Assuming F(W) = 
2.77 GeV, gives r ( z )  < 2.6/_ 0.3 GeV. 

Z D E C A Y  M O D E S  

Mode Fraction ( r i / r )  Confidence level 

r l  e + e  ( 3.21/_0.07)% 

r2  # + #  ( 3 3 6 ± 0 . 1 1 ) %  
r3  T + 7  - -  ( 3 .33±0 .13 )% 
r4  u P  (or  o ther  inv is ib le modes)  (19.2 +1.0  ) % 

r 5 e + e - ~  , 

r6  # + # - ' 7  
rz e±/F < 2.2 x 10 - 3  90% 

r 8 hadrons (70.9 ±0 .9  ) % 

r 9 B B  (14.6 /_1.9 ) % 
Fzo n o n - B B  hadrons (56.3 /_2.0 ) % 
r l l  "nO"/ < 3.9 x i 0  - 4  95% 

r12 ~"/ < 46 x 10 -4 95% 

[13 r/(958)*f < 2.2 x l0 -4 95% 

r14 */-~ < 3.7 x 10 -4 95% 

rl5 ~f77 < 2.8 x i0 -4 95o/0 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to 10 branching ratios uses 21 measurements and 
one constraint to  determine 6 parameters. The overall f i t  has a 
X 2 = 5.6 for 16 degrees of  freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 
<6x i6x j> / (6x~.Sx j ) ,  in percent, f rom the f i t  to  the branching fractions, x/  _-- 

r j r t o t a l .  
one. 

The f i t  constrains the x i whose labels appear in this array to sum to 

x 2 2 

x 3 1 3 

x4 - 1 2  25 - 3 1  

x 9 1 1 2 - 9  

Xl0 2 5 7 36 - 8 9  

Xl x2 x3 x4 x 9 

Z BRANCHING RATIOS 

r(e + e-)Irtotal r11r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0321±0.0007 OUR FIT 
0.0322+0.0007 OUR AVERAGE 
0.0331/_0.0018 263 20 AARNIO 

0,0319±0.0013±0.0005 651 21 ADEVA 

0,0320±0,0009 908 22 AKRAWY 

0.046 ±0.009 +0.008 -0 .014  39 23 ANSARI 

00 DLPH F-.~em = 88.28-95.04GeV I 
90D L3 F-.~ e = 88.28-94.28 GeV I 

90E OPAL Eeem=88.28-95.04GeV I 

87C UA2 ~)~n = 546,630 GeV 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

0.0342:F0.0015+0.0011 103 AKRAWY 90 OPAL E ~ e = 8 9 . 3 - 9 3 . 3 G e V  I 

0.034 ±0.004 ±0.003 95 24ADEVA 89 L3 F-~em =89 .26 -93 .27Gev  I 

seen 33 25 ALBAJAR 89 UA1 F..~-m ~ = 546,630 GeV I 

seen 13 APPEL 86 UA2 E p ~ -  546,630 GeV c m -  
seen 16 ARNISON 86 UA1 Repl. by ALBAJAR 89 
seen 4 ARNISON 83C UA1 Repl. by ARNISON 86 
seen 8 26 BAGNAIA 83 UA2 F-.~mP= 546 GeV 

20AARNIO 90 result is from r (ee)  = 83.2 ± 3.0 :h 2.4 MeV, I 
21ADEVA 90D result is from r (e  e) = 811  ± 2,8 ± 1.2 :F 0.7 MeV. I 22AKRAWY 90E result is from r (ee)  = 81.2 ± 2,6 MeV and includes both statistical and 

systematic errors. 
23The first error is obtained by adding the statistical and systematic experimental uncer- 

tanties in quadrature. The second error reflects the dependence on theoretical prediction 
of total Z cross section: cr(546 GeV) -- 1.~_0,2R+04 nb and ~r(630 GeV) = 1~.._0.37+0.5 nb, 
See ALTARELL185B, 

24ADEVA 89 result is from r (ee)  = 88 + 9 /- 7 MeV, I 
25ALBAJAR 89 experiment determines values of branching ratio times production cross I section. 
26 BAGNAIA 83 interpret their events as either (Z ~ e + e -  ) or (Z ~ e + e -  7). 

r ( e  + e - ) / r  (hadrons) r l / ( r g + r l o )  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0453-4-0.0011 OUR FIT 
0.04444-0.0(]31 OUR AVERAGE 
0 . 0 4 4 8 t 0 . 0 0 3 0 ± 0 . 0 0 1 2 3 2 3  DECAMP 90D ALEP ~ e  = 90-92.5 GeV I 

0,037 +0.016 12 27 ABRAMS 89D MRK2 F.~ren = 89,2-93.0 GeV I 
0 . 0 1 2  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .0472t0.0061 127 28 DECAMP 90B ALEP F..~e= 90-92.5 GeV I 

27 ABRAMS 89D have included both statistical and systematic uncertainties in their quoted I 
errors. 

28 DECAMP 90B have added statistical and systematic errors in quadrature. I 

r (#+ #-)/rtota I r2/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0336+0.0011 OUR FIT 
0.0333±0.0014 OUR AVERAGE 
0.0345±0.0023 484 29 ADEVA 90D L3 F..~em= 88.28-94.28 GeV I 

0.0326±0.0018 585 30 AKRAWY 90E OPAL F_.~e= 88.28-95.04 GeV I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.036 ±0.002 ±0.001 97 31 ADEVA 90 L3 E~ e= 89,3-93.3 GeV I 

0.0328±0.0034/_0.0017 101 AKRAWY 90 OPAL ~ e  = 89.3-93.3 GeV I 

29ADEVA 90D result is from r(#/~) = 87.6 ± 0.053 MeV. Error includes systematics. I 
30AKRAWY 90E result is from r ( # # )  = 82.6/_ 5.8 MeV and includes both statistical and I 

systematic errors. 
31ADEVA 90 result is from r(#/~) = 92 ± 5 ± 3 MeV. They assume e-/~ universality. I 

r ( # +  # - ) / r ( h a d r o n s )  r2/(rg+r10) 
VALUE E V T 5  DOCUMENT ID TECN COMMENT 
0-O4744-0.0016 OUR FIT 
0.0481± 0.0026 OUR AVERAGE 
0.0480±0.0026±0.0005 380 DECAMP 90D ALEP F~ern = 88.3-95.0 GeV I 

0.053 +0.020 13 32 ABRAMS 89D MRK2 E~em = 89.2-93.0 GeV I -0 .015  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0435±0.0060 117 33 DECAMP 90B ALEP F.~em = 90-92.5 GeV I 

0.056 ±0.006 /_0.002 97 34 ADEVA 89 L3 E~em = 89.26-93.27 GeV I 

32ABRAMS 89D have included both statistical and systematic uncertainties in their quoted I 
errors. 

33 DECAMP 90B have added statistical and systematic errors in quadrature. I 
34ADEVA 89 result gives r( l~#) = 92 ± 6 MeV. I 

r(/~ + p-) / r (e + e - )  r2/r l  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
1.05±0.04 OUR FIT 

1.04±0.30+0.08  19 ALBAJAR 89 UAI  E ~  n = 546,630 GeV I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 1 ARNISON 83c UA1 Repl. by ALBAJAR 89 



V.4 

Gauge & Higgs Boson Full Listings 
Z 

r(,-+r-)/rtotal r3/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.0333-t-0.0013 OUR FIT 
0.0.~10-t-0.0019 OUR AVERAGE 
0.032 -50.002 -50.002 83 35 ADEVA 90 L3 E~re n = 89.3-93.3 GeV I 

i 

36 
i 

0.0338±0.0025 506 AKRAWY 90E OPAL F..~e= 88.28-95.04 GeV I 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0333-50.0037-50.0026 87 AKRAWY 90 OPAL ~ e  = 89.3-93.3 GeV I 

35ADEVA 90 result if from F(TT) = 84 ± 5 -5 4 MeV. I 
36AKRAWY 90E result is from r(-r-r) = 85.7 -5 7.1 MeV and includes both statistical and I 

systematic errors. 

r0-+ r-)/r(hadrons ) r j / ( rg+rl0)  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.04704-0.0018 OUR FIT 
0.0474:E0.0024 OUR AVERAGE 
0.047 ±0.0021-50.0011 534 DECAMP 90D ALEP F.~em = 90-92.5 GeV | 

i 

I 

0.066 +0.021 21 37 ABRAMS 89D MRK2 F..~em = 89.2-93.0 GeV I 
-0.017 

• • • We do not use the following data for averages, fits, limits, etc. I • • 

0.0483±0.0051 130 38 DECAMP 908 ALEP E~em : 90-92.5 GeV I 

37ABRAMS 89D have included both statistical and systematic uncertainties in their quoted I 
errors. 

38 DECAMP 90B have added statistical and systematic errors in quadrature. I 

r(e-5/.l=P)/l" (e+ e - ) rT/rl  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.07 90 ALBAJAR 89 UA1 ~ P  = 546,630 GeV I 

r ( h a d r o n s ) / r t o t a  I (r9+rl0)/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.'/09+0.009 OUR FIT 
0.710+0.010 OUR AVERAGE 
0.693-50.030 l l k  39 ABREU 90 DLPH F ~ e =  88.3-95.0 GeV I 

0.687±0.025 17k 40,41 ADEVA 90D L3 F..~ e = 88.28-94.28 GeV i 

0.725-50.027 26k 42 AKRAWY 90E OPAL Ecee m = 88.28-95.04 GeV 

0.710±0.015 17k DECAMP 90D ALEP F.~ e = 88.3-95.0 GeV | 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.687±0.031:E0.020 3701 40 AKRAWY 90 OPAL F..~em = 89.3-93.3 GeV 

0.689-50.030 40 DECAMP 90B ALEP F~em= 90-92.5 GeM 

39ABREU 90 result is from r(hadrons) = 1.741 -5 0.061 GeM. 
40Obtained branching ratio using ¢(hadron) = (12=/rn2(Z)) r ( e ) r ( h ) / r 2 ( z ) .  

41ADEVA 90D result is from r(hadrons) = 1.744 ± 0.053 GeV. 
42AKRAWY 90E result is from r(hadrons) = 1.838 ± 0.046 GeV and assumes lepton 

universality. Both statistical and systematic errors are included. 

r ( B B ) / i - t o t a  I r g / r  
VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.146=1=0.O20 OUR FIT 

0.17 +0.07 +0.04 15 43 KRAL 90 MRK2 F..~ e -  89.2-93.0 I 
- 0.06 - 0.03 

43KRAL 90 used isolated leptons and found F(BB)/F(hadrons) = . . . . .  n o~+0.10+0.05 o.o8 0o4. I 

r(BB)/r (hadrons) rg/(rg+rlo) 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.207+0.0~8 OUR FIT 
0.204+0.0144-0.024 171 44 ADEVA 90E L3 ~ e  = 88.3-95.0 GeV I 

44ADEVA 90E used isolated muons and found B(B ~ # ) r (bb)  = 41.7 ± 2.9 ± 3.0 MeV. I 
The systematic error of +0.024 above includes 0.02 due to uncertainty in B(B ~ #) I added in quadrature to -50.014 systematic. 

r ( ~ r 0 7 ) / r t o t a l  r 1 1 / r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<3.9 x 10 - 4  95 AKRAWY 90F OPAL F..~r ~ = 88.3-95.0 GeV I 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

ee 88.3-95.0 GeV I <4.9 x 10 4 95 DECAMP 90J ALEP E c m -  

r ( r /~ ' ) / r t o ta l  r 1 2 / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<4.6 x 10 - 4  95 DECAMP 90J ALEP F..~em = 88.3-95.0 GeV | 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5.8 × 10 4 95 AKRAWY 90F OPAL E~em= 88.3-95.0 GeV J 

r ( f f ( 9 5 8 ) - f ) / r t o t a l  r 1 3 / r  
VALUE ~ DOCUMENT IO TEEN COMMENT 

<2.2 x 10 - 4  95 DECAMP 90J ALEP E~ e = 88.3-95.0 GeV I 

r (,7 9 , ) / r t o ta  t r 1 4 / r  
VALUE CLL~ DOCUMENT ID TEEN COMMENT 

<3.7 x 10 - 4  95 AKRAWY 90F OPAL F~em = 88.3-95.0 GeV I 

r (1,1,1,) / r tota l  r l s / r  
VALUE C L ~  DOCUMENT ID TEEN COMMENT 

<2.8 x 10 - 4  95 AKRAWY 90F OPAL F..~ e = 88.3-95.0 GeV 

CHARGE A S Y M M E T R Y  IN e + e -  -- ,  # +  # -  
( i n c l ud ing  radiative corrections) 

STD. ~ e  
ASYMMETRY (%~ MODEL V) DOCUMENT ID 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

TEEN 

- 2 5  ±15 ( -11 )  89.94 ADEVA 90D L3 
9 ±11 ( - 1 )  91.03 ADEVA 90D L3 

18 ± 8 (+1)  91.28 ADEVA 90D L3 
9 :510 (+3)  91.53 ADEVA 90D L3 
8 ±12 (+11) 93.09 ADEVA 90D L3 
0.05± 0.22 (0.026) 91.14 48 ABRAMS 89D MRK2 

-43 .4  -517.0 ( 2 4 . 9 )  52.0 46 BACALA 89 AMY 
-11.0  ±16.5 ( -29.4)  55.0 46 BACALA 89 AMY 
-30.0  -512.4 ( 3 1 . 2 )  56.0 46 BACALA 89 AMY 

46.2 ±14.9 ( -33.0)  57.0 46 BACALA 89 AMY 
29 ±13 ( -25.9)  53.3 ADACHI 88C TOPZ 

+ 5.3 -F 5.0 -50.5 ( -1 .2 )  14.0 ADEVA 88 MRKJ 
10.4 ± 1.3 -50.5 ( -8 .6 )  34.8 ADEVA 88 MRKJ 

- 1 2 3  ± 5.3 -50.5 ( -10.7)  38.3 ADEVA 88 MRKJ 
15.6 ± 3.0 -50.5 ( - 1 4 3 )  43.8 ADEVA 88 MRKJ 

1.0 -5 6.0 ( 1 . 2 )  13.9 BRAUNSCH.., 88D TASS 
- 91 -5 2.3 -50.5 ( 8 . 6 )  34.5 BRAUNSCH... 88D TASS 

-10.6  + 2.2 ±0.5 ( -8 .9 )  35.0 BRAUNSCH... 88D TASS 2.3 

-17.6  + 4.4 ±0.5 ( - I 5 . 2 )  43.6 BRAUNSCH... 88D TASS 4.3 
- 4.8 ± 6.5 ± 1 0  ( 1 1 . 5 )  39 BEHREND 87c CELL 
-18.8  ± 4.5 ±1.0 ( -15.5)  44 BEHREND 87C CELL 
+ 2.7 ± 4.9 ( -1 .2 )  13.9 BARTEL 86c JADE 
-11.1 Jr 1.8 ±1.0 ( -8 .6 )  34.4 BARTEL 86C JADE 

17.3 ± 4.8 ±1.0 ( 1 3 . 7 )  41.5 BARTEL 86C JADE 
22.8 ± 5.1 ±1.0 ( 1 6 . 6 )  44.8 BARTEL 88C JADE 

- 6.3 -5 0.8 ±0.2 ( -6 .3 )  29 ASH 85 MAC 
4.9 ± 1.5 -50.5 ( 5 . 9 )  29 DERRICK 85 HRS 

45 ABRAMS 89D asymmetry includes both 9 #+ # and 15 T + T -  events. 
46BACALA 89 systematic error is about 5%, 

CHARGE A S Y M M E T R Y  IN e + e -  --* r + ~-- 
( i n d u d i n g  radiat ive correct ions) 

5 T D. "~e 
ASYMMETRY (%) MODEL V I DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

18.4±29.2 ( 2 4 . 9 )  52.0 47 BACALA 89 AMY 
-17.7±26.1  ( -29.4)  55.0 47 BACALA 89 AMY 
-45 .9±16.6  ( 3 1 . 2 )  56.0 47BACALA 89 AMY 

49.5±18.0 ( -33.0)  57.0 47 BACALA 89 AMY 
20 ±14 ( -25.9)  53.3 ADACHI 88c TOPZ 

- 1 0 . 6 ±  3.1±1.5 ( 8 . 5 )  34.7 ADEVA 88 MRKJ 
8.5-- 6.6-51.5 ( -15.4)  43.8 ADEVA 88 MRKJ 
6.0± 2.5~-1.0 (8.8) 34.6 BARTEL 85F JADE 

- 1 1 . 8 ±  4.6±1.0 (14.8) 43.0 BARTEL 85F JADE 

47 BACALA 89 systematic error is about 5%. 

CHARGE A S Y M M E T R Y  IN e + e -  --* c'¢ 

5TD ~/Ge 
ASYMMETRY (%~ MODEL V.~ OOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 1 2 . 8 ±  4.4±4.1 ( -13.6)  35 ELSEN 90 JADE 
-10 .9±12 .9+4 .6  ( -23.2)  44 ELSEN 90 JADE 
- 1 4 . 9 t  6.7 ( 1 3 . 3 )  35 OULD*SAADA 89 JADE 

CHARGE A S Y M M E T R Y  IN e + e -  ~ b b  

Experimental and Standard Model values are somewhat event-selection dependent. 
Standard Model expectations contain some assumptions on B _ ~ 0  mixing. 

5 T D. ~ e  
ASYMMETRY (%) MODEL V) DOCUMENT ID TEEN 

• • • We do not use the following clata for averages, fits, limits, etc. • • • 

- 1 6 . 6 ±  7.7± 4.8 ( 2 4 . 3 )  35 ELSEN 90 JADE 
33.6&22.2± 5.2 ( -39.9)  44 ELSEN 90 JADE 

3.4± 7.0± 3.5 ( -16.0)  29.0 BAND 89 MAC 
72 ±28 ±13 ( 5 6 )  55.2 SAGAWA 89 AMY 



See key on page IV.1 

V.5  

Gauge & Higgs Boson Full Listings 
Z, Higgs B o s o n s -  H ° and H ± 

CHARGE A S Y M M E T R Y  IN e + e -  --, q~ 

Summed over five lighter flavors. 

Exper imental  and Standard Model  values are somewhat event-selection dependent. 

Standard Model  expectations contain some assumptions on B _ ~ 0  mixing. 

5TD. ~e ASYMMETRY (~/*~ M O D E L  V) DOCUMENT /D TEEN 
• • • We do not use the fo l lowing data for averages, fits, limits, etc. • • • 

6 .0±1 .3  (5.0) 34.8 GREENSHAW 89 JADE 
8 .2±2 .9  (8.5) 43.6 GREENSHAW 89 JADE 
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Barrel, Becker, Bowdery, Cords+ (JADE Collab.) 
BarteL Cords, Dittmann, Eichler+ (JADE Collab.) 

+Ellis. Martinelli (CERN, FNAL, FRAS) 
+Band, Blume. Camporesi+ (MAC Collab.) 
+Becker, Cords, FeBt+ (JADE Collab.) 
+Fernandez. Fries, Hyman+ (HRS Collab.) 
+AIIkofer, Astbury, Aubert+ (UA1 Collab.) 
+Banner, Battiston, Blech+ (UA2 Collab.) 
+Astbuly. Aubert, Bacci+ (UA1 Collab.) 
+Astbury, Aubert, Bacci+ (UA1 Collab.) 
+Banner. BatUston, BIoch+ (UA2 Collab.) 

I Searches for Higgs Bosons - -  H ° and /-~ I 

N O T E  O N  T H E  H I G G S  B O S O N  

The Standard  Model 1 contains one neutral  scalar Higgs 

boson, which is a r emnan t  of the mechanism that breaks the 

SU(2)x  U(1) symmet ry  and generates the W and Z boson 

masses. The Higgs couples to quarks and leptons of mass  m ]  

with a strength g m / / 2 M w .  Its coupling to W and Z bosons 

is of strength g, where g is the coupling cons tant  of the  SU(2) 

gauge theory. Consequently its coupling to stable mat te r  is 

very small, and its product ion and detection in experiments 

is very difficult. An exception is its product ion in the decay 

of the  Z boson. Since large numbers  of Z ' s  can be produced 

and the coupling of the Z to the Higgs is unsuppressed,  

experiments  at LEP are now able to rule out  a significant 

range of Higgs masses. 

If the Higgs mass is very large, the couplings of the Higgs 

to itself and to longitudinally polarized gauge bosons become 

large. Requiring that these couplings remain weak enough so 

that perturbation theory is applicable implies that MH < 1 

TeV. 2 While this is not an absolute bound, it is an indication 

of the mass scale at which one can no longer speak of an 

elementary Higgs boson. This fact is made more clear if one 

notes that the width of the Higgs boson is proportional to the 

cube of its mass and that a boson of mass 1 TeV has a width 

of 500 GeV. 

It is believed that scalar field theories of the type used to 

describe Higgs self-interactions can only be effective theories 

valid over a limited range of energies if the Higgs self-coupling 

and hence Higgs mass is nonzero. A theory of this type that 

is valid at all energy scales nmst have zero coupling. The 

range of energies over which the interacting theory is valid is 

a function of the Higgs self-coupling and hence its mass. An 

upper bound on the Higgs mass can then be determined by 

requiring that the theory be valid (i.e., have a nonzero value 

of the renormalized Higgs self-coupling) at all scales up to 

the Higgs mass. 3 Non-perturhative calculations using lattice 4 

gauge theory which can be used to compute at arbitrary values 

of the Higgs mass indicate that MH < 640 GeV. 

If the Higgs mass were small, then the vacuum (ground) 

state with the correct value of M w  would cease to be the true 

ground state of the theory. 5 A theoretical constraint can then 

be obtained from the requirement that this is not the case, 

i.e., that the our universe is in the true minimum of the Higgs 

potential. The constraint can be parameterized approximately 
as 6 

M H > 1.85 ( m t o p -  85 GeV) . 

If the top mass lies below 85 GeV and above the experimental 

limit of 77 GeV, 7 there is no constraint. This constraint may 

be too restrictive. Strictly speaking we can only require that 

the predicted lifetime of our universe, if it is not at the true 

minimum of the Higgs potential, be longer than its observed 

age. This constraint  can be approximated by s,9 

MH > (mtop -- 85 GeV)/3  : for M H < 30 GeV 

M H > 5.9 (into p - 170 GeV) : for MH > 30 GeV 

Experiments at LEP 1° are able to exclude a large range 

of Higgs masses. They  search for the decay Z ----, HZ*. Here 

Z* refers to a virtual Z boson that can appear in the detector 

as e+e  - ,  # + # - ,  T+T - ,  I]P (i.e., missing energy) or hadrons. 

If M H > 2rap, the lifetime is short, the Higgs decays close to 

the production vertex, and a search for a final state with at 

least two charged tracks and missing energy is able to rule out 

masses from 212 MeV to 24 GeV. TM For Higgs bosons of mass 

less than 212 MeV where the decay is largely to e+e - and the 

lifetime is long, a search for separated vertices can be made. 

Such a search rules out the range of masses from 32 MeV to 

212 MeV. Higgs bosons of mass below 32 MeV are too long 

lived to be seen. 1° 

A very light Higgs boson would produce an additional long 

range component to the nuclear force. No such component 

has been seen and the constraint 11,12 MH > 15 MeV can be 
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obtained. A light Higgs could be emitted in K meson decay 

via the process K ~ 7rH. If the Higgs is lighter than 2rrb, the 

final state will be zce+e or 7rq7 (the former has at least twice 

the rate of the latter provided it is kinematically accessible) 12A3 

The branching ratio K ~ 7rH has been computed. 14J~ Its value 

depends on the unknown top quark mass and the elements of 

the Cabibbo-Kobayashi-Maskawa matrix. The hadronic matrix 

element of this quark decay operator must then be evaluated: 

this gives rise to an additional uncertainty. Evahlation 16 of 

this for MH < 2m,  gives B ( K  ~ 7rH) > 4.5 x 10 (i. 

The range AIH < 26 MeV is ruled out by an experiment 

at BNL 17 which looks for K ± ~ 7r = + nothiT~ 9. If the Higgs 

mass is greater than 26 MeV, the Higgs decays within the 

detector and no limit can be set. 

B a r r e t  a l )  s at CERN search for K ° ~ :rtlH ~ 7r°(+( . 

They set. a limit on the product branching ratio B ( K  

7rH)B(H ~ e+e ) of less than 10 7. This suffices to exchlde 

Higgs bosons between 15 Me\: and 2m,. The experiment has 

no aeeeptance below this range due in part to the h)ng lifetinle 

of the Higgs boson. 

In sUUUlmry, a Standard Model Higgs boson of mass less 

than 24 GeV is unalnbiguously excluded: a signifieant step 

forward from the situation that  prevailed when the last version 

of this note was written. 

Extensions of the standard nlodel, sueh as those based on 

supersymmetry. 19 can have nlore complicated spectra of Higgs 

bosons. The siinplest extension has two Higgs doublets whose 

neutral colnponenls have vaeutln! expectation vahles t' 1 and 

v2, both of whMl eontribute to t h e  lI" and Z nlasses. The 

pltysieal particle sileetrum contains one charged Higgs boson 

(H=), two neutral scalars (HI), H°), and one pseudosealar (p0) 

if C P  is conserved in the scalar sector. 2° In the simplest version 

of the supersytmnetrie model Olle o f  these neutral scalars has 

inass less than the Z bosom In nlodels where all fermions of 

the sante electric charge receive their nlasses frotu only one 

of the two doublets (v~ gives ulass to the charge 2/3 quarks. 

while t'] gives nlass to the charged leptons and the charge 1/3 

quarks), there are, as in the standard model, uo flavor-changing 

neutral currents at lowest order in perturbation theory. The 

HI ) alld p0 ('ouplings to fermions depend on t,211t,1 alld are 

either enhanced or suppressed relative to the couplings in 

the standard model. Experiments at LEP are able to exclude 

neutral Higgs partieles in these models if their masses are 

between 50 MeV and 2(1 GeV if v~/vt > 0.6 (Ref. 21). 

Searches for charged Higgs bosons exclude them if their 

mass is below 35 GeV '-'2 independent of the branching fractions 

[0  l/7-, cH. and clL 
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H ° (Higgs Boson) MASS LIMIT 
These limits apply to the Higgs boson of the three-generation Standard Model with 
the minimal Higgs sector, Limits that depend on the H t t  coupling may also apply 
to a Higgs boson of an extended Higgs sector whose couplings to up-type quarks are 
comparable to or larger than those of the standard one-doublet model H 0 couplings, 

Some of the experiments for a light Higgs utilize its coupling with nucleons. We 
parameterize the Higgs-nucleon coupling (which is dominantly isosclar) as gHNN = 

~IHNN(V2GF) 1/2 m(N). The limits depend on the value of ~IHNN used. Shifman 
et aL [Phys. Lett. 78B, 443 (19781] obtained ~IHNN = 022 assuming three heavy 
flavors. More recently, T.P. Cheng [Phys. Rev. D38, 2869 (19881], H.-Y. Cheng [Phys. 
Lett. B219, 347 (1989)], and Barbieri and Curci [Phys. Lett. B219, 503 (1989)] took 
into account the strange quark content of the proton as well as the heavy quark effects, 
and derived 7tHNN = 056. 

For early Higgs search papers, see J. Ellis, M.K. Galliard, D.V. Nanopoulos, Nucl. 
Phys. B106, 292 (19761, 

For recent and comprehensive reviews, see Gunion, Haber, Kane, and Dawson, "The 
Higgs Hunter's Guide," (Addison-Wesley, Menlo Park, CA, 19901, M. Sher, Phys. Rep. 
179, 273 (1989), and R.N, Cahn, Rep. Prog. Phys. 52, 389 (19891. 

~/AL UE (GeV] EL % DOCUMENT ID TEEN COMMENT 
>24 (EL = 95%) OUR LIMIT 

none 3.0 19.3 95 1.2 AKRAWY 90c OPAL Z ~ H O +(e-  e , 

> 0026 90 3 Aq'IYA 90 CNTR K ± ~ /r = ha 
none 0012-0211 90 4 BARR 90 CNTR ~ ~ ~0 H 0 

(H 0 - -  e±e  ) 
> 032 5 DAWSON 90 RVUE K decays 
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none O032-15 95 2,6 DECAMP 90 ALEP Z ~ H 0 +(e + e - ,  I 

Z ~q)~ none 11-24 95 7 DECAMP 90H ALEP +(e + e - ,  I 
/z+/~ - , zz~) 

none 0.0012-0.052 90 DAVIER 89 BDMP e -  Z ~  eH 0 Z I 
(H ~ e+e  - )  

none0,010-0.10 90 8EGLI 89 CNTR ",'r + ~ e+uH 0 I 
( H 0 ~  e+e  - ) 

> 0.010 68 9 BELTRAMI 86 SPEC Muonic atoms 
none 0.003-0.012 95 10 FREEDMAN 84 CNTR He* ~ He l l  0 

( H 0 ~  e+e  - ) 
none 0.00103-0.00584 11 MUKHOPAD... 84 RVUE O* ~ OH 0 

( H 0 ~  e+e  ) 
• • • We do not use the following data for averages, fits, limits, etc. • * • 

none 0.21-3.57 12 DAWSON 90 RVUE B ~ #+  # -  X; 
B ~ K (#+ t~- ,  
~r+Tr-, K+ K - ) 

> 03 13 LEUTWYLER 90 RVUE K + ~ zr + H 0 | 
none 0.21-1.0 90 14 ALAM 898 CLEO B ~ H 0 K, (H 0 I 
none 1.0-3.6 90 14 ALAM 89B CLEO I 

( H O ~  # + #  ) 
none 0.29-0.57 90 15 ALBRECHT 89 ARG T ( I S )  H0 ~ I 

( H 0 ~  7r+ 7r-)  
none 0.22-0.32 16 ATIYA 89 CNTR K+ ~ ~+ HO I 

(H 0 ~ # + # - )  
> 0.28 17 CHENG 89 RVUE K ± ~ 7r-- H | 

none 3.6-4.6 18 EILAM 89 RVUE B ~ H 0 X,  I 
( H 0 ~  #+p,  ) 

> 0.018 19 GRIFOLS 89 RVUE ato t (nPb ) I 
20 LINDNER 89 THEO Vacuum stability I none 0.211-0.700 21 RABY 89 RVUE B ~ #+ # -  X 

m(top) >80 GeV 
none 0.07-0.21 90 22 SNYDER 89 MRK2 B ~ /fro X I 

( H 0 ~  e + e  - )  
none0.015-0.04 90 23yEPES 89 RVUE ~±(~.u ~ . o  I 

- x  ÷ -  
e ) 

none 0.03-0.20 24 YEPES 89B RVUE oN ~ 140 I 
( H 0 ~  e+e  - ) 

> 0.36 25 CHIVUKULA 88 RVUE K ~ 7r + H 0 | 
none 0.00103-3.57 22 CHIVUKULA 88 RVUE B ~ H 0 X, I 

rn( to~ > 80 GeV 
none 2-3.7 21 GRINSTEIN 88 RVUE B ~ H v X, I 

m(top) > 80 GeV 
none 0.21-5 90 26 LEE-FRANZlNI88 CUSB T (15,35) ~ ?H 0 I 

90 27 BAKER 87 CALO K ± ~ 7r ± H 0 
( H 0 ~  e+e  - )  

28DRUZHININ 87 ND #p-- -rH 0 
( H 0 ~  7r07r 0 ) 

none 0.05-0.211 29 WlLLEY 86 RVUE K ± ~ 7r ± H 0 

7tO( H0 ~ e+e  - )  
30 HOFFMAN 83 CNTR nH 0 

(H 0 ~ e+e  - )  
31DZHELYADIN 81 TIJ ~ qH 0 

(H 0 ~ # + #  ) 
32 WITTEN 81 COSM 
32 GUTH 80 COSM 
32 SHER 80 COSM 

> 0.006 33 BARBIERI 75 RVUE nN ~ nN 
1AKRAWY 90C based on 825 nb - 1 .  The decay Z ~ HOu# with H 0 ~ T? or q~ 

provides the most powerful search means, but the quoted results sum all channels. 
2These limits do not apply to pseudoscalar Higgs bosons (supersymmetric models, for 

example, have a pseudoscalar boson in addition to scalars). 
3ATIYA 90 sets limits on B(K ± ~ ~r ± H 0) varying from < 6.4 x 10 - 9  for m(H 0) 

0 MeV to < 10 6 for rn(H O) 26 MeV. 
4 BARR 90 set m(HO)-dependent limits on B(K0 L ~ ~r 0/40) in the region where B(H 0 

e + e - )  ~ 1. The limit varies from B(K 0 ~ ~r 0 H O) < 10 - 7  at m(H O) = 12 MeV to 

< 2 x 10 - 8  for 50 < m(H O) <_ 211 MeV. BARR 90 allow for nonzero H 0 lifetime. 
5Based on ASANO 81B, YAMAZAKI 84, BAKER 87, ATIYA 89, and BARR 90. DAW- 

SON 90 used theoretical calculations and various assumptions such as re(t) >80 GeV 
and Im ~tdVts >0.2 sin58c. 

6DECAMP 90 limits based on 11,550 Z events. The decay Z ~ H 0 ~# provides the 
most powerful search means, but the quoted results sum all channels. Different analysis 
methods are used for m(H O) < 2rn(#) where Higgs would be long-lived. The 99% 
confidence limits exclude m(H O) = 0.040-12 GeV. 

7DECAMP 90H limits based on 25,000 Z ~ hadron events. 
8EGLI 89 give a l imit for B(~r + ~ e+uHO).B(H 0 ~ e+e - )  ranging from 10 9 to 

10 -11  for the mass range 10-110 MeV, The theoretical prediction they use is too large 
by a factor of 162/49 (see DAWSON 89, DAWSON 90, and CHENG 89). The lower 
l imit given above is reevaluated by us. 

9BELTRAMI 86 measured the wavelengths of the 3d5/2-2P3/2 X-ray transitions in | 

muonic 24Mg and 28S1 and found the deviation from QED gAlA = ( - 0 .2  ± 3.1) x 10 - 6 .  I The listed l imit uses ~IHNN = 0.23. The experiment excludes m(H O) ~ I MeV by more 
than 3 s.d. 

10 FREEDMAN 84 is ANL experiment with dynamitron proton bombarding trit ium to form 
He*. UHNN - 0.30 is used to derive the l imit . They also reanalyze KOHLER 74 He* 
data to find no mass region is excluded by that data. See also footnote for MUKHOPAD- 
HYAY 84 below. 

11MUKHOPADHYAY 84 examine KOHLER 74 He* and C* data. Claim that no mass 
region can be excluded by 74 He* data since He* decay width to proton is large [ B(He* 
HOHe) = 3.4 x 10 -11  is very small]. Above limit is from KOHLER 74 O* decay data. 

12 Based on ALTHOFF 84G, ALAM 89B, and ALBRECHT 87D. Some processes considered 
require the assumption B(B ~ H 0 K)/B(B ~ H 0 X) >0.01. Other processes require 
theoretical assumptions regarding B(H ~ 7r+Tr ) when considering masses in the 
interval 0.9-1.2 GeV. 

13 LEUTWYLER 90 give a consistent analysis of the K ~ 7r/40 amplitude based on chiral 
theory and find that all contributions except the t-quark loop are unimportant numerically 
provided the t-quark mass is of order or bigger than 100 GeV. Hence, a light Higgs can 
probably be ruled out. 

14ALAM 89B searched for inclusive and exclusive decays of B mesons into H 0 and can 
exclude the mass range 2m(/z)-2m(~-) with a wide margin provided re(t) > re(W), 
possibly except for masses near X0(3410), where the mixing effect can reduce B(h  0 
# +  # -  ) significantly. 

15ALBRECHT 89 give a l imit B(T(1S) ~ H0"f)-B(H 0 ~ ~r+~r ) < 3-4.5 x 10 - 5  
for m(H O) = 290-570 MeV, which is lower than the predition including first order QCD 
corrections and assuming B(H O ~ 7r + 7r-)  > 45%. 

16ATIYA 89 give a limit B(K + ~ zr + HO)-B(H 0 ~ # + #  ) < 1.5x 10 - 7  (90% CL) for 
m(H O) = 220-320 MeV, which is lower than the prediction unless there is an accidental 
cancellation in the CP-conserving part of the amplitude and the CP-violating part is 
unexpectedly smal l  See WlLLEY 89 and CHENG 89, 

17 CHENG 89 concludes even if real part of K + ~ ~r+ H amplitude is cancelled accidentally, 
the imaginary contribution alone rules out re(H) < 2m(Tr)~ 

18 EILAM 89 assume re(top) > 90 GeV and vary I Vub/Vcb I from 0 to 0.026. 
19 GRIFOLS 89 use the neutron-lead total cross-section measurement at kinetic energies of 

50 eV - 50 keV by SCHMIEDMAYER 88 and argue that the agreement of the measured 
energy dependence with the prediction of a hard-core potential model is lost by light- 
Higgs exchange. The limit of 18 MeV is obtained for TIHNN = 0.56 and is reduced to 
12 MeV for ~IHNN = 0.22. 

20 LINDNER 89 require vacuum stability and numerically solve the renormalization equa 
tions to two-loop order. If m(top) = 100, 110, 120 GeV, then m(Higgs) > 20, 34, 50 
GeV. However, it is possible that the vacuum is not stable but is very long-lived. 

21Limits assume re(top) > 80 GeV and I Vts ~ttb,/Vcbl .~ 1. CHIVUKULA 88 excludes 

m(H O) between 2m(e) and 2m(7-) from the limits on B ~ # + / 7  + X by taking the 
B(H 0 ~ # + #  ) estimate of VOLOSHIN 86. GRINSTEIN 88 argues that this estimate 
of VOLOSHIN 86 is unreliable, and excludes m(H O) between 2 GeV and 3.7 GeV where 
perturbative QCD is used to estimate B(H 0 ~ #+ # ). 

22 SNYDER 89 exclude the mass range 70-210 MeV with a wide margin provided that m(t) 
> m(W). A limit B(B ~ H 0 X)-B(H 0 - -  e + e  - )  < 22% (90% CL) is given for 
m(H O) = 50 MeV, 

23yEPES 89 reanalyzed a BNL beam-dump experiment (JACQUES 80) which looked for 
electron pairs in 7 foot BC downstream from the dump and found none. 

24yEPES 898 reanalyzed a Fermilab neutral-hyperon beam experiment (BECHIS 78), which 
looked for a long-lived neutral lepton and found none, and argues that their limit is many 
orders of magnitude lower than expected from low-mass Higgs bremsstrahlung production 
followed by the decay to e + e - .  

25CHIVUKULA 88 uses chiral perturbation theory to estimate K ~ ~T + H O amplitudes 
with a conservative sign assignment for the relative sign of the A I  = 1/2 term, and 
exclude m(H O) below 0.36 GeV barring cancellation among terms, by using the limits 
on K ~ 7r+ X with X = #+  # - ,  e + e - ,  or missing particles. For a criticism see 
DAWSON 90. 

26LEE-FRANZlNI 88 presents updated results from the CUSB experiment (see 
FRANZINI 87 for more details). First order QCD correction included with ms 
0.2 (A = 0.2 GeV and n(Y) = 4). The order cxs correction reduced the rate for T(15) 
H0~f by a factor of 2 (yielding these limits). The impact of order c~ s and of relativistic 
corrections are unknown. If they amounted to another factor of 2 suppression, the above 
limit would be essentially eliminated. 

27BAKER 87 sets l imit B(K + ~ 7r ± HO)B(H 0 ~ e+e  - )  < 8 x 10 - 7  at CL=90% 
for m(H O) < 100 MeV if H 0 travels much less than 1.4 cm in the lab frame (p(K + ) 
= 5.8 GeV). The expected lifetime of the standard /40 is too long to be effectively 
detected by the experiment and their limit on the branching ratio is significantly weakened 
accordingly. In view of the uncertainty in the theoretical prediction for B(K ~ ,-r H), no 
definit . . . . .  lusi . . . . .  be d . . . .  from (~he res(~lt. Se~)al~o DAWSON ~j0. 

28DRUZHININ 87 sets limit B ( ( b ~  ~,H )B(H ~ 7r 7r ) < 8 × 1 0 -  at CL=90% for 
rn(H 0) = 0.6-1 GeV which is still far from the standard Higgs model prediction and does 
not exclude the existence of light Higgs bosons. 

29WILLEY 86 re-examined the theoretical estimate of the decay K ± ~ ~r ± H 0 rate via the 
one-loop sdH 0 coupling. The experimental bound B(K ~ ~T##) < 2.4 x 10 - 6  is not 

30strong enough to rule out 2m(#) < m(H 0) < 2rn(=0). For a criticism see DAWSON 90. 
HOFFMAN 83 looked for e + e -  peak from Higgs produced in 7r p - -  H 0 n at 300 
MeV/c. Set CL = 90% limit d~/dt B(e + e ) <3.5 × 10 -32  cm 2/GeV 2 for 140 < m(H 0 ) 
<160 MeV, which does not exclude H 0 with the standard one-doublet model couplings. 

31DZHELYADIN 81 obtained B(z/ ~ q # + #  ) < 1 5  × 10 5 (CL = 90%), and argued 
that it excludes H 0 with the standard one-doublet-model couplings in #+ # -  channel 
for rn(H O) = 0.25-0.409 GeV. However, the number 0.409 is not well determined due 
to theoretical uncertainties in B(H 0 ~ #~ I~-) .  

32 Limits from cosmological considerations of SU(2) x U(1) symmetry-breaking phase tran- 
sition occurring only after extreme supercooling, resulting in too high a ratio of entropy 
to baryon number. Limits apply to the standard one-doublet model H O, with 'zero 
bare mass' whose physical mass is determined by the Coleman-Weinberg mechanism of 
dynamical symmetry breakdown. These limits depend on the mass of the top quark ap- 
proximately according to m(H 0) > 10.411 4m(t)4/(2m4 W +m4 z )]1,/2 GeV when re(t) 
<80 GeV. So for m(t).~ 80 GeV, there is no limit. If m(t) > 80 GeV, then vacuum 
stability arguments may give bounds on re(H), see LINDNER 89 above. 

33 BARBIERI 75 studied Higgs boson exchange effect in neutron-lead scattering data of 
ALEKSANDROV 66 and found limit (~H0 nn/47r) (m(HO) /MeV) -4  < 3.4 x 10 -11  for 

m(H O) > 1 MeV. This gives the listed limit for TIHNN = 0.2 and 10 MeV for qHNN = 
0.56. Lighter mass region m(H 0) ~ 1 MeV would be incompatible with the measured 
angular distribution. 
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H ° (H iggs  Boson)  M A S S  L I M I T  in Ex tended  H iggs  Mode l s  
The parameter x denotes the Higgs coupling to charge - 1 / 3  quarks and charged 
leptons relative to the value in the standard one-Higgs-doublet model. 

in order to prevent flavor-changing neutral currents in models with more than one 
Higgs doublet, only one of the Higgs doublets can couple to quarks of charge 2/3. 
The same requirement applies independently to charge - 1 / 3  quarks and to leptons. 
Higgs couplings can be enhanced or suppressed. 

VALUE (GeV) EL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

34DAVIER 89 BDMP e -  Z ~ e HO z I 
( H 0 ~  e + e  ) 

35 SNYDER 89 MRK2 B ~ H 0 X I 
( H 0 ~  e + e  - ) 

none 0,6-6,2 90 36 FRANZINI 87 CUSB T(1S) ~ -~ H 0,  x=2  
none 0,6-7,9 90 36 FRANZINI 87 CUSB T ( I S )  ~ ~, H 0, x=4  
none 3.7-5.6 90 37 ALBRECHT 85J ARG T(15)  ~ ~f R O, x : 2  
none 3.7-8.2 90 37 ALBRECHT 85J ABG T(1S) ~ S~ H O, x=4  

34 DAVlER 89 give excluded region in m(/14]) x plane for m(H O) ranging from 12 MeV to 
50 MeV. 

35SNYDER 89 give limits on B(B ~ H 0 X) .B(H 0 ~ e + e -  ) for 100 < m(H  O) <` 200 | 
MeV, c~ < 24 mm. I 

36First order QCD correction included with (zs ~ 0.2. Their figure 4 shows the limits vs. 
x. 

37ALBRECHT 85J found no mono energetic photons in both T(1S) and T (25 )  radiative 
decays in the range 0.5 GeV <E(-~)<4.0 GeV with typically BR<0.01 for T (15 )  and 
BR< 0.02 for T(2S)  at 90% EL. These upper limits are 5 10 times the prediction of the 
standard Higgs-doublet model. The quoted 90% limit B (T (15 )  ~ H 0 -f) <. 1.5 × 10 3 
at E(3,) = 1.07 GeV contradicts previous Crystal Ball observation of (4.7 ± 1.1) x 10 - 3  ; 

see their reference 3. Their figure 8a shows the upper limits of x 2 as a function of E(-~) 

by assuming no QCD corrections. We used m(H O) = m ( T )  ( 1 - 2 E ( a . ) / m ( T } )  1/2 . 

H 0 ( H i g g s  Boson)  M A S S  L I M I T  in S u p e r s y m m e t r i c  Mode l s  
The minimal supersymmetric model has two complex doublets of Higgs bosons. The 
resulting physical states are two scalars (H~t and H~2 ), a pseudoscalar ( p0 )  and two 

charged Higgs (H + and H ). Their masses are restrained by the model to be: m(H~l ) 

< re(Z),  m(H O) > m(Z) ,  m(P 0) > m(HO), and m(H ± )  > re(W).  There are two 

free parameters in the theory which can he chosen to be m(/~ l  ) (the lightest Higgs 
scalar) and tanfl  = v2/v  1, the ratio of the vacuum expectation values of the two Higgs 
doublets. 

VALUE (GeV) EL% DOCUMENT ID TECN COMMENT 

none 0.05 3.1 95 38 DECAMP 905 ALEP any ~ / ~  I 
>37.1 95 38 DECAMP 90E ALEP v2/v  I > 6 I none 0.05-20 95 39 DECAMP 90H ALEP v2/v  1 > 0.6 

none 0.006 21.4 95 39 DECAMP 90H ALEP ~2/h_ > 2 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

none0.06 13 95 38DECAMP 90E ALEP v2/v  1 > 0 6  I 
none 0,006-20 95 38 DECAMP 90E ALEP v2/v  1 > 2 I 

38DECAMP 90E look for Z ~ HOp 0 with 18610 Z 0 decays. Their search includes I 

signatures in which H~I and p0 decay to "~'~, e + e , F + # , T ~ T , or q~. See their 

figures of m(H~l ) vs. v2 /v  1. 

39DECAMP 90H is similar to DECAMP 90E but with 25,000 Z 0 decays. I 

MASS LIMIT for Assoc ia ted  H iggs  P r o d u c t i o n  in e + e Interactions 
In mu i t i -H i~s  models, associated production of Higgs via virtual or real Z 0 in e + e 
annihilati . . . .  + e -  ~ H 0 H O, is possible if H~I and HOd . . . .  pposite CP eigenval . . . .  

Limits are for the mass of the heavier Higgs /~2 in two-doublet models. 

VALUE (GeV) EL% DOCUMENT 10 TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>45 96 40 DECAMP 90H ALEP m(H~)  < 20 GeV | 

>37.5 95 40 DECAMP 90H ALEP m(Hy)  <` m(H O) I 

> 8 90 41KOMAMIYA 89 MRK2 H~) 1 ~ # + #  , I 

- 2  H0 -+ qq'  T + T  

>28 95 42 LOW 89 AMY m(H~t ) ~ 20 MeV, 

HO~"2 q ]  

none 2-9 90 43 AKERLOF 85 HRS m(H~t ) = O, 

H 0 -~ f f  , ,? 

none 4-10 90 44 ASH 85c MAC m(H~l ) = 0.2 GeV, 

H U ~ T+T  , CC 

none 1.3-24 7 95 43 BARTEL 85L JADE m(H?)  = 0 2  GeV, 

H OA,,2 ~ f~  or f f H  0 

none 1.2-13.6 95 43 BEHREND 85 CELL m(/~1 ) = 0, 

HO ~ f f  , , )  

none 1 11 90 43 FELDMAN 85 MRK2 m(H~)  = 0, H(~]~ f t  

none 1-9 90 43 FELDMAN 85 MRK2 m(Hy)  = rn(~2) ,  

H 0 ~ fT  

40DECAMP 90 . . . . . .  h for Z 0 ~ HO e + e , HOp+ t, , HO T ÷ T , H 1 q~, l . . . . .  Iti I 
plicity final states, ~--r je t  jet  final states and 4 jet  final states. I 

41KOMAMIYA 89 assume B(H~I -~ # + #  ) = 100 %, 2m(l~) < nr(H~l ) <. m(T). The I 

l imit is fo . . . .  imal mixing. A l imit of m(H~2 ) > 18 GeV for th . . . . .  H~2 ~ ~ ~ I 

(H 0 ~ # + # - )  is also given. From PEP at ~/s : 29 GeV. I 

42LOW 89 assume that H~I escapes the detector. The limit is for maximal mixing. A 

reduced limit of 24 GeV is obtained for the case H 0 ~ H O f f .  Limits for a Higgs-triplet 

model are also discussed. E~em = 50-60.8 GeV. I 

43The l imit assumes maximal mixing and that  H~I escapes the detector. | 

44ASH 85 assumes that  H~I escapes undetected. The bound applies up to a mixing sup- I pression factor of 5. 

H ± (Cha rged  Higgs or T e c h n i - p i o n )  M A S S  L I M I T  
Most of the following limits assume B(H + ~ T + v) + B(H ~ ~ c~) = 1. DE- 
CAMP 901, BEHREND 87, and BARTEL 86 assume B(/-~- ~ -r 4- u) + B(H + 
c~) + B(H + ~ cb) = 1. For a discussion of techni-particles, see EICHTEN 86. 

VALUE (GeV) EL% DOCUMENT ID TEEN COMMENT 

>35 95 45 DECAMP 90l ALEP B(T~) = 0-1 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>19 95 45 BEHREND 87 CELL B('ru) -- 0- i  
>18 95 46 BARTEL 86 JADE B(Tu)--0.1-1.0 
>17 95 46 ADEVA 85 MRKJ BR(T v)=0.25-1.0 

none 6-13 96 47 ALTHOFF 83B TASS BR('r u ) - 0 . - 0 . 2 6  
> m ( B )  48 CHEN 83 RVUE B decay at T(4S)  

none 5-13 95 46ADEVA 82B MRKJ BR(T v ) - 0 2 5  
none 3 13 95 46 BARTEL 82D JADE BR(T u ) - 0 . 2 - 1 . 0  
none 7-14.9 95 49 BEHREND 82B CELL BR(T u ) - 0 . 8 0  
none 4-9 90 46 BLOCKER 82 MRK2 8R(v z;) 0.10-0.90 

45Studied H ~ H  ~ (~-u) +( ' rz/) ,  H + H  - -- (~-u) + hadrons, H + H  - ~ hadrons. 
If B(H ± ~ T + u) 100%, the DECAMP 90t l imit improves to 43 GeV. 

46Studied H+ H ~ (-ru) + ( ' rv) ,  H+ H - ~ ( ' rv)  + hadrons. Search for muon 
opposite hadronic shower. 

47 ALTHOFF 83 analyzed H + H ~ 4 jets. The same limit is obtained for B(~ T) -- 0 1.0 
if B(H * ~ c b ) / B ( H  + ~ c~) 1. See their figure 3. 

48 CHEN 83 excluded a model where b ~ H -  l ight-quark at BR 1. Observed B(b ~ e 
X) would require B(H + ~ "r X) -- 1 but then charged energy fraction would be smaller 
than experiment value (0.60 ± 0.03). (CLEO data) 

49 BEHREND 82B studied H + /4-  ~ (TI~) + (Tu).  See their figure 3. 

Searches for  X ( 2 2 0 0 )  ( A  N e u t r a l  H iggs  C a n d i d a t e )  
Limits are for branching ratios or products of branching ratios. The notation ~ below 
refers to X(2200).  

VALUE (units 10 4) EL% DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 029  90 50ALBRECHT 89 ARG T ( 1 5 ) ~  K ~ K -  
mode 

< 068 90 50ALBRECHT 89 ARG T(2S)  ~ K ~ K  
mode 

< 2 90 51 BABU 89 MD1 T ( I S )  ~ K + K 
mode 

<30 90 51 BARU 89 MDI  T (15 )  ~ O¢ mode 
< 031 90 52 BEAN 86 CLEO T(1S)  ~ K + K 

mode 
<. 2 90 53 BEHRENDS 84 CLEO T(15)  - *  K + K -  

mode 
< 0 9  90 53 BEHRENDS 84 CLEO T(2S) ~ K + K 

mode 
<30 90 53 BEHRENDS 84 CLEO B meson, K + K mode 
<4 12 90 54 YOUSSEF 84 CUSB T(1 .25 )  2 charged 
<.5 15 90 54 YOUSSEF 84 CUSB T(15) ~ ~, X 

50ALBRECHT 89 give limits for B(T(1S, 25) ~ H0"~) B(H 0 - -  ~r + ~t--, K + K - ,  p~)  
for the mass range 1-3.5 GeV. 

51 BARU 89 limits are for B ( T ( I S )  ~ ~ ) . B ( (  ~ K + K - .  ~o).  Spin zero is assumed 
for ~. 

52BEAN 86 looked for cascade decays T (15 )  - -  ~FH ~ (H 0 ~ h ~ h - )  for the 3 modes, 
Tr + 7r , K + K , and p#.  See their figure 4 for limits on branching fractions as function 
of m(H O) in the range 2m(h)<m(HO)<.8  GeV. 

53BEHRENDS 84 first and second limits are for B(T ~ ~,()B(~ ~ K + K -  ), the third 
is for B{B ~ ( X )B( (  ~ K + K ). All for m(~) = 2.2 GeV, but are similar for 1.5-4 
GeV(first,second) and for 2-3 GeV(third). 

54youSSEF 84 first l imit is for inclusive radiative decay, the second is for B(T 
(-~)B((  - -  2 charged). For m(4 ) = 1-7 GeV. 

REFERENCES FOR/_/o and Hi 

AKRAWY 90C PL B236 224 • Alexander Allison. Aflport- (OPAL Collab) 
ATWA 90 PRL 64 21 +Chiang Frank, Haggerty+ (BNL, LANL, PRIN, TRIU) 
BARR 90 PL B235 356 +CJark+ (CERN, EDIN, MANZ. LALO, PISA, SIEG) 
DAWSON 90 Pn D41 (to be pub) +Gunion, Haber (BNL, UCD, UCSC) 
DECAMP 90 PL B236 233 +Oeschizeaux, Lees. Minard. Crespo+ (ALEPH Collab) 
DECAMP 90E PL B237 291 £Deschizeaux. Lees, Minard+ (ALEPH Collab) 
DECAMP 90H PL B (CEBN EP/90 16)+Deschizeaux, Goy, Lees4 (ALEPH Collab.) 
DECAMP 901 PL B (to be pub l + Deschizeaux Goy, Lees+ (ALEPH Collab) 
LEUTWYLEB 90 NP B +Shirman (BERN, ITEP) 

BUTP 89,'2% BERN 
ALAM 89B PR D40 712 +Katayama, Kim. Li Lou. Sun+ (CLEO Codab.) 

Also 89C PR D40 3790 erratum Alam, Katayama. Bim, Li. Lou. Sun+ (CLEO Collab) 
ALBRECHT 89 ZPHY C42 349 +Boeckmann Glaeser, Harder+ (ARGUS Collab) 
ATIYB 89 PRL 68 2177 +Chiang, Frank, Haggerty- (BNL. LANL, PRIN, TRIU) 
BARU 89 ZPHY C42 505 +Bei)in, BI]nov- (NOVO) 
CHENG 89 Pn D40 2980 + Yo CAST) 
DAVIER 89 PL B229 150 4 Nguyerl Ngoc (LALO) 
DAWSON 89 PL B222 143 (BNL) 
EGLI 89 PL B222 533 ~Ensfer, Grab. Hermes, Kraus+ (SINDRUM Coflab) 
EILAM 89 PL B231 184 +Nakada, Wyler (PSI, ZURI) 
GRIFOLS 89 PRL 63 1346 * Masso, Pens [BARE) 
KOMAMIYA 89 PR D40 721 -Fordham, Abrams. Ado~phsen, Akerlof~ (Mark II Collab) 
LINONER 89 PL B228 139 ÷Sher, Zaglauer (FNAL, WUSL) 
LOW 89 PL B228 548 ~ Xu, Abashian. Gotow. HU, Mattson+ (AMY Collab ) 



See key on pace IV.1 

V.9 

Gauge & Higgs Boson Full Listings 
Higgs Bosons - -  H ° and H ±, Heavy Bosons Other than Higgs Bosons 

RABY 89 
SNYDER 89 
WILLEY 89 
YEPES 89 
YEPES 89B 
CHIVUKULA 88 

Also 89 
GRINSTEIN ~ 
LEE FRANZINI 
SCHMIEOM... 88 

Also 889 
ALBRECHT 87D 
BAKER 87 

Also 88 
BEHREND 67 
DRUZHININ 87 
FRANZINI 87 
BARTEL 86 
BEAN 86 
BELTRAMI 86 
EICHTEN 86 
VOLOSHIN 86 

WlLLEY 86 
ADEVA 85 
AKERLOF 85 
ALBRECHT 85J 
ASH 85 
ASH 85C 
BARTEL 85L 
BEHREND 85 
FELDMAN 85 
ALTHOFF B4G 
BEHRENDS 84 
FREEDMAN 84 
MUKHOPAD... 84 
YAMAZAKI 84 
YOUSSEF 84 
ALTHOFF 83 
ALTHOFF 838 
CHEN 80 
HOFFMAN 83 
ADEVA 828 
BARTEL 82D 
BEHREND 82B 
BLOCKER 82 
ASANO 818 
DZHELYADIN 8t 
WITTEN 81 
GUTH 80 
JACQUES 80 
SHER 80 

AlSO 83 
BECHIS 78 
BARBIERI 75 
KOHLER 74 
ALEKSANDROV66 

PR D39 828 +West, Hoffman (LANL) 
PL B229 169 +Murray, Abrams, Adolphsen, Akerlof+ (Mark II Collab.) 
PR D39 2784 (PITT) 
PL 8227 182 (MCGI) 
PL B229 156 (MCGI) 
PL 8207 86 +Manohar (BOST, MIT) 
PL B217 568 (erratum) Chivukula, Manohar (BOST, MIT) 
PL 8211 363 +Hall, Randall (LBL, UCB) 
Munich HEP Conf. p. 1432 (CUSB Collab.) 
FRL 61 1 0 0 5  Schmiedrnayer, Rauch, Riehs (TUW) 
PRL 61 2509 erratem Schmiedmayer, Rauch, Riehs (TUW) 
PL B199 451 +Andam, Binder, Boeckmann+ (ARGUS Collab.) 
PRL 59 2832 +Gordon, Lazarus+ (BNL, SIN, WASH. YALE) 
PRL 60 472 erratum Baker, Gordon+ (BNL SIN, WASH, YALE) 
PL 8193 376 +B~erger, Criegee, Dainton+ (CELLO Collab.) 
ZPHY C37 1 +Oubrovin, Eidelman, Gol~bev+ (NOVO) 
PR D35 2880 +Son, Tuts, Youssef, Zhao+ (CUSB Collab,) 
ZPHY C31 359 +Becker, Felst, Haidt+ (JADE Collab.) 
PR D34 905 +Bobbink, Brock, Engler+ (CLEO Collab.) 
NP A451 679 +Aas, Beer, Dechambrie~. Goudsmit+ (ETH, FRIB) 
PR D34 1547 +Hinchliffe, Lane, Quig6+ (FNAL, LBL, OSU) 
SJNP 43 495 +Ok~n (ITEP) 
Translated Born YAF 43 779. 
PL B173 480 (PITT) 
PL 1528 409 +Becker, Becker-SzenUy+ (Mark J Collab.) 
PL 1568 271 +Bonvicini, Chapman, Errede+ (HRS Collab.) 
ZPHY C29 167 +Binder, Harder+ (ARGUS Collab ) 
PRL 55 1801 +Band, Blume, Campo~esi+ (MAC Collab.) 
PRL 54 2477 +Band, Blume, Camporesi+ (MAC Collab.) 
PL lSSB 288 +Becker, Cords, Felst, Hagiwara+ (JADE Collab.) 
PL 161B 182 +BurEer, Criegee, Fenner+ (CELLO Collab.) 
PRL 54 2289 +Abrams, Amidei, Baden+ (Mark I~ Collab.) 
ZPHY C22 219 +Braunschweig, Kirschflnk+ (TASSO Collab.) 
PL 137B 277 +Chadwich, Chauveau, Gentile~ (CLEO Collab.) 
PRL 52 240 +Napolitano, Camp, Kroupa (ANL. CHIC) 
PR D29 565 Mukhopaddyay, Goudsmit+ (RPI, SIN, LISB) 
PRL 52 1089 +lshikawa, Taniguchi. Yamanaka+ (TOKY, KEK) 
PL 139B 332 +Franzini, Son, Tuts+ (CUSB Collab.) 
PL 1218 216 +Brandelik, Boomer, Burkhardt+ (TASSO Collab.) 
PL 1228 95 +Brandelik, Boomer, Burkhardt+ (TASSO Collab.) 
PL 122B 317 +Goldber 8, Alam. Andrews+ (CLEO CoIlab.) 
PR D28 660 +Frank, Mischke, Molt, Schardt (LANL, ARZS) 
PL 1158 345 +Barber, Becker. Berdugo+ (Mark-J Collab.) 
PL 1L4B 211 +Cords, EiSen, Bethke+ (JADE Collab.) 
PL 114B 287 +Chen, Fennel Field+ (CELLO Collab.) 
PRL 49 517 +Matteuzzi, Abrams, Arnidei+ (Mark II Collab.) 
PL 107B 159 +Kikutani, Kurokawa, Miyachi+ (KEK, TOKY, OSAK) 
PL 105B 239 +Golovkin, Konstantinov, Kubarovski+ (SERP) 
NP 8177 477 (HARV) 
PRL 45 1131 +Weinberg (SLAC) 
PR D21 1206 +Kalelkar, Miller. Piano+ (RUTB, STEV, COLU) 
PR 022 2989 (UCSC) 
ANP 148 95 Flores, Sher (UCSC, UCI) 
PRL 40 602 +Chang, Oombeck, EIIswoHh, Glasser, Lau+ (UMD) 
PL 57B 270 +Ericson (CERN) 
PRL 33 1628 +Watson, Becket (LOCK) 
JETPL 4 134 +Samosvat, Sereeter, Tsoi (JINR) 
Translated from ZETF 4 196. 

I Searches for Heavy Bosons I 
Other Than Higgs Bosons I 

We list here various l imits on charged and neutra l  heavy vector bosons (o ther  

than W 's  and Z ' s ) ,  heavy scalar bosons (o ther  than Higgs bosons), vector 
or scalar leptoquarks,  and axigluons. 

W R (Right-Handed W Boson) MASS LIMITS 
Assuming a light right-handed neutrino. 

VALUE (GeV) CL~'~o DOCUMENT ID TECN COMMENT 
> 406 90 1 JODIDIO 86 ELEC Any L-R mixing angle 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 160 90 2 BALKE 88 CNTR # -  e u ;  I 
> 482 90 1 JODIDIO 86 ELEC L-R mix angle =0  
> 800 MOHAPATRA 86 RVUE SU(2 )LxSU(2 )RXU(1  ) 
> 400 95 3 STOKER 85 ELEC Any L-R mix ang. 
> 475 95 3 STOKER 85 ELEC L-R mix ang <0.041 

4BERGSMA 83 CHRM up, e ~ ,U, Ue 
> 380 90 5 CARR 83 ELEC # +  decay 
>1600 8 BEALL 82 THEO KO-K 0 mass difference I 

L S 
1JODIDIO 86 is the same TRIUMF experiment as STOKER 85 (and CARR 83); how- 

ever, it uses a different technique. The results given here are combined results of the 
tw~ techniques. The technique here involves precise measurement of the end-point e + 
spectrum in the decay of the highly polarized # + .  Alternative results can be obtained 
by fixing m(WR) and obtaining limits on the L-R mixing angle C': If m(WR) = oo, then 
I~l < 0,040 whereas for unconstrained m(WR), - 0 . 0 5 6  < ~ < 0.040. 

2BALKE 88 l imit is for m(UeR ) = 0 and rn(~t~R) <_ 50 MeV. Limits come from precise I 
measurements of the muon decay asymmetry as a function of the positron energy. I 

3 STOKER 85 is same TRIUMF experiment as CARR 83. Here they measure the decay e + 
spectrum asymmetry above 46 MeV/c  using a muon-spin-rotation,technique. Assumed 
a light right-handed neutrino. Quoted limits are from combining wi th CARR 83. 

4BERGSMA 83 set l imit m(W2)/m(W1) >1.9 at CL = 90%. 

5 CARR 83 is TRIUMF experiment wi th a highly polarized/~+ beam. Looked for deviation 
from V - A  at the high momentum end of the decay e + energy spectrum. Limit from 
previous world-average muon polarization parameter is m(W R) >240 GeV. Assumes a 
light right-handed neutrino. 

6 BEALL 82 l imit is obtained assuming that  W R contribution to K~L-/~5 mass difference I 
s sma er than the standard one, neglecting the top quark contributions I 

MASS LIMITS for W' (A Heavy Charged Vector Boson Other Than W) 
in Hadron Collider Experiments 

Limits are obtained when the W t couplings to quarks gW' q and the leptonic branching 

ratio B ( W  I ~ e~) are the same as those of the standard W, where the leptonic cross 
section is proportional to (gW, q) 2 B ( W  I ~ e#). 

VALUE (GeV) CL% DOCUMENT ID TECN CO MMENT.~_ 
>220 90 7 ALBAJAR 89 UA1 p~ ~ W / X, 

W ! ~ ev 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>209 90 8 ANSARI 87D UA2 p~ ~ W t X, 
W ! ~ ev 

>210 90 9 ARNISON 86B UA1 p#  ~ W / X, 
WP ~ eu 

>170 90 10 ARNISON 83D UA1 p~ ~ W t X, 
W I ~ eu 

7ALBAJAR 89 cross section limit at 830 GeV is a(VV') B(e~) < 4.1 pb (90% CL). 
8See Fig. 5 of ANSARI 87D for the excluded region in the m(!4/)-[(gWtq)2 B(VI/ 

e~)] plane. Note that  the quanti ty (gW~q) 2 B ( W  t ~ e~) is normalized to unity for 
the standard W couplings. 

9ARNISON 86B find no excess at large PT in 148 W ~ e~ events. Set l imit G x B(eu)  
<10 pb at CL = 90% at Ecru = 546 and 630 GeV. 

10ARNISON 83B find among 47 W ~ eu  candidates no event wi th excess PT. Also set 
c, x B ( e u )  <30 pb with CL = 90% at Ecru = 540 GeV. 

MASS LIMITS for Z ~ (Heavy Neutral Vector Boson Other Than Z) 
The mass bounds depend on the quantum number and the coupling strength of 2 ~ 
and neutral currents. In particular, we use the following notation for Z ~ associated 
wi th specific U(1) currents: 

Z l ;  SM x U(1)Z1 

ZLR; SU(2)LxSU(2 )RXU(1)  ~ SMxU(1 )L  R 

zx; SO(lO) ~ su(s)×u(1)x 
z~; E 6 ~ SO(10)×U(1)~ 
Z,1; E 6 ~ S M x U ( 1 ) ,  t 

Here SM denotes either SU(2)L x U ( 1 ) y  or SU(3)c x SU(2 )LXU(1 )y ,  whichever 
is appropriate. Typical reference coupling strengths are gy = e / c o s ~  and gz = 
&y/sine W. In particular gZ l  = gZ  is always assumed. 

VALUE (GeV) CL~ DOCUMENT ID TECN COMMENT 
>129 90 11 COSTA 88 RVUE Z~I; D? = gy 
>352 90 12COSTA 88 RVUE ZX;g x = g y  
>343 90 13AMALDI  87 RVUE ZLR;gL=gR 
>151 90 14AMALDI  87 RVUE Zzb;E@=g Y 
>180 90 15 ANSARI 870 UA2 p #  ~ Z 1 X (Z  1 

e + e  - )  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

90 11,16HAGIWARA 90 RVUE Z~l;gTl = E y  
9012,16,17 HAGIWARA 90 RVUE ZX ; gX = gy 
90 14,16 HAGIWARA 90 RVUE Z~b,, ~ = gy 
90 16HAGIWARA 90 RVUE Z 1 
90 18 ALBAJAR 89 UA1 p~ ~ Z 1 X, 

Z 1 ~ e + e -  
95 19DORENBOS.,.  89 CHRM Zx ;g  x - g Z  
90 20 COSTA 88 RVUE Z~ with tan/~ = ~/T5; 

>i00 
none <150 or > 363 
>136 

>208 
>173 

>280 
>180 

>156 
>167 
>112 90 

>249 90 
>160 90 

>143 90 
>275 90 
>126 90 
>222 90 
>114 90 

>150 95 

E~ = g y  

90 11,21 ELLIS 88 RVUE Zg: g~ = gy 
90 11,22 ELLIS 88 RVUE ZT/: gTi = gy 

11 AMALDI 87 RVUE z77; g,q=gy 
12AMALDI  87 RVUE Zx;Ex=gy  
23 ARNISON 868 UA1 p~ ~ Z 1 X (Z  1 

e + e  - )  
11,22 BARBER 86B RVUE Z~/; Er /=&y 

13 DURKIN 86 RVUE ZLR; gL=gR 
11 DURKIN 86 RVUE ZTI; grl=Ey 
12DURKIN 88 RVUE ZX;gX=E Y 
14DURKIN 86 RVUE Z%b;E,~b=gy 
24 ADEVA 85 MRKJ Z1; Bhabha 

11971--g Y assumed, which implies that  E 6 ~ SM×U(1)~/ in one step. U(1)71 is defined 

by Qfl=(3/8)I /2QX-(5/8)I /2Qtb. p = 1 assumed. 

12 gX=g Y assumed, which implies that  SO(10) ~ SM x U(1)X in one step. p = 1 assumed. 
13 Left-right symmetry (gL ; g R  ) assumed. 

14g~b=g Y assumed, which implies that  E 6 ~ SM>~U(1)×U(1)~ b in one step. p =1 
assumed. 

15See Fig. 5 of ANSARI 87D for the excluded region in the m(Zl)- [ (gZlq)2 B(Z 1 

e + e -  )] plane. Note that  the quant i ty (gEt q )2 B(Z1 ~ e+ e -  ) is normalized to unity 
for the standard Z couplings. 

16HAGIWARA 90 perform a fit to e + e -  data at PEP, PETRA, and TRISTAN including 
# +  p.--, I -+ T--,  and hadron cross sections and asymmetries. 

17m(Zx) = c~ is excluded at 2,7 s.d. 

18ALBAJAR 89 cross section limit at 630 GeV is (~(Zt) B(ee)  < 4.2 pb (90% CL). 

19DORENBOSCH 89 obtain the l imit (gx/EZ)2.(m(Z)/m(Zx)) 2 < 0 . i i  at 95% CL 
from the processes z,# e ~ ~# e and v# e ~ u# e. 

20Z/3 - Z x cos~ + Z~ sinfl, g~3 - g y  and p = I assumed. 

21Z~ l mass limits obtained by combining constraints from non-observation of an excess of 

£ + ~ -  pairs at the CERN p~  collider and the global analysis of neutral current data by 
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COSTA 88. Least favorable spectrum of three (E 6 27) generations of particles and their I 
superpartnerS are assumed. The limit weakens if fourth generation of particles contribute | 
to the Z~! width. 

22 Z;/ mass limits from non-observation of an excess of E ~ f -  pairs at the CERN p'# collider | 
(based on ANSARI 87D and GEER Uppsala Conf. 87]. The limits apply when Zz I decays 

I only into light quarks and leptons. They weaken if other particles such as exotic particles 
of E 6 and supersymmetry contribute to Z~ width. 

23 ARNISON 86B find no excess e + e pairs among 13 pairs from Z. Set l imit ~ x B(e*  e ) 
<13 pb at CL = 90% at Ecru = 546 and 630 GeV. 

24ADEVA 85 measure asymmetry of #-pair production, following formalism of RIZZO 81, 

Constraint on Coefficient (c) of Additional Neutral Current 
Term in S U ( 2 ) × U ( 1 ) y  ×U(1)G theory. The coefficent c depends on the group G. 

VALUE ~ DOCUMENT I D TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.04 95 25 BARTEL 86C JADE e~ e -  ~ #+  I~" , 

<0 03 98 25 BARTEL 86C JADE e + e~ ~ e + e 
<0.05 95 26 DERRICK 86 HRS e + e -  ~ e + e -  
<0.035 95 27 AOEVA 85 MRKJ e + e -  ~ tz -  t~ 
<0,05 95 28 BERGER 85B PLUT e + e -  ~ e + e , 

H + t~ - 

2 5 E c r u  12-46.78 GeV. m(Z)  = 93 GeV and sin20 W = 0.217 assumed. 

26Ecru=29 GeV. m(Z)  = 93 GeV and sin2~ W 0 217 assumed, 

27ADEVA 85 measure asymmetry of l~-pair production at Ecru = 14-46.8 GeV. See also 
Adeva et al., in Phys. Rep. 109, 133 (1984) for more details. 

28 Ecm=34.7 GeV. m(Z)  93 GeV and s in28w = 0217 assumed. 

MASS LIMITS for a Heavy Neutral Boson Coupling to e + e -  
VALUE (GeV) EL% OOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

none 55-61 29 ODAKA 89 VNS P(X 0 ~ e ~ e - )  I 
• B(X 0 ~  hadrons) 

0 2  MeV 
>45 95 30DERRICK 86 HRS F(X 0 ~ e + e  - )  = 6 

~ev 
>46 6 95 3 i  ADEVA 85 MRKJ F(X ~ e + e -  ) = 10 

>48 95 31 ADEVA 85 M R K J  f ( ~  " ~  e + e ) = 4 

x~eV~ e ) = IO none 39.8-455 32 ADEVA 84 MRKJ F( * e ~ 

> 4 7 8  95 32ADEVA 84 MRKJ F ( ~ v ~  e ~ e - ) = 4  
MeV 

none 398-45  2 32 BEHREND 89C CELL 
>47 95 32 BEHREND 84C CELL F(X 0 ~ e ~ e - )  = 4 

MeV 

29ODAKA 89 looked for a narrow or wide scalar resonance in e + e ~ hadrons at ELm | 
= 55.(~60.8 GeV, I 

30DERRICK 86 found no deviation from the Standard Model Bhabha scattering at E¢ m = 
29 GeM and set limits on the possible scalar boson e + e -  coupling. See their figure 4 
for excluded region in the F(X 0 ~ e + e - ) - m ( X  O) plane. Electronic chiral invariance 
requires a parity doublet of X Q, in which case the limit applies for F(X 0 ~ e~ e ~ )  = 
3 MeV. 

31ADEVA 85 first l imit is from 2% #+  t~ . hadrons assuming X 0 is a scalar. Second limit 
is from e + e channel. Ecm = 40-47 GeV. Supereedes ADEVA 84. 

32ADEMA 84 and BEHREND 84c have Ecru = 39.8-45.5 GeV. MARK J searched X 0 in 
e + e  ~ hadrons, 2% / L÷/~ , e ~ e and CELLO in the same channels plus ~ pair. 
No narrow or broad X 0 is found in the energy range. They also searched for the effect of 
X 0 with re(X) >Ecm. The second limits are from Bhabha data and for spin 0 singlet. 
The same limits apply for F(X 0 -* e + e ) = 2 MeV if X 0 is a spin-0 doublet. The 
second limit of BEHREND 84c was read off from tbeir figure 2. The original papers also 
list limits in other channels. 

Search for Leptoquarks 
Mass bounds derived. 

VALUE ~ E V T 5  DOCOMENT tD TEEN COMMENT 
• • • We do not use the following data for averages, tits, limits, etc. • • • 

none 5-20,8 GeV 95 33 BARTEL 87B JADE Spinless-leptoquark 
none 7 -205  GeV 95 2 34 BEHREND 86B CELL Spinless leptoquark 
>350 TeV 35 DESHPANDE 83 RVUE Pati-Salam X-boson 
> I .TeV 36 SHANKER 82 RVUE PS leptoquark 
>125 TeV 36 SHANKER 82 RVUE Vector-leptoquark 

33BARTEL 87B l imit is valid when a pair of charge 2/3 spinless leptoquarks X is produced 
with point coupling, and when they decay under the constraint B(X ~ cT~i~) + B(X 

sH ~)  - 1. 

34BEHRENO 86B assumed that a charge 2,,'3 spinless leptoquark, k, decays either into 
sl~ + or C~: B(X ~ sF ~ )  ~ B(~ ~ c~,) 1. 

35 DESHPANDE 83 used upper limit on K 0 ~ #e  decay with renormalization group 
equations to estimate coupling at the heavy boson mass. See also Dimopoulos et al., 
NP B182, 77 (1981). 

36From (~ ~ e~ ) / (~  ~ H~) rat io  

M A S S  L I M I T S  for  E.4 ( a x i g l u o n )  
Axigluons are massive color-octet gauge bosons in chiral color models and have axial- 
vector coupling quarks with the same coupling strength as gJuon3. 

VALUE (GeV) _ CL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. t • • 

>65 37 CUYPERS 89 RVUE cr(e + e -  ~ hadrons) 
no Emit 38 FALK 89 RVUE c~(e + e ~ hadrons) 
>29 39 ROBINETT 89 THEO Partial-wave unitarity 

none 150-310 95 40 ALBAJAR 88B UAI F(g A)  < 0,4 m(g A)  
>20 BERGSTROM 88 RVUE p ~  T X v i a g A g  
> 9 41 CUYPERS 88 RVUE T decay 
>25 42 DONCHESKI 88B RVUE T decay 

37CUYPERS 89 calculated axigluon corrections to e ~ e -  ~ hadrons and argue that a 
light axigluon would result in too large values of R(e + e -  ~ hadrons). The listed limit 
is obtained by assuming "c~s(34 GeV)" (derived from R measurements) < 0.165 and 
A ~  = 01  GeV. Use of A = 0 2  GeV instead gives a l imit of 100 GeV. For a criticism, 
see FALK 89. 

38 FALK 89 argues that no limit from e + e -  scattering can be derived for the axigluon 
mass. 

39ROBINETT 89 result demands partial-wave unitarity of J = 0 t t  - -  t t  scattering 
amplitude and derives a limit m(gA) > 0,5 re(t). Assumes re[t) > 56 GeV. 

40ALBAJAR 888 result is from the nonobservation of a peak in two-jet invadant mass 
distribution. See also BAGGER 88. 

41CUYPERS 88 requires F(T ~ g g A ) < r ( T  ~ g g g ) .  A similar result is obtained by 
DONCHESKI 88. 

42DONCHESKI 88B requires r ( T  -~ g q ~ ) / ' F ( T  ~ g g g )  < 0.25, where the former 
decay proceeds via axigluon exchange. A more conservative estimate of < 0,5 leads to 
m(,~A) > 21 GeV. 

REFERENCES FOR Searches 

HAG[WARA 90 PR O41 815 +N@ma, Sakuda, Terunurha (KEK, DURH, YCC, HiRO) 
ALBAJAR 89 ZPHY C44 15 ~Albrow, AIIkofer, A~nison, Astbury+ (UAL Collab) 
CUYPERS 89 PRL 63 125 ~Frampton (UNCC) 
DORENBOS 89 ZPHY C41 567 Dorenbosch, Udo A laby Amaldi- {CHARM Collab) 
FALl< 8') PL B230 119 (HARV} 
ODAKA 89 JPSJ 58 3037 ~Kondo, Abe, Arnako- {Venus EoJlab ) 
ROBINETT 89 PR D39 834 (PSU) 
ALBAJAR 88B PL 8209 ]27 ~Albrow. AIIkofer Astbury, Aubert* (UA1 CoLlab) 
BAGGER 88 PR D37 1188 ,Schmidt, Kin 8 (HARV BOST} 
BALKE 88 PR D37 58? -Gidal, Jodidio+ ILBL. UCE, COLD NWES, TRIU) 
BERGSTROM 88 e l  B212 386 (STOH) 
COSTA 8S NP B297 244 .Ellis, Fogli, Nanopoulos+ (PADO, BAR1, WISC. LBL) 
CUYPER$ 88 PRL 6a 1237 ~Frampton (UNCC:, 
DONCHESKI 88 e l  B206 137 ±Grotch, Robinev {PSU) 
DONCHESK~ 88B PR D38 412 + Grotch, Robinett (PS J) 
ELLIS 88 PL 8202 417 EIIB, FranziN, Zwirne r iCERN, UC8. LBL) 
AMALDI 87 PR D36 I385 +Bohm, Durkin, Langacker~ [CERN. AACH. OSU+) 
ANSARI 87D PL B195 613 +Bagnaia, Banner- (UA2 Coblab.) 
BARTEL 87B ZPHY C36 15 +Beck•r, Felst~ (JADE Collab) 
ARNISON 86B Eel 1 327 ~AIbrow, AIIkofer+ (UA1 Collab) 
BARGER 8EB PRL 5(3 30 ÷Deshpande, Whisnant (WISE, OREG, FSU) 
BARTEL 86C ZPHY C30 371 ~Becker, Co~ds, Felst, Haidt+ (JADE Collab ) 
BEHBEND 86B el BI7S 452 ÷Buerger, Criegee, Fennel Field~ (CELLO Collab b 
DERRICK 86 PL 166B 463 *Gun, Kooijman, Loos+ (HRS E~Jab ) 
DURKIN 8(~ PL 166B 436 *Langacker (PENNI 
JODIDIO 86 PR D34 1967 ~Balke, Carl Gidal, Sbiflsky+ (LBL, NWEa, TRIU) 

Also 88 PR D37 237 erratum Jodidio, Balke. Cart4 (LBL, NWES TRIDI 
MOHAPATRA 86 PR D34 909 (UMD) 
ADEVA 85 PL 152B 439 -Beck•r, Booker Szendy+ IMark-J Collab i 
BERGER 85B ZPHY C27 341 ~Deuter, Genzel+ {PLUTO Collab / 
STOKER aS PRL 54 1887 +Balke, Cart, Gidal# (LBk NWES, TRIU} 
ADEVA 84 PRL 53 134 ~Barbef, Becker, Berdu8o~ {Mark J Collab, ~ 
BEHREND 84C el  140B 130 ~Burger, Criegee Fenner+ {CELLO Collab.) 
ARN~SON 83B PL 122B 189 +Astbury, Aubert, Bacci+ (UA1 Co ab ) 
ARNISON SaD PL 129B 273 +Astbury, Aubert, [aacci+ (LJA1 Coltab ) 
BERGSMA 83 PL 122B 455 ~Dorenbosch, Jonker+ CHARM Collab) 
CARR 83 PRL 51 S27 +Gidal, Gobbi, 2odidio. Dram+ (LBL. NWES, TRIU) 
DESHPANDE 83 PR D27 1193 ~Johnson [OREG) 
BEALL 82 PRL 48 848 +Bander Son] (UCI UCLA} 
SHANKER 82 NP B204 375 (TRRJ I 
RIZZO 81 PR D24 704 ~Senjanovic (BNL) 
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] S e a r c h e s  f o r  A x i o n s  ( A ° )  a n d  I 

Other Very Light Bosons 

N O T E  ON  A X I O N S  

for Heavy Bosons Other Than Higgs Bosons 

hJ this section we list limits %r very light neutral (pseudo) 

scalar bosons that  couple weakly to stable matter.  Typi- 

cal examples are pseudo-Goldstone bosons like axions (A°), t 

familons, 2 and Majorons, 3 associated, respectively, with spon- 

t, aneously t/roken Pe~cei-QuinnJ family, and lepton-number 

symmetries, 

Peceei-Quinn synunetry gives a natural solution to the 

strong UP-violation problem. Axion mass and its coupling 

to stable particles are inversely proportional to the scale 

of ttw Peccei-Quinn symmetry breaking Ar, q ( ~  fa) .  The 

original axion model 4'1 assumes ApQ = AEW, where AEW 
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= (v/2GF) -1/2 = 247 GeV is the scale of the electroweak 

symmetry breaking, and has two Higgs doublets as minimal 

ingredients. By requiring tree-level flavor conservation, the 

axion mass and its couplings are completely fixed in terms of 

one parameter, the ratio of the vacuum expectation values of 

two Higgs fields. The result of extensive experimental searches 
for such an axion have been negative. 5 

Observation of a narrow-peak structure in positron spectra 

from heavy ion collisions 6 suggested a particle of mass 1.8 MeV 

that decays into e-~e - .  Variants of the original axion model, 

which keep ApQ = AEw, but drop the constraints of tree-level 

flavor conservation, were proposed. 7 Extensive searches for this 

particle, A°(1.8 MeV), ended up with another negative result, s 

One way to avoid these experimental constraints is to 

make A ° sufficiently massive. One way to achieve this is to 

introduce a new strong interaction (QC~D) with AQC, D ~ 

AQCD, whose anomaly couples to the axion. 9 A ° can receive 

significant mass from the QCtD sector if QCID colored quarks 
are massive. 

Another way to save the Peccei-Quinn idea is to discard 

the proposition ApQ = AEW and introduce a new scale. With 

ApQ >> AEw, the A ° mass becomes smaller and its coupling 

weaker, thus one can easily avoid all the existing experimental 

limits; hence such models are called invisible axion models, l°J1 

Various invisible axion models can be constructed by identifying 

ApQ with other large mass scales such as the Planck mass, 

the GUT scale, the SUSY-breaking scale, and so on. It has 

been found, however, that  invisible axions are not completely 

elusive. Cosmological considerations on the matter density of 

our universe suggest 12 ApQ < O(1012) GeV as a possible upper 

bound on the scale. Lower bounds of ApQ > O(107) GeV are 

obtained from astrophysics, 13 where axion emission from the 

center of stellar objects can speed up their evolutionary time 

scales. The recent observation of the supernova SN 1987A 

improves the lower bound to ApQ > O(10 TM) GeV. Various 

terrestrial experiments to detect 'invisible' axions by making 

use of their coupling to photons have been proposed, TM and the 

7. R.D. Peccei, T.T. Wu, and T. Yanagida, Phys. Lett. B172, 
435 (1986); and L.M. Krauss and F. Wilczek, Phys. Lett. 
B173, 189 (1986). 

8. W.A. Bardeen, R.D. Peccei, and T. Yanagida, Nucl. Phys. 
B279, 401 (1987); 

9. S.H.H. Tye, Phys. Rev. Lett. 47, 1035 (1981). 

10. J.E. Kim, Phys. Rev. Lett. 43. 103 (1979); M.A. Shifman, 
A.I. Vainstein, and V.I. Zakharov, Nucl. Phys. B166, 493 
(1980). 

11. A.R. Zhitnitsky, Sov. J. Nucl. Phys. 31, 260 (1980); and 
M. Dine, W. Fischler, and M. Srednicki, Phys. Lett. 104B, 
199 (1981). 

12. J. Preskill et al ,  Phys. Lett. 120B, 127 (1983); 
L.F. Abbott, and P. Sikivie, Phys. Lett. 120B, 133 
(1983); and M. Dine and W. Fischler, Phys. Lett. 120B, 
137 (1983). 

13. D.A. Dicus et al., Phys. Rev. D18, 1829 (1978); M. Fuku- 
gita, S. Watamura, and M. Yoshimura, Phys. Rev. Lett. 
48, 1522 (1982), also Phys. Rev. D26, 1840 (1982); 
D.S.P. Dearborn et al., Phys. Rev. Lett. 56, 26 (1986); 
and G.G. Raffelt, Phys. Rev. D33, 897 (1986). 

14. P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983), also Phys. 
Rev. Lett. 52, 695 (1984). 

first result of such experiments appeared recently. 

There is also a Note on "invisible" axions later in this 
section. 
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A 0 (Axion) MASS LIMITS from Astrophysics and Cosmology 
These bounds depend on model-dependent assumptions (i.e. - -  on a combinatTon of 
axion parameters). 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>0.2 BARROSO 82 ASTR Standard Axion 
>0.25 1 RAFFELT 82 ASTR Standard Axion 
>0.2 2 DICUS 78c ASTR Standard AxTon 

MIKAELIAN 78 ASTR Stellar emission 
> 0 3  2 SATO 78 ASTR Standard Axion 
>0.2 VYSOTSKII 78 ASTR Standard Axion 

1 Lower bound from 5.5 MeV ~f-ray line from the sun. 
2 Lower bound from requiting the red giants' stellar evolution not be disrupted by axion 

emission. 

A 0 (Axion) Searches in Stable Particle Decays 
Limits are for branching ratios. 

VALUE CL°/a E V T 5  DOCUMENTID TECN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<8  x 10 - 7  90 3 BAKER 87 CALO K ± ~ ~r ± A 0 
(A 0 - -  e + e ) 

< 1 . 3 x 1 0  - 8  90 4KORENCHE, .  87 SPEC ~+  ~ e + u A  0 
(A ° -- e +e ) 

<1. × 10 - 9  90 0 5 EICHLER 86 SPEC Stopped ~r + 
e + v A  0 

<2. x 10 - 5  90 6 YAMAZAKI  84 SPEC For 160<m<260 
MeV 

< ( 1 . 5 - 4 ) x 1 0  - 6  90 6 YAMAZAKI 84 ~PEC K decay, m(AO)<< 
100 MeV~ 

0 7ASANO 82 CNTR Stopped K .  
r +  A 0 

0 8 ASANO 818 CNTR Stopped K + 
~ +  A 0 

9 ZHITNITSKII  79 Heavy axion 

3BAKER 87 l imit assumes that  the A 0 travels much less than 1.4 cm in the lab before 
decaying. 

4KORENCHENKO 87 l imit assumes m(A O) = 1.7 MeV, T(A O) < 10 - 1 2  s, and 8 (A  0 
e + e  - )  = 1. 

5 EICHLER 86 looked for 7r + ~ e + uA 0 followed by A 0 ~ e ± e - .  Limits on the 
branching fraction depend on the mass and and lifetime of A 0. The quoted limits are 
valid when " r (A0)~ 3. × 10-10s  if the decays are kinematically allowed. 

6 y A M A Z A K I  84 looked for a discrete line in K + ~ ~r ÷ X. Sensitive to wide mass range 
(5-300 MeV), independent of whether X decays promptly or not. 

7ASANO 82 at KEK set limits for B(K + ~ l r + A 0 )  for m(A O) <100 MeV as BR 
< 4. x 10 8 for "r(A 0 ~ n-/'s) >1. x 10 - 9  s, BR < 1.4 × 10 -6  for ~ <1. × 10 9s. 

8ASANO 81B is KEK experiment. Set B(K + ~ ~T + A 0) <3.8 × 10 8 at CL = 90%. 

9ZHITNITSKII  ?9 argue that  a heavy axion predicted by YANG 78 (3 < m  <40 MeV) 
contradicts experimental muon anomalous magnetic moments. 
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A 0 (Axion) Searches in Quarkonium and Positronium Decays 
Decay or transition of positronium and quarkonium. Limits are for branching ratio. 

VALUE EL% EVT5  DOCUMENT ID TEEN COMMENT 
• • " We do not use the following data for averages, fits. limits, etc. • • • 

<6.4 x 10 - 5  90 i00RITO 89 CNTR o-PS ~ A03`, I 
m(A O) < 30 keV 

<5 x 10 - 5  90 11 DRUZHININ 87 ND ~ -~ 3`A 0 
(A 0 --  e + e ) 

<2 x 10 - 3  90 12 DRUZHININ 87 ND <b -~ 3`A 0 (A 0 ~ 7~) 
<7 x 10 6 90 13 DRUZHININ 87 ND ~ ~ 7A 0 

( A 0 ~  missing) 
<3.1 x 10 4 90 0 14 ALBRECHT 86D ARG T(15) 3`A 0 

(A ° ~ e + e  ) 
<4 × 10 4 90 0 14 ALBRECHT 860 ARG 3"(15) 3`A 0 

(A 0 ~ #+#  , 

7r+ ;T "', K+ K ) 
<8 x 10 4 90 1 15 ALBRECHT 860 ARG T(15) ~ 3`A 0 
<1,3 x 10 3 90 0 16 ALBRECHT 86D ARG T(15) ~ 7A 0 

( AO ~ e+e  , 3`7) 
<2. x 10 3 90 17BOWCOCK 86 CLEO T(25)~ T(1S) 

A 0 
<5, x 10 3 90 18 MAGERA5 86 CUSB T(15) ~ A07 

19 AMALDI 85 CNTR Ortho-positronium I 
<3. ×10 4 90 20ALAM 83 CLEO T ( 1 5 ) ~  A07 

21 CARBONI 83 CNTR Ortho-positronium 
<91  × 10 4 90 22 NICZYPORUK 83 LENA T(1S) ~ A03` 
<1.4 × 10 _5 90 23 EDWARDS 82 CBAL J/#~ ~ A07 
<3.5 x 10 4 90 24 SIVERTZ 82 CUSB T(15) ~ A03` 
<1.2 x 10 - 4  90 24 SIVERTZ 82 CUSB T(3S) ~ A03` 

10 ORITO 89 limit translates to ~A 0 e e/4~r < 6 2 x 10 10  Somewhat more sensitive limits I 

are obtained for larger m(A0): B < 7.6 x 10 6 at 100 keV. I 
11The first DRUZHININ 87 limit is valid when ~(AO)/m(A O) < 3 x 10 13 s/MeV and 

m(A O) < 20 MeV. 
12The second DRUZHININ 87 limit is valid when T(AO)/m(A O) < 5 × 10 13 s/MeV and 

m(A O) < 20 MeV. 
13The third DRUZHININ 87 limit is valid when T(AO)/rn(A O) >7 x 10 12 s/MeV and 

m(A O) < 200 MeV. 
14~(A0) < 1 x 10 13s and m(A O) < 1.5 GeM. Applies for A 0 -- 7a when m(A O) < 100 

MeV. 
15T(AO) >1 × 10--7S. 
16 Independent of T(A 0), 
17 BOWCOCK 86 looked for A 0 that decays into e + e in the cascade decay T(25) 

T(15)Tr + 7r- followed by T(15) ~ A 0 3'. The limit for BR(T(15) ~ A07)BR(A 0 
e+e - )  depends on m(A O) and T(A0). The quoted limit for m(AO)=l .8  MeV is at 
r (AO)~ 2. x 10-12s, where the l imit is the worst. The same limit 2. × 10 3 applies for 
all lifetimes for masses 2m(e) < m(A O) < 2m(l~) when the results of this experiment 
are combined with the results of ALAM 830 

18MAGERAS 86 looked for T(1S) ~ 3A (A 0 ~ e+e  ). The quoted branching 
fraction limit is for m(A O) = 1.7 MeV, at T(AO) ~ 4. x 10--13S where the limit is the 
worst. 

19AMALDI 85 set limits B(A07) / B(3`3`3) < (1-5)x10 6 for rn(A O) = 900-100 keV I 
which are about 1/10 of the CARBONI 83 limits. I 

20 ALAM 83 is at CESR. This limit combined with limit for B(J/~, ~ A 0 ~) (EDWARDS 82) 
excludes standard axiom 

21CARBONI 83 looked for orthopositronium ~ AO 7. Set l imit for A 0 electron coupling 
squared, g~eeAO)2/(4=) < 6  × 10-10-7. x 10 9 for m(A O) from 150-900 keV (CL = 
99.7%). This is about 1/10 of the bound from g 2 experiments. 

22NICZYPORUK 83 is DESY-DORIS experiment. This l imit together with lower limit 
9.2 × 10 - 4  of B(T ~ A03`) derived from B(J/v(15) ~ AOa) l imit (EDWARDS 82) 
excludes standard axiom 

23EDWARDS 82 looked for J/%'; ~ 7 AO decays by looking for events with a single 
[of energy ~ 1/2 the J/~(1S) mass], plus nothing else in the detector. The limit is 

inconsistent with the axion interpretation of the FAISSNER 81B result. 
24SIVERTZ 82 is CESR experiment. Looked for T ~ 7A 0, A 0 undetected. Limit for 15 

(35) is valid for m(A O) <7 GeM (4 GEM). 

A 0 (Axion) Production in Hadron Coll isions 
Limits are for ~(A O) / ~(TrO). 

VALUE ~ EVT5 DOCUMENT ID TECN 
• • • We do not use the following data for averages, fits, limits, 

<2 × i0 11 90 0 

<i x 10 -13 90 0 

24 

12 
15 
8 
0 

COMMENT_ 
etc. • • • 

25 FAISSNER 89 OSPK Beam dump, 
A 0 e + e ~ e  - 

26DEBOER 88 RVUE A O ~  
27 EL-NADI 88 EMUL A 0 ~ e + e 
28 FAISSNER 88 OSPK Beam dump, A 0 ~ 2,~ 
29BADIER 86 BDMP A O ~  e+e 
30 BERGSMA 85 CHRM CERN beam dump 
30 BERGSMA 85 CHRM CERN beam dump 
31 FAISSNER 83 OSPK Beam dump. A 0 -~ 2~ 
32 FAISSNER 83B RVUE LAMPF beam dump 
33 FRANK 83B RVUE LAMPF beam dump 
34HOFFMAN 83 CNTR =p ~ nA 0 

(A 0 ~ e + e ) 
35 FETSCHER 82 RVUE See FAISSNER 81B 
36 FAISSNER 81 OSPK CERN PS ~ wideband 
37 FAISSNER 81B OSPK Beam dump, A 0 ~ 2~ 
38 KIM 81 OSPK 26 GeM pN ~ A 0 X 
39 FAISSNER 80 OSPK Beam dump, 

A 0 ~  e+e  

<1. 10 -8 
<I. 10 -14 

<i 10 8 

<i I0 3 

<1 10 -8 

<6. i0 9 

<i 5 x 10 -8 
<5.4 × 10 14 

<41×10 9 

<I. ×10 8 

<0 5 × 10 . 8  

90 40 JACQUES 80 HLBC 28 GeM protons 
90 40 JACQUES 80 HLBC Beam dump 

41 SOUKAS 80 CALO 28 GeM p beam dump 
42 BECHIS 79 CNTR 

90 43 COTEUS 79 OSPK Beam dump 
95 44 DISHAW 79 CALO 400 GeV pp 
90 ALIBRAN 78 HYBR Beam dump 
95 ASRATYAN 78B CALO Beam dump 
90 45 BELLOTTI 78 HLBC Beam dump 
90 45 BELLOTTI 78 HLBC re(A0)=1.5 MeV 
90 45 BELLOTTI 78 HLBC m ( A 0 ) = l  MeV 
90 46 BOSETTI 788 HYBR Beam dump 

47 DONNELLY 78 
90 HANSL 78D WIRE Beam dump 

48 MICELMAC... 78 
49 VYSOTSKII 78 

25FAISSNER 89 searched for A 0 ~ e + e -  in a proton beam dump experiment at SIN. 
No excess of events was observed over the background. A standard axion with mass 
2re(e)-20 MeV is excluded. Lower l imit on fAO of ~ 104 GeM is given for rn(A 0) - 
2re(e)-20 MeV. 

26DEBOER 88 reanalyze EL NADI 88 data and claim evidence for three distinct states 
with mass ~ 1,1, ~ 2,1, and ~ 9 MeV, lifetimes 10 18-10 -15  s decaying to e + e 
and note the similarity of the data with those of a cosmic-ray experiment by Bristol 
group (B.M. Aoand, Proc. Roy. Soc. (London) A220, 183 (1953)). For a criticism 
see PERKINS 89, who suggests that the events are compatible with ~D DaStz decay. 
DEBOER 89B is a reply which contests the criticism. 

27EL NADI 88 claim the existence of a neutral particle decaying into e + e -  with mass 
1.60 ± 0.59 MeV, lifetime (0.15 ± 0.01) × 10 -14  s, which is produced in heavy ion 
interactions with emulsion nuclei at ~ 4 GeM~c/nucleon. 

28 FAISSNER 88 is a proton beam dump experiment at SIN. They found no candidate event 
for A 0 ~ 73`. A standard axion decaying to 23  ̀ is excluded except for a region x~ 1, 
Lower l imit on fAO of 102-103 GeM is given for m(A 0 ) = 0.1-1 MeV. 

29BADIER 86 did not find long-tiMed A 0 in 300 GeV = Beam Dump Experiment that 
decays into e + e -  in the mass range m(A O) = (20 200) MeV, which excludes the A 0 
decay constant f[A 0) in the interval (60-600) GeM. See their figure 6 for excluded region 
on f(AO)-m(A O) plane. 

30 BERGSMA 88 look for A 0 ~ 2% e + e , #+ # . First limit above is for m(A O ] - 1 
MeV; second is for 200 MeV. See their figure 4 for excluded region on fA0 - r n (A  0 ) plane, 

where fAo is A 0 decay constant. For Peccei-Quinn PECCEI 77 A O, m(A 0 ) <180 keV and 
>0.037 s. (eL 90%). For the axion of FAISSNER 81B at 250 keY, BERGSMA 85 

expect 15 events but observe zero. 
31 FAISSNER 83 observed 19 1 7 and 12 2-3, events where a background of 4.8 and 2.3 

respectively is expected. A small-angle peak is observed even if iron wall is set in front 
of the decay region. 

32 EAISSNER 83B extrapolate SIN ~ signal to LAMPF ~ experimental condition. Resulting 
370 7's are not at variance with LAMPF upper limit of 450 3`'s. Derived from LAMPF 
limit that [d~(AO)/do~ at 90 ° ]  m(AO)/T(A O) < 14 x 10 -35  cm 2 sr -1  MeV ms 1. See 
comment on FRANK 83B. 

33 FRANK 83B stress the importance of LAMPF data bins with negative net signal. By 
statistical analysis say that LAMPF and SIN-A0 are at variance when extrapolation by 
phase-space model is done. They find LAMPF upper limit is 248 not 450 ?'s. See 
comment on FAISSNER 83B. 

34 HOFFMAN 83 set CL 90% limit d¢/dt B(e + e-  ) <3.5 × 10 32 cm 2/GeM 2 for 140 
< m ( A  0) <160 MeV. Limit assumes f (A  0) < ] 0  9 s. 

35FETSCHER 82 reanalyzes SIN beam-dump data of FAISSNER 81. Claims no evidence 
for axion since 2-3` peak rate remarkably decreases if iron wall is set in front of the decay 
region. 

36 FAISSNER 81 see excess #e events. Suggest axion interactions. 
37 FAISSNER 81B is SIN 590 MeV proton beam dump. Observed 14.5 ± 5.0 events of 23  ̀

decay of long-lived neutral penetrating particle with m(23`) ~< 1 MeV. Axion interpreta- 
tion with ~I-A 0 mixing gives rn(A O) 250 ± 25 keV, T(23` ) - (7.3 ± 3,7) x 10 3 s from 

above rate. See critical remarks below in comments of FETSCHER 82, FAISSNER 83, 
FAISSNER 83B, FRANK 838, and BERGSMA 88. Also see in the next subsection ALEK 
SEEM 82, CAMAIGNAC 88, and ANANEV 85. 

38 KIM 81 analyzed 8 candidates for A 0 ~ 23  ̀obtained by Aachen-Padova experiment at 
CERN with 26 GeM protons on Be. Estimated axion mass is about 300 keY and lifetime 
is (0.86~ 5.6)x10 - 3  s depending on models. Faissner (private communication), says 
axion production underestimated and mass overestimated. Correct value around 200 
keV. 

39FAISSNER 80 is SIN beam dump experiment with 590 MeV protons looking for mss)A0a~ 
e + e- decay. Assuming AO/= 0 = 55 x 10 - 7 ,  obtained decay rate l imit 20/(A 0 
MeV/s (CL 90%), which is about 10 ? below theory and interpreted as upper limit 
to m(A O) <2m(e ). 

40 JACQUES 80 is a BNL beam dump experiment, First limit above comes from nonobserva- 
tion of excess neutral current-type events [~(production)~r(interactaction) < 7 x 10 -68  
cm 4, CL 90%}. Second limit is from nonobservation of axion decays into 2~'s or 
e ~ e , and for axion mass a few MeV, 

41 SOUKAS 80 at BNL observed no excess of neutral-current-type events in beam dump. 
42 BECHIS 79 looked for the axion production in low energy electron Bremsstrahlung and 

the subsequent decay into either 23  ̀or e + e . No signal found. CL - 90% limits for 
model parameter(s) are given. 

43COTEUS 79 is a beam dump experiment at BNL, 
44DISHAW 79 is a calorimetric experiment and looks for low energy tail of energy distri- 

butions due to energy lost to weakly interacting particles. 
45 BELLOTTI 78 first value comes from search for A 0 ~ e * e . Second value comes 

from search for A 0 ~ 2% assuming mass <2re(e-). For any mass satisfying this, 
limit is above valuex(mass-4).  Third value uses data of PL 60B 401 and quotes 
~(production)~(interaction) < 10 -6?  cm 4. 

46 BOSETTI 788 quotes ~(production)cT(interaction) < 2  × 10 -67  cm 4. 



See key on page I V. 1 

V.13 

Gauge & Higgs Boson Full Listings 
Axions (A °) and Other Very Light Bosons 

47DONNELLY 78 examines data from reactor neutrino experiments of REINES 78 and 
GURR 74 as well as SLAC beam dump experiment. Evidence is negative, 

48MICELMACHER 78 finds no evidence of axion existence in reactor experiments of 
REINES 76 and GURR 74. (See reference under DONNELLY 78 below). 

49VYSOTSKII  78 derived lower limit for the axion mass 25 keY from luminosity of  the sun 
and 200 key from red supergiants. 

A ° ( A x i o n )  Searches in Reac to r  Expe r imen ts  
VALUE DOCUMENT ID TEEN COMMENT 
• • • We do not use the following data for averages, fits, limits, e t c . •  • • 

50 KETOV 86 SPEC Reactor, A 0 ~ 73  
51 KOCH 86 SPEC Reactor; A 0 ~ 33  
52 DATAR 82 CNTR Light water reactor 
53 VUILLEUMIER 81 CNTR Reactor, A 0 ~ 2"y 

50KETOV 86 searched for A 0 at the Rovno nuclear power plant. They found an upper 
limit on the A 0 production probability of 0.8 [I00 keV/rn(A 0)]b × 10-6 per fission. In 
the standard axion model, this corresponds to m(A 0) >150 keY. Not valid for m(A 0 ) 
~> 1 MeV. 

51KOCH 86 searched for A 0 ~ 77  at nuclear power reactor Biblis A. They found an 
upper limit on the A 0 production rate ofw(AO)/~(7(M1)) < 1.5 x 10 - 1 0  (CL=95%). 
Standard axion with m(A O) = 250 keV gives 10 - 5  for the ratio. Not valid for m(A 0 )  
> 1022 keV. 

52DATAR 82 looked for A 0 ~ 27 in neutron capture (np ~ dA O) at Tarapur 500 MW 
reactor. Sensitive to sum of I = 0 and I = 1 amplitudes. With ZEHNDER 81 [ ( I  = 0) 

( I  = 1)1 result, assert nonexistence of standard A 0. 
53VUILLEUMIER 81 is at Grenoble reactor. Set limit m(A O) <280 keV. 

A ° ( A x i o n )  a n d  O t h e r  L igh t  Boson  ( X  0)  Searches in N u c l e a r  T r a n s i t i o n s  
Limits are for branching ratio. 

VALUE ~ EV~  DOCUMENT 10 TEEN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< (0 .4 -10 )x10  - 3  95 54DEBOER 90 CNTR 8 B e * ~  8BeA0, 
A 0 + . - -  

< (0 .2-1)X10 - 3  90 55 BINI 89 CNTR 1 6 0 " 4  f60-X0,  
X0  ~ e+0e- 0 

56AVlGNONE 88 CNTR C u * ~  CuA (A 
2 , A 0 e ~  7e, 
A ~ Z  ~ 7 Z )  

57 DATAR 88 CNTR 12C*~  12CA0 
88 DEBOER 8Be CNTR 160* ~ 16OX0, 

X 0 ~ e + e -  
59 DOEHNER 88 SPEC 2H*,  A 0 ~ e + e -  
60 SAVAGE 88 CNTR Nuclear decay (isovec- 

tor) 
60 SAVAGE 88 CNTR Nuclear decay (isoscalar) 
61 HALLIN 86 SPEC 6Li isovector decay 
81 HALLIN 88 SPEC 10B isoscalar decays 
61 HALLIN 86 SPEC 14N isoscalar decays 

0 62 SAVAGE B6B CNTR 14N* 
63 ANANEV 85 CNTR Li*, deut* A 0 ~ 23 
64 CAVAIGNAC 83 CNTR 97Nb*, deut* transition 

A 0 ~ 27 
65 ALEKSEEV 82B CNTR Li* ,  deut* transition 

A 0 ~ 27 
66LEHMANN 82 CNTR C u * ~  CuA 0 

( A 0 ~  23) 
0 67 ZEHNDER 82 CNTR Li* ,  Nb* decay, n-capt. 
0 68ZEHNOER 81 CNTR B a * ~  BaA 0 

(A 0 -  27) 
69 CALAPRICE 79 Carbon 

< 1.5 x 10 - 4  90 
< 5 x I0 -3  90 

< 3.4 x i0 -5  95 
< 4 × 10 . 4  95 

< 3 x 10 3 95 
< 0.106 90 
<10.8 90 
< 2.2 90 
< 4 )< 10 -4 90 

54The DEBOER 90 l imit is for the branching ratio 8 Be* (18.15 MeV, 1 + ) ~ 8 Be A 0 '  
A 0 ~ e + e -  for the mass range m(A O) = 4-15 MeV. 

55The BINI B9 limit is for the branching fraction of 160*  (6.05 MeV, 0 + )  ~ 160 ) (0 ,  
X 0 ~ e + e -  for re(X)  = 1.5-3.1 MeV. T (X  O) < 10 - 1 1  s is assumed. The spin-parity 
of X is restricted to 04- or 1 . 

56AVlGNONE 88 looked for the 1115 keY transition C" ~ CuA 0, either from A 0 
23 in-flight decay or from the secondary A 0 interactions by Compton and by Primakoff 
processes. Limits for axion parameters are obtained for m(A 0 )  < 1.1 MeV. 

57 DATAR 88 rule out light pseudoscalar particle emission in the mass range 1.02-2.5 MeV 
and lifetime range 10 -13 -10  - 8  s. The above limit is for ~ = 5 x 10 - 1 3  s and m = 
1.7 MeV; see the paper for the ~--m dependence of the limit. 

58The limit is for the branching fraction of 160*  (6.05 MeV, 0 + )  ~ 160 ) (0 ,  X 0 
e + e  - against internal pair conversion for m(X O) = 1.7 MeV and ~-(X 0)  < 10 - 1 1  s. 
Similar limits are obtained for m(X  O) = 1.3-3.2 MeV. The spin parity of  X 0 must be 
either 0 + or 1 - .  The limit at 1.7 MeV is translated into a limit for tbe XO-nucleon 
coupling constant: g2XONA./4~- < 2.3 × 10 - 9 .  

59The DOEHNER 88 limit is for m(A 0) = 1.7 MeV, T(A 0) < 10 - 1 0  S. Limits less than 
10 - 4  are obtained for m(A O) = 1.2-2.2 MeV. 

60SAVAGE 88 looked for A 0 that decays into e + e -  in the decay of the 9.17 MeV JP 
- -  2 + state in 14N, 17.64 MeV state JP = 1 + in 8Be, and the 18.15 MeV state JP 
= 1 + in 8Be. This experiment constrains the isovector coupling of A 0 to badrons, if 
m(A O) = (1.1 ~ 2.2) MeV and the isoscalar coupling of A 0 to hadrons, if m(A 0 ) = 
(1,1 ~ 2.6) MeV. Both limits are valid only if T(A 0) ~ I x 10 - 1 1  s. 

61Limits are for F(AO(1.8 MeV) ) /T (=M1) ;  i.e., for 1.8 MeV axion emission normalized 
to the rate for internal emission of e + e -  pairs. Valid for T(A 0 )  < 2 x 10--11s. 6Li 

isovector decay data strongly disfavor PECCEI 86 model I, whereas the i 0  B and 14 N 
isoscalar decay data strongly reject PECCEI 86 model II and III. 

62SAVAGE 86B looked for A 0 that decays into e + e -  in the decay of the 9.17 MeV JP 
= 2 + state in 14N. Limit on the branching fraction is valid i f  ~'(A0)< I .  x 10-11s for 
m(A 0) = (1.1-1.7) MeV. This experiment constrains the ]so-vector coupling of A 0 to 
hadrons. 

63 ANANEV 85 with IBR-2 pulsed reactor exclude standard A 0 at CL = 95% masses below 
470 key (Li* decay) and below 2re(e) for deuteron* decay. 

64 CAVAIGNAC 83 at Bugey reactor exclude axion at any m( 97 Nb* decay) and axion with 
m(A 0) between 275 and 288 keV (deuteron* decay). 

65 ALEKSEEV 82 with IBR-2 pulsed reactor exclude standard A 0 at CL = 95% mass-ranges 
m(A 0) <400 keY (Li* decay) and 330 keV < m ( A  0)  <2.2 MeV. (deuteron* decay). 

66LEHMANN 82 obtained A 0 ~ 2"7 rate <6.2 x i 0 - 5 / s  (CL = 95%) excluding m(A 0)  
between 100 and 1000 keV, 

67ZEHNDER 82 used Goesgen 2.8GW light-water reactor to check .40 production. No 
23 peak in Li*,  Nb* decay (both single p transition) nor in n capture (combined with 
previous Ba* negative result) rules out standard A 0. Set limit m(A 0)  <60 key for any 
A 0 . 

68ZEHNDER 81 looked for Ba* ~ AOBa transition with A 0 ~ 27, Obtained 27"i 
coincidence rate <2.2 x 1 0 - 5 / s  (CL = 95%) excluding m(A 0) >160 keV (or 200 keY 
depending on Higgs mixing). However, see BARROSO 81. 

69 CALAPRICE 79 saw no axion emission from excited states of carbon. Sensitive to axion 
mass between i and 15 MeV. 

A 0 ( A x i o n )  U m i t s  f r o m  I ts  E lec t ron Coup l ing  
Limits are for T(A 0 ~ e + e - ) .  

VALUE (S) EL°.4 DOCUMENT IP TECN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

70 BJORKEN 88 CALO A ~ e -}- e -  or 2~/ I 
71BLINOV 88 MD1 e + e  - I 

e + e-- A 0 
( A 0 ~  e + e  - )  

none i x 10-14-1 × I0 - I 0  90 72 RIORDAN 87 BDMP eN ~ eA 0 N 
( A 0 ~  e + e  - ) 

n o n e l x l 0  14-1×10-11 90 73BROWN 86 BDMP e N ~  eAON 
( A 0 ~  e + e  - )  

n o n e 6 x l 0 - 1 4 _ 9 x l 0  11 95 74DAVIER 86 BDMP e N ~  eAON 
( A 0 ~  e + e  - )  

none 3 × 1 0 - 1 3 - 1  × 10 - 7  90 75 KONAKA 86 BDMP eN ~ eA 0 N 
( A 0 ~  e + e  - )  

70BJORKEN 88 reports limits on ax[on parameters (fA, mA, TA} for m(A 0 ) < 200 MeV | 
from electron beam-dump experiment with production via Primakoff photoproduction, I bremsstrahlung from electrons, and resonant annihilation of positrons on atomic elec- 
trons. 

71 BLINOV 88 assume zero spin, m = 1.8 MeV and lifetime < 5 × 10 - 1 2  s and find F(A 0 ~ I 
77)B(A 0 ~ e+e -) < 2 eV (CL=90%). I 

72 Assumes A 0 77  coupling is small and hence Primakoff production is small. Their figure 
2 shows limits on axions for m(A O) < 15 MeV, 

73 Uses electrons in hadronic showers from an incident 800 GeV proton beam. Limits for 
m(A O) < 15 MeV are shown in their figure 3. 

74re(A0) = L8  MeV assumed. The excluded domain in the "r(AO)-m(A O) plane extends 
up to m(A O) ,~ 14 MeV, see their figure 4. 

78The limits are obtained from their figure 3. Also given is the limit on the 
A 0 7 3 - A  0 e + e -  coupling plane by assuming Primakoff production. 

Search fo r  A 0 ( A x i o n )  Resonance in Bhabha  Sca t te r ing  
The limit is for [ r (A  0 ~ e + e - ) ] 2 / r t o  t (=  i-to t if only the decay channel to e + e -  
is present). 

VALUE (10 -3 eV) CL% DOCUMENT ID TECN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 5 BAUER 90 CNTR m(A O) = 1.832 MeV 
76TSERTOS 89 CNTR m(A O) = 1.82 MeV 
76 TSERTOS 89 CNTR m(A O) = 1.51-1.65 

78 VANKLINKEN 88 CNTR 
79 MAIER 87 CNTR 

<2500 90 MILLS 87 CNTR 
80 VONWlMMER.~7 CNTR 

76 See also TSERTOS 888 in references. 
77The upper limit listed in TSERTOS 88 is too large by a factor of 4. See TSERTOS 88B, 

footnote 3. 
78VANKLINKEN 88 looked for relatively long-lived resonance (T = 10 -10 -10  12 s). The 

sensitivity is not sufficient to exclude such a narrow resonance. 
79 MAIER 87 obtained limits RF < 60 eV (100 eV) at m(A O) ~ 1.64 MeV (1.83 MeV) for 

energy resolution AEcm ~ 3 keV, where R is the resonance cross section normalized to 
that of Bhabba scattering, and r = F2e / r t o  t .  For a discussion implying that AEcm 
10 keY, see TSERTOS 89. 

80VONWIMMERSPERG 8? measured Bhabha scattering for Ecru = 1.37-1.86 MeV and 
found a possible peak at 1.73 with J" ~dKcm = 14.5 4- 6.8 keV.b. For a comment and 
a reply, see VANKLINKEN 88B and VONWlMMERSPERG 88. Also see S.H. Connel et 
al., Phys. Rev. Lett. 60, 2242 (1988). 

< 1.9 97 
<(lO-4o) 97 

v 
<(1-2.5)  97 76 TSERTOS 89 CNTR m(A M~) = 1.80-1.86 ~v 
< 31 95 LORENZ 88 CNTR m( ) = 1.646 MeV 
< 94 95 LORENZ 88 CNTR m(A O) = 1.726 MeV 
< 23 95 LORENZ 88 CNTR m(A O) = 1.782 MeV 
< 19 95 LORENZ 88 CNTR m(A 0 ) = 1.837 MeV 
< 3.8 97 77 TSERTOS 88 CNTR rn(A O) = 1.832 MeV 

m(A O) = 1.8 MeV 
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Search for A 0 (Axion) Resonance in e+e - - ,  ~f,y 
The limit is for F(A 0 ~ e+ e - ) .F (A  0 ~ ~/?)/Fto t 

VALUE (10 -3  eV~ CL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

81 FOX 89 CNTR 
< 0.11 95 82 MINOWA 89 CNTR m(A O) = 1.062 MeV 
<33 97 CONNELL 88 CNTR m(A O) = 1.580 MeV 
<42 97 CONNELL 88 CNTR m(A 0) = 1.642 MeV 
<73 97 CONNELL 88 CNTR m(A O) = 1.782 MeV 
<79 97 CONNELL 88 CNTR m(A O) = 1.832 MeV 

81 FOX 89 measured positron annihilation with an electron in the source material into two 
photons and found no signal at 1.062 MeV (<  9 x 10 - 5  of two-photon annihilation at 
rest). 

82 Similar limits are obtained for rn(A O) = 1.045-1.085 MeV. 

Searches for Goldstone Bosons (X  0) 
(Including Horizontal Bosons and Majorons.) Limits are for branching ratios. 

VALUE ~ EVT5 DOCOMENT IO TECN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< I . i  x 10 -9 90 83 BOLTON 88 CBOX p.+ ~ e + ~X 0. 
Familon 

84 CHANDA 88 ASTR Sun, Majoron 
85 CHOI 88 ASTR Majoron, SN 1987A 

<5 x 10 - 6  90 86 PICCIOTTO 88 CNTR 7r ~ e v X  O, Majoron 
< 1 . 3 x 1 0  - 9  90 87GOLDMAN 87 CNTR p ~  e ? X  O. Familon 
<3 x 10 - 4  90 88 BRYMAN 86B RVUE # ~ eX O. Familon 
<1. x 10 -10  90 0 89 EICHLER 86 SPEC # +  -~ e + X O. Familon 
<2.6 x 10 - 6  90 90 JODIDIO 86 SPEC ,u + ~ e + X 0. Familon 

91 BALTRUSAIT..B5 MRK3 "r ~ ,~X O. Familon 
92 DICUS 83 COSM v (hvy) ~ v (light) X 0 

838OLTON 88 limit corresponds to F > 3.1 x 109 GeV, which does not depend on the 
chirality property of the coupling. 

84CHANDA 88 find v T < 10 MeV for the weak-triplet Higgs vev. in Gelmini Roncadelli 
model, and v 5 > 5.8 × 106 GeV in the singlet Majoron model. 

85CHOI 88 used the observed neutrino flux from the supernova SN 1987A to exclude the 
neutrino Majoron Yukawa coupling h in the range 2 x 10 5 < h < 3 x 10 - 4  for the 
interaction Lin t - ½ih~C.ysVJ~X . Par several families of neutrinos, the l imit applies 

for (Zh4)l/4. 

86 PbCCIOTTO 88 limit applies when m(X O) < 55 MeV and T(X 0) > 2ns, and it decreases 
to 4 × 10 -7 at m(X O) 125 MeV, beyond which no limit is obtained. 

87GOLDMAN 87 limit corresponds to F > 2.9 x 109 GeV for the family symmetry breaking 
scale from the Lagranglan Lin t = (1/F)~/~-y# (a+b~s) OeOP.¢XO with a2+b 2 = i .  

This is not as sensitive as the limit F > 9.9 x 109 GeV derived from the search for #+ 
e + X 0 by JODIDIO 88, but does not depend on the chirality ~)roperty of the coupling. 

88Limits are for F(# -- exO)/F(# -- eu~). Valid when m(X ) = 0-93.4, 98.1-103.5 
MeV. 

89 EICHLER 86 looked for #+  ~ e + X 0 followed by X 0 ~ e + e - .  Limits on the 
branching fraction depend On the mass and and lifetime of X O. The quoted limits are 
valid when r(X0)>~ 3. x 10-10s if the decays are kinematically allowed. 

90JODIDIO 86 corresponds to F > 9.9 × 109 GeV for the family symmetry breaking scale 
with the parity-conserving effective Lagrangian Lin t - ( l / F )  ~'~u.,f##,eO#&xO. 

91BALTRUSAITIS 85 search for light Goldstone boson(X 0) of broken U(1). CL = 95% 
limits are B(-r ~ u +  X0) /B(~ - ~ # +  ~v)  <0.125 and B(-r ~ e + X 0 ) / B ( r  ~ e + vu)  
<0.04. Inferred l imit for the symmetry breaking scale is m >3000 TeV. 

92The primordial heavy neutrino must decay into ~ and familon, fA, early so that the red- 
shifted decay products are below critical density, see their table. In addition, K ~ ~ fA 
and /~ ~ e fA are unseen. Combining these excludes re(heavy u) between 5 x 10 - 5  and 
5 x 10 - 4  MeV (# decay) and rn(heavy v) between 5 x 10 - 5  and 0.1 MeV (K-decay). 

Majoron Searches in Neutrinoless Double fl Decay 
Limits are for the half-life of neutrinoless fl~3 decay with a Majoron emission. 
Previous indications for neutrinoless double beta decay with majoron emission have 
been superceded. No experiment currently claims any such evidence. For a review, 
see DOI 88. 

VALUE (~*ears) CL% DOCUMENT ID TECN COMMENT 
> 1.4 × 1021 90 CALDWELL 87 CNTR 76Ge 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 1.9 x 1020 68 BARABASH 89 CNTR 136Xe 
> 1.0 x 1021 90 FISHER 89 CNTR 76Ge 
> 3.3 × 1020 90 ALSTON-... 88 CNTR 100Mo 

(6 ± i )  × 1020 AVIGNONE 87 CNTR ?6Ge 
> 4.4 × 1020 90 ELLIOTT 87 SPEC 82Se 
> 1.2 x 1021 90 FISHER 87 CNTR 76Ge 

93 VERGADOS 82 CNTR 

93VERGADOS 82 sets l imit gH < 4 x 10 - 3  for (dimensionless) lepton-number violating 
coupling, EH, of scalar boson (Majoron) to neutrinos, from analysis of data on double 
decay of 48Ca. 

I N V I S I B L E  A ° ( A X I O N )  M A S S  LIMITS F R O M  

A S T R O P H Y S I C S  AND C O S M O L O G Y  

Limits on m(A °) are obtained from the axion coupling 

to electrons, nucleons, or photons. Quoted limits are often 

expressed in terms of the axion decay constant fA which can 

be defined in terms of the mass or axion-electron coupling by 

m(A °) = 3.5 x 1Ol0gAe COS-2/~ eV = 7.2 x 107(CeV/fA)(N/6) eV 

[using the conventions detailed in Srednickil; for other con- 

ventions take fA --+ 2fA (Bardeen 2) or fA ~ 4fA (Kaplan3)] 

where N is the number of quarks with Peceei-Quinn charge 

(usually the number of quark flavors) and cos2~ = v~/(v~ + v~) 
is determined by the vacuum expectation values of the two 

Higgs doublets coupling to up and down quarks (and charged 

leptons). For the coupling to photons m(A °) = 6.9 x 109 

(gA,/GeV-1)eV and for the coupling to nucleons m(A °) = 
7.7 x 107gAN/CAN eV where CAN depends on the details of the 

coupling of axions to nucleons. These couplings are defined by 

1 
~int : --~gA.~ CA f# .  F#" = gA-~ OA E '  B , 

•int = igAe 0A ~e 2'5~2e , and 

£ i n t  : igAN OA ~N 75 ~'N . 

The factors in these equations are model dependent, in partic- 

ular 9Ae = 0 in the KSVZ 4 models. In the comment for each 

limit below, D indicates that the limit is specific to DFSZ 5 

axions, K to KSVZ axions (The limits quoted assume N = 6 

and Vl = v2.) 
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Invisible A 0 (Ax ion )  M A S S  L I M I T S  f rom Astrophysics and Cosmology 
v I = v 2 is usually assumed (v i = vacuum expectation values). 

VALUE (eV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 1 x 10 - 3  94 BURROWS 89 ASTR D,K, SN 1987A 
<(1.4_10)×10-3 95 ERICSON 89 ASTR D,K, SN 1987A 
< 3.6 × 10-4 96 MAYLE 89 ASTR D,K, SN 1987A 
<12 CHANDA 88 ASTR D, Sun 
< 1 x 10 -3 RAFFELT 88 ASTR D,K, SN 1987A 

97 RAFFELT 888 ASTR red giant 
< 0.07 FRIEMAN 87 ASTR D, red giant 
< 0.7 98 RAFFELT 87 ASTR K, red giant 
< 2 5 TURNER 87 COSM K, thermal production 
< 0.01 99 DEARBORN 86 ASTR D, red giant 
< 0.06 RAFFELT 86 ASTR D, red giant 
< 0.7 100 RAFFELT 86 ASTR K, red giant 
< 0.03 RAFFELT 86B ASTR D, white dwarf 
< 1 101 KAPLAN 85 ASTR K, red giant 
< 0.003-0.02 IWAMOTO 84 ASTR D, K, neutron star 
> 1 x 10 - 5  ABBOTT 83 COSM D,K, mass density of the 

universe 
> 1 × 10 - 5  DINE 83 COSM D,K, mass density of the 

universe 
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V.15  

Gauge & Higgs Boson Full Listings 
Axions (A °) and Other Very Light Bosons 

< 0.04 ELLIS 835 A S T R  D, red giant I 
> 1 × 10 - 5  PRESKILL 83 COSM D,K, mass density of the I 

universe 
< 0.1 BARROSO 82 ASTR D, red giant | 
< 1 102 F U K U G I T A  82 A S T R  D, stellar cool ing I < 0.07 F U K U G I T A  82B A S T R  D, red giant 

94The  region m(A O) ~ 2 eV is also allowed. I 
95ERICSON 89 considered various nuclear corrections to axion emission in a supernova 

I core, and found a reduction of the previous l imi t  ( M A Y L E  88) by a large factor. 
96 MAYLE 89 l imi t  based on naive quark model  coupl ings of axion to nucleons. L imi t  based 

on couplings mot ivated by EMC measurements is 2 -4  t imes weaker. The l imi t  f rom 
axion-electron coupl ing is weak: see H A T S U D A  885. 

97 RAFFELT 88B derives a l imi t  for the energy generation rate by exotic processes in hel ium- I 
burning stars c < 100 erg g -  I s -  1, which gives a f i rmer basis for the axion l imits based I 
on red giant cooling. 

98RAFFELT 87 also gives a l imi t  gA7 < 1 x 10 - 1 0  GeV - 1 .  I 
9 9 D E A R B O R N  86 also gives a l imi t  gAa < 1.4 x 10 - 1 1  GeV - 1 .  I 100 RAFFELT 86 gives a l imi t  gA~, < 1.1 x 1 0 - 1 0  G e V -  1 f rom red giants and < 2,4 × 10 - 9  

G e V -  1 f rom the sun. 
1 0 1 K A P L A N  85 says m(A O) < 23 eV is allowed for a special choice of model  parameters. | 
102FUKUGITA  82 gives a l imi t  gA-Y < 2.3 x 10 - 1 0  GeV 1. i 
Search for Invisible Axions 2 

Limits are for [GA~f~/m(AO)] PA where GAf f?  denotes the axion two-photon cou- 

pling, Lin t : GA~7 ~ A F # u l  =#z~ = GA.7.~AE.B, and PA is the axion energy density 
near the earth. 

VALUE ~ DOCUMENTID _TECN COMMENT 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<1.3 x i 0  - 4 2  95 103 WUENSCH 89 C N T R  m(A O) = I 
(4.5-10.2)10 6 eV 

<2  x 10 T M  95 103 WUENSCH 89 C N T R  rn (A0)  = I 
(11.3-16,3)10 - 6  eV 

103WUENSCH 89 looks for condensed axions near the earth that  could be converted to | 
photons in the presence of an intense e~ectromagetic field via the Pr imakof f  effect, foi- 

l 
lowing the proposal of SIKIVIE 83. The theoretical prediction wi th  [GA.,f.f/m(AO)]2 

= 1.1 x 10 - 1 6  MeV - 4  ( the three generation DFSZ model)  and PA = 300 M e V / c m  3 

that  makes up galactic halos gives ( C A . t 3 / m ( A  0 ))2 PA = 2.3 x 10 - 4 6  . Note that  our I 
definit ion of GA.~q is (1/47r) smaller than that  of WUENSCH 89. I 
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LIGHT UNFLAVORED MESONS 
( s = c = s = 0 )  

F o r  I = 1 (Tr, b ,  p, a ) :  u-d, ( u Y - d d ) / v ~ ,  d-~; 

f o r  I = 0 (71, TI', h, h', w, ¢, f, f ' ) :  Cl(U-Q + d-d) + c 2 ( s ~ )  

N O T E  ON P S E U D O S C A L A R - M E S O N  

D E C A Y  C O N S T A N T S  

The decay constant fp for pseudoscalar meson P is defined 

by 

(01A~(0)lP(q)) = i fp qp , 

where A~ is the axial-vector part of the charged weak current 

after a Cabibbo-Kobayashi-Maskawa mixing-matrix element 

Vqq, has been removed. The state vector is normalized by 

(p(q) lp(q, ) )  = (2~r)32Eqh(q_ qr), and its phase is chosen 

to make fp real and positive. Note, however, that  in many 

theoretical papers our fp/v/2 is denoted by fp and called the 
pseudoscalar decay constant. 

In determining fp experimentally, radiative corrections 

must in principle be taken into account. Since the photon-loop 

correction introduces an infrared divergence that  is canceled 

by soft-photon emission, we can determine .fp only from the 

combined rate for P± -~ ~'-u and P~  --* £ ± u ? .  This rate is 

given by 

r [ P  -~ t , (+~ ,~) ]  = 

The term of order c~ consists of the inner bremsstrahlung part 

B, which does not depend on the structure of the meson, 1,2 

and the structure-dependent part BSD .3 Although the latter 

involves a substantial theoretical ambiguity and grows with 

mp, it is, in the case of the muonic decays, much smaller 

than the unambiguous inner bremsstrahlung part. Since we 

determine f~, fK, and fD from muonic decays, we keep only 
the inner bremsstrahlung part, given by 4 

B = 4 [  [x2+l'~'~x~_l)mx-1] [ln(x 2 - 1 ) - 2 1 n x - ~ ]  

1) 3 
('x2 + I"~L{1 - ~ 4 +4 \ x ~ -  1 / k - l n x - -  

-~ (lOx 2 _ -  7) lnx + (15x2 - 21) 
(x 2 - 1 )  2 4(x 2 - 1 )  ' 

where 

/: L(z) ln(1 f dt = - ) T '  a n d x = m R / m e .  

B is -1.35 for rr ~ #~, and -6.44 for K ~ #~,. 

We use the experimental values of IVq¢l given in Eqs. (5), 

(7), and (8) of the "Cabibbo-Kobayashi-Maskawa Mixing 

Matrix" section and our current best values of branching 
ratios, lifetimes, and masses to obtain the following values: 

f~ = (131.74 4- 0.15) MeV , 

V I I , 1  

Meson Full Listings 
71 -+ 

fg = (160.6 4- 1.41 MeV,  

fD < 310 MeV (CL = 90%).  

Refe rences  

1. S. Berman, Phys. Rev. Lett. 1, 468 (19581. 

2. T. Kinoshita, Phys. Rev. Lett. 2, 477 (19591. 

3. T. Goldman and W.J. Wilson, Phys. Rev. D15, 709 (1977). 

4. A. Sirlin, Phys. Rev. D5, 436 (19721. 

IG(J P) = 1 - ( 0 - )  

We have omitted some results that have been superseded by later exper- 
iments. The omi t ted results may be found in our 1988 edit ion (Physics 
Letters B204). 

';,r E M A S S  

The fit uses the 7r ± ,  7r 0' and ,u ± mass and mass difference measurements. Mea- 
surements with an error > 0.005 MeV have been omitted from this Listing. 

VALUE (MeV) DOCUMENT IO TECN CHG COMMENT 

139.5675:l:0,0004 OUR FIT Error includes scale factor of 1.2. 
139.56737+0.00033 OUR AVERAGE 
139.56752±0.00037 1 JECKELMAN 86 CNTR - Mesonic atoms 
139.5664 ±0.0009 2 LU 80 CNTR - Mesonic atoms 
139.5686 ±0.0020 CARTER 76 CNTR - Mesonic atoms 
139.5660 ±0.0024 2,3 MARUSHEN... 76 CNTR - Mesonic atoms 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

139.5704 ±0.0011 4 ABELA 84 SPEC + ~r + ~ .u + v 

1 jECKELMAN 86 gives m(Tr)/m(e) = 273.12677(71). We use re(e) = 0.51099906(15) 
MeV from COHEN 87. 

2 Value 
scaled with a new wavelength-energy conversion factor VA = 1.23984244(371x10 - 6  
eV m from COHEN 87. 

3This MARUSHENKO 76 value used at the authors' request to use the accepted set of 
calibration ? energies. Error increased from 0.0017 MeV to include QED calculation error 
of 0.0017 MeV (12 ppm). 

4The ABELA 84 value depends on assumed /~+ mass = 105.65932 ± 0.00029 MeV. 
ABELA 84 enters our fit via the 7r-# mass difference below, which is independent of 
m(,.). 

*r + - / ~ +  M A S S  D I F F E R E N C E  

The fit uses the ~ ± ,  7r 0' and /~± mass and mass difference measurements. Mea- 
surements with an error > 0.05 MeV have been omitted from this Listing. 

VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 

33.9092±0.0004 OUR FIT Error includes scale factor of 1.2, 
33.9111±0.0011 ABELA 84 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

33.925 ±0.025 BOOTH 70 CNTR + Magnetic spect. 
33.881 ±0.035 145 HYMAN 67 HEBC + K -  He 

[m(Tr + )  - m ( l r - ) ]  / A V E R A G E  m 

A test of C P T  invariance. 

VALUE (units 10 4] DOCUMENT ID TECN 

2 ± 5  AYRES 71 CNTR 

7r ± M E A N  L IFE 

Measurements wi th an error > 0.02 × 10 - 8  s have been omitted. 

VALUE (10 8 s) DOCUMENT ID TECN _ CHG 
2.6030-t-0.0024 OUR AVERAGE 
2.609 ±0.008 DUNAITSEV 73 CNTR + 
2.602 ±0 .004  AYRES 71 CNTR 2_ 
2.604 ±0.005 NORDBERG 6"/ CNTR + 
2.602 ±0.004 ECKHAUSE 65 CNTR + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.640 ±0.008 5 KINSEY 66 CNTR + 

5 Systematic errors in the calibration of this experiment are discussed by NORDBERG 67. 
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[r(~r +)  - r(~r-)]  / AVERAGE r 

A test of CPT invariance. 

VALUE (units lO 4) DOCUMENT ID TECN 

5.5± 7.1 AYRES 71 CNTR 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

14 ±29 PETRUKHIN 68 CNTR 
40 ±70 BARDON 66 CNTR 
23 ±40 6 LOSKOWlCZ 66 CNTR 

6 This is the most conservative value given by LOBKOWlCZ 66. 

rr + DECAY MODES 

= -  modes are charge conjugates of the modes below. 

Mode Fraction (F i /F)  Confidence level 

F 1 # +  p# (99.98782 ±0.00014) % 

F 2 e+ve ( 1.218 ±0 .014  ) x 10 4 

F 3 /z + t,'t,"}, [a] ( 1.24 ±0.25 ) x 10 - 4  

[4  e + u e 7  [a] ( 5.6 ±0.7 ) x l O  8 
r 5 e + pe/r  0 ( 1.025 ±0 .034  ) x 10 - 8  

r6 e+vee+e ( 3.2 ±0.5 ) x l 0  9 

i- 7 e+veU~ < 5 x 10 - 6  90% 

Lepton number (L) or Lepton Family number (LF) violating modes 
I- 8 / I + ~ e  L < 1.5 x 10 3 90% 

1-9 # +  Ue LF < 8.0 x 10 - 3  90% 

1-10 #-  e + e + t /  LF < 7 7 x 10 - 6  90% 

[a] See the Listings below for the energy range used in this measurement; 
low-energy 7's are not included. See also the note to the next block of 
data. 

~t + BRANCHING RATIOS 

r(e+ ve)/I-total r2/r 
See the next block of data. Measurements of F(e+ ue } / r ( #  + ~/* ) always include 
decays with ?'s, and measurements of F(e+ve ~t) and r ( # +  ~/~ 7) never include 
low-energy ~/s. Therefore, since no clean separation is possible, we consider the 
modes with *f's to be subreactions of the modes without them, and let [r(e + ~e ) 
+ r ( # + v # ) ] / r t o t a  I - 100%. 

VALUE (units lO 4) DOEUMENT ID 
1.21.±o.o~, o u r  ~^LU^T,0N 

[r(e+~e) + r ( e + ~ ) ] / [ r ( . + . . )  + r ( . + . .~ ) ]  (r2+rA)/(rl+r3) 
VALUE (units 10 4) EVTS DOCUMENT ID TECN COMMENT 

1.218±0.014 32k BRYMAN 86 CNTR 
• • • We do not use the following data for averages, fits, limits, etc. • * • 

1.218±0.014 32k BRYMAN 83 CNTR See BRYMAN 86 
1.273±0.028 11k 7 DICAPUA 64 CNTR 
1.21 ±0.07 ANDERSON 60 CNTR 

7DICAPUA 64 updated using current mean life. 

F(# + u~,q')/rtota, r3/r 
VALUE (units 10 -4)  EVTS DOCUMENT ID TEEN COMMENT 

1.24±0.25 26 CASTAGNOLI 58 EMUL KEn < 3.38 MeV 

r ( e  + r e - y ) / r t o t a  I F4/F 
VALUE (units i0 8] EVTS DOCUMENT ID TEEN COMMENT 

5.6±0.7 226 8 STETZ 78 SPEC Pe > 56 MeV/c 
• * • We do not use the following data for averages, fits, limits, etc. • • • 

3.0 143 DEPOMMIER 63B CNTR (KE)e+7 > 48 MeV 

8 STETZ 78 is for an e 7 opening angle > 132 °.  Obtains 3.7 when using same cutoffs 
as DEPOMMIER 63B. 

r(e + . e ~ ° ) / r t o t a l  
VALUE (units 10 8) EVTS 
1.025±0.034 OUR AVERAGE 
1 .026±0 .039  1224 

1.00 +0 .08  332 
- 0 . 1 0  

1.07 ±0 .21  38 
1.10 ± 0 2 6  
1.1 ± 0 2  43 
0.97 ±0.20 36 

r5/r 
TEEN CH6 COMMENT 

9 MCFARLANE 85 CNTR + 

DEPOMMIER 68 CNTR + 

10 BACASTOW 65 OSPK + 
10 BERTRAM 65 OSPK 
10 DUNAITSEV 65 CNTR + 
10 BARTLETT 64 OSPK -- 

Decay in flight 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.15 ±0.22 52 10 DEPOMMIER 63 CNTR + See DEPOM 
MIER 68 

9Combines a measured rate (0.394 ± 0 015)/s with 1982 PDG mean life. 
10DEPOMMIER 68 says the result of DEPOMMIER 63 is at least 10% too large because 

of a systematic error in the =0 detection efficiency, and that this may be true of all the 
previous measurements (also V. Soergel, private communication, 1972). 

r(e + "e e + e - ) / r ( .  + . . )  ro / r l  
VALUE (units 10 9) CL% EVT5 DOCUMENT tD TEEN CH6 COMMENT 

3.2±0.5±0.2  98 EGLI 89 SPEC Uses RpCAC = 
0.068 ± 0 . 0 0 4  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 79 EGLI 86 SPEC + See EGLI 89 
< 4.8 90 KORENCHE.., 76B SPEC + 
<34 90 KORENCHE... 71 OSPK + 

F (e + Ve v P')/Vtota I rT/r 
VALUE(units 10 6) EL% dOCUMENT ID TECN 

<5 90 P ,CC~ovro  88 SPEC I 

F ( #  + ~e ) /F to ta l  F 8 / g  
Forbidden by total lepton number conservation. 

VALUE (units 10 3) CL °/o DOCUMENT ID TECN COMMENT 

<1.5 90 COOPER 82 HLBC Wideband v beam 

r ( .+  .re)/Ftota I Fg/F 
Forbidden by lepton family number conservation. 

VALUE (units 10 3) EL% DOCUMENT ID TEEN COMMENT 

<8.0 90 COOPER 82 HLBC Wideband v beam 

r ( u -  e + e + " ) / r t o t a l  r l 0 / r  
Forbidden by lepton family number conservation. 

VALUE (units I0 6) EL o/~ DOCUMENT ID TEEN CHG 

<7.7 90 KORENCHE... 87 SPEC + 

7r + - -  P O L A R I Z A T I O N  OF E M I T T E D / ~ +  

~-+ ~ # + ~ '  

Tests the korentz structure of leptonic charged weak interactions. 
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< ( 0 . 9 9 5 9 )  90 11 FETSCHER 84 RVUE + 
0.99--.0.16 12 ABELA 83 SPEC # Xrays 

11 FETSCHER 84 uses only the measurement of CARR 83. 
12Sign of measurement reversed in ABELA 83 to compare with ~+ measurements. 

N O T E  O N  7r ± --* g±v 7 A N D  K -L --~ £±v~/ 

F O R M  F A C T O R S  

(by H.S. Pruys, Zfirich University) 

In the radiative decay P± -~ g±v% where P stands for rc or 

K, { for e or It, and 2' for a real or virtual photon (e-e  pair), 

both the vector and the axial-vector weak hadronic currents 

contribute to the decay amplitude. The vector current only 

gives a structure-dependent term (SDv), but the axial-vector 

current gives two contributions, one for inner brenlsstrahlung 

(IB) from the lepton and meson, and one for structure- 

dependent radiation (SDA) fi'onl virtual hadronic states. Tile 

IB amplitudes are deterulined by the meson decay constants 

J'.~ and fK. 1 The SDv and SDA alnplitudes are parameterized 

by the vector form factor Fv and the axial-vector form factors 

z~ 1 a n d  R ,  1 ,t 

M(SDv)  - ' /2  rn r  

- - ieGFtqq,  d' e" {FA [(.s -- t)g;w -- qu lc,] + Rtg tw}  . :'~](SDA) = ",~ m p  

Here '~tq' is the Cabibbo-Kobayashi-Maskawa mixing-matrix 

elenlent: d' is the polarization vector of the real photon or 

the e+c enrrent, d ~ - ( e / t ) g ( p ) 5 ~ v ( p + ) ;  g~ is the lepton- 

neutrino current, g" = ~7(p,,)7"(1 - %)v(pe); q and k are the 

uleson and photon four-lnolnenta; and .s - q . k  and ~ = k 2. 

The .s and t dependence of the form factors is neglected, which 

is a good approximation for pions, 2 but not for ksons. 4 For 

pions, the vector form factor F(7 is related via CVC to the 
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~r ° lifetime, IF~I = (1/~)x/2F~o#rm=o 1 PCAC relates R to 

the electromagnetic radius of the meson, 2,4 R p = lmpfp(r2p). 
The calculation of the other form factors, F~I, Fv  K, and F K, is 

model dependent.  1,4 

For the decay p i  __+ fJ_v7 with a real photon, the partial 

decay rate can be given analytically, 1,5 

d2rp~&.y d2I'iB d2FSD d2FINT 
dxdy - dxd~ + ~ - t  dxdy ' 

d2FsD c~ 1 I'mp~ 2 
dxdy - ~ F P ~ t "  r ( 1 - - r )  2 ' ' \ ~ p )  

x [(Fv + FA) 2 SD + + (Fv - FA) 2 S D - ]  , 

where 

SD + = ( x + y - l - r ) [ ( x + y - 1 ) ( 1 - x ) - r ]  , 

SD = ( 1 - y + r ) [ ( 1 - x ) ( 1 - y ) + r ]  . 

Here x = 2E.r/mp, y = 2Et /mp,  and r = (ml /mp)  2. FIB, FSD, 

and FIN T are the contributions from inner brems-strahlung, 

structure-dependent radiation, and their interference. 

In 7r ± + e~u?  and K ± ~ e±u7  decays, the interference 

terms are small, and thus only the absolute values ]FA + Fv] 
and ]FA - Fv[ can be obtained. In K ± --~ p±u 7 decay, the 

interference term is important and thus the signs of Fv and 

FA can be obtained. In ~r ± --~ # i u  3, decay, bremsstrahlung 

completely dominates. In 7r ± + e±~,e+e and K ± ~ f±~,e+e - 

decays, all three form factors, Fv, FA, and R, can be 

determined. 

We list the 7r ± form factors Fv, FA, and R below. In 

the K ± branching ratio section of the Full Listings, we list 

measurements of FSD+ and combinations of the interference 

terms and I'SD- for K ± ---+ #+u% and FSD+ and FSD- for 

K± __+ e±L,7. 

R e f e r e n c e s  

1. D.A. Bryman et al., Phys. Rep. 88,  151 (1982). See also the 

"Note on Pseudoscalar-Meson Decay Constants," above. 

2. A. Kersch and F. Scheck, Nucl. Phys. B 2 6 3 ,  475 (1986). 

3. W.T.  Chu et al., Phys. Rev. 166,  1577 (1968). 

4. D.Yu. Bardin and E.A. Ivanov, Soy. J. Part. Nucl. 7, 286 

(1976). 

5. S.G. Brown and S.A. Bludman, Phys. Rev. 136,  B l160  

(1964). 

7r ± FORM FACTORS 

F v ,  VECTOR FORM FACTOR 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0 n , ~ + 0 , 0 1 5  98 EGLI 89 SPEC 7r + e + ue e + e -  
. . . .  - -0.013 

o" • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 n ~ a + 0 . 0 1 9  EGLI 86 SPEC See EGLI 89 
. . . .  0.014 

FA, AXIAL-VECTOR FORM FACTOR 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0117+0.0020 O U R  AVERAGE Error includes scale factor o f  1.6, See the ideogram 

below. 
0 .0135+0.0016 13 BAY 86 SPEC 7r + ~ e + u 7  
0.006 ±0 .003  13 PI ILONEN 86 SPEC ~ +  ~ e + u 7  
0.011 :E0.003 13,14STETZ 78 SPEC 7r + ~ e + u 7  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.021 +0.011 98 EGLI 89 SPEC ~r + -0.013 ~ e+ ue e + e -  

0.018 +0 .015  EGLI 86 SPEC See EGLI 89 
- 0 . 0 1 2  

13Using the vector form factor f rom CVC predict ion F V = 0.0259 4- 0.0005. Only the 
absolute value of  F A is determined. 

14The  result of  S T E T Z  78 has a two-fold ambiguity. We take the solution compat ible w i th  
later determinations. 

W E I G H T E D  A V E R A G E  
O.Ol17 i 0 . 0 0 2 0  (Error  s c a l e d  b y  1.6) 

' ' "BAY 86  SPEC 1.3 
~l' ''PIILONEN 86 SPEC 

~ ' ' S T E T Z  78 SPEC ~6 

(Confidence Level = 0.085) 

O.OOO 0.005 O.O10 O.O15 0.020 0.025 

7r ± axial-vector form factor 

R, SECOND AXIAL-VECTOR FORM FACTOR 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0 n~o+O.O09 . . . .  - 0 . 0 0 8  98 EGLI 89 SPEC "r + ~ e + ue e + e -  

• • • We do not use the fol lowing data for averages, fits. l imits, etc. • • • 

0 063 +0 .026  EGLI 86 SPEC See EGLI 89 " --0.016 

EGLI 89 
PICCIOTTO 88 
COHEN 87 
KORENCHE_ 87 

BAY 86 
BRYMAN 86 
EGLI 86 
JECKELMAN 86 
PIILONEN 86 
MCFARLANE 85 
ABELA 84 

Also 78 
Also 79 

FETSCHER 84 
ABELA 83 
BRYMAN 83 
CARR 83 
COOPER 82 
LU 80 
STETZ 78 
CARTER ?6 
KORENCHE... 76B 

MARUSHEN... 76 

Also 76 
Also 78 

DUNAITEEV 73 

AYRE5 71 
Also 67 
Also 68 
Also 69 
Also 69 

KORENCHE... 71 

REFERENCES FOR ~r ~ 

We have omitted some papers that have been superseded by later experiments. The 
omitted papers may be found in our 1988 edition (Physics Letters B204). 

PL B222 533 +Engfer. Grab, Hermes, Kraus+ (SINDRUM Collab.) 
PR D3? 1131 +Ahmad, B0tton, Bryman, Clifford+ (TRIU. CNRC) 
RMP 59 1121 +Taylor (RISe, NBS) 
SJNP 46 192 Korenchenko. Kostin. Mzbaviya+ (JINR) 
Translated from YAP 46 313, 
PL B174 445 +Ruegger. Gabioud. Joseph. Loude+ (LAUS, ZURI) 
PR 033 1211 +Dubois. Macdonald. Numao+ (TRIU. CNRC) 
PL B175 97 +Engfer, Crab, Hermes+ (AACH, ETH, SIN, ZURI) 
PRL 56 1444 +Nakada, Beer+ (ETH, FRIB) 
PRL 57 1402 +BoRon. Cooper, Frank+ (LANL, TEMP. CHIC) 
PR D32 547 +Auerbach, Gaille+ (TEMP, LANL) 
PL I46B 431 +Daum. Eaton, Frosch. Jost, Kettle+ (SIN) 
PL 74B 126 Oaum, Eaton, Frosch, Hirschmann+ (SIN) 
PR D20 2692 Daum. Eaton, Frosch, Hirschmann+ (S~N) 
PL 140B 117 (ETH) 
NP A395 413 +Backenstoss. Kunold, Simons+ (BASL, KARL) 
PRL 50 7 +Dubois, Numao, Olaniya+ (TRIU. CNRC) 
PRL 51 627 +G]dal, Gobbi, Jodidio, Dram+ (LBL, NWES, TRIU) 
PL 112B 97 +Guy, Mi¢bette. Tyndel, Venus (RL) 
PRL 45 1066 +Delker. Dugan, Wu, Caffrey+ (YALE, COLU. JHU) 
NP B138 285 +Carroll. Ortendahl. eerez Mendez+ (LBL, UCLA) 
PRL 37 1380 +Dixit. Sundaresan+ {CARL, CNRC, CHIC, CIT) 
JETP 44 35 Korenchenko, Kos0n, Micelmacher+ (JINR) 
Translated from ZETF 71 69. 
JETPL 23 72 Marushenko. Mezentsev, Petrunin+ (EENI) 
Translated from ZETFP 23 80. 
Private Comm. Sharer (FNAL) 
Private Comm. Smirnov (LENI) 
SJNP ]6 292 +Prokoshhin. Razuvaev+ (SERe) 
Translated from YAP 16 524. 
PR D3 1051 +Cormack. Greenberg. Kenney+ (LRL, UCSB) 
PR 157 1288 Ayres, Caldwell. Greenberg. Kenney. Kurz+ (LRL) 
PRL 21 261 Ayres, Cormack. Greenberg+ (LRL, UCSB) 
UERL 18369 Thesis Ayres (LRL) 
PRL 23 1267 Greenberg, Ayres, Cormack+ (LRL, UCSB) 
SJNP 13 189 Korenchenko, Kostin, Micelmachet* (JINR) 
Translated from YAF 13 339. 
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BOOTH 70 PL 328 723 +Johnson, Williams. Wormald (LIVP) 
DEPOMMIER 68 NP B4 189 +Duclos, Heintze, Kleinknecht+ (CERN) 
PETRUKHIN 68 JINR P1 3862 +Bykalin. Khazins, C}sek (JINR) 
HYMAN 67 PL 258 376 +Loken, Pewitt, McKenzie- (ANL, CMU, NWES) 
NORDBERG 67 PL 24B 594 +Lobkowicz, Burman (ROCH) 
BARDON 66 PRL 15 775 ÷ Oore, Dorfan, Krieger+ (COLU) 
KINSEY 66 PR 144 1132 +Lobkowicz, Nordberg (BOCH) 
LOBKOWICZ 6E PBL 17 548 +Melissinos, Nagashima~ (ROCH, BNL) 
BACASTOW 65 PR 139B 407 +Ghesquiere, Waegand, Larsen (LRL, SLAC) 
BERTRAM 65 PR 139B 617 +Meyer, Carrigan+ (MICH, CMU) 
DUNAtTSEV 65 JETP 20 58 +Petrukhin, Prokoshkin + (JINR) 

Translated from ZETF 47 84 
ECKHAUSE 65 PL 19 348 eHarris, Shuler+ (WILL) 
BARTLETT 64 PR 136B 1452 +Devons, Meyer, Rosen COLU/ 
DICAPUA 64 PR 133B 1333 +Garland, Pondrom, Strelzoff (COLU) 

Also 86 Private Comm Pondrom (WISE) 
OEPOMMIER 63 PL 5 61 +Heintze, Rubbia, Soergel (CERN) 
DEPOMMIER 638 PL 7 285 +Heintze, Rubbia, Soergel (CERN) 
ANDERSON 60 PR 119 2050 +Fujii, Miller+ (EFI) 
CASTAGNOLI 58 PR 112 1779 +Muchnlk (ROMA) 

- -  OTHER RELATED PAPERS - -  

BRYMAN 82B PBPL 88 151 +Depornmier, Leroy (TRIU, MONT, LVLN) 
DEPOMMIER 80 NP A335 92 (MONT} 
WlLKIN 80 JR G6 L5 (LOUC) P 
BRYMAN 75 PR Dl l  1337 -Picciotto (VICT) 
CARRIGAN 68 NP B6 662 (CMU) J 
CZIRR 63 PR 130 341 (LRL) 
MERRISON 62 ADVP 11 I (LIVP) 
SHAPIRO 62 PR 125 1022 *Lederman (COLU) 
CARTWRIGHT 53 PR 91 677 - Richman, Whitehead, Wilcox (LRL) J 

B IG(J PC) = i (0 -~) 

We have omitted some results that have been superseded by later exper- 

iments. The omitted results may be found in our 1988 edition (Physics 

Letters B204). 

7r ° MASS 

The fit uses the ~r ±,  ~ 0  and #± mass and mass difference measurements. 

VALUE (MeV) DOCUMENT ID 
134.9739±0.(~06 OUR FIT Error includes scale--factor of 1.1. 

7r ± - ~r ° MASS D IFFERENCE 

The fit uses the 7r ± ,  ~ 0  and tz ± mass and mass difference measurements. Mea- 
surements with an error > 0 01 MeV have been omitted from this Listing. 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
4.5937 =1=0.0005 OUR FIT 
4.59366~:0.00048 CRAWFORD 88B CNTR ,~ p . ~D n, n TOF 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

45930 ±00013 CRAWFORD 86 CNTR See CRAWFORD 88B 
4.6034 ±0.0002 VASILEVSKY 66 CNTR 
4.6056 ±00055 CZlRR 63 CNTR 

~r ° MEAN LIFE 

Measurements with an error > 1 × 10 27 s have been omitted, 

VALUE (10 17 s) EVT5 DOCUMENT ID TEEN COMMENT 
8.4 =1=0.6 OUR AVERAGE" Error includes scale factor of 3.0. See th~ ideogram below. 

897±0 .22±0  17 ATHERTON 85 CNTR 
0.2 ±0.4 1 BROWMAN 74 CNTR Primakoff effect 
56 ±0.6 BELLETTINI 70 CNTR Primakoffeffect 
9 ±0.68 KRYSHKIN 70 CNTR Primakoff effect 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

84 ± 0 5  ± 0 5  1102 2 WILLIAMS 88 CBAL e + e - -  e h e =0 

1 BROWMAN 74 gives a ~0 width F 802 ± 042 eV. The mean life is F~/r. 

2WILLIAMS 88 gives r(?-~) - 77 ± 0.5 ± 0 5 eV. We give here T T~/r(total). 

WEIGHTED AVERAGE 
8.4 + 0.6 (Error scaled by 3.0} 

I . . . . . .  

4 6 8 

2 
X 

' ATHERTON 85 CNTR 4.4 
. . . . . .  BROWMAN 74 CNTR 0.2 
. . . . . .  BELLETTINI 70 CNTR 21.5 

L • KRYSHKIN 70 CNTR 0.8 

27.0 
(Conf idence Level <: O.OO1) 

10 12 14 

,~0 mean life (10 27 S) 

~r 0 DECAY MODES 
Scale factor,,' 

Mode Fraction (Fi/ f-) Confidence level 

F 2 2"~ 
F2 e ÷ e ~ 
r 3 e ;  e + e e 
r4 e" e 
r5  4 ~, 

r6 ,-~ 
F7 ue 7;e 
I- 8 z J# lJl~ 

F 9 I / r l } T  

(98.798±0.032) % S=l .1  

1.198±0.032) % 5-1.1 

3.14 ±0.30 ) × 10 5 

13 x 10 7 CL 90% 

2 v4 10 .-8 EL-90% 

6.5 × 10 6 EL=90% 

1.7 × 10 - 6  CL 90% 

3.1 × 10 6 EL-90% 

21 x 10 - 6  EL-90% 

Charge conjugation ( C )  or Lepton Family number (LF) violating modes 

r10 3 ̂ , C < 3.1 × 10 8 CL--90% 

E l l  i z t e  LF <: 16 × 10 8 CL 90% 

r12 #+ e + e t l -  LF 

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall f i t  to 2 branching ratios uses 4 measurements and one 

constraint to determine 3 parameters. The overall f i t  has a ) 2  = 

1.9 for 2 degrees of freedom. 

The fol lowing o f f - d i a g o n a l  array elements are the correlation coefficients 

< h x i h x j ! / ( b x i . h x j ) ,  in percent, from the fit to the branching fractions, xi z 

Fb/Ftotal . The fit constrains the x~: whose labels appear in this array to sum to 

one. 

x 2 -I00 

x 3 I 0 

x I x2 

I 7r 0 B R A N C H I N G  RATIOS 

r (e  + e ? ) / r (2 -y )  r 2 / r l  
I VAL UE (%) EVT~ DOCUMENT ID TEEN COMMENT 

1.213+0.033 OUR FIT Error include~ ~ ~acto~r of 1.1, 
1.213±0.030 OUR AVERAGE 
1 25 ± 0 0 4  5EHARDT 81 SPEC r, p - -  n~r 0 
1 166--0047 307t 3 SAMIOS 61 HBC p ~ nTr 0 
t 1 7  =0.15 27 BUDAGOV 60 HBC 
• • • We do not use the tollowing data for averages, fits, limits, etc. • • • 

1 196 JOSEPH 60 THEO QED calculation 

3SAMIOS 61 value uses a Panofsky ratio 1.62. 

I-(e+ e+ e -  e - ) / r  (2"y) r 3 / r l  
VALUE (umts t0 5) EVT ~ DOCUMENT IL) TEEN COMMENT 
3.18&0.30 OUR FIT 

3.18±0.30 346 4 SAMIOS 62B HBC 
• • • We do not use the tollowin 6 data for averages, fits, limits, etc. • • • 

328 MIYAZAKI 73 THEO QED calculation 

4SAMIOS 62B value uses a Panofsky ratio 1.62. 
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VII.5 

Meson Full Listings 
?T 0, /7 

r (e + e- ) / r  (2~) r 4 / r l  
VALUE (units 10 7) CL~ EVTS DOCUMENT ID TECN COMMENT 

<1.3 90 NIEBUHR 89 SPEC 7r- p ~ ~T0n at rest I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5.3 90 ZEPHAT 87 SPEC ~ -  p ~ lr 0 n 0.3 I 
GeV/c  

1.7 ±0.6 ±0.3 59 FRANK 83 SPEC ~T--p~ n~rO 
1.8 ±0 .6  58 MISCHKE 82 SPEC See FRANK 83 

2 2 ~+2 '40  90 8 FISCHER 78B SPRK K + ~r + ~r 0 
~ 1.10 

r ( 4 ~ f ) / r t o t a l  r s / r  

VALUE (units ]0 -8)  EL% EVT5 DOCUMENT ID TEEN COMMENT 

< 2 90 MCDONOUGH 88 CBOX 7r- p at rest | 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<160 90 BOLOTOV 86c CALO 
<440 90 0 AUERBACH 80 CNTR 

F ( u P ) / F t o t a  I r G / r  

_VALUE (units 10 -6)  CL% EVTS DOCUMENT ID TECN COMMENT 

< 6.5 90 DORENBOS... 88 CHRM Beam dump, prompt u I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<24 90 0 8HERCZEG 81 RVUE K + ~ 7 r + u J  

5 This l imit applies t °  all p°ssible z/u/states as well as t °  ° thor massless' weakly interacting states. I 
r ( U e ~ e ) / F t o t a  I r T / r  

VALUE (units 10 6) EL% DOCUMENT IO TEEN COMMENT 

<1.7 90 DORENBOS... 88 CHRM Beam dump, prompt ~ | 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.1 90 6 HOFFMAN 88 RVUE Beam dump, prompt u I 

6 HOFFMAN 88 analyzes data from a 400-GeV BEBC beam~dump experiment. I 

r ( u # ~ , ) / F t o t a  I r s / r  

VALUE (units 10 6~ CL "/o DOCUMENT ID TEEN COMMENT 

<3.1 90 7 HOFFMAN 88 RVUE Beam dump, prompt u I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7.8 90 DORENBOS... 88 CHRM Beam dump, prompt u I 

7HOFFMAN 88 analyzes data from a 400-GeV BEBC beam-dump experiment. I 

I - (~ ' .  P . ) / r t o t a l  r g / r  

VALUE (units 10 6) CL °/o DOCUMENT IO TEEN COMMENT 

<2.1 90 8 HOFFMAN 88 RVUE Beam dump, prompt u I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<4 . I  90 DORENBOS... 88 CHRM Beam dump, prompt v I 

8 HOFFMAN 88 analyzes data from a 400-GeV BEBC beam-dump experiment. I 

F (3"/)/Ftota, r l o / r  
Forbidden by C invariance. 

VALUE (unit5 10 8) EL% EVT5 DOCUMENT ID TEEN COMMENT 

< 3.1 90 MCDONOUGH 88 CBOX ~r p at rest I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 38 90 0 HIGHLAND 80 CNTR 
<150 90 0 AUERBACH 78 CNTR 
<490 90 0 9 DUCLOS 65 CNTB 
<490 90 9 KUTIN 65 CNTB 

9These experiments give B(33 /2~)  < 5.0 × 10 - 6 .  

r ( / ~  + e - ) / r t o t a l  r 1 1 / r  
Forbidden by lepton family number conservation. 

VALUE (unit~ 10 -8 ) EL% DOCUMENT ID TEEN COMMENT 

<1.6 90 LEE 90 SPEC ~ - E  ~+,,+e- I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7.8 90 CAMPAGNARI 88 SPEC See LEE 90 I 

[r(.+e - )  + r(e-#+)]/rtotal r12/r  
Forbidden by lepton family number conservation. 

VALUE (units lO 8) CL~_°/~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<14 HERCZEG 84 RVUE K + ~ 7 r+#e  
< 2 x 10 _7 HERCZEG 84 THEO # ~ e conversion 
< 7 90 BRYMAN 82 RVUE K + ~ 7 r+#e  

~r ° E L E C T R O M A G N E T I C  F O R M  F A C T O R  

The amplitude for the process 7r 0 ~ e + e ~f contains a form factor F(x) at 
the ~r0"y"f vertex, where x = [m(e + e - ) /m (T rO) ]  2. The parameter a in the linear 
expansion F(x) - 1 + ax is listed below. 

L I N E A R  C O E F F I C I E N T  O F  I r  ° E L E C T R O M A G N E T I C  F O R M  F A C T O R  
VALUE EVT5 DQCUMENT ID TECN COMMENT 

--0.11:1:0.03:1:0.08 32k FONVIEILLE 89 SPEC Radiation corr. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 1 o + 0 . 0 5  10 TUPPER 83 THEO FISCHER 78 data 
' ~ - 0 . 0 4  

+0 .10±0 .03  30k 11 FISCHER 78 SPEC Radiation corr. 
+0 .01±0 .11  2200 DEVONS 69 OSPK No radiation corr. 

0 .18±0.10 KOBRAK 61 HBC No radiation corr. 
- 0 . 2 4 ± 0 . 1 6  3071 SAMIOS 61 HBC No radiation corr. 

10 TUPPER 83 is a theoretical analysis of FISCHER 78 including 2-photon exchange in the 
corrections, 

11The FISCHER 78 error is statistical only. The result without radiation corrections is 
+0.05 ± 0.03. 

R E F E R E N C E S  F O R  Ir  0 

We have omitted some papers that  have been superseded by later experiments. The 
omitted papers may be found in our 1988 edition (Physics Letters 6204). 

LEE 90 
FONVIEILLE 89 
NIEBUHR 89 
CAMPAGNARI 88 
CRAWFORD 88B 
DORENBOS.. 88 
HOFFMAN 80 
MCDONOUGH 88 
WILLIAMS 88 
ZEPHAT 87 
BOLOTOV 86C 

CRAWFORD 86 
ATHERTON 85 
HERCZEG 84 
FRANK 83 
TUPPER 83 
BRYMAN 82 
MISCHKE 82 
HERCZEG 81 
SCHARDT 81 
AUERBACH 80 
HIGHLAND 80 
AUERBACH 76 
FISCHER 78 
FISCHER 78B 
BROWMAN 74 
MIYAZAKt 73 
BELLETTINI 70 
KRYSHKIN 70 

DEVONS 69 
VASILEVSKY 66 
DUCLOS 65 
KUTIN 65 

CZIRR 63 
SAMIOS 626 
KOBRAK 61 
SAMIOS 61 
BUDAGOV 60 

JOSEPH 60 

PRL 64 165 +Alliegro, Campagnari+ (BNL, FNAL, PSI, WASH, YALE) 
PL B233 65 +Bensayah, Berthot, Bertin+ (PASC, CBER, SACL) 
PR D40 2796 +Eichter, Felawka, Kozlowski- (SINDRUM Collab.) 
PRL 61 2O62 +Alliegro, Chaloupka+ (BNL, FNAL, PSI, WASH, YALE) 
PL B213 391 +Daum, Frosch, Jost, Kettle, Marshall+ (PSI, VIRG) 
ZPHY C40 497 Dorenbosch, Allaby, Amaldi, Barb±ell±n±+ (CHARM Collab.) 
PL B208 149 (LANL) 
PR D38 2121 +HiBhland, McFarlane, Bolton+ (TEMP, LANL, CHIC) 
PR D38 1 3 6 5  +Antreasyan, Bartels, Besset+ (Crystal Ball Collab.) 
JP G13 1375 +Playfer, van Doesburg, Bressani+ (OMICRON Collab.) 
JETPL 43 520 +Gninenko, Dzhilkibaev, Isakov {INRM) 
Translated from ZETFP 43 405. 
PRL 56 1043 +Daum, Frosch, Jost, Kettle+ (SIN, VIRG) 
PL 158B 81 +Bevet, Coet+ (CERN, ISU, LUND, LPTP, EFI) 
PR D29 1954 +Hoffman (LANL) 
PR D20 423 +Hoffman, Mischke, Moir+ (LANL, ARZS) 
PR D2B 2905 +Grose, Samuel (OKSU) 
PR D26 2538 (TRIU) 
PRL 40 1153 ~Frank, Hoffman, Moir, Sarracino+ (LANL, ARZS) 
PL 1006 347 +Hoffman (LANL) 
PR D23 639 +Frank, Hoffmann, Mischke, Mo}r+ (ARZS. LANL) 
PL 90B 317 +Ha±k, High,and, McFarlane, Macek+ (TEMP, LASL) 
PRL 44 628 +Auerbach, Ha±k, McFanane, Macek~ (TEMP, LASL) 
PRL 41 275 +Highland, Johnson+ (TEMP, LASL) 
PL 73B 359 +Extermanm Guisam Mermod* (GEVA, SACL) 
PL 73B 364 +Extermann, Gu~san, Mermod- (GEVA, SACL) 
PRL 33 1400 +Dew±re, Gittelman, Nanson~ (CORN, BING) 
PR D8 2031 +Takasugi (TOKY) 
NC 66A 243 +Bemporad, Lubelsmey+ (PiSA, BONN) 
JETP 30 1037 +Sterligov, Usov (TMSK) 
Translated from ZETF 57 1917 
PR 184 1356 +Nemethy, Nissim-SabaE Capua+ (COLU, ROMA) 
PL 23 281 +Vishnyakov, Duna]tsev+ (JINR) 
PL 19 253 +Freytag, Heintze+ (CERN, HELD) 
JETPL 2 243 tPetrukhin, Prokoshkin (JINR) 
Translated from unknown journal. 
PR 130 341 (LRL) 
PR 126 1844 ÷Piano, Prode]l+ (COLU, RNL) 
NC 20 111S (EFI) 
PR 121 275 (COLU, BNL) 
JETP 11 755 +Viktor, DzheJepov, Ermolov+ (JINR) 
Translated from ZETF 38 1047 
NC 16 997 (EFI) 

B iG(jpc ) = 0+(0 -+) 

We have omi t ted  some results t ha t  have beeo superseded by later  exper- 
iments. The  omi t ted  results may be found in our  1988 edi t ion (Physics 
Letters B204) .  

T/ M A S S  

VALUE (MeV) EVTS DOCUMENT ID TECN 
548.8±0.6  OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 

555.0±2.0 250 JAMES 66 HBC 
548.2±0.65 FOSTER 65c HBC 
549.0±0.7 148 FOELSCHE 64 HBC 
552.0± 3.0 325 KRAEMER 64 DBC 
549.3±2.9  DELCOURT 63 CNTR 
548.0 ± 1.0 91 ALFF-... 62 HBC 
549.0±1.2 53 BASTIEN 62 HBC 
546.0 ± 4.0 35 PICKUP 62 HBC 



VII.6 

Meson Full Listings 
q 

WEIGHTED AVERAGE x 3 57 
548 .8  ± 0 .6  (Error scaled by 1.4) x 4 3 3 

" ~ " ' ~  - I -  x 6 - 8 8  84 5 

x 7 - 7 7  74 5 81 

x 8 I i  - I 0  1 3 - 4  

x 9 0 0 0 0 0 0 

x12 - 3  ~-3 0 13 - 1 0  2 0 

F 12 7 0 10 9 1 0 0 

X2 x2 X3 x4 x 6 X 7 x 8 x 9 X12 

1 " ' JAMES 66 HBC 9.6 Mode Rate (keY) Scale factor 

. . . . . . . . . . .  FOSTER 65C HBC 0.9 1-2 2", [a] 0.46 ±0.05 2.1 
. . . .  FOELSCHE 64 HBC 0.1 
. . . . .  KRAEMER 64 DBC 1.1 F 3 3/r ° 0.38 ±0.04 2.0 
. . . . .  DELCOURT 63 CNTR 0.0 [-4 / r025  (8.4 =1.9 ) x 10 - 4  1.1 
. . . . .  ALFF-... 62 HBC 0.7 F6 /r ~ / r  /1.0 0282 ±0.032 1.9 
. . . . .  BASTIEN 62 HBC 0.0 1-7 / r ~ / r  3 00581t_0.007 t.9 

• • • PICKUP 62 HBC 12.90'5 [-8 e + e -  ? 00059d_0.0016 1.I 

"~" (Con f idence  Level  = 0 .075)  I- 9 t t + t  z ~, (3.7 -I-0.6 ) × 1 0 4  1.2 

540 545 550 555 560 565 [-12 ~+/r e + e 0 ..... nn1~ + 0.00100"0015 

~ mass (MeV)  

r I WIDTH 

This is the partial decay rate F(~/ ~ "~7) divided by the fitted branching fraction for 
that mode. See the Note on the Decay Rate F(r I ~ 77) ,  below. 

VALUE (keY} DOCUMENT ID 
1.191t10.12 OUR FIT Error includes scale factor of 2.0. 

r/ DECAY M O D E S  

Scale factor/ 
Mode Fraction (F i /F)  Confidence level 

['1 neutral  modes (70.8 ±0.8  ) %  S 1.2 

F 2 2"/ [a] (38.9 ±0 .5  ) % S-1.2 
r 3 3/r ° (31.9 ± 0 4  ) % 5 -1 .2  
F4 /r02") ( 7 . 1 : 1 4  ) x 10 - 4  

F 5 charged modes (29.2 .=08 ) %  S 1.2 
[-6 / r+ / r  /r0 (23.6 ±0.6  )% S-1 .2  

[-7 / r+Tr  "~' ( 4 .88±0 .15 )% S-1 .2  
[-8 e + e - - r  ( 5 0  ±1.2 ) × 1 0  3 
1-9 H+,  0'- 7 ( 31  ±0.4  ) × 1 0 4  
[-lO e + e < 3 x 10 - 4  CL-90% 

[-11 It*tt  ( 6.5 ±2.1 ) x l 0  - 6  

1-12 / r+ / r  e + e  ( 1.3 +1.3 - 0 . 8  ) x l O  3 

[-13 /r+/r-'2"7 < 21 × 103 

[-14 / r + / r  71-0"I . < 6 ~ 10 4 CL 90% 

F15 / r O H + I t - "  ~ < 3 × 10 - 6  CL-90% 

Charge conjugation (C), Parity (e),  or 
Charge conjugation x Parity (CP) violating modes 

r16 3-,f c < 5 x 10 4 
F17 /r + 7r P, CP < 1.5 x i0  3 
1-18 /rOe + e C < 4 x t0 - 5  CL 90% 

1-19 "TOIt+t t -  C < 5 x 10 6 CL-90% 

[a] See the Note  on the Decay Rate F(*i ~ "~7), below. 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to a partial width and 14 branching ratios uses 38 
measurements and one constraint  to determine 9 parameters.  The 
overall f i t  has a X 2 -- 30.7 for 30 degrees of freedom. 

The fol lowing off  diagonal array elements are the correlation coefficients 

(6Xi~Xj}/(bxi.6Xj), in percent, from the fit to the branching fractions, x i 
Fi /Ftota I. The f i t  constrains the x~ whose labels appear in this array to sum to 
one. 

N O T E  O N  T H E  D E C A Y  W I D T H  r ( r t  ---* "73 ') 

(by N.A. Roe, Lawrence Berkeley Laboratory) 

hi the measurements  of F ( r  I ---+ ?7) listed below, the re- 

suits from two-photon production disagree with those from 

Primakoff production. Since the 1988 edition: new two-photon 

measurements  from the Crystal  Ball and ASP groups, consis- 

tent with previous two-photon results and having somewhat  

smaller errors, have exacerbated the disagreement with the 

Primakoff results. The weighted average of tile two-photon 

lneasurements  is 0.510 + 0.027 keV, to be compared with 

the Prinmkoff-production measurement  of B R O W M A N  74B, 

0.324 + 0.046 ke\:. 

In the two-photon measurements ,  q's are produced in tfie 

QED process e+e ~ e+( ?"y~ -~ e÷e q. The calculation of 

the rate is believed to be well understood.  The uncertainty 

due to the virtual photon form factor is small; WILLIAMS 88 

quotes an uncertainty of 0.2c7c from this source. Backgrounds to 

the q signal from beanl-gas interactions and other two-photon 

interactions with missing particles are also small. 

In the Primakoff experiments,  q's are produced by the 

interaction of a real photon with a virtual photon in the 

Coulomb field of the nucleus. There is coherent background 

from strong production of ~/s in the nuclear hadronic field. 

and interference between the s trong and Primakoff production 

amplitudes.  The angular  dependences of the Primakoff signal 

and the background are different, allowing F ( r  I ---+ ~,q) to  

be extracted from a fit to the angular  distribution. In the 

best fit to their data, B E M P O R A D  67 found the coherent 

hadronic background to be consistent with zero. B R O W M A N  

74B had a wider range of photon energies, a higher m a x i m m n  

energy, better  angular  resolution, and higher statistics. They 

found a significant contribution fl'om the hadronic background, 

especially at lower energies. B R O W M A N  74B also reanalyzed 

the da ta  of BEMPOIRAD 67 and found tha t  it was compatible 

with their fit, including ba(kground terms.  Tills suggests  tha t  

the background was underes t imated by B E M P O R A D  67, 



See key on page IV.1 

and we consider their result to be superseded by tha t  of 

B R O W M A N  74B. 

There remains the  disagreement  between the two-photon 

results and the  result of B R O W M A N  74B. The  errors as- 

VII.7 

Meson Full Listings 

~/ DECAY RATES 

r(2~) 
See the above Note on the Decay Rate F(~/ ~ ?'7). 

VALUE (keV] EVT5 DOCUMENT ID TEEN COMMENT 
0.46 ±0.05 OUR FIT Error includes scale factor of  2.1. 

F2 

signed by B R O W M A N  74B include a 5.3% stat ist ical  error, a 

12.2% sys temat ic  error for uncer ta inty  in the  accepted photon 

spectrum,  and a 2.5% sys temat ic  error for uncer ta inty  in the  

nuclear parameters  used in the  calculation of the  Primakoff  

and nuclear form factors. The  Primakoff  form factor F c  is a 

function of the  m o m e n t u m  transfer  q and the  product ion angle 

0. As q2 ____, 0, the  uncer ta inty  in Fc  due to the  q2 depen- 

dence vanishes. The  m i n i m u m  q2 in this  exper iment  ranged 

from - 6 8 0  MeV 2 at the  lowest energy to - 1 7 4  MeV 2 at the  

highest.  In this  range, the result is sensitive to details in the  

calculation of Fc, but  it is difficult to es t imate  the  sys temat ic  

error of this dependence.  Another  possible source of sys temat ic  

error is in the  phase of the  interference term, 0. This  was a 

free parameter  in the  fit, but  was not well determined by 

the  da ta  because the  interference contr ibut ion peaks in the 

same angular  region as the  Primakoff  signal and so cannot  be 

unambiguous ly  separated by an angular  fit. A reanalysis of the  

da ta  would be necessary to determine whether  any of these 

factors was overlooked in the determinat ion of the  sys temat ic  

error. 

Using the  same appara tus ,  Browman et al. 1 measured  

F( 7r° ---+ 77) to be 7.92 ± 0.42 eV, in good agreement  with 

our world average of 7.7 ± 0.6 eV. (Our average includes 

the  measurement  of Browman et al., bu t  is dominated  by 

a decay-length n leasurement  by Ather ton  et al. 2 The  error 

on the  average involves a scale factor S=3.0 due to one 

outlying measurement . )  However, the  uncer ta inty  due to F C 

is reduced at lower m o m e n t u m  transfers,  and q2 was on the  

order of 100 t imes smaller in the  ~0 measurement .  The  signal- 

to-background ratio is also larger, making the  fit less sensitive 

to nuclear production.  

A possible source of common sys temat ic  error in the  

two-photon exper iments  is the  calculation of the  two-photon 

luminosi ty function. However, WILLIAMS 88 measured  the  

two-photon width of the  7r ° as well as of the  7/, and their 

result, 7.7 ± 0.5 ± 0.5 eV, is consistent with the  world average 

quoted above. 

To summarize,  the  two-photon measurements  seem more re- 

liable t han  the  best Primakoff-production measurement .  How- 

ever, we include the  latter in our average as there is no com- 

pelling reason to exclude it. The  result,  F ( r / +  77) = 0.46±0.05 

keV, is one s tandard  deviation from the average using only the  

two-photon measurements ,  0.510 ± 0.027 keV, and the  error is 

twice as large, due to the  scale factor. 

R e f e r e n c e s  

1. A. Browman et al., Phys. Rev. Lett. 33, 1400 (1974). 

2. H.W. Ather ton et al., Phys.  Lett. 158B,  81 (1985). 

0.46:1:0.05 OUR AVERAGE Error includes scale factor of 2.0. See the ideogram below. 
0 .490±0.010±0.048 2287 ROE 90B ASP e + e -  ~ e + e-- 71 
0 .514±0.017±0.035 1295 WILLIAMS 88 CBAL e + e -  ~ e + e -  ~/ 
0 .53 :50 .04  ±0.04 BARTEL 85E JADE e + e -  ~ e + e -  ~/ 
0.324±0.046 BROWMAN 74B CNTR Primakoff effect 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .64 :50 .14  +0.13 A IHARA 86 TPC e + e  - ~ e + e - z l  

0.56 +0.16 56 WEINSTEIN 83 CBAL e + e -  ~ e + e -  ~/ 
1.00 ±0.22 1 BEMPORAD 67 CNTR Primakoffeffect 

1BEMPORAD 67 gives 1-(27) = 1.21 9- 0.26 keV assuming F(2?)/£( tota l )  = 0.314. 
Bemporad private communication gives F(27)2/F(total)  = 0.380 ± 0.083. We evaluate 
this using F(23,)/I-(total) = 0.38 ± 0.01. Not included in average because the uncertainty 
resulting from the separation of the coulomb and nuclear amplitudes has apparently been 
underestimated. 

WEIGHTED AVERAGE 
0 . 4 6  ± 0 . 0 5  (Error sca led by 2.0)  

Values above of weighted average, error, 
~ ' ~ . , / ~  and scale factor are based upon the data in 
~ ' \~Y~. ~ this ideogram only. They are not neces- 
\ ~ ' ~  I sadly the same as our "best" values, 
~ , ~ ' ~ /  ~ obtained from a least-squares constrained f i t  
\ \ v / - / ~  I uti l izing measurements of other (related) 
~ / q u a n t l t i e s  as additional information. 

, ~ ,  . . . .  ROE 9OB ASP 0.3 
~,,Ni./')'c"]l'-- "~, . . . .  WILLIAMS 88 CBAL 1.7 
~'X,~,~2"~'=l--~ • ' ' BARTEL 85E JADE 1.4 

. . . .  \ '  • ' BROWMAN 74B CNTR 9.1 

xx~ / ' / / ~  , ~ . j  (Con f idence  Level  = 0 . 0 0 6 )  

0 .2  0 .3  0 .4  0 .5  0 .6  0.7 0 .8  

r(2~) (keV) 

r/ B R A N C H I N G  RATIOS 

r ( n e u t r a l  m o d e s ) / F t o t a  I (r2+rj+r4)/r 
VALUE EVT5 DOCUMENT ID T._ECN COMMENT 
0.708:50.008 OUR FIT Error includes scale factor of 1.2. 
0.705:E0.008 16k BASILE 71D CNTR MM spectrometer 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

0.79 ±0.08 BUNIATOV 67 OSPK 

F(23')/F (neutral modes) r2/(r2+rj+r4) 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.5491:50.0028 OUR FIT 
0.549 +0.004 OUR AVERAGE 
0.849 ±0.004 ALDE 84 GAM2 
0.535 :50.018 BUTTRAM 70 OSPK 
0.59 ±0.033 BUNIATOV 67 OSPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.52 :L0.09 88 ABROSIMOV 80 HLBC 
0.60 :50.14 113 KENDALL 74 OSPK 
0.57 9-0.09 STRUGALSKI 71 HLBE 
0.579 J-0.052 FELDMAN 67 OSPK 
0.416:50,044 DIGIUGNO 66 CNTR Error doubled 
0.44 ±0,07 GRUNHAUS 66 OSPK 
0.39 ±0.06 2 JONES 66 CNTR 

2This result from combining cross sections from two different experiments. 

r(37r°)Ir (neutral modes) ra/(r2+rj+r4) 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.4499+0.0028 OUR FIT 
0.450 :EO.004 OUR AVERAGE 
0.450 :50.004 ALDE 84 GAM2 
0.439 :50.024 BUTTRAM 70 OSPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.44 ±0.08 75 ABROSIMOV 80 HLBC 
0.32 ±0.09 STRUGALSKI 71 HLBC 
0.41 ±0.033 BUNIATOV 67 OSPK Not indep, of I - (27) /  

r(neutral modes) 
0.177 :50.035 FELDMAN 67 OSPK 
0.209:50.054 DIGIUGNO 66 CNTR Error doubled 
0.29 ±0.10 GRUNHAUS 66 OSPK 
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q 

r(3=°)/r(2`7) 
VALUE 
0 . 8 1 9 4 - 0 . 0 0 9  OUR FIT 

DOCUMENT ID TEEN COMMENT 

F3/F2 

0 .84  4-0 .06  OUR AVERAGE 
0.91 4-0.14 COX 70B HBC 
075 ±0.09 DEVONS 70 OSPK 
088 ±0.16 BALTAY 67D DBC 
1.1 ±0.2 CENCE 67 OSPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.25 ±0,39 BACCI 63 CNTR Inverse BR reported 

F (~r°2`7)/F(neutral modes) F4/(F2+Fg+F4) 
VALUE DOCUMENT ID TEEN 
0.B01004-0.00021) OUR FIT 
0.~1.0 4-0.~ ALDE 84 GAM2 

F (~0 2'7) /F to ta l  
These results are summarized in the ;eview by LANDSBERG 85. 

VALUE (units 10 4) EL% EVT5 DOCUMENT ID TEEN COMMENT 

7.14-1.4 OUR FIT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

7.1±1.7 3ALDE 84 GAM2 ~T p ~  t in  

9.5±2.3 70 BINON 82 GAM2 See ALOE 84 
<30 90 0 DAVYDOV 81 GAM2 ~ p ~ ~ln 

FUr 

3 Not independent of the ALDE 84 result F(~ 0 2?)/r(neutral  modes) . 

r(neutral modes)/[r(.+~-,~ °) + r( , ,+.  `7) + r(e+~-~)] 
(r2+rg+r4)/(r6+rz+r8) 

VALUE EVTS DOCUMENT ID TEEN 
2.444-0.09 OUR FIT Error includes scale factor of 1.2. 
2.644-0.23 BALTAY 67a DBC 
• • • We do not use tbe following data for averages, fits, limits, etc. • • • 

4.5 ± 1 0  280 4 JAMES 66 HBC 
3.20± 1.26 53 4 BASTIEN 62 HBC 
2.5 ±1.0 10 4p iCKUP 62 HBC 

4These experiments not used in the averages as they do not separate clearly ~1 
~+  7r-~0 and 71 ~ ~r+Tr ~ from each other. The reported values thus probably 
contain some unknown fraction of q ~ ~+ 7r ?. 

r(2`7)/[r(Tr+Tr-Tr °) + r(lr+~-~f) + F(e+e-?)] rd(r6+rT+rs) 
VALUE EVT5 DOCUMENT IO TECN 
1..344-0.05 OUR FIT Error includes scale factor of 1.2. 
1.1 4-0.4 OUR AVERAGE 
1514-0.93 75 KENDALL 74 OSPK 
0.99±0.48 CRAWFORD 63 HBC 

r ( n e u t r a l  m o d e s ) / F ( T r + l r  ~r 0) ( F 2 + F a + F 4 ) / F 6  

WEIGHTED AVERAGE 
1•27 + O•12 - 0.14 (Error scaled by 1.3) 

0 1 

r ( 3 . 0 ) l r (  + - . o )  

r (,,+ ,~- "4 Ir  (~+ . -  ~o) 
VALUE EVTS DOCUMENT ID TEEN 
0.2074-0.004 OUR FIT Error includes scale factor Of 1.1. 
0.2014-0.004 OUR AVERAGE Error includes scale factor of 1.1. 
0.209=0.004 18k THALER 73 ASPK 
0 20120.006 7250 GORMLEY 70 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.28 ±0.04 BALTAY 67a DBC 
0.25 ±0.035 LITCHFIELD 67 DBC 
030 ±0.06 CRAWFORD 66 HBC 
0196±0041  FOSTER 65C HBC 

r(e+ e-`7)/r(~+~ ~0) 
VALUE (dints 10 2) EVTS DOCUMENT ID TEEN COMMENT 

2.L±0.5 OUR FIT 

Values above of weighted average, error, 
and scale factor are Based upon the data in 
this ideogram only. They are not neces- 
sarily the same as ou; "best"  values, 
obtained from a least-squares constrained fit 
ut i l izing measurements o! other (related) 
quantities as additional information. 

X 2 

. . . . . . .  BAGLIN 69 HLBC 0.7 
. . . . . . . . .  BULLOCK 68 HLBC 1.3 
. . . . . . . . . . .  BAGLIN 67B HLBC 0,0 
. . . . . . . . . . . .  FOSTER 65 HBC 2.4 

~ " i . . . .  FOELSCHE 64 HBC 8.5 
CRAWFORD 63 HBC 1.9 

o~ 
(Conf idence Level = 0,227) 

I 

2 3 4 5 

G/r6 

Fa/F6 

2,1±0.5 80 JANE 758 OSPK See the erratum 

I - ( # +  # "7 ) / r to ta  I r 9 / r  

VALUE (umts 1o 4) EVT5 OOCUMENT ID TEEN COMMENT 

3.14-0.4 OUR FIT 
VALUE EVT5 DOCUMENT ID TEEN 
2.99:t:0.11 OUR FIT Error includes scale factor of 1.2. 
3.264-0.30 OUR A V E R A G E  

2 5 4 ±  189 74 KENDALL 74 OSPK 
34 ±1.1 29 AGWLAR-... 72B HBC 
2.83~0.80 70 5 BLOODWO... 72B HBC 
3 6 ±0.6 244 FLATTE 678 HBC 
2.89±056 ALFF ... 66 HBC 
3.6 ±0.8 50 KRAEMER 64 DBC 
3.8 J e l l  PAULI 64 DBC 

5 Error increased from published value 0.5 by Bloodworth (private communication). 

r(2`7)/r(~+ ~- ~o) r2/r6 
VALUE EVT5 DOCUMENT ID TEEN 
1.64:1_0.06 OUR FIT Error includes scale factor of 1.2. 
1.69~0.21 OUR A V E R A G E  

1.72±0.25 401 BAGLIN 69 "LBC 
1.61±0.39 FOSTER 65 HBC 

r (37r°) I r  (~ + ~- ~o) rur6 
VALUE EVT5 DOCUMENT ID TEEN 
1.354-0.05 OUR FIT Error includes scale factor of 1.2• 

t 27 +0"12 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 
• - 0 . 1 4  

1 5 n ~ 0 1 5  199 BAGLIN 69 HLBC 
~ - 0 2 9  

a7+0.20 BULLOCK 68 HLBC 
"~ ' -0 .17  

1.3 &0.4 BAGLIN 67S HLBC 
0.90:£0.24 FOSTER 65 HBC 
2.0 ± 1 0  FOELSCHE 64 HBC 
0.839:0.32 CRAWFORD 63 HBC 

3.14-0.4 600 DZHELYADIN 80 SPEC ~ T - - p ~  ~ln 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

].5±0 75 100 BUSNNIN 

F ( e + e  ) /F to ta l  

VALUE (units 10 4) -- EL% DOCUMENT ID TEEN COMMENT 

<3 90 

r (#+ #-)/rtotal 
VALUE (units io 5) CL% EVTS DOCUMENT 10 TECN COMMENT 

0.65±0.21 27 DZHELYADIN 80B SPEC ~ p ~ 9n 
• • • We do not use the following data for averages, tits, limits, etc. • • • 

<2 95 0 WEHMANN 68 OSPK 

r(#+/~ )tr(2`7) r l i / r2 
VALUE (dints io 5~ _ _  DOCUMENT ID TEEN 

• • • We do not use the foqlowing data for averages, fits, limits, etc. • • • 

5912 2 HYAMS 69 OSPK 

r(Tr+= e+e-)/r(=+Tr ~) r tdr7 
VALUE EVTS DOCUMENT ID TEEN 

a27 0"026 nUR FIT 
.v -0.017 v~ 

0.026:1-0.026 1 GROSSMAN 60 HBC 

F ( l r  + ~--  e + e -  ) / l - t o ta  I F 12/I- 

VALUE (units 10 2) _ _  DOCUMENT IO TECN 

0 1~+0.13 ~IID FIT 
' ~ - 0 . 0 8  v v , ,  

• • • We do not use the following data for averages, tits, limits, etc. • • • 

<0.7 RITTENBERG 65 HBC 

r(~+~ 2`7)/r(~r+lr ~o) rig/r6 
VALUE EL% DOCUMENT ID TECN 

<0.009 PRICE 67 HBC 
• • • We do not use the following data for averages, tits, limits, etc. • • • 

<0.016 95 BALTAY 67B DBC 

78 SPEC See DZHELYADIN 80 

F10/F 

DAVIES 74 RVUE Uses ESTEN 67 

Fii/F 



See key on page IV. 1 

r(.+ ~- ~%)ir (~+ ~- ~o) 
VALUE (units 10 -2 ] EL% EVT5 

<0.24 90 0 

DOCUMENT ID TEEN 

THALER 73 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 
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r141F6 where the  N i  are numbers  of events in quadran ts  of the  Dalitz 

plot. Aq is sensitive to an I = 2  C-violating final state.  

(d) For the  decay 77 --* ~r+Tr-3,, evidence for a D-wave 

<1.7 90 
<1.6 95 
<7.0 
<0.9 

r 0r 0 # + / t -  ,),) / rtota ~ 
YAtUE (units lO 6] EL% 

<3 90 

r (~)/r (neutra~ modes) 

ARNOLD 68 HLBC 
BALTAY 67B DBC 
FLATTE 67 HBC 
PRICE 67 HBC 

DOCUMENT IO TEEN COMMENT 

r~s/r 

DZHELYADIN 81 SPEC f r - p ~  ~/n 

F]~/(F2+F3+F4) 

contr ibution to the  C-violat ing ampli tude.  The  upper  limit for 

this contr ibution is measured by the  parameter  3, defined by 

d N / d  Icos01 ~ sin20 (1 + /3  cos20) , 

where 0 is the  angle between the :r + and the  7 in the  dipion 

center of mass.  A te rm proportional to cos20 could also come 

from P-  and F-wave interference. 
Forbidden by C invariance. 

VA L UE (units 1 O- 4 ) CL% DOCUMEN T ID TEEN 

<7  95 ALDE 84 GAM2 

r (Tr + 7r - ) /g to ta  I Q ~ / r  
Violates P and CP invariance. 

VALUE (units lO 2) EVT5 DOCUMENT IO TEEN 

<0.15 0 THALER 73 ASPK 

r(.°e +e-) /r(~+~-.o) rls/r0 
A single photon process forbidden by C parity. 

VALUE (units 10 -4 ] C L~ EVTS DOCUMENT ID TEEN 

< 1.9 90 JANE 75 OSPK 
• • • We do not use the following data for averages, fits, limits, etc. • • * 

< 42 90 BAGLIN 67 HLBC 
< 16 90 0 BILLING 67 HLBC 
<: 77 0 FOSTER 65B HBC 
<110 PRICE 65 HBC 

r ( r ° e +  e - ) / r t o t a l  g 1 8 / g  
A single photon process forbidden by C parity. 

VALUE (unlts lO-2 ~ CL~ EVT5 DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.016 90 0 MARTYNOV 76 HLBC 
<0.084 90 BAZIN 68 DBC 
<0.7 RITTENBERG 65 HBC 

r ( l r  0 # +  # - ) / F t o t a  I r19/r 
A single photon process forbidden by C parity. 

VALUE (units 10 4] E L ~  DOCUMENT ID TEEN COMMENT 

<0.05 90 DZHELYADIN 81 SPEC ~r- p ~ f in 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5  WEHMANN 68 OSPK 

N O T E  O N  ~1 D E C A Y  P A R A M E T E R S  

C v i o l a t i o n  in  ~7 d e c a y s  

A number  of exper iments  have looked for charge asymme-  

tries in 71 --* ~r+Tr-Tr ° and r/ --* 7r+Tr ~f decays. Any difference 

between the 7r + and ~ spectra  in either decay would in- 

dicate C violation in electromagnetic interactions. In sections 

tha t  follow this Note, we list measurements  of the  following 

parameters:  

Ca) The  left-right a symmet ry  

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

where N + is the  number  of events in which the  7r + energy in 

the  7/rest  frame is greater  t han  the  7r- energy, etc. 

(b) For the  decay r/--* 7r+Tr-Tr 0, the  sextant  a symmet ry  

N ~ + N 3 + N s - N 2 - N 4 - N 6  
A s  = 

N ~ + N 2 + N a + N 4 + N s + N ~  ' 

where the  Ni are the  numbers  of events in sextants  of the  

Dalitz plot; see, for example,  Layter  et al. 1 A s  is sensitive to 

an I = 0  C-violat ing final s tate.  

(c) For the  decay v/--* 7r+Tr-Tr °, the  quadrant  a symmet ry  

N I  + N a -  N 2 -  N4 

Aq = N I  + N2 + N3 + N4 ' 

D a l i t z  p lo t  for  v/ --* 7r+Tr-Tr ° 

The Dalitz plot for ~l -+ ~r+~r-Tr° decay may be fit to the 

distr ibution 

I M ( x , Y ) I 2  o( ( l + a y + b y  2 + c x  + d x  2 + e x y )  . 

Here 

x = - , /5  ( T +  - T ) / Q ,  

y = ( 3 T o / Q )  - 1 , 

where T+ , T  , and To are the kinetic energies of the 7r +, 

7r-, and 7r ° in the  ~/ rest frame, and Q = T+ + To + 7'_. The  

coefficient of the  te rm linear in x is sensitive to C violation 

due to an I = 0  or 1=2 final state.  In a section below, we list 

papers tha t  measured a, b, c, and d, but  do not  tabula te  values 

of these parameters  because the assumpt ions  made  by different 

au thors  are not compatible and do not allow comparison of 

the  numerical  values. 

D a l i t z  p lo t  for  v/ --* 7r%r°Tr ° 

The Dalitz plot for the  decay q -~ 7r%r°rr ° may be fit to 

I M I 2 ~ l + 2 a z ,  

w h e r e  

(3E:-oo 
z = -~ .= \ m n - 3 m . o  ] Pema x " 

Here Ei  is the  energy of the  ith pion in the  ~ rest frame, and 

p is the  distance from the center of the  Dalitz plot. We list 

measurements  of the  parameter  a in a section below. 

R e f e r e n c e  

1. J.G. Layter et al., Phys.  Rev. Lett. 29, 316 (1972). 

7/ C-NONCONSERVING DECAY PARAMETERS 

lr+Tr- x 0 LEFT-RIGHT ASYMMETRY PARAMETER 
Measurements wi th an error > 1.0 x 10 - 2  have been omitted, 

VALUE (units ]O 2) EVT5 DOCUMENT ID TEEN 
0.094-0.17 OUR AVERAGE 
0.28 ~- 0.26 165k JANE 74 OSPK 
0.05=50.22 220k LAYTER 72 ASPK 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.5 4-0.5 37k 6 GORMLEY 68£ ASPK 

6The GORMLEY 68C asymmetry is probably due to unmeasured (E × B) spark chamber 
effects. New experiments wi th (E × B) controls don't  observe an asymmetry. 

lr + ~r- ~ SEXTANT A S Y M M E T R Y  PARAMETER 
Measurements wi th an error > 2,0 x 10 2 have been omitted. 

VALUE (unlts lO 2] EVTS OOCUMENT ID TEEN 
0.18=t:0.16 OUR AVERAGE 
0.202:0.25 165k JANE 74 OSPK 
0.102:0.22 220k LAYTER 72 ASPK 
0.5 =1:0.5 37k GORMLEY 68C WIRE 
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~ r + ~ r - l r  ° Q U A D R A N T  A S Y M M E T R Y  P A R A M E T E R  
VALUE (units 10 -2) EVT5 DOCUMENT ID TEEN 

-0,17=E0.17 OUR AVERAGE 
0.30:50.25 165k J A N E  74 O S P K  

- 0.07 9- 0.22 220k L A Y T E R  72 A S P K  

~r+~r - - r  L E F T - R I G H T  A S Y M M E T R Y  P A R A M E T E R  
Measurements wi th an error > 2.0 x 10 - 2  have been omitted. 

VALUE (units 10 2) EVTS DOCUMENT ID TEEN 

0.9 =E0.4 OUR AVERAGE 
12  3-0.6 35k JANE 74B OSPK 
0.5 ± 0 . 6  36k T H A L E R  72 A S P K  

1 . 2 2 ± I . 5 6  7257 G O R M L E Y  70 A S P K  

7r + I r - 7  P A R A M E T E R  
Sensitive to a D-wave contribution: dN/dcosO - sin2~ ( i  + /~ cos28) 

VALUE EVTS DOCUMENT ID TECN 
0.05 +0 .06  OUR AVERAGE Error inc ludes scale factor o f  1.5. See the ideogram 

below. 
0.11 ± 0 . 1 1  35k J A N E  74B O S P K  

0 . 1 2 : 5 0 . 0 8  7 T H A L E R  72 A S P K  

0.0609-0.065 7250 G O R M L E Y  70 W I R E  

7 T h e  authors  don ' t  bel ieve th is  indicates D-wave because the dependence o f  17 on the 3 

energy is incons is tent  w i th  theoret ical  predict ion.  A cos2-8 dependence may also come 
f rom P- and F-wave interference. 

WEIGHTED AVERAGE 
0 . 0 5  ± 0 . 0 6  (Error scaled by 1.5) 

• JANE 748 OSPK 0.3 
"~. THALER 72 ASPK 1.5 

. . . .  ~ O R M L E Y  70 WIRE 2.7 
ZE 

, & ' ~ / X  ~ o n f i d e n o e  Level = O.104) 

"O.5 - 0 . 3  -O.1 O.1 0 .3  O,5 

z'~ for 7 t ~ ",T + ~ ", 

E N E R G Y  D E P E N D E N C E  O F  7/--~ ~r + ~ -  ~ D A L I T Z  P L O T  

See the Note on ~j Decay Parameters above. The followin~ experiments fit to one or 
more of the coefficients a, b, c, d, or e for [ matrix elementl z = 1 + ay + b~ 2 + cx + 

dx 2 + exy. 
VALUE EVT5 DOCUMENT ID TEEN 

• • • We  do not  use the fo l low ing  data for  averages, f i ts, l imi ts ,  etc. • • • 

81k L A Y T E R  73 A S P K  

220k L A Y T E R  72 A S P K  

1138 C A R P E N T E R  70 H B C  

349 D A N B U R G  70 D B C  

7250 G O R M L E Y  70 W I R E  

526 BAGLIN 69 H L B C  

7170 C N O P S  68 O S P K  
37k G O R M L E Y  68c W I R E  

1300 C L P W Y  66 H B C  

705 L A R R I B E  66 H B C  

(~ P A R A M E T E R  F O R  ~ - - ,  3~r ° 
See the Note  on 7,, Decay Parameters above. T h e  value here is o f  cz in I ma t r i x  e lement  12 

= 1 + 2ctz. 
VALUE EVT5 DOCUMENT ID TEEN 

- 0.022 ~0 .023  50k A L D E  84 G A M 2  

• • • We  do not  use the fo l low ing  data for averages, f i ts,  l imi ts ,  etc. • • • 

- 0 3 2  J_0.37 192 BAGL IN  70 H L B C  

R E F E R E N C E S  F O R  r/ 

We have omi t t ed  some papers t h a t  have been superseded by later exper iments ,  The  
omi t t ed  papers may  be found  in our  1988 ed i t ion (Physics Letters B204) .  

ROE 90B 
WILLIAMS 88 
AIHARA 86 
BARTEL 85E 
LANDSBERG 85 
ALOE 84 

Also 84B 

WEINSTEIN 83 
BINON 82 

Also 828 
DAVYDOV 81 

Also 8]8 

DZHELYAD~N 81 
Also 81C 

ABROSIMOV 80 

DZH ELYADIN 80 
Also 80C 

DZNELYADIN 80B 
Also 8OD 

BUSHNIN 78 
Also 78B 

MARTYNOV 76 

JANE 75 
JANE 758 PL 59B 103 

Also YgB PL 73B 5O3 
Erratum in private commun]catiofl 

BROWMAN 74B PRL 32 I067 
DAVIES 74 NC 24A 324 
JANE 74 PL 488 260 
JANE 748 PL 48B 265 
KENDALL 74 NE 2JA 387 
LAYTER 73 PR D7 2565 
THALER 73 PR D7 2569 
AGUILAR 72B PR DE 29 
RLOODWO 72B NR B39 525 
LAYTER 72 PRL 29 316 
THALER 72 PRL 29 313 
BASILE 71D NC 3A 796 
STBUGALSKI 71 NP 827 429 
BAGLIN 70 NP 822 66 
BUTTRAM 70 PRL 25 1358 
CARPENTER 70 PR D1 1303 
COX 70B PRL 24 534 
DANBURG 70 PR O2 2564 
DEVONS 70 PR D1 J936 
GORMLEY 70 PR D2 501 

Also 70B Nevis 181 Thesis 
BAGUN 69 RL 298 445 

Also 70 NP 822 66 
HYAMS 69 PL 298 128 
ARNOLD 68 PL 278 466 
BAZIN 68 PRL 20 895 
BULLOCK 68 PL 278 402 
CNOPS 68 PRL 21 1609 
BORMLEY b8C PRL 21 402 
WEHMANN 68 PRL 20 748 
BAGLtN 67 PL 248 637 
BAGLIN 67B BAPS 12 567 
BALTAY 67B PRL 19 1498 
BALTAY 6?D PRL 19 1495 
BEMPORAD E7 PL 25B 380 

ALSO 67 Private Comm 
81LLING b7 PL 258 435 
BUNIATOV E7 PL 258 560 
CENCE 67 PRL 19 1393 
ESTEN 67 PL 248 115 
FELDMAN 67 PRL 18 868 
FLATTE 67 PRL 18 976 
FLATTE 676 PR 163 1441 
UTCHFIELD 67 PL 248 486 
PRICE 67 PRL 18 1207 
ALFF .. 65 PR 145 1072 
CLPWY 66 PR 149 1044 
CRAWFORD 66 PRL ]6 333 
DIGIUGNO 66 PRL ]6 767 
GROSSMAN 66 PR 146 993 
GRUNHAUS 6E Thesis 
JAMES 66 PR 142 896 
JONES 66 PL 23 597 
LARRIBE bE PL 23 600 
FOSTER 65 PR 138B 652 
FOSTER 65B Athens Conf 
FOSTER 65C Thesis 
PRICE 65 PRL 15 123 
RITTENBERG 65 PRL 15 556 
FOELSCHE 64 PR 134B 1138 
KRAEMER 64 PR 1368 496 
PAULi 64 PL 13 351 
BACCI 63 PRL 11 37 
CBAWFORD 63 PRL tO 546 

Also 668 PRL 16 907 
DELCOUBT 63 PL 7 215 
ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114 
PICKUP 62 PRL 8 329 

BOWEN 61 
CARMONY 62 
ROSENFELD 62 
PEVSNER 61 

PR D41 17 +Bartha, Burke, Garbincius± (ASP Collab.) 
PR D38 1 3 6 5  +Antreasyan, Bartels, Besset+ (Crystal Ball CoUab.) 
RR D33 844 +Alston-Garnjost+ (TPC-2"y Collab.) 
RE JgOB 421 +Becker, Cords, Felst+ (JADE Collab.) 
PRPL 128 310 (SERP) 
ZPHY C25 225 +Binon, Bricman, Donskov+ (SERP, BELG, LAPP) 
SJNP 40 918 Aide, Binon, Bricman+ (SERE BELG, LAPP) 
Translated from YAF 40 1447 
PR D28 2896 +Antreasyan, Gu Kollman+ (Crystal Ball Codab } 
SJNP 36 391 +Bricman. Gouanere+ (SERP, BELG, LAPP, CERN) 
Translated from YAF 36 870 
NC 71A 497 Binon, 8ricman~ (SERP, BELG, LAPP, CERN) 
LNC 32 45 +Donskov, Inyakin+ (SERE BELG, LAPP, CERN) 
SJNP 33 825 Davydov, Binon+ (SERE BEG, LAPP, CERN) 
Translated from YAF 33 1534 
PL ]058 239 +Golovkin. Konstantinov, Kuharovsk]+ (SERP) 
SJNP 33 822 Dzhelyadin, Viktorov, Golovkin+ (SERe) 
Translated from YAF 33 1529 
SJNP 31 195 Mlina, Niszcz, Okhdmenko+ [JINR) 
Translated from YAR 31 371 
PL 948 548 f Viktorov, Golovkin { (SERP) 
SJNP 32 516 Dzhelyadin, Golovkin, Kachanov÷ (SERP} 
Translated from YAF 32 998 
PL 978 471 *Viktorov, Golovkin+ (SERP) 
SJNP 32 518 Dzhelyadin, Golovkin, Kachanov+ (SERP) 
Translated from YAF 32 1002. 
PL 79B 147 +Ozhelyadin, Goqovkin, Gritsuk+ (SERP} 
SJNP 28 775 Bushnin, Golovkin, Gdtsuk, Dzhelyadin+ (SERP) 
Translated from YAF 28 1507. 
SJNR 28 48 +Saltykov, Tarasov, Uzhinski] (JINR) 
Translated from YAF 23 93 
RL 59B 99 +Grannis, Jones, bipman, Owen+ (RHEL LOWC) 

+Grannis, Jones, Lipman, Owen+ (RHEL LOWC) 
Jane 

+Dewire, Gittelman, Hanson, Loh+ (CORN, BING) 
+Guy, Zia (BIRM, RHEL, SHMP) 
+Jones, bipman, Owen+ (RHEL, LOWC, SUSS) 

Jones, Lipman, Owen+ (RHEL LOWC, SUSS) 
+hanou, Massimo, Shapiro+ (BROW, BARI, MIT) 
~Appel, Kotlewski, Lee, Stein, Thaler (COLU) 
*Appel, Kotlewski, Layter. Lee, Stein (COLU) 

Aguilar-Benitez, Chung, Eisner, Samios (BNL) 
Bloodworth, Jackson, Prentice, Yoon (TNTO) 

+Appel, Kotlewski, Lee, Stein, Thaler (COLU) 
+Appel, Kotlewski, Layter, Lee, Stein (COLU) 
*Bollini, Dalpiaz, Frabetti+ (CERN, BGNA, STRB) 
~Chuv]lo, Gemesy, Ivanovskaya+ (JINR) 
eBezaguet, Degrange+ (EPOL, MADR, STRB) 
4 Kreisler, Mischke (PRIN) 
EBiakley, Chapman, Cox, Dagan+ (DUKE) 
+Fort ney, Golson (DUKE) 
+Abolins, Dahl, Davies, Hoch, Kirz~ (LRL) 
+Grunhaus, Kozlowski, Nemethy ~ (COLU, SYRA) 
£Hymam Lee, Nash, Peoples~ (COLU, BNL) 

Gormley (COLD) 
+Bezaguet+ (EPOL, UCB, MADR, STRR) 

Baglin, Bezaguet, Degrange4 (EPOL, MADR, STRB) 
+Koch, Potter, VonLindem+ (CERN, MPIM) 
+Paty, Baglin, Bingham+ (STRB, MADR, EPOL, UCB} 
+Goshaw, Zacher+ (RRIN, QUK0 
+Esten, Fleming, 6ovan, Henderson* (LOUC) 
tHough, Cohn+ (BNL, ORNL UCND, TENN, PENN) 
+Hyrnan, Lee, Nash, Peoples+ (COLU, BNL} 
~Engels+ (HARV, CASE, SLAC, CORN, MCGI) 
+ Bezaguet, Degrange+ (EPOL, UCB) 
+Bezaguet, Degrange4 (EPOL, UCB) 
+Franzini, Kim, Newman4 (COLU, STON) 
+Franzini, Kim, Newman+ (COLU, BRAN) 
-Braccini, Foa, Lubelsmey4 (PISA, BONN) 

Ion 
~8ullock, Esten, Govan ~ (LOUC, OXF) 
* Zavattini, Deinet + (CERN, KARL) 
+Peterson, Stengeq Chiu* (HAWA, LRL) 
+Govan, Knight, MiLler, Tovey+ (LOUC, OXF) 
*Frati. Gleeson, Halpern+ (PENN) 

(LRL) 
+Wohl (LRL) 
t Rangan, Segar. Smith+ (RHEL, SACL) 
+Crawfo~d (LRL) 

Alff Stelnberger, Berley{ (COLU, RUTG) 
(SCUC, LRL PURD, WISC, YALE) 

- Price (LRL) 
* Giorgi, Silvestd, (NAPL, TRST, FRAS) 
+Price, Crawford (LRL) 

(COW) 
Kraybill (YALE, BNL) 

+Binnie, Duane Horsey, Mason+ (LOIC, RHEL) 
. Leveque, Muller, Pauli+ (SACL. RHEL) 
÷ Peters, Veer, Loeffler+ (WISC, PURD) 
{ Good, Meer (WISC) 

(WISE) 
£Crawlord (LRL) 
+Kalbfleisch ~LRL, BNL) 
+Kraybiq (YALE) 
+Madansky, Fields ~ (JHU, NWES, WOOD) 
+Muller (SACL) 
+ Penso, Salvini+ (ROMA, FRAS) 
~Lloyd, Fowler (LRL, DUKE) 

Crawford, Lloyd, Fowler (LRL, DUKE) 
tLefrancois, Perez y Jorba+ (OHSA) 

Alff Steinberger, Berley, Colley+ (COLU, RUTG) 
Berge, DaN, Ferro-Luzzi+ (LRL) 

{Robinson, Salant (CNRC, BNL) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

PL 24B 206 -Cnops. Finocchiaro~ (CERN, ETH, SACL) 
PRL 8 117 +Rosenfeld, VanDeWalle (LRL) 
PRL 8 293 { Carmony, VanDeWalle (LRL) 
PRL 7 421 { Kraemer, Nussbaum, Richardson~ (JHU) 
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Our latest mini-review on this particle can be found in the 1984 edit ion. 

p (770)  M A S S  

We no longer list 5-wave Breit-Wigner fits, or data with high combinatorial back- 
ground. 

C H A R G E D  O N L Y  
VALUE MeV EVT5 DOCUMENT ID ( ) . . . .  TEEN CHG COMMENT 
768.34-0.5 OUR AVERAGE Includes data from the 2 datablocks that follow this one. 
767 ±3  2935 1 CAPRARO 87 SPEC - 200 ~T- ~£u 

~- TrVCu 
761 :55 967 1 CAPRARO 87 SPEC - 200 Ir ~b 

7r- 7rVPb 
771 ±4  HUSTON 86 SPEC + 202~,+h& ~ 

~r~ 7 r ~ A  
766 ± 7  6500 2 BYERLY 73 OSPK 5 7r- p 
766.8:5 1.5 9650 3 PISUT 68 RVUE - 1.7-3.2 7r- p, t 

<10 
7 6 7 : 5 6  900 1 EISNER 67 HBC 4.2 ~r- p, t <10 

N E U T R A L  O N L Y ,  P H O T O P R O D U E E D  
VALUE (MeV) EVT5 D_OCUMENT IOD_ TEEN CN~ COMMENT 
The data in this block is included in the average printed for a previous d ~  

768.14- 1.3 OUR AVERAGE 
767.6± 2.7 BARTALUCCI 78 CNTR 0 7P ~ e + e -  p 
775 ± 5 GLADDING 73 CNTR 0 2.9-4.7 -'fp 
767.0± 4.0 1930 BALLAM 72 HBC 0 2.8 h'P 
770.0± 4.0 2430 BALLAM 72 HBC 0 4.7 ?p  
765.0±10.0 ALVENSLEBEN70 CNTR 0 -'fA, t<O.01 
767.7± 1.9 140k BIGGS 70 CNTR 0 <4.17C 

I t+  7r- C 
765 ± 5.0 4000 ASBURY 67B CNTR 0 ~ + Pb 

N E U T R A L  O N L Y ,  O T H E R  R E A C T I O N S  
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 
The data in this block is included in the average printed for a previous datablock. 

768.7±0.7 OUR AVERAGE Error includes scale factor of 1.2. 
768 ± 1 4 GESHKENBEIN89 RVUE 
768.0±4.0 5,6 BOHACIK 80 RVUE 0 
769.0±3.0 2WICKLUND 78 ASPK 0 
768.0±1.0 76000 DEUTSCH... 76 HBC 0 
767 ± 4  4100 ENGLER 74 DBC 0 

775.0±4.0 32000 5 PROTOPOP... 73 HBC 0 
764.0±3.0 6 8 0 0  RATCLIFF 72 ASPK 0 
774.0±3.0 1700 REYNOLDS 69 HBC 0 
775.0±3.0 2250 HYAMS 68 OSPK 0 

Ir form factor 

3,4,6 ~± N 
16 ~r+ p 
6 7r+ n ~ 

f, + Tr- p 
7.1 7r + p, t <0.4 
15 7r- p, t <0.3 
2.26 7r- p 
11.2 l r -  p 
1.7-3.2 7r- p. t 

<10 
769.2± 1.5 13300 7 PISUT 68 RVUE 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

775.9±1.1 8 BARKOV 85 OLYA 0 7r form factor 
777.4±2.0 9 CHABAUD 83 ASPK 0 17 7r- p polarized 
770 ± 2  10 HEYN 80 RVUE Pion form factor 
769.5:50.7 5,6 LANG 79 RVUE 0 
770 ± 9  6ESTABROOKS74 RVUE 0 1 7 ~ r - p ~  

7r+/r n 
773.5±1.7 11200 1 JACOBS 72 HBC 0 2.8 ~T p 

1 Mass errors enlarged by us to F / N 1 / 2 ;  see the note with the K* (892) mass. 
2 Phase shift analysis. Systematic errors added corresponding to spread of different fits. 
3 From fit of 3-parameter relativistic P-wave Breit-Wigner to total mass distribution. In- 

cludes BATON 68, MILLER 67B, ALFF-STEINBERGER 66, HAGOPIAN 66, HAGO- 
PIAN 66B, JACOBS 66B, JAMES 66, WEST 66, BLIEDEN 65 and CARMONY 64. 

41ncludes BARKOV 85 data. Model-dependent width definition. 
5 From pole extrapolation. 
6From phase shift analysis of GRAYER 74 data. 
71ncludes MALAMUD 69, ARMENISE 68, BACON 67, HUWE 67, MILLER 67B, ALFF- 

STEINBERGER 66, HAGOPIAN 66, HAGOPIAN 66B, JACOBS 6bB, JAMES 66, 
WEST 66, GOLDHABER 64, ABOLINS 63. 

8 From the Gounaris-Sakurai parametrization of the pion form factor. 
9 From fit of 3-parameter relativistic Breit-Wigner to helicity-zero part of P-wave intensity. 

CHABAUD 83 includes data of GRAYER 74. 
10HEYN 80 includes all spacelike and timelike FTr values until 1978. 

p (770)  ° - p {770 )  ± M A S S  D I F F E R E N C E  

VALUE (Met/} EVT5 DOCUMENT ID TECN CHG COMMENT 
0.3±2.2 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 
4.0±4.0 3000 11 REYNOLDS 69 HBC 0 2.26 7r- p 

- 5  ± 5  3600 11 FOSTER 68 HBC ±0 0.0 ~ p  
2.4±2.1 22950 12 PISUT 68 RVUE 7rN ~ pN 

11 From quoted masses of charged and neutral modes. 
12Includes MALAMUD 69, ARMENISE 68, BATON 68, BACON 67, HUWE 67, 

MILLER 67B, ALFF-STEINBERGER 66, HAGOPIAN 66, HAGOPIAN 66B, JA- 
COBS 66B, JAMES 66, WEST 66, BLIEDEN 65, CARMONY 64, GOLDHABER 64, 
ABOLINS 63. 

WEIGHTED AVERAGE 
0.3  ± 2.2 (Error scaled by  1.3) 

' ' REYNOLDS 
/ ' - ' ~ I ~ - - ~ - - ~ . / ~  . . . .  ~. • FOSTER 

1 V (Con 

X 2 

69 HBC 1.1 
68 HBC 1.1 
68 RVUE 1.0 

3.3 
(Conf idence Level = O.194) 

-15 -10 -5 0 5 10 15 

p(770) 0 - p(770) ± mass difference (MeV)  

p(770) RANGE PARAMETER 

The range parameter R enters an energy-dependent correction to the width, of the 
form (1 + q~r R2") / (1 + q2 R2), where q is the momentum of one of the pions in 
the Ir~ rest system. At resonance, q = qr.  

VALUE (6eV~ i ~ DOCUMENT IO TECN CH6 COMMENT 

5 ~+0.9 "~--0.7 CHABAUD 83 ASPK 0 17 7r- p polarized 

p (770)  W I D T H  

I We no longer list S-wave Breit-Wigner fits, or data with high combinatorial back- 
ground. 

C H A R G E D  O N L Y  
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 
149.1-I- 2.9 OUR FIT 

151.54- 1.2 OUR AVERAGE Includes data from the 2 datablocks that follow this one. 
155 ±11 2935 13 CAPRARO 87 SPEC - 200 7r- ~Zu 

~r IrUCu 
154 ±20 967 13 CAPRARO 87 SPEC - 200 7r- ~Pb 

~r- ~rUPb 
150 ± 5  HUSTON 86 SPEC + 202~H-hA ~ 

~TT ~rv A 
146 ± 12 6500 14 BYERLY 73 OSPK - 5 I t -  p 
148.2± 4.1 9650 15 PISUT 68 RVUE 1.7-3.2 7r- p, t 

<10 
146 1 13 900 EISNER 67 HBC - 4.2 ~-  p, t <10 

NEUTRAL ONLY, PHOTOPRODUCED 
VALUE (MeV) EVT5 DOCUMENT ID TECN CHO COMMENT 
The data in this block is included in the average ~'inted for a previous datablock. 

150.94- 3.0 BARTALUCCI 78 CNTR 0 ?p  ~ e + e -  p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

147 ± 11 GLADDING 73 CNTR 0 2.9-4,7 "Tp 
155.0± 12.0 2430 BALLAM 72 HBC 0 4.7 7P 

I 145.0±13.0 1930 BALLAM 72 HBC 0 2.8 .,/p 
140.0± 5.0 ALVENSLEBEN70 CNTR 0 ~fA, t <0.01 
146.1± 2.9 140k BIGGS 70 CNTR 0 <4.1 "7C 

~r+Tr- C 
160.0±10.0 LANZEROTTI 68 CNTR 0 7P 
130 ± 5 4000 ASBURY 67B CNTR 0 ? + Pb 

NEUTRAL O N L Y ,  O T H E R  R E A C T I O N S  
VALUE (MeV) EVT5 DOCUMENT ID TECN CHG COMMENT 
The data in this block is included in t~e ~ ~inted f ~  ~previ~us datablock. 

152.4:1: 1.5, OUR FIT 
152.4± 1.5 OUR AVERAGE 
150.5± 3.0 16 BARKOV 85 OLYA 0 7r form factor 
148.0& 6.0 17,18 BOHACIK 80 RVUE 0 
152.0± 9.0 14 WICKLUND 78 ASPK 0 3,4,6 .~± p N  
154.0± 2.0 76000 DEUTSCH... 76 HBC 0 16 7r + p 
157.0± 8.0 6800 RATCLIFF 72 ASPK 0 15 7r- p, t <0.3 
143.0± 8.0 1700 REYNOLDS 69 HBC 0 2.26 7r p 
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p ( 7 7 0 )  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

138 ± 1 19 GESHKENBEIN89 RVUE ~r form factor I 

160.0 ~ 4411 20 CHABAUD 83 ASPK 0 17 ~T p polarized 

155 ± 1 21 HEYN 80 RVUE 0 = form factor 
140.0± 1.3 17.18 LANG 79 RVUE 0 
146 = 14 4100 ENGLER 74 DBC 0 6 ~T ~ n 

t43 ±13  ]S ESTABROOKS 74 RVUE 0 [7~r p ~  
~r+~r n 

160,0± 10.0 32000 17 PROTOPOP... 73 HBC 0 7,1 ~+ p, t <0.4 
145.0±12.0 2250 13 HYAMS 68 OSPK O 11.2 ~r- p 
163,0:L15.0 13300 22 PISUT 68 RVUE 0 1.7-3.2 ~T p, t 

<10 

13Width errors enlarged by us to 4F/N1~2;  see the note with the K" (892) mass. 
14 Phase shift analysis. Systematic errors added corresponding to spread of different fits. 
15From fit of 3-parameter relativistic P-wave Breit-Wigner to total mass distribution. In- 

cludes BATON 68, MILLER 67B, ALFF-STEINBERGER 66, HAGOPIAN 66, HAGO- 
PlAN 66B, JACOBS 66B, JAMES 66, WEST 66, BLIEDEN 65 and CARMONY 64. 

16 From the Gounaris-Sakurai parametrization of the pion form factor. 
17 From pole extrapolation. 
18 From phase shift analysis of GRAYER 74 data. 
191nciudes BARKOV 85 data. Model-dependent width definition. I 
20 From fit of 3-parameter relativistic Breit-Wigner to helicity-zero part of ~wave intensity. 

CHABAUD 83 includes data of GRAYER 74. 
21HEYN 80 includes all spacelike and timelike F= values until 1978. 
22Includes MALAMUD 69, ARMENISE 68, BACON 67, HUWE 67, MILLER 67B, ALFF- 

STEINBERGER 66, HAGOPIAN 66, HAGOPIAN 66B, JACOB8 66B, JAMES 66, 
WEST 66, GOLDHABER 64, ABOLINS 63. 

p (770 )  D E C A Y  M O D E S  

Scale factor,/ 
Mode Fraction i f / F )  Confidence level 

FI rr~T ~ i00 % 

p (770 )  ± decays 

1-2 ~± / rO  ~ lO0 % 
r3  7r±'~ ' ( 45 ±0.5  ) × 1 0  4 S 2.2 
1-4 "a-±7/ < 8 × 10 3 CL=84% 

1-5 7r±~T+~T /r O < 20 xlO -3 CL 84% 

p ( 7 7 0 )  o decays 

F 6 n -+ ~T ~ tO0 % 
1-7 ~ +  ~T- -y ( 1.11±014)% 
r 8 ;T°--f ( 79  ±2.0)x10 4 
F9 WY ( 3.8 ±0.7  ) × i0 4 

FlO # +  # -  [a] ( 4.60±0.28) × 10 . 5  
F l l  e + e  [a] ( 444±0 .21 )  x 10 5 
1-12 ~+ ?r- ir 0 < 12 × i0 4 CL=90% 

1-13 Ir+~--~T+~T- < 2 x 10 4 CL 90% 
r14 ~ + ~ T - ~ 0 ~ o  < 2 ×10  4 EL 90% 

[a] T h e  e + e branching f rac t ion  is f rom e + e -  ~ r r+  r r -  exper iments  only. 
T h e  ~ p  in ter ference is then due to  :up m ix ing  only, and is expected to  be 
small.  I f  e #  universal i ty  holds, 1-(po ~ # + I ~  ) = 1-(pO ~ e + e  - )  x 

0 .99785.  

CONSTRAINED FIT INFORMATION 

An overall f i t  to the total width, a partial width, and a branch- 
ing ratio uses 8 measurements and one constraint to determine 
4 parameters. The overall f i t  has a X 2 = 3.3 for 5 degrees of 
freedom. 

The fogowing of f -d iagona l  array elements are the correlation coefficients 

{ & p c 6 p j l / ( ~ p i . & p )  ), in percent, from the f i t  to parameters Pi, including the branch- 

ing fractions, x i ~ F j F t o t a  I. The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

XlO 80 

x11 60 0 

F 13 O 

X6 XlO 

21 

X l l  

Mode Rate (MeV) 

r6 =~ 7r 152.4 ± 1.5 

1-10 # ~  / z -  [a] 0.0070 ±0.0004 
1-11 e + e [a] 0.00677m0.00032 

p ( 7 7 0 )  P A R T I A L  W I D T H S  

r(~±~) r3 
VALUE (keV~ __ DOCUMENT ID TEEN CHG COMMENT 
68 + 7  OUR FIT Error includes scale factor of 2.3. 
68 ± 7  OUR AVERAGE Error includes scale factor of 2.2. See the ideogram belew. 
8 1 . 0 ± 4 . 0 ± 4 0  CAPRARO 87 S P E C -  2 0 0 ~ - - ~  

~ 3T--/A 
5 9 . 8 ± 4 0  HUSTON 86 SPEC ± 202 T, + A 

~ + x 0 A  
7 1 0 ± 7 0  JENSEN 83 SPEC 156 260 ~r- A 

:,r- ~r0 A 

WEIGHTED AVERAGE 
68  + 7 (Error scaled by 2.2) 

Values above of weighted average, error, 
~ \ ~ ' x ~ / . ~  and scala factor are based upon the data in 

, ~ V / / /  this ideogram only. They are not neces- 
~"~" -~ / / /~ /  sari ly the same as our "best"  values, 
x } x ~ V / / /  obtained from a least-squares constrained fit 
~ " ~ " ~ / / / ~ /  util izing measurements of other (related) 

~ quantities as additional information. 

. . . .  

- I - ~ ' ~ / / / - ~  . . . .  ~ • ' ' HUSTON 86 SPEC 3.8 
\ ~ ' ~ 2 ~ 2 " -  • \ • JENSEN 83 SPEC 0.2 

, ~  , I ~  (C°nf i l  dence Level  = 0 -O08)  

50  6 0  70  8 0  9 0  100  110 

CONSTRAINED FIT INFORMATION 

An overall f i t  to the total width and a partial width uses 9 measure- 
ments and one constraint to determine 3 parameters. The overall 
f i t  has a X 2 = 10.2 for 7 degrees of freedom. 

The fol lowing of f -d iagonal  array elements are the correlation coefficients 
(&p ibp j~ / (Sp~ .Spa ) ,  in percent, from the f i t  to parameters Pi, including the branch 

ing fractions, xz z F i /F to ta  I, The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

x 3 IO0 

F 18 -18 

x 2 x 3 

Mode Rate (MeV) Scale factor 

I- 2 ~&¢r  o 149.1 ±2 .9  

1-3 / r± '7  0.0684.0007 2.3 

F ( ~ = ' y )  (keV)  

r(e+e -) FII 

VALUE (keVJ __ DOCUMENT ~D TECN COMMENT 

6.77±0.32 OUR FIT 
6 .77±0 .10~0 .30  BARKOV 85 OLYA e + e ~ ~+ ~T 

r 0T0"y ) r8 
VALUE (keV} __ DOCUMENT ID TEEN COMMENT 

121±31 DOLINSKY 89 ND e + e - ~  =0~ I 

r(,j~) r9 
VALUE (keV) _ _  DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limks, etc. • • • 

62±17  23DOLINSKY 89 ND e + e  ~ q-~ I 
111=22 24DDLINSKY 89 ND e + e  ~ 713 I 
23Solution corresponding to constructive ~ p interference. The quark model predicts a 

relative decay phase of zero. 
24 Solution corresponding to destructive e-~ interference. I 

p ( 7 7 0 )  B R A N C H I N G  R A T I O S  

r 0 :L, j ) / r ( , ,~)  r 4 / h  
VALUE (umts 10 4~ EL. % DOCUMENT ~D TEEN CHG COMMENT 

< 8 0  84 FERBEL 66 HBC ~ ~T i p above 2.5 
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p ( 7 7 0 )  

r(,~±~+=-,m)Ir(=~) rs lq  
VALUE (units l0 -4  ) C L ~  DOCUMENT ID TEEN CHG COMMENT 

<20 84 FERBEL 66 HBC ± 7r ± p above 2.5 
• • • WE do not use the fo l lowing data for averages, fits, l imits, etc. • • • 

35=[:40 JAMES 66 HI3C + 2.1 7 r + p  

r(#+#-)/r(~+~-) rio/rE 
VALUE (units 10 5) DOCUMENT ID TEEN COMMENT 
4.60=1=0.28 OUR FIT 
4.6 ± 0 . 2  ± 0 . 2  A N T I P O V  89 SIGM 7r- Cu ~ /~+ # -  7r- Cu I 

• • • We do not  use the fol lowing data for averages, fits, l imits, etc. • • • 

8.2 + 1.6 25 R O T H W E L L  69 C N T R  Photoproduct ion 
- 3 . 6  

5.6 i l . 5  2 6 W E H M A N N  69 OSPK 1 2 7 r - C ,  Fe 

9.7 +3 .1  27 HYAMS 67 OSPK 11 7r- Li, H 
- 3 . 3  

25 Possibly large p-~  interference leads us to increase the minus error. 
26Result  contains 11 ± 11% correctioR using SU(3) for central value. The error on the 

correction takes account o f  possible p-~J interference and the upper l imit  agrees wi th  the 
upper l imi t  of  ~ ~ # + # -  f rom this experiment.  

2 7 H Y A M S  67's mass resolution is 20 MeV.  The ~ re£ion was excluded. 

r(e+ e-)lr(.,:) r~l/r~ 
VALUE (units L0 4) DOCUMENT ID TECN COMMENT 

0.41=1=0.05 B E N A K S A S  72 OSPK e + e 

r(v~)/rtota~ r9/r 
VALUE (units 10 4) DOCUMENT ID TEEN CHG COMMENT 
3.83:0.? OUR AVERAGE 
4.0+1 .1  28 DOL INSKY 89 ND e + e -  
8.6=t-0.9 28 A N D R E W S  77 C N T R  0 6.7-10 -.fCu 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

7 .3±1 .5  29 D O L I N S K Y  89 ND e + e -  I 
5 .4±1 .1  29 A N D R E W S  77 C N T R  0 6.7-10 -7Cu 

28Solut ion corresponding to constructive ~ - p  interference. The quark model  predicts a 
relative decay phase of zero. 

29 Solution corresponding to destructive ~ - p  interference. 

r(~+,,-~+~-)/rtotal r13/r 
VALUE (units 10-4~ CL~_% DOCUMENT ID TEEN COMMENT 

< 2  90 K U R D A D Z E  88 OLYA e + e -  ~ I 
~r+ 7r-  7r+ ~r-  

r(~+,~-~+,~-)/r(~) r18/rl 
VALUE (units 10 -4 ) C L ~  DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<15 90 ERBE 69 HIJC 0 2.5-5.8 ? p  
<20 C H U N G  68 HBC 0 3.2,4.2 7r- p 
<20 90 HUSON 68 HLBC 0 16.0 7r- p 
<80 JAMES 66 HBC 0 2.1 ~r + p 

r(~+~- ~0)/rtotal r12/r 
VALUE (units 10 -4 )  E L ~  DOCUMENT ID TEEN COMMENT 

<1.2 90 V A S S E R M A N  88B N D  e + e -  ~ ~r + ~-- 7r 0 I 

r(~+~- ~0)/r(~) r12/rl 
VALUE ~ DQEUMENT IO TECN ~ COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.01 B R A M O N  86 RVUE 0 J/~# ~ u~T 0 
<0.01 84 30 A B R A M S  71 HI3C 0 3.7 ~r + p 

30 Model dependent, assumes I = 1, 2, or 3 for the 37r system. 

r (~+ ~ -  7r° ~rO)/rtota I r14/r 
VALUE (units 10 4) C L ~  DOCUMENT ID TECN CH6 COMMENT 

< 2  90 K U R D A D Z E  86 OLYA 0 e + e -  
~r+ ~ -  ~r 0 7r0 

r(~+~-~)/rtotal rT/r 
VALUE DOCUMENT tO TECN COMMENT 

0.0111±0.0014 31 V A S S E R M A N  88 ND e + e -  ~ ~r + 7r- ~f I 

31For Photon energy greater than 50 M e V / c .  I 

r(,m,y)/rtotal r~/r 
VALUE (units 10 -4 )  DOCUMENT ID TEEN COMMENT 

7 .9+2 .0  DOL INSKY 89 N D  e + e -  I 

ANTIPOV 89 
DOLINSKY 89 
GESHKENBEIN 89 
KURDADZE 88 

VASSERMAN 88 

VASSERMAN 88B 

CAPRARO 87 
BRAMON 86 
HUSTON 86 
KURDADZE 86 

BARKOV 85 
EHABAUD 88 
JENSEN 88 
BOHACIK 80 
HEYN 80 
LANG 79 
BARTALUCCI 78 
WIEKLUND 78 
ANDREWS 77 
DEUTSCH.. 76 
ENGLER 74 
ESTABROOKS 74 
GRAYER 74 
BYERLY 73 
GLADDING 73 
PROTOPOP.. 73 
BALLAM 72 
BENAKSAS 72 
JACOBS 72 
RATCLIFF 72 
ABRAMS 71 
ALVENSLEBEN 70 
BIGGS 70 
ERBE 69 
MALAMUD 69 
REYNOLDS 69 
ROTHWELL 69 
WEHMANN 69 
ARMENrSE 68 
BATON 68 
CHUNG 68 
FOSTER 68 
HUSON 68 
HYAMS 68 
LANZEROTTI 68 
PISUT 68 
ASBURY 67B 
BACON 67 
EISNER 67 
HUWE 67 
HYAMS 67 
MILLER 67R 
ALFF .. 66 
FERBEL 66 
HAGOPIAN 66 
HAGOPIAN 66B 
JAEOBS 66B 
JAMES 66 
WEST 66 
BLIEDEN 65 
CARMONY 64 
GOLDHABER 64 
ABOLINS 63 

ERKAL 85 
RYBICKI 85 
KURDADZE 83 

ALEKSEEV 82 

BERG 80 
BALTAY 78B 
QUENZER 78 
MONTONEN 75 
CARROLL 74B 
HABER 74 
NORDBERG 74 
SPITAL 74 
CHARLESW.. 78 
BAILLON 72 
BASDEVANT 72 
DRIVER 72 
EISENBERG 72 
GRAYER 72 
GRAYER 72B 
TAKAHASHI 72 
BLOODWO.., 71 
DEERY 71 
BINGHAM 70 
GALLOWAY 70 
AUGUSTIN 698 
AUGUSTIN 69C 
HAISSINSKI 69 
JUHALA 69 
MILLER 69 
MOTT 69 
RODS 69 
SCHARENG... 69 
BLECHSCH _ 68 

Also 67 
BOESEBECK 68 
DONALD 68C 
JOHNSON 68 
JONES 68 
KEY 68 
LAMSA 68 
MARATEEK 68 
ALLES .. 67B 
BANNER 67 

#(770)  REFERENCES 

ZPHY C42 188 +Batarin+ (SERP, JINR, BGNA, MILA, TBLI) 
ZPHY C42 511 +Druzhinin, Dubrovir~, Golubev+ (NOVO) 
ZPHY 45 351 (ITEP) 
JETPL 47 512 +Leltchouk, PakhtuSova, Sidorov+ (NOVO) 
Translated from ZETFP 47 432. 
SJNP 47 ]085 +Golubev, Dolinsky+ (NOVO) 
Translated from YAF 47 1635. 
5JNP 48 480 +Golubev, Dolinsky+ (NOVO) 
Translated from YAP 48 753. 
NP B288 659 +Levy+ (CLER, FRAS, MILA, PISA, LCGT, TRST+) 
PL BI73 97 +Casulleras (BARC) 
PR 33 3199 +Berg, Collick, Jonckheere+ (ROCH, FNAL, MINN) 
JETPL 43 648 +Lelchuk, Pakhtusova, 5idorov, Skrinskli+ (NOVO) 
Translated from ZETFP 48 497. 
NP B256 865 +Chil ingarov, Eidelman, Khazin, Lel¢duk+ (NOVO) 
NP B223 1 +Gorlich, Cerrada+ (CERN, CRAC, MPIM) 
PR D27 26 +Berg, Biel, Collick+ (ROCH, FNAL, MINN) 
PR D21 1342 +Kuhnelt (SLOV, WlEN) 
ZPHY C7 169 +Lan E (GRAZ) 
PR D19 956 +Mas Parareda (GRAZ) 
NC 44A 587 +Basini. Bertolucci+ (DESY, PRAS) 
PR D17 1197 +Ayres, Diebold, Greene, Kramer, Pawlicgi (ANL) 
PRL 38 198 +Fukushlma, Harvey, Lobkowicz, May+ (ROCH) 
NP B103 426 Deutschmann+ (AACH, BERL BONN, CERN+) 
PR D10 2070 +Kraemer, Toaff, Weisser, Diaz+ (CMU, CASE) 
NP B79 301 +Martin (DURH) 
NP B75 189 +Hyams, Blum, Dietl+ (CERN, MPIM) 
PR D7 637 +Anthony, Coffin, Meanley, Meyer, Rice+ (MICH) 
PR D8 3721 +Russell, Tannenbaum, Weiss, ThomSOn (HARV) 
PR D7 1280 Protopopescu, Alston-Garnjost, Ganieri, Platte+ (LBL) 
PR D5 545 +Chadwick, Bingham, Milburn+ (SLA£, LBL, TUFT) 
PL 39B 289 +Cosine, Jean-Marie, Jullian, Laplanche+ (ORSA) 
PR D6 1291 (SACL) 
PL 38B 545 +Bulos, Carnegie. Kluge, Leith, Lynch+ ($LAC) 
PR D4 653 +Barnham, Butler, Coyne, Goldhaber, Hall+ (LBL) 
PRL 24 786 +Booker, Bertram, Chen, Cohen (DESY) 
PRL 24 1197 +Braben, Clifft, Gabathuler, Kitching+ (DARE) 
PR 188 2060 +Hilpert+ (German Bubble Chamber Collab) 
Argonne Conf. 93 +Schlein (UCLA) 
PR 184 1424 +Albright, Bradley, Brucker, Harms+ (FSU) 
PRL 23 1521 +Chase, Earles, Gettner, Glass, Weinstein+ (NEAS) 
PR 178 2095 + (HARV, CASE, SLAC, CORN, MCGI) 
NC 54A 999 +Ghidini, Forino+ (BARI, BGNA, FIRZ, ORSA) 
PR 176 1574 +Laurens (SACL) 
PR 165 1491 +Dahl, Kirz, Miller (LRL) 
NP B6 107 +Gavillet, Labrosse, Montanet+ (CERN, CDEF) 
PL 28B 208 +Lubatti, Six, Veillet+ (ORSA, MILA, UCLA) 
NP B7 1 +Koch, Potter, Wilson, VonLindern+ (CERN, MPIM) 
PR 166 1 3 6 5  +Blumenthal, Ehn, Faissler+ (HARV) 
NP B6 825 +RODS (CERN) 
PRL 19 865 +Becker, Bertram. Joos, Jordan+ (DESY, COLU) 
PR 157 1268 ÷FickinEer, Hill, Hopkins, Robinson+ (BNL) 
PR 164 1699 +Johnson, Klein, Peters, Sahni, Yen+ (PURD) 
PL 24B 252 +Marquit, Oppenheimer, Schultz, Wilson (COLU) 
PL 24B 634 +Koch, Pellett, Potter, VonL~ndern+ (CERN, MPIM) 
PR 158 1428 +Gutay, Johnson, Loeffler+ (PURD) 
PR 145 1 0 7 2  Alff-Steinberger, Bedey+ (COLU, RUTG) 
PL 21 111 (ROCH) 
PR 145 1128 +Selove, Alitti, Baton+ (PENN, SACL) 
PR 152 1183 +Pan (PENN, LRL) 
UCRL 16877 (LRL) 
PR 142 896 ~Kraybi~l (YALE, BNL) 
PR 149 1089 +Boyd, Erwln, Walker (WISC) 
PL 19 444 +Freytag, Geibel+ (CERN Missing Mass Spect Collab.) 
PRL 12 254 +Lander, Rindfleisch, Xuong, Yager (UCB) 
PRL 12 336 +Brown, Kadyk, Shen+ (LRL, UCB) 
PRL 11 381 +Lander, Mehlhop, Nguyen, Yager (UCSD) 

- -  O T H E R  R E L A T E D  PAPERS - -  

ZPHY C29 485 +Olsson (WISC) 
ZPHY C28 65 +Sakrejda (CRAC) 
JETPL 37 783 +Lelchuk, Pakhtusova+ (NOVO) 
Translated from ZETFP 37 618. 
JETP 55 591 +Kartamyshev, Makarin+ (KIAE) 
Translated from ZETF 82 1007. 
PRL 44 706 +£handlee, Biel+ (ROCH. PNAL, MINN) 
PR DI7 62 +Cautis, Cohen, Csorna+ (COLU, BING) 
PL 76B 512 +Ribes, Rumpf, Bertrand, Bizot, Chase+ (LALO) 
LNC 12 627 +RoDs, Tornqvist (HELS) 
PR D1O 1 4 3 0  +Matthews, Walker+ (SLAC, DUKE, WISE, iNTO) 
PR D10 1387 +Hodous, Hulsizer, Kistiakowsky, Levy+ (MIT) 
PL 51B 106 +Abramson. Andrews, Harvey+ (CORN, ROCH) 
PR D9 126 +Yennie (CORN) 
NP B65 253 Charlesworth, Emms, Bell+ (RHEL. BIRM, DURH) 
PL 38B 555 +Carnegie, Kluge, Leith, Lynch, Ratcliff+ (SLAC) 
PL 41B 178 +Froggatt. Petersen (CERN) 
NP B38 1 +Heinloth, Hohne, Hofmann, Rathje+ (DESY, HAMB) 
PR DS 15 +Ballam, Dagan+ (REHO, SLAC, TELA) 
NP B50 29 ~-Hyams, Jones, Weilhammer, Blum+ (CERN, MPIM) 
Phil, Conf. 5 -~Hyams, Jones, Schlein+ (CERN, MPIM) 
PR D6 1266 +Barish+ (TOHO, PENN, NDAM, ANL) 
NP B35 183 
PR D3 635 
PRL 24 955 
PR D1 8077 
LNC 2 214 
PL 28B 508 
Argonne Conf. 378 
PR 184 1461 
PR 178 2061 
PR 177 1966 
NP BIO 563 
Argonne Conf. 306 
NC 53A 1045 
NC 52A 1348 
NP B4 501 
NP R6 174 
PR 176 1651 
PR 166 1405 
PR 166 1430 
PR 166 1395 
PRL 21 1613 
NC 5OA 776 
PL 25B 300 

Bloodworth, Jackson, Prentice, Yoon ( iNTO) 
+Biswas, Cason, Groves, Johnson+ (NDAM) 
+Fretter, Moffeit, BalJam+ (LRL, SLAC, TUFT) 
+Mott, Alyea, Lee, Martin, Prickett (IND) 
+Lefrancois, Lehmann, Matin+ (ORSA) 
+Bizot, Buon, Haissinski, Lalanne+ (ORSA} 

(ORSA) 
+Leacock, Rhode, Kopelman, Libby+ (ISU, COLO) 
+ Lichtman, Willmann (PURD) 
+Ammar, Davis, Kropac, Slate+ (NWES, ANL) 
+ Pisut (£ERN, CMNS) 

Scharenguivel (PURD) 
Blechschmidt, Dowd, Eisner+ (OESY, MCHS) 
Blechschmidt 

+Deutschmann+ (AACH, BERL, CERN) 
+Edwards, Frodesen, Bettini+ {LIVP. OSLO, PADO) 
+Poirier, B~swas, Gutay+ (NDAM, PURD, SLAC) 
+Bleuler, CaldwelL Eisner, Harting+ (CERN) 
+Prentice, Cooper, Manner+ (TNTO, ANL, WISC) 
+Cason, Biswas, Derado, Groves+ (NDAM) 
+Hagopian+ (PENN, LRL, COLD, PURD, TNTO+) 

AUes-Borelli, French, Frisk+ (CERN, BONN) 
+Fayoux, Hamel, Zsembery, Cheze+ (SACL, CAEN) 



Vli.14 

M e s o n  Ful l  L i s t i n g s  

p(770), c0(783) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

12.0 ±2.0 1430 COOPER 78B HBC 0.7-0.8~p ~ 5~r 
9.4 ±2 .5  2100 GESSAROLI 77 HBC 11 7r p ~ :~= 

10.22±0.43 20000 5 KEYNE 76 CNTR ~r- p ~ ~ n  
13.3 ± 2  418 AGUILAR-... 72B HBC 3.9,4.6 K p 
10.5 4-1.5 BORENSTEIN 72 HBC 2.18 K -  p 
7 .70±0.9  ±1.15 940 BROWN 72 MMS 2,5 ~r- p ~ n MM 

10.3 &1.4 510 BIZZARRI 71 HBC O , O p # ~  K I K I ~  
12.8 ±3 .0  248 BIZZARRI 71 HBC 0,0 p~  ~ K + K -  '~ 

BARLOW 67 NC 50A 701 +Lillestol. Montanet+ (CERN, COEF, IRAD, UVP) 
BATON 67 PL 25B 419 +Laurens, Reignier (SACL) 

Also 67B NP e3 349 Baton, Laurens, Reignier (SACL) 
CLEAR 67 NC 49A 399 +Johnston, Cooper, Manner+ (TNTO, ANL, WISE) 
DANYSZ 67B NC 51A 801 +French, Simak (CERN) 
FRENCH 67 NC 52A 438 +Kinson, McDonald, Riddiford+ (CERN, BIRM) 
POIRIER 67 PR 163 1462 +Biswas, Cason, Defado, Kenney+ (NDAM, PENN) 
ACCENSI 60 PL 20 557 +Alles-Borelli, French, ~risk+ (CERN) 
BALTAY 66B PR 145 1103 +Franzin~, Lutjens, Sevedens, Tycko+ (COLU) 
CAMBRIDGE 66 PR 146 994 (Carnbridge Bubble Chamber Collab.) 
CASON 66 PR 148 1282 (WISE) 
DEUTSCH.. 66 PL 20 82 Deutschmann, Steinberg+ (AACH, BERL, CERN) 
ALYEA 65 PL 15 82 +Crittenden, Martin. Rhode+ (IND) 
ARMENISE 65 NC 37 361 (SACL, ORSA, BARI, BGNA) 
CLARK 65 PR 139B 1 5 5 6  +Christenson, Cronin, Turlay (PRIN) 
GUTAY 65 NC 39 381 +Lannutti, Tub (FSU) 
ZDANIS 65 PRL 14 721 +Madansky, Kraemer+ (JHU, BNL) 
BONDAR 64 NC 31 729 + (AACH, BIRM, BONN, DESY. LOIC, MRIM) 
GUIRAGOS.. 63 PRL 11 85 Guiragossian (LRL) 
SACLAY 63 Siena Cone 1 239 (SACL, OBSA, BARh BGNA) 
KENNEY 62 PR 126 736 +Shephard, Gall (KNTY} 
SAMIOS 62 PRL 9 139 +Bachman, Lea+ (BN£, CUNY, COLU, KNTY) 
XUONG 62 PR 128 1849 +Lynch (LRL) 
ANDERSON 61 PRL 6 365 +Bang, Burke, Carmony, Schmitz (LRL) 
ERWlN 61 PRL E 628 +March, Walker, West (WlSC) 

I (783) I = o-i,--i 

~(783) MASS 

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
~81.95+0.14 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below. 

781.78±0.10 BARKOV 87 CMD e + e -  ~ ~r + ~r- =0 
782.2 3.0.4 KURDADZE 83B OLYA e + e 
783.3 4-0.4 CORDIER 80 WIRE e + e -  ~ ~r + ~T-- ~r 0 
782.5 ±0 .8  33260 ROOS 80 RVUE 0 . 0 - 3 . 6 p p  
782.6 d-0,8 3000 BENKHEIRI 79 OMEG 9-12 ~l- p 
781,8 4-0.6 1430 COOPER 78B HBC 0.7~O.8~p ~ 5~ 
782.7 4-0.9 535 VANAPEL... 78 HBC ? . 2 ~ p  ~ ~po., 
783.5 ±0 .8  2100 GESSAROLI 77 HBC 11 = -  p ~ ~ =  
782.4 ±0 .5  7000 1KEYNE 76 CNTR ~ r - p ~  u~n 
782.5 3.0.8 418 AGUILAR ... 72B HBC 3.9,4.6 K -  p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

783.4 3.1.0 248 BIZZARRI 71 HBC 0.0 p~  ~ K + K ~, 
781.0 ±0 .6  510 BIZZARRI 71 HBC 0.0 p p  ~ K 1 K 1 .~ 
783.7 ±1 .0  2 COYNE 71 HBC 3.7 =+ p 

9.5 4-1.0 4270 COYNE 71 HBC 3.7 =+ p 

4 Relativistic Breit Wigner includes radiative corrections. 
5 Observed by threshold-crossing technique. Mass resolution = 4.8 MeV FWH M. 

~(783) DECAY MODES 
Scale factor/ 

Mode Fraction ( F i / F )  Confidence level 

F1 7 r + T r - ~  ° (88.8 ±0 ,6  ) %  

F2 ~TO'7 ( 8.5 ±0 .5  ) %  

F3 ~-4 7r (2 .214-0 .30)  % 

I- 4 neu t ra l s  ( e x c l u d i n g  ~ ° - r )  ( 4 4  +27Z~ ) x 10 3 

F 5 ~ 0 e - e  ( 5.9 ±1 .9  ) x l O  4 

r6 ,F, ( 47 +~i )×1° 4 s-1.1 

F 7 ~T0,t~IZ ( 9.6 ±2 .3  ) x 10 - 5  

F 8 e+e - ( 7.07=_0.19) x 1 0  5 S= l .1  

1-9 ,'T + ~r 7r 0 ~0 < 2 % CL=90% 

FlO ~T + ~ % < 4 × 10 3 CL--95% 

F l l  IT -- ~ - /r ± IT < 1 ×10  3 EL=90% 

F12 ~TO/T0"~ < 4 x 10 -4 CL--90% 

F13 IN- t t  < 1.8 x 10 4 EL=g0% 

r14 rpT 0 

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall  f i t  to 6 branching ratios uses 22 measurements and one 
const ra in t  to determine 4 parameters. The overall f i t  has a X 2 = 

11.3 for 19 degrees of freedom. 

784.1 3_1.2 750 ABRAMOVI...  70 HBC 3.9 = p 
783.2 ± 1 6  3 BIGGS 70B CNTR <4.1 ~fC ~ =+ ~ C 
782.4 ±0 .5  2400 BIZZARRI 69 HBC 0 . 0 ~ p  

1Observed by threshold-crossing technique. Mass resolution - 4.8 MeV FWHM. 
2 From best-resolution sample of COYNE 71. 
3From ~-p interference in the 7r + 7r- mass spectrum assuming ~ width 12.6 MeV. 

WEIGHTED AVERAGE 
781.95 ¢ O.14 (Error sca led  by 1.6) 

~ . .  X2 

. . . . . . . . . .  BARKOV 87 CMD 3.0 
I ~ . . . . . . .  KURDADZE 83B 0LYA 0.4 
I ~  I . . . .  CORDER B0 WIRE 11.3 
I . . ~ Y i T - - - I ~  . . . . . .  ROOS 80 RVUE 0.5 
] ~ . . . . . .  BENKHEIRI 79 0MEG 0,6 

. . . . . . . . . . .  COOPER 78B HBC 0.1 
] ~ ~ . . . .  VANAPEL... 78 HBC 0.7 
I ~ " I ' GESSAROLI 77 HBC 3.7 
[ ~  I . . . . . . . .  KEYNE 76 CNTR 0.8 

/ - ~ J = = ~  - ~  • . . . . .  AGUILAR .... 72B HBC 0.5 

21.6 
. . ~  ~ /  ~ ( C o n f i d e n c e  Leve l  = O.O10) 

~ "  ~,1" I I ~ " - ~  ' I 

7 8 0  781 7 8 2  7 8 3  7 8 4  7 8 5  7 8 6  

c~(783) mass (MeV)  

~(783) WIDTH 

VALUE (MeV] EVTS DOCUMENT ID TEEN COMMENT 

° ooR AVERA   
8 4  ±0 .1  4 AULCHENKO 87 ND e + e , 7r + 7r- ~r 0 
&30±0 .40  BARKOV 87 CMD e + e  - ~ 7 r + ~ - ~  0 
9.8 ±0 .9  KURDADZE 83B OLYA e + e -  
9.0 3.0.8 CORDIER 80 WIRE e + e -  ~ 7r + = =0 
9.1 3.0.8 BENAKSAS 72B OSPK e ~ e -  

The fo l lowing of f -d iagonal  array elements are the correlat ion coefficients 

~ b x i g x 2 } / ( g x £ g x j ) ,  in percent, from the fit to  the branching fractions, x~ 

F~/Ftota I. The fit constrains the % whose labels appear in th is array to sum to 

one. 

x 2 12 

x 3 - 4 4  5 

x 4 69 71 0 

Xl x2 x3 

~(783) PARTIAL WIDTHS 

r(e+e-) 
VALUE (keV) DOCUMENT ID 
0.604-0.02 OUR EVALUATION E r r o ~ c c a l e  factor of 1.1. 

F8 

~(783) BRANCHING RATIOS 

r (neutrals)/r (It + ~ -  7r °) ( r2+ F4)/Q 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.1014-0.007 OUR FIT Error includes scale factor of 1.1. 
0.1054-O-009 OUR AVERAGE 
0.15 ±0 .04  46 AGUILAR-... 72B HBC 3.9,4.6 K -  p 
0.10 ±0 .03  19 BARASH 67B HBC 0 .O~p 
0 .134±0026  850 DIGIUGNO 66B CNTR 1.4 7r p 
0.097±0.016 348 FLATTE 66 HBC 1.8 K -  p 

0.06 + 0 0 5  JAMES 66 HBC 2.1 7r + p 
-0.02 

0.08 ±0.03 35 KRAEMER 64 DBC 1.2 7r + d 

0.11 ±0.02 20 BUSCHBECK 63 HBC 1.5 K p 

r ( ~ + ~ - ) / r ( ~ + ~ - ~  °) 
See also F(Tr + ~ - ) / r t o t a  I • 

VALUE DOCUMENT ID TEEN COMMENT 
0.02494-0.0035 OUR FIT 
0.026 =1=0.005 OUR AVERAGE 

0.021 +0.028 6 RATCLIFF 72 ASPK 15 7r p ~ n2,~ 
0009 

0.028 ± 0 0 0 6  BEHREND 71 ASPK Photoproduction 

0.022 + 0 0 0 9  7 ROOS 70 RVUE 
-0 .01  

F31FI 

6 Significant interference effect observed, NB of ~ ~ 3~ comes from an extrapolation. 
7 ROOS 70 combines ABRAMOVlCH 70 and BIZZARRI 70. 



See key on page IV.1 
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Meson Full Listings 
c ~ ( 7 8 3 )  

r (~%) I r (~+~-~  °) 
VALUE DOCUMENTID 
0 .0964-0 i~6  OUR FIT 
0.096=t=0.006 OUR AVERAGE 
0.099/:0.007 DOLINSKY 
0.084 ± 0.013 KEYN E 
8.109:50.025 BENAKSAS 
0.081/:  0.020 BALDIN 
0.13 / :0 .04 JACQUET 

r (Tr+ ~r- 7)/r (~r+ ~r- ~r ° ) 

r21rl 
TECN COMMENT 

89 ND e + e  - ~ ;r0./ 
76 CNTR r r - p ~  ~ n  
72C OSPK e + e -  
71 HLBC 2.9 ;r+ p 
69B HLBC 

rio/r1 
VALUE CL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.066 90 
<0.05 90 

r( .+ ~r- ~)/rtotal 
VALUE 

<0.004 95 

r(~+~-,~+=-)/rtotal 
VALUE 

< I  x 10 - 3  90 

r (~/- ~- ~0 =0)/rtota I 
VALUE (units lO 2) CL% 

<2 90 

r0 ,+ . - ) / r (~+  ~-,r° ) 
VALUE (units lO 3) CL % 

<0.2 90 
• • • We do not use the following 

<1.7 74 
<1.2 

r (Tr°~r°1')/r(~%) 
VALUE 

• • * We do not use the following 

<0.005 90 
<0.18 95 
<0.15 90 
<0.14 
<0.i 90 

KALBFLEISCH 75 HBC 2.2 K -  p 
FLATTE 66 HBC 1.8 K -  p 

r lo/r 
DOCUMENT ID TECN COMMENT 

BITYUKOV 88B SPEC 

DOCUMENT ID TECN 

KURDADZE 88 OLYA 

DOCUMENT ID TECN 

KURDADZE 86 OLYA 

3 2 ~ - p ~  7r+Tr 7 X  I 
r n / r  

COMMENT 

e + e -  - -  I 
; r+ ; r -  1r9- l r -  

r9/r 
CH6 COMMENT 

0 e + e  - 
7r + 7 r -  ;rO ;tO 

DOCUMENT 113 TEEN COMMENT 

WILSON 69 OSPK 12 ; r -  C ~ Fe 
data  for averages, fits, limits, etc. • • • 

FLATTE 66 HBC 1.8 K p 
BARBARO ... 65 HBC 2.7 K -  p 

DOCUMENT 10 TECN COMMENT 

data for averages, fits, limits, etc. • • • 

DOLINSKY 89 ND e + e -  
KEYNE 76 CNTR 7r p ~  ~ n  
BENAKSAS 72C OSPK e + e -  
BALDIN 71 HLBC 2.9 zr + p 
BARMIN 64 HLBC 1.3-2.8 ~r- p 

r l3/r l  

r12/r2 

[r(n~) + r(n~o)]/r(~+~-= o) (rg+rl . ) /r l  
VALUE C L ~  DOCUMENT tD TECN COMMENT 

<0.017 90 FLATTE 66 HBC 1.8 K p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.045 95 JACQUET 69B HLSC 

r (neutrals)/r(charged particles) (r2+r4) / (r l+r3)  
VALUE DOCUMENT ID TECN COMMENT 
0.0984-0.807 OUR FIT Error includes scale factor of 1.1. 
0.1244-0.021 FELDMAN 67C OSPK 1.2 7r- p 

r(~%%)/r(~+~r-~°)  r12/rl 
VALUE ~ DOCUMENT IO TECN COMMENT 

<0.00045 90 DOLINSKY 89 ND e + e -  I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.08 95 JACQUET 69B HLBC 

r(n-~)Ir(Ir%) r6/r 2 
VALUE DOCUMENT ID TEEN COMMENT 
0.00824-0.0033 OUR AVERAGE 
0.0082/_0.0033 8 DOLINSKY 89 ND e + e -  I 
0.010 -E0.045 APEL 728 OSPK 4-8 ;r p ~ n37 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.039 9-0.007 9 DOLINSKY 89 ND e + e I 

8Solution corresponding to constructive c~-p interference. The quark model predicts a 
relative decay phase of zero. 

9 Solution corresponding to destructive p ~  interference. I 

r 0r%+~-)/rtota, rT/r 
VALUE (units lO 4) DOCUMENT ID TEEN COMMENT 

0.96/ :0.23 DZHELYADIN 81B CNTR 25-33 r r -  p ~ ~,n 

I" (Tr 0 e + e - ) / l - t o t a  I r s l r  

VALUE (units i0 4) EVT5 DOCUMENT ID TECN COMMENT 

5.9/ :1 .9  43 DOLINSKY 88 ND e + e -  ~ ; r 0 e + e -  I 

r (e + e-)/rtota I r8/r 
VALUE (units 10 4) EVTS DOCUMENT 10 TECN COMMENT 

0.7074-0.019 OUR AVERAGE Error includes scale factor of 1.1. 
0.714:50.036 DOLINSKY 89 ND e + e -  I 
0.72 t 0 . 0 3  BARKOV 87 CMD e + e  - ~ ; r + T r - l r  0 
0.64 /-0.04 KURDADZE 83B OLYA e + e -  
0.675/-0.069 CORDIER 80 WIRE e + e -  ~ 3z 
0.83 / :0 .10 BENAKSAS 72B OSPK e/- e -  ~ 3~r 
0.77 / :0 .06 10 AUGUSTIN 69D OSPK e + e -  ~ 27r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.65 /-0.13 33 11 ASTVACAT... 68 OSPK Assume SU(3)+mix ing 

10 Rescaled by us to correspond to w width 8.4 MeV. 
11Not resolved from p decay. Error statistical only. 

r (neutrals)/rtotal (r2+r4)/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.069=1=0.006 OUR FIT Error includes scale factor of 1.1. 
0.0794-0.0,09 OUR AVERAGE 
0.073/:0.018 42 BASILE 728 CNTR 1.67 l r -  p 
0.075/:0.025 BlZZARRI 71 HBC 0.0 p~  
0.079/:0.019 DEINET 69B OSPK 1.5 Tr- p 
0.084+0.015 BOLLINI 68C CNTR 2.1 7r- p 

r ( ~  + ~r - ) / I - t o t a l  r3/r 
See also r(.+ ~-)/r(~+ 7- ~0) . 

VALUE DOCUMENT ID TECN COMMENT 
OIF221=EOJ~30 OUR FIT 
0.02I =t=0.004 OUR AVERAGE 
0023 / :0.005 BARKOV 85 OLYA e + e -  

0.016 +0.009 - 0 . 0 0 7  QUENZER 78 CNTR e + e -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.010 / :0.001 12 WlCKLUND 78 ASPK 3,4,6 7r/: N 
0.0122/-0.0030 ALVENSLEBEN71c CNTR Photoproduction 

0.013 +0.012 -0.009 MOFFEIT 71 HBC 2.8,4.7 ~fp 

0 nn~n+0.0028 ..... 0.002 1381GGS 70B CNTR 4.27C~ =+=-C 

12 From a model-dependent analysis assumin~ complete coherence, 
13 Re-evaluated under r(Tr + ~ r - ) / r (T r  + ~r- ;rU) by BEHREND 71 using more accurate ~ 

p photoproduction cross-section ratio. 

r(Tr%r°7)/r(neutrals) r12/(r2+r4) 
VALUE CL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.22J_0.07 14 DAKIN 72 OSPK 1.4 ; r -  p ~ n MM 
<0.19 90 DEINET 69B OSPK 

14See r ( ; r0~/ ) / r (neut ra ls )  . 

r(Tr%)/r (neutrals) r2/(r2+r4) 
VALUE C L ~  DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, e t c . •  • • 

0.78/-0.07 15DAKIN 72 OSPK 1 . 4 ~ T - - p ~  n M M  
>0.81 90 DEINET 69B OSPK 

15 Error statistical only. Authors obtain good fit also assuming .~0 ? as the only neutral 
decay. 

r (n'7)/rtota, ro/r 
VALUE (units lO -4) DOCUMENT ID TECN COMMENT 

4 7 / :2 .2  " - -  1.8 OUR AVERAGE Error includes scale factor of 1.1. 

7 .3±2 .9  16 DOLINSKY 89 ND e + e -  I 
+ 2 5  

3 .0_ 118 16 ANDREWS 77 CNTR 6.7-10 7Cu 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

35 / -5  17 DOLINSKY 89 ND e + e -  I 
29.0/ :7 .0 17 ANDREWS 77 CNTR 6.7-10 7Cu 

16Solution corresponding to constructive u~-p interference. The quark model predicts a 
relative decay phase of zero. 

17 Solution corresponding to destructive w-p interference, 

r (~%+~ ' - ) / r ( .% '-)  rT/r13 
VALUE EVTS DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1 .2 / :0 .6  30 18DZHELYADIN 79 CNTR 2 5 - 3 3 7 r - p  

18 Superseded by DZHELYADIN 81B result above. 

r(~%r- 7r°)/rtota, r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0.8942=1=0.0062 DOLINSKY 89 ND e + e I 
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Meson Full Listings 
~ ( 7 8 3 ) ,  q ' ( 958 )  

DOLINSKY g9 
BITYUKOV 88B 
DOLINSKY 88 
KURDADZE 88 

AULCHENKO 87 
BARKOV 87 

KURDADZE 86 

BARKOV 85 
KURDADZE 83B 

DZHELYADIN 81B 
CORDIER 80 
RODS 80 
BENKHEIRI 78 
DZHELYADIN 79 
COOPER 78B 
QUENZER 78 
VANAPEL 78 
WlCKLUND 78 
ANDREWS 77 
GESSAROLI 77 
KEYNE 76 

Also 73B 
KALBFLEISCH 75 
AGU&AR- . 72B 
APEL 72B 
BASILE 72B 
BENAKSAS 72B 
BENAKSAS 72C 
BORENSTEIN 72 
BROWN 72 
DAKIN 72 
RATCLIFF 72 
ALVENSLEBEN 71e 
BALDIN 71 

BEHREND 71 
BIZZARRI 71 
COYNE 71 
MOFFEIT 71 
ABRAMOVI. 7(] 
BIGGS 70B 
BIZZARRI 70 
RODS 70 

Proc. Daresbury 
AUGUSTIN 89D 
BlZZARRI 69 
DEINET 69B 
JACQUET 698 
WILSON g9 

Also 69 
ASTVACAT . 68 
BOLLINI 68C 
BARASH 87B 
FELDMAN 67C 
DIGIUGNO 66B 
FLATTE 66 
JAMES 66 
BARBARO 65 
BARMIN 64 

KRAEMER 64 
BUSCHBECK 63 

DOLINSKY 8E 
KURDADZE 83 

BARTKE 77 
EMMS 75E 
RODS 75 
ESTABROOKS 74B 
GREGOBIO 74 
KRAMER 74 
EISENBERG 72 
ABRAMS 71 
ANGELOV 71 

BARDADtN .. 7i 
BLOODWO , 71 
CHAPMAN 71 
FIELDS 71 
MATTHEWS 71B 
CASON 70 
DANBURG 70 
FLATTE 70 
GOLDHABER 70B 
HAGOPIAN 70 
DANBURG 59 
ERWlN 69 
MILLER 69 
STRUGALSKI 698 
KEY 68 
PISUT 68 
WEHMANN 68 
HERTZBACH 67 
B[NNIE 65 
MILLER 65B 
ZDANIS 65 
ARMENTEROS 63 
BARM~N 63 
GELFAND 63 
MURRAY 63 
ALFF .. g2B 
ARMENTEROS 62 
STEVENSON 62 
MAGLICH 61 
PEVSNER 61 
XUONG 61 

~ ( 7 8 3 )  R E F E R E N C E S  

ZPHY C42 511 +Druzhinin, Dubrovin, Golubev+ (NOVO) 
YAF 47 1258 +Borisov, Viktorov, Golovkin+ (SERP) 
YAF 48 442 ~Druzhinin, Dubrovin, Golubev+ (NOVO) 
JETPL 47 512 ~Leltchouk, Pakhtusova, Sidorov+ (NOVO) 
Translated from ZETFP 47 432 
PL B186 432 +Dolinsky, Druzhinin, Dubrovia+ (NOVO) 
JETPL 46 164 +Vasserman, Vorobev, Ivanov (NOVO) 
Translated from ZETFP 48 132. 
JETPL 43 643 +Lelchuk, Pakhtusova, Sidorov, Skrinskii~ (NOVO) 
Translated from ZETFP 43 497. 
NP B256 365 +Chil ingarov, Eidelman, Khazin, Lelchukt (NOVO) 
JETPL 36 274 +Pakhtusova, Sidorov+ (NOVO) 
Translated from ZETFP 36 221. 
PL 102B 298 +Golovkin, Konstantinov+ (SERP) 
NP B172 13 -DeRourt, Eschstruth, Pu~da+ (LALO) 
LNC 27 321 ~Pelllnen (HELS) 
NP B150 268 -Eisenstein+ (EPOL CERN, CDEF, LALO) 
PL S4B 143 +Golovkin, Gritsuk+ (SERP} 
NP B146 1 +Gurtu+ (TATA, CERN, CDEF, MADR) 
PL 76B 512 +Ribes, Rumpf, Bertrand, Bizot, Chase+ (LALO} 
NP B133 245 VanApeldoorn, Grundeman. Harting+ (ZEEM) 
PR DI? 1197 +Ayres, Diebold, Greene, Kramer, Pawlick~ (ANL) 
PRL 38 198 +Fukushima, Harvey, Lobkowicz, May+ (ROCH) 
NP B12g 382 + (BGNA, FIRZ, GENO, MILA, OXF, PAVl) 
PR D14 28 +Binnie, C~rr, Debenham, Garbutt+ (LOIC, SHMP) 
PR D8 2789 Binnie. Carr, Debenham, Duane+ (LOIC, SHMP) 
PR D l l  987 +Strand, Chapman (BNt, MICH) 
PR D6 29 Aguilar-Benitez, Chun 8, Eisner, Samios (BNL) 
PL 41B 234 +Auslander, Muller, Bertolucci~ (KARL, PISA) 
Phil. Conf. 153 +Bollini, Broglin, Dalpiaz, Frabetti+ (CERN) 
PL 428 507 +Cosine, Jean-Marie, Jullian (ORSA) 
PL 42B 511 +Cosme, Jean Marie, Jullian, Lap~anche+ (ORSA) 
RR D5 1559 +Danbur8, Kalbfleisch+ (BNL, MICH) 
PL 42n 117 +Downing, Holloway, Huld, Bernstein~ ( i l l ,  ILLC) 
PR D6 2321 4Hauser, Kreisler, Mischke (PRIN) 
PL 38B 345 +Bulos, Carnegie, Kluge, Leith, Lynch+ (SLAC) 
PRL 27 888 +Becker, Busza, Chert, Cohen+ (DESY) 
SJNP 13 758 +YerBakov, Trebukhovsky, 5hishov (ITEP) 
Translated from YAF 13 1318. 
PRL 27 61 +Lee, Nordberg, Wehmann+ (ROCH, CORN, FNAL) 
NP 827 140 *Montanet, Nilsson, D'Andlau+ (CERN, CDEF} 
NP B32 333 +Butler, Fang-Landau, MacNaughton (LRL) 
NP B29 349 ~Bingham, Fretter+ (LRL, UCB, SLAG, TUFT) 
NP B20 209 Abramovich, Blumenfeld, Bruyant+ (CERN) 
PRL 24 1201 +ClifR, Gabathuler, Kitchins, Rand (DARE) 
PRL 25 1385 +Ciapetti. Doze, Gaspero, Guidoni+ (ROMA, SYRA) 
ONPL/R7 173 (CERN) 
Study Weekend No 1 
PL 28B 513 +Benaksas, Buon. Gracco, Haissinski+ (ORSA) 
NP B14 169 +Foster, Gavillet, Montanet+ (CERN, CDEF) 
RL 388 428 +Menzione, Muller, Buniatov+ (KARL, CERN) 
NC 83A 743 +Nguyen-Khac, Haatuft, Halsteinslid (EPOL, BERG) 
Private Comm. (HARV) 
PR 178 2095 Wehmann+ (HARV, CASE, SLAC, CORN, MCGI) 
PL 278 45 Astvacaturov, Azimov, Bald±n+ (JINR, MOSU) 
NC 56A 531 -Buhler, Dalpiaz, Massam+ (CERN, BBNA, STRB) 
PR 15b 1399 ~Kirsch, Miller, Tan (COLU) 
PR 159 1219 ~Frati, Gleeson, Haipern, Nussbaum+ (PENN) 
NC 44A 1272 +Peruzzi, Troise+ (NAPL, FBAS, TRST) 
PR 145 1050 ~Huwe. Murray, Button Sharer, Solmitz+ (LRL) 
PR 142 896 ÷Kraybill (YALE, BNL) 
PRL 14 279 Barbaro-Galtieri, Tripp (LRL) 
JETP 18 1 2 8 9  +Dolgolenko, Krestnikov+ CITER) 
Translated from ZETF 45 1879 
PR 136B 496 +Madansky, Fields+ (JHU, NWE5, WOOD) 
Siena Conf I 166 +Czapp* (VIEN, CERN. ANIK) 

- -  O T H E R  RELATED P A P E R S  - -  

PL 8174 453 +Druzhinin, Dubrovin, Eidelmank (NOVO) 
JETPL 37 733 +Le~chuk. Pakhtusova+ (NOVO) 
Translated from ZETFP 37 613 
NP B118 360 + (AACH, BERL, BONN, CERN, CRAC, LOIC+) 
NP B98 1 +Kinson, Stacey, Bell, Dale+ (BIRM, DURH, RHEL) 
NP B97 155 (HELS) 
NP 881 70 -Hyams, Jones, Blum+ (CERN, MPIM) 
NC 20A 437 (ICTP) 
PRL 33 505 ~Ayres, Diebold, Greene. Pawlicki+ (ANL) 
PR D5 15 +Ballam, Dagan+ (REHO, SLAC, TELA) 
PR D4 853 +Burnham, Butler, Goyne. Goldhaber. Hall+ (LBL) 
SJNP 12 427 +Gramenitsky, Kanasirsky, Keratschew+ (JINR) 
Translated from YAF 12 788. 
PR D4 2711 Bardadin Otwinowska, Hofmokl+ (WARS) 
NP 835 133 Bloodworth, Jackson, Prentice, Yoon (TNTO) 
PR D3 38 +Fortaey, Fowler (DUKE) 
PRL 27 1749 +Cooper, Rhinos, Allison (ANL, OXF) 
PRL 26 400 +Prentice, Yoon, Carroll, Walker+ (TNTO, wISe) 
PR D1 851 ~Andrews, Biswas, Groves, HarRnston- (NDAM) 
PR D2 2564 +Abolins, Dahl, Davies, Hoch, Kirz+ (LRL) 
PR 01 1 (LRL) 
Phil Conf. 59 (LRL) 
PRL 25 1050 +Hagopian, BoganC Se~ove (FSU, PENN) 
UCRL 19275 Thesis (LRL) 
NP B9 364 +Walker, Goshaw, Weinberg (WlSC, PRIN, VAND) 
PR 178 2061 +Lichtman, Willmann (PURD) 
PL 29B 532 +Chuvilo, Fenyves+ (WARS, JINR, BUDA) 
PR 166 1430 +Prentice, Cooper, Manner+ (TNTO, ANL, WISC) 
NP B6 325 +Boos (CERN) 
PRL 20 748 +Engels+ (HARV. CASE SLAG, CORN, MCGI) 
PR 155 1461 +Kraemer, Madansk] Zdanis+ (JHU, BNL) 
PL 18 348 +Duane, Jane, Jones+ (LOIC, MCH5) 
CU 237/Nevis i31 Thesis (COLU) 
PRL 14 721 ~Madansky, Kraemer+ (JHU, BNL) 
Siena Conf 1 296 +Edwards, Jacobsen+ {CERN, CDEF) 
Siena Conf i 287 +Dolgolenko, Krestnikov+ (ITEP) 
PRL 11 436 +Miller, Nussbaum, Ratau+ (COLU, RUTG) 
PL 7 358 +Ferro LuzzL Huwe, Sharer, So~mitz+ (LRL) 
PRL 9 125 Alff SteinberBer, BedeK Colley+ (COLU, RUTG) 
CERN Conf 90 +Budde+ (CERN, CDEF, EPOL) 
nR 125 g87 ±Alvarez. MaGI±oh, Rosenfeld (LRL) 
PRL 7 178 +A~varez, nosenfeld, Stevenson (LRL) 
PRL 7 421 +Kfaemer, Nussbaum, Richardson+ (JHU / 
PRL 7 327 +Lynch (LRL) 

ic(j PC) = 0+(0-+) 

O u r  latest m in i - rev iew on th is  par t ic le can be f ound  in the  1984 edi t ion,  See 

also the  min i - rev iew under  non-qq candidates.  (See the  index  for  t he  page 

n u m b e r . )  

r / ( 9 5 8 )  M A S S  

VALUE (MeV) E V T 5  DOCUMENT ID TECN COMMENT 
957.50±0.24 OUR AVERAGE 
956.3 ± 1 0  143 ± 12 GIDAL 87 MRK2 e + e 

e k e  71~r~ 7r 
957.46±0.33 D U A N E  74 MMS 7r- p ~ n M M  
958.2 -}-0.5 1414 D A N B U R G  73 HBC 2.2 K -  p ~ A X  O 
958 ± 1  400 JACOBS 73 HBC 2.9 K p ~ A X  0 

956.1 ±1.1 3415 BASILE 71 C N T R  1 . 6 7 r - p - -  nX 0 
957.4 ±1,4 535 BASILE 71 CNTR 1.6~T p ~  nX 0 
957 ±1 RITTENBERG 69 HBC 1.7-2.7 K -  p 

~ / ( 9 5 8 )  W I D T H  

We include direct measurements of the 7/(958) total  w id th and 3"7 partial width 
together w i th  the measured branching ratios in the f i t  for the partial decay rates. 

VALUE (MeV) E V T 5  DOCUMENT ID TEeN CHG COMMENT 
0.208=t=0.021 OUR FIT Error includes scale factor of 1.4. 
0,28 ±0 .10  1000 BINNIE 79 M M 5  0 = p ~ n M M  

T / ( 9 5 8 )  D E C A Y  M O D E S  

Scale factor/  
Mode Fraction ( F i / F )  Confidence level 

F I z+rr 1} (44.2 ±i.7 )% 5 1.2 

F2 p0s' (30.0 ±1,5 )% 5=i.i 

F 3 ~T0~TO'q (20.5 /:1.3 )% 5=1.3 

F4 ~7 (3.00±0.31) % 

F 5 ",~/ (2.16:c0.17) % 5-1.5 

F 6 3~T 0 (h53±0.26)  × 10 . 3  S-1.1 

F7 F + I t -  -f ( 1 . 0 6 ± 0 . 2 7 )  × 10 - 4  

F 8 ~T + T, ~T 0 < 5 % C L - 9 0 %  

F9 =OpO < 4 % CL=90% 

F10 ~T ~ ~ < 2 % CL--90% 

Fl I ~0 e + e- < 1,3 % CL-90% 

F12 l i e  + e < i . i  % C L - 9 0 %  

1-13 /r + 7; -+  ~ 7;- < 1 % C L - 9 0 %  

1-14 ~T ÷ ~ + ~  = n e u t r a l s  < 1 % C L - 9 5 %  

Fl5 ~-- ~T + ~ -  / r - / ; - 0  < 1 % EL 90% 

I"16 6~ < 1 % CL 90% 

[-17 /r + T r  e + e -  < 6 x 10 3 CL=90% 

[-18 / r 0 ~ 0  < 9 × 10 4 C L - 9 0 %  

[-19 ~T0"~"f < 8 × 10 - 4  CL--90% 

[-20 41T0 < 5 × 10 4 C L - 9 0 %  

[-21 3"~, < 9 × 10 5 CL 90% 

F22 i z+  # /TO < 6.0 x 10 - 5  CL 90% 

1-23 / I  + / L  7/ < 1.5 x 10 - 5  CL=90% 

r24  ~ + ~  -Y ( i n c l u d i n g p ° ~ )  

1-25 e + e- < 2.1 × 10 7 CL-90% 

C O N S T R A I N E D  FIT INFORMATION 

A n  overal l  f i t  to  the  to ta l  w id th ,  a par t ia l  w id th ,  2 comb ina t i ons  

of  par t ia l  w id ths  ob ta ined f r o m  in tegra ted  cross sect ion, and 16 

b ranch ing  rat ios uses 40 measurements  and one cons t ra in t  to  de- 

t e rm ine  7 parameters.  T h e  overal l  f i t  has a X 2 28.6 for 34 

degrees o f  f reedom.  

T h e  fo l l ow ing  off-diagonal array e lements  are the  corre la t ion coeff ic ients 

i 6 p ~ 6 p j I / ( 6 p i . ~ p j ) ,  in percent ,  f r o m  the  f i t  to  parameters p~, i nc lud ing  the  branch-  

ing f ract ions,  xz = F~/I- tota I. T h e  f i t  constra ins the  x~ whose labels appear  in th is  

array to  sum to one. 
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V l i . 1 7  

Meson Full Listings 
n'(958) 

x 2 - 5 4  

x 3 - 5 9  - 3 3  

x 4 - 2 5  - 2 6  

x 5 -18  -10  

x 6 -23  -13  

F 35 19 

Xl x2 

Mode 

36 

20 6 

38 13 

14 0 

x3 x4 

7 

- 8 0  - 5  

x5 x6 

Rate (MeV) Scale factor 

r I 7r + 7 r -  7/ 0.092 ±0.011 
r2  p o ~  0.062 9-0.006 
r3  ~ o ~ o q  0.043 4-0.005 

F4 ~r-y 0.0062 9:0.0009 

r5 ~/'7 0.004514-0.00026 
r 6 3~r 0 (3.2 9-0.6 ) x 10 - 4  

1.3 

1.4 

1.6 

1.2 

i . i  

1.2 

~/t(958) P A R T I A L  W I D T H S  

r (~)  
VALUE (keV~ EVT5 DOCUMENT IO TECN COMMENT 

4.514-0.26 OUR FIT Error includes scale factor of 1.1. 
4.6 4-0.4 OUR AVERAGE 
4.964-0.234-0.72 547 1 ROE 90B ASP e + e -  ~ e + e -  2? 
3.8 4-0.7 9-0.6 34 AIHARA 88C TPC e + e 

e + e -  T/Tr + 7r- 
4,8 9-0.5 4-0.5 136 ± 14 1 WILLIAMS 88 CBAL e + e -  ~ e + e -  2? 
4.7 ±0 .6  4-0.9 143 4- 12 GIDAL 87 MRK2 eg- e -  

e + e  ~#lr+ ~T- 
• • • We do not use the followin 6 data for averages, fits, limits, etc. • • • 

4.0 ±0 .9  2 BARTEL 85E JADE eg- e -  ~ eg- e -  2? 

1Using B(~I z ~ ?~f) = (2.16 ± 0.16)%. 
2 Systematic error not evaluated, 

F5 

r / ' (958)  r ( i ) r ( ? 3 , ) / r ( t o t a l )  

This combination of a partial width with the partial width into 3"'7 and with the 
total width is obtained from the integrated cross section into chancel(i) in the ??  
annihilation. 

r( ,y,) . )  x r ( o O - / ) / r t o t a l  r s r 2 / r  
VALUE (keY) EVT5 DOCUMENT ID TECN COMMENT 

1.354-0.08 OUR FIT Error includes s c a n T . 2 .  
1.32+0.08 OUR AVERAGE Error includes scale factor of  1.2. 
1.354-0.094-0.21 AIHARA 87 TPC e + e-  ~ e + e-  p? 
1.134-0.04±0.13 867 4- 30 ALBRECHT 87B ARG e + e- ~ e + e- p? 
1.534-0.094-0.21 ALTHOFF 84E TASS e + e-  ~ e + e-  p? 
1.144-0.084-0.11 BERGER 84B PLUT e + e-  ~ e + e-  P'7 
1.854-0.314-0.24 43 BEHREND 83B CELL e + e-  ~ e + e-  p? 
1.734-0.34±0.35 95 JENNI 83 MRK2 e + e -  ~ e + e -  P7 
1.494-0.134-0.027 213 BARTEL 82B JADE e + e -  ~ e + e -  P7 

r ( ' m ' )  x F ( T r % ° r / ) / r t o t a ,  r s r 3 / r  
VALUE (keY) DDCUMENT ID T ECN COMMENT 

0.92+0.08 OUR FIT Error includes scale factor of 1.2. 
1.03:t:0.08:1:0.11 ANTREASYAN 87 CBAL e + e -  ~ e + e -  ~/~0 ~r0 

r /~(958) e P A R A M E T E R  

IMATRIX E L E M E N T I 2  = (1  + c~y) 2 + c:x 2 

VALUE DOCUMENT /D TECN COMMENT 
--0.061:4-0.012 OUR AVERAGE 
-0.0584-0.013 ALDE 86 GAM4 3 8 ~ - p ~  n;'l~01r 0 
-0 .08  4-0.03 KALBFLEISCH74 RVUE ~ ~ T/~r+lr - 

4 ( 9 5 8 )  B R A N C H I N G  R A T I O S  

r(,~+ ~ -  T/(neutral d e c a y ) ) / r t o t a l  . 7 0 9 F l i t  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.313:1:0.012 OUR FIT Error includes ~ c ~ o r  of 1.2- 
0.3144-0.026 281 RITTENBERG 69 HBC 1.7-2.7 K -  p 

r ( T r +  7r - n e u t r a l s ) / r t o t a  I ( . 7 0 9 r l + . 2 9 1 r 3 + . 9 r 4 ) / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
OA(~:E0.010 OUR FIT Error includes scal"'~ ~-ac~or of  1.1- 
0.36 4-0.05 OUR AVERAGE 
0.4 4-0.1 89 LONDON 66 HBC 2.2 K -  p 
0.35 4-0.06 33 BADIER 65B HBC 3 K -  p 

r (~r+ I t -  r / (charged decay ) ) /F to ta l  . 2 9 1 F 1 / F  
VALUE EVTS DOCUMENT IP TECN COMMENT 
0.1294-0.005 OUR FIT Error includes scale factor of 1.2. 
0.1164-0.013 OUR AVERAGE 
0.1234-0.014 107 RITTENBERG 69 HBC 1.7-2.7 K -  p 
0.1 4-0.04 10 LONDON 66 HBC 2.2 K -  p 
0.07 ±0.04 7 BADIER 65B HBC 3 K -  p 

[r(~%% (charged decay) )  + F ( w  (charged decay)  - ' f ) ] /F to ta  I 

( .291F3+.9F4)IF 
VALUE EVTS DOCUMENT IO TECN COMMENT 
0.087:E0.006 OUR FIT Error includes scale factor of 1.2. 
0.0454-0.029 42 RITTENBERG 69 HBC 1.7-2.7 K'- p 

r ( n e u t r a l s ) / r t o t a  I ( . 7 0 9 F j + , 0 9 F 4 + F s ) / F  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.1704-0.010 OUR FIT Error includes scale factor of  1.2. 
0.187 4-0.017 OUR AVERAGE 
0.1854-0,022 535 BASILE 71 CNTR 1,6 ~-- p ~ nX  0 
0.189±0.026 123 RITTENBERG 69 HBC 1.7-2.7 K-  p 

r ( p ° 7 ) / r t o t a l  r 2 / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.3(~-1-0.015 OUR FIT Error includes scale factor of  1.1. 
0.319+0.030 OUR AVERAGE 
0.329±0.033 298 RITTENBERG 69 HBC 1.7-2.7 K -  p 
0.2 4-0.1 20 LONDON 66 HBC 2.2 K -  p 
0.34 J-0.09 35 BADIER 65B HBC 3 K -  p 

r(p°~)/r(~r~rt) r21(rl+rj) 
VALUE DOCUMENT ID TECN COMMENT 
0.4644-0.033 OUR FIT Error includes scale factor of  1.2. 
031  4-0.15 DAVIS 68 HBC 5.5 K -  p 

r ('/r 0 e + e - ) / r t o t a  I 
VALUE CL°/# 

<0.013 90 

r (~ e+ e-)/rtota I 
VALUE 

<0.011 90 

r ('n'0 p 0 ) / F t o t a  I 
VALUE CL °/o 

DOCUMENT ID TECN COMMENT 

RITTENBERG 65 HBC 2.7 K -  p 

DOCUMENT ID TECN COMMENT 

RITTENBERG 65 HBC 2.7 K -  p 

DOCUMENT ID TEEN COMMENT 

RITTENBERG 65 HBC 2.7 K -  p 

r l l / r  

F12 /F  

FglF 

<0.04 90 

r ('a " + / r  - e + e - ) / r t o t a  I 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.006 90 RITTENBERG 65 HBC 2.7 K -  p 

r ( 6 7 r ) / r t o t a l  
VALUE CL°/o DOCUMENT ID TEEN COMMENT 

<0.01 90 LONDON 66 HBC Compilation 

r(~-r)/r(~+,~-,7) r4/rl 

F17 /F  

rlolr 

VALUE EVTS DOCUMENT ID TECN COMMENT 
0.0684-0.008 OUR FIT Error includes scale factor of 1.1. 
0.068-1-0.013 68 ZANFINO 77 ASPK 8.4 ; r -  p 

r(pO.z)/[r(~+~-~) + r (~%%) + r ( ~ ) ]  r2/(r l+rj+r4) 
VALUE DOCUMENT ID TECN COMMENT 
0.443±0.031 OUR FIT Error includes scale factor of  1.1. 
0.25 4-0.14 DAUBER 64 HBC 1.95 K -  p 

r(~)Irtota, r5/r 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.82164-0.8017 OUR FIT Error includes scale factor of 1.5. 
0.0196+0.0015 OUR AVERAGE 
0.02004-0.0018 3 STANTON 80 SPEC 8.45 7r- p 

nTr + ; r -  2? 
0.025 9-0.007 DUANE 74 MMS ; r -  p ~ n MM 
0.0171+0.0033 68 DALPIAZ 72 CNTR 1.6 ;T-- p ~ nX 0 
0,020 +0.008 -0 .006  31 HARVEY 71 OSPK 3.65 ~r- p ~ nX  0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.018 4-0.002 6000 4 APEL 79 CNTR 15-40 7r- p 

3 Includes APEL 79 result. 
4 Data is included in STANTON 80 evaluation. 

r(e + e-)/rtotai r 2 5 / r  

VALUE (units 10 -7 ) CL% DOCUMENT ID TECN COMMENT 

<2.1 90 VOROBYEV 88 ND e + e  - ~ 7 r+~r -9  

r(-+--)/rtotal rlo/r 
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.02 90 RITTENBERG 69 HBC 1.7-2.7 K -  p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.08 95 DANBURG 73 HBC 2.2 K -  p ~ A X  0 
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Meson Full Listings 
¢(958) 
r 0 + ~-  ~o)/rtota , rB/r 
VALUE CL~/~ DOCUMENT ID TEEN COMMENT 

<0.05 90 R I T T E N B E R G  69 H B C  1.7-2.7  K -  p 

• • • We  do not  use the fo l low ing  data for  averages, f i ts, l imi ts,  etc. • • • 

<0 .09  95 D A N B U R G  73 H B £  2.2 K -  p ~ A X  0 

r Or + ~r + ~r- ~r- neutrals)/rtota I r14/r 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<0 .01  95 D A N B U R G  73 H B C  2.2 K p ~ A X  0 

• • • We  do not use the  fo l low ing  data for averages, f i ts, l imi ts,  etc. • • • 

<0 .01 90 R I T T E N B E R G  69 H B C  1.7 2.7 K -  p 

r(4~r°)/r(~r%%) 
VALUE (units 10 4) 

<23 

r (~:+ ~:+ ~T- 7r- ~r °)/rtotal r15/r 
VALUE C L ~  DOCUMENT ID TEEN COMMENT 

<0.01  90 RITTENBERG 69 HBC 1.7-2.7  K- p 

1- (~T+ ~r%r - ~r-)/rtotal r13/r 
VALUE CL~/a OOCUMENT ID TEEN COMMENT 

<0.01 90 RITTENBERG 69 HBC 1.7-2.7 K-  p 

r(p~)/rO+.-~ (including po.~)) r2/r24 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
1.08=E0.08 OUR AVERAGE 
1.15J_0.10 473 D A N B U R G  73 H B C  2.2 K -  p ~ A X  0 

1 . 0 1 ± 0 . 1 5  137 JACOBS 73 H B C  2.9 K p ~ A X  0 

0 3 4 ± 0 . 2 0  AGUILAR- . . .  70D H B C  3.9 4.6 K p 

r(~0~-Or/ (3~r 0 decay)) / r tota  I .319r3/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.0654-0 .0~1 OUR FIT Error inc ludes scale factor o f  2.3. 

0.11 4-0.06 4 B E N S I N G E R  70 DBC 2.2 :r + d 

r (o°-y)/r (~r + ~r- ~/(neutral decay)) r2/.709rl 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.96-t-0.08 OUR FIT Error inc ludes scale fac tor  o f  1.2. 

0.994-0.11 OUR AVERAGE 
0 . 9 2 ± 0 . 1 4  473 D A N B U R G  73 H B C  2 . 2 K  p - - A X  0 

1 . 1 1 ± 0 . 1 8  192 JACOBS 73 H B C  2 . 9 K  p ~  A X  0 

r (,y,y)/r (~r° ~-° r/(neutral decay)) r5/.709r3 
VALUE EVTE DOCUMENT ID TEEN COMMENT 
0.149:1-0.013 OUR FIT Error inc ludes scale factor  o f  1.7. 

0.1884-0.058 16 A P E L  72 O S P K  3.8 ~r p ~ n X  0 

r (#+. - -7) / r  ('r'~) r7/% 
VALUE (units lO -3 ) EVT5 DOCUMENT ID TEEN COMMENT 

4.9=I=1.2 33 V I K T O R O V  80 C N T R  25,33 ~T-- p ~ 2#'~ 

r 0, + #- ~)/rtota I 
VALUE (units 10 _5 ) EL% DOCUMENT I0 

<1 .5  90 D Z H E L Y A D I N  81 

r(#+ #- 7r0)/rtotal 
VALUE (units 10 5) CL% DOCUMENT ID 

< 6 . 0  90 O Z H E L Y A D I N  81 

r(3~°)/r(~%°T/) 
VALUE (units 10 4) DOCUMENT ID 

744-12 O U R  F IT  

744-12  OUR AVERAGE 
7 4 4 1 5  

7 5 ± 1 8  

r ( ~ ) / r ( , ~ % % )  
VALUE 
0.106±0.009 OUR FIT 
o.1~4-o.~-,-o.o~ A~DE 

r (~-r ) / r (~%%) 
VALUE DOCUMENT tD 
0.146±0.014 OUR FIT 
0.1474-0.016 A L D E  

rO~ ) / r (~ °~%)  
VALUE (units 10 4) EL% DOCUMENT ID 

<4 .6  90 A L D E  

r (~°~ , ) / r (~°~%)  
VALUE (units I0 4) EL% DOCUMENT ID 

< 3 7  90 A L D E  

r(~O~O)/r(~%°n) 
VALUE (units 10 4) C L ~  DOCUMENT ID 

< 4 5  

TEEN COMMENT 

C N T R  30 7r- p ~ ~ / n  

TEEN COMMENT 

C N T R  30 ~ p ~ ~ / n  

r23/r 

F22/F 

r6/r3 
TEEN COMMENT 

A L D E  878 G A M 2  38 ~ p ~ n + 6-~'s 

B I N O N  84 G A M 2  30 40 rr p ~ n t 6q 

r5/r3 
DOCUMENT ID TEEN COMMENT 

Error inc ludes scale factor  o f  1.7. 

87B G A M 2  38 ~ -  p ~ n + 63'S 

F 4 / F 3  

TEEN COMMENT 

87B G A M 2  38 7r p ~ n + 6?'s 

r 2 1 / r 3  

TEEN COMMENT 

87B G A M 2  38 ~ -  p ~ n + 6~'s 

r 1 9 / r 3  

TEEN COMMENT 

87B G A M 2  38 ~ p ~ n ~ 6~'s 

riB/r3 
TECN COMMENT 

90 A L D E  87B G A M 2  38 7r p -~ n + 6"~'s 

EL% DOCUMENT ID 

90 A L D E  

r2olr3 
TEEN COMMENT 

878 G A M 2  38 ~ -  p ~ n + 6 " / s  

PR O41 17 +Bartha, Burke, Garbincius+ (ASP Cotlab.) 
PR D38 t +Alston Garnjost+ (TPC 2"~ Collab.) 
YAP 48 436 +Golubev, Dolinsky, Druzhinin+ (NOVO) 
PR D38 1 3 6 5  +Antreasyan, BarteB. Besset- (Crystal Ball Collab) 
PR 035 2650 +ABton Garnjost+ (TPC-2? COlab.) JP 
PL B199 457 +Andam, Binder+ (ARGUS Collab.) 
ZPHY C36 603 +8inon, Bricmant (LANL, BELG, SERP, LAPP) 
PR D36 2633 +BartBs, Besset+ (Crystal Ball Collab.) 
PRL 59 2012 +Boyer, Butler, Cords, Abrams+ (LBL, SLAC. HARV) 
PL 6177 115 -Binon. Bricman+ (SERP, BELG, LANL, LAPP) 
PL 160B 421 +Backer, Cords, FeBt+ (JADE Collab.) 
PL 147B 487 +Braunschwei 6, Kirschfink, LuebeJsmeyer+ (TASSO Collab.) 
PL 1426 125 (AACH, BERG, DESY, GLAS, HAMB, UMD, SIEG+) 
PL 1408 264 +Donskov. Duteil+ (SERP, BELG, LAPP CERN) 
PL 125B 518 +D'AgosUni÷ (DESY, KARL, MPIM, LALO, LPNP+) 
PL t14B 378 Behrend+ (DESY, KARL, MPIM, LALO, LPNP-) 
PR D27 1031 +Burke, Telnov, Abrams, Blocker+ (SLAC, LBL) 
PL 113B 190 +Cords+ (DESY, HAMB, HELD, LANC, MCHS+) 
PL 105B 239 +Golovkln, Konstantinov, Kubarovski+ (SERP) 
PL 92 B 353 +Edwards, Legacey+ (OSU, EARL, MEGI, TNTO) 
SJNP 32 520 +Golovkln, Dzhelyadin, Zaitsev, Mukhin+ (NOVO) 
Translated from YAF 32 1005 
PL 83B 131 +AuBenstein, Bertolucci (KARL, PLEA, SERP, WIEN) 
PL 83B 141 +Carl Oebenham, Jones, Karami, Keyne+ (LOIC) 
PRL 38 930 +Brockman+ (CARL, MCGI, OHIO. TNTO) 
NP 89] 232 {LadaGe, Mellema, Rudnick- (UCLA) 
PR D l l  987 +Strand, Chapman (BNL, MICH) 
PRL 32 425 +Binnie, Cam~lleri. Carr+ (LOIE, SHMP) 
PR D10 916 (BNL) 
PR D8 3 7 4 4  +Kalbfleisch, Borenstein, Chapman-- (BNL, MICH)JP 
PR D8 18 +Chang, Gauthiert (BRAN, UMD, BYRA, TUFT) JP 
PL 40B 680 +Auslander, Muller, Bertolucci+ (KARL, PLEA) 
PL 42B 377 ~Frabetti, Massam. Navarria, Zichichi (CERN) 
NC 3A 371 +Bollini, Dalpiaz, Frabett]+ (CERN, BGNA, STRB) 
PRL 27 885 +Marquit, Paterson, Rhoades+ (MINN, MICH) 
PRL 25 1 6 3 5  Aguilar-Benitez, 8assano, Samios, Barnes+ (BNL) 
PL 33B 505 +Erw~n, Thompson, Walker (W)SC) 
UCRL 18863 Thesis (LRL) I 
PL 27B 532 +Arnnmar, Mott, Dagan, Derrick- (NWES, ANL) 
PR 143 1034 +Rau, Goldber 6, Lichtman+ (BNL, SYRA)IJP 
PL 17 337 +Demoulln, Barloutaud+ (EPOL, SACL, AMST) 
PRL 15 556 +Kalbfleisch (LRL, 8NL) 
PRL 13 449 +Slater, Smith, Stork, T]cho (UCLA) JP 
Dubna Conf. 1 4]8 Dauber, Slater, Smith Stork, Ticho (UELA) 

r/(958) REFERENCES 

- -  OTHER RELATED PAPERS - -  

ZPHY C16 171 +McKellar (MELB) 
PRL 43 477 ~Alam, Blocker, Boyarski+ (5LAC, LBL) 
PL 88B 379 +Golovkin, Gritsuk, Kachanov+ (SERP) 
NP 6126 189 4WaEner, Blockzijl+ (EERN, AMST, NIJM OXF)JP 
PR D16 2833 +Doncel (BARE) JP 
NP B126 382 + (BGNA, FIRZ. GENO, MILA, OXF. PAVI) 
JINR E2 10521,22,23 (JINR) JP 
PR D9 2999 +Cohen, Csorna, Habibi, Kalelkar+ (COLU, BING)JP 
NC 24A 259 +Jones, Scadron, Thews (DURH, LOIE, ARIZ) 
PRL 31 333 +Chapman+ (BNL, MICH, LBL)JP 
PR D6 29 AguilaFBenitez, Chun6, Eisner, Samlos (BNL) 
PL 39B 225 +Camilleri, Duane, Garbutt, Burton+ (LOIC, SHMP) 
NP B39 525 Bloodworth, Jackson, Prentice, Yoon (TNTO) 
PR D6 3059 +Abolins, DahL Danbuq~, Davies, Hoch+ (LBL) 
PR D4 2 7 1 1  BardadimOtwinowska, Hofmokl+ (WARS) 
NP B33 29 +Bollini, Dalpiaz, Frabetti~ (CERN, BGNA, BTRB) 
PL 35B 69 +Tybor, Zaslavsky (JINR) 
PL 29B 605 4 Gobbi, Pouchon, Cnops+ (ETH, CERN, SACL)UP 
PR ]77 1966 +Ammar, Davis, Kropac, Slatef (NWEB, ANL) 
PRL 20 349 Barbaro Galtieri Matlson, Rittenberg- (LRL)I 
PL 266 674 { (SACL, AMST, BGNA, REHO. EPOL) I 
NC 58A 289 +Buhler, Dalpiaz, Massam+ (CERN, BGNA, STRB) 
PL 21 347 +McCulloch, 8ugg, Condo (ORNL, TENN, UCND) 
PL 22 352 +Crittenden, Schroeder (IND) I 
PL 19 438 +Magfich, Levrat, Lefebvres~ (EERN) 
PL 19 427 ~ Brown, Goldhaber, Kadyk, Scanio {LRLI 
PRL 12 546 ~Gundzik, Lichtman, Connolly, Hart- (SYRA, BNL) 
RRL 13 249 +Gundzik, Leaner, Connolly, Hart~ (SYRA, BNL) 
PRL 12 527 -ANarez, Barbaro-GalReria (LRL) JP 
PRL ]3 349 -Dahl, Rittenber 8 {LRL) JP 

BIEKERSTAFF 82 
ABRAMS 79B 
DZHELYADIN 79B 
CERRADA 77 
DELAGUILA 77 
GESSAROLI 77 
LEDNICKY 77 
BALTAY 74B 
GAULT 74 
KALBFLEISEH 73 
AGUILAR. 726 
81NNIE 72 
BLOODWO 726 
RADER 72 
BARDADIN 71 
BASILE 71B 
OGIEVETSKY 71 
DUFEY 69 
MOTT 59 
BARBARO- 68 
BARLOUTAUD 68 
BOLLINI 68D 
EOHN 66 
MARTIN 66 
KIENZLE 65 
TRILLING 65 
BOLDBERB 64 
GOLDBERB 64B 
KALBFLEISEH 64 
KALBFLEISCH 64B 

ROE 90B 
AIHARA 88C 
VOBOBYEV 88 
WILLIAMS 88 
AIHARA 87 
ALBRECHT 87B 
ALDE 87B 
ANTREASYAN 87 
GIDAL 87 
ALDE 86 
BARTEL 85E 
ALTHOPF 84E 
BERGER 84B 
BINON 84 
BEHREND 83B 

Also 82C 
JENNI 83 
BARTEL 82B 
DZHELYAD~N 81 
STANTON 80 
VIKTOROV 80 

APEL 79 
BINNIE 79 
ZANFINO 77 
GRIGORIAN 75 
KALBFLEISEH 75 
DUANE 74 
KALBFLEISEH 24 
DANBURG 73 
JACOBS 73 
APEL 72 
DALPIAZ 72 
BAS~LE 71 
HARVEY 71 
AGUILAR 70D 
BENSINGER 7O 
RITTENBERG 69 
DAVIS 68 
LONDON 66 
BADIER 65B 
RITTENBERG 65 
DAUBER 64 

Also 54B 

0 . 0 1 9 ± 0 . 0 5 6  A I H A R A  87 T P C  2"7 ~ ~r + ~r- "7 

0 .069J .0 .078  295 GRIGORIAN 75 STRC 2.1 : r -  p 

0.00 ± 0 . 1 0  103 K A L B F L E I S C H  75 H B C  2.2 K -  p 

0.07 ± 0 . 0 8  152 R I T T E N B E R G  65 H B C  2.1-2 .7  K p 

~(958) C-NONCONSERVING DECAY PARAMETER 

See the note on 71 decay parameters in the Stable Part ic le Ful l  L is t ings for de f in i t ion  

o f  th is  parameter.  

DECAY ASYMMETRY PARAMETER FOR ~r+~--"y 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
-0.01 =1=0.04 OUR AVERAGE 



See key on page IV. 1 
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Meson Full Listings 
fo(975) 

fo(975) I ,G(:~c) = O-5(O-5-5) 
was 5(975) 

For early work using Breit-Wigner or scattering length parametrization in fits 
to the K K  mass spectrum, see reference section and our 1972 edition. 

See also the mini-review under non-q~ candidates• (See the index for the 
page number.) 

f0(975) MASS OR REAL PART OF POLE POSITION 

POLE POSITION DETERMINATIONS 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
975.6:E 3.1 OUR AVERAGE Error includes scale factor of 1,2. 
978 4. 9 ABACHI 86B HRS e + e -  ~ ~r + 7r- 
974.0± 4.0 GIDAL 81 MRK2 J/@ decay 
988 4-10 AGUILAR .... 78 HBC 0 . 7 ~ p ~  KOsKO 5 

969.04- 5.0 LEEPER 77 ASPK 2-2.4 7r- p 
987 -5 7 BINNIE 73 CNTR ~r- p ~ n MM 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

985.04-39.0 1 ETKIN 82B MPS 23 ~r- p ~ n 2 / ~  5 

1012 -5 6 2 GRAYER 73 ASPK 17 7r- p ~ ~+ 7r- n 
1007 ±20 2HYAMS 73 ASPK 1 7 7 r - p ~  7r+Tr-n 
997 ± 6 2 PROTOPOP... 73 HBC 7 ~+ p ~ ~+  p~r + ~r- 

1 ETKIN 82B quotes errors +_39 _ MeV. We use ±39 MeV in the average• 

2Included in AGUILAR-BENITEZ 78 fit. 

MASS DETERMINATIONS 
(Real part of mass matrix eigenvalue) 

VALUE (MeV~) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

985 3 TORNQVIST 82 RVUE 
975 3 ACHASOV 80 RVUE 

3 Coupled channel analysis with finite width corrections. 

f0(975) WIDTH OR IMAGINARY PART OF POLE POSITION 

POLE POSITION DETERMINATIONS 
(Corresponds to half-width, not full width.) 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 
16.84. 2.8 OUR AVERAGE 
29 -5 13 ABACHI 86B HRS e + e-- ~ 7r + 7r- 
14.0± 5.0 GIDAL 81 MRK2 J/#; decay 
15.0~- 4.0 LEEPER 77 ASPK 2-2.4 7r- p 
24 ± 7 BINNIE 73 CNTR 7 r - p ~  n M M  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

50 -5 40 4AGUILAR .... 78 HBC 0 . 7 ~ p ~  / ~ / ~  

16 4. 5 5 GRAYER 73 ASPK 17 lr p ~ ?r + 7r- n 
15 + 5 5 HYAMS 73 ASPK 17 ~r-- p ~ 7r + I t -  n 
27 ± 8 5pROTOPOP...  73 HBC 7 ~ r + p ~  7r+p~r+~T - 

4From coupled channel fit to the HYAMS 73 and PROTOPOPESCU 73 data• With a 

simultaneous fit to the 7rTr phase-shifts, inelasticity and to the ~5 invariant mass, 

5 Included in AGUILAR-BENITEZ 78 fit. 

FULL WIDTH DETERMINATIONS 
(From imaginary part of mass matrix eigenvalue) 

VALUE (MeV~ DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

400 6 TORNQVIST 82 RVUE 
70 to 300 6 ACHASOV 80 RVUE 

6 Coupled channel analysis with finite width corrections• 

fo(975) DECAY MODES 

Mode Fraction (F i /F)  Confidence level 

r l  7r~r (7811~ 2.4) % 
r 2 KK- (21.9±2.4) % 
F3 r/q 
r 4 e + e -  < 3 × 10 - 7  90% 

CONSTRAINED FIT INFORMATION 

An overall f i t  to a branching ratio uses 3 measurements and one 

constraint to determine 2 parameters. The overall f i t  has a X 2 = 

2.0 for 2 degrees of freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 

1 6 x i 6 x j l / ( 6 x i . 6 x j ) ,  in percent, f rom the fit to the branching fractions, x i --- 

I ' i / i - tota I. The fit constrains the x i whose labels appear in this array to sum to 

one. 

x 2 -100 

Xl 

f0(975) PARTIAL WIDTHS 

r(e+e-) r4 
VALUE (eV) EL% DOCUMENT ID TEEN COMMENT 

<8•4 90 VOROBYEV 88 ND e + e -  ~ ~ 7r 0 I 

fo(975) BRANCHING RATIOS 

r(~r) / [r(~)  + F(KK)] rl/(rl+r2) 
VALUE DOCUMENT ID TEEN COMMENT 
0.781::1:0.024 OUR FIT 

0 7 ~1+0"027 OUR AVERAGE 
• v , _  0.023 

0•67 3:0.09 7LOVERRE 80 HBC 4 ~ T - p ~  K K N  

0•81 +0.09 7 CASON 78 STRC 7 l r -  p ~ n2KO s 
0.04 

0.78 -I-0.03 7 WETZEL 76 OSPK 8.9 l r -  p ~ n 2 / ~  S 

7Measure ~Tr elasticity assuming two resonances coupled to the ~rTr and K-K channels I 
only• 

fo(975) REFERENCES 

VOROBYEV 88 YAF 48 436 +Golubev, Oolinsky, Druzhini~+ (NOVO) 
ABACHI 86B PRL 57 1990 +Derrick, BIockus+ (PURD, ANL, IND, MICH, LBL) 
ETKIN 82B PR D25 1786 +Foley, Lai+ (BNL, CUNY, TUFT, VAND) 
TORNQVIST 82 PRL 49 624 (HELS) 
GIDAL 81 PL 107B 153 +Goldhaber, Guy. Millikan, Abrams+ (SLAC, LBL) 
ACHASOV 80 SJNP 32 566 +Devyanin, Shestakov (NOVO) 

Translated from YAF 32 1098. 
LOVERRE 80 ZPHY C6 187 +Armenferos, Dionisi+ (CERN, CDEF, MADR, STOH)IJP 
AGUILAR-... 78 NP B140 73 Aguilar-Benitez, Cerrada+ (MADR, BOMB, CERN+) 
EASON 78 PRL 41 271 +Baumbaugh, Bishop. Biswas+ (NDAM, ANL) 
LEEPER 77 PR DI6 2054 +Buftram, Crawley, Duke, Lamb, Peterson (ISU) 
WETZEL 76 NP Bl15 2O8 +Freudenreich, Beusch+ (ETH, CERN, LOIC) 
BINNIE 73 PRL 31 1534 +Carl Debenham, Duane, Garbutt+ (LOIC, SHMP) 
GRAYER 73 Tallahassee +Hyams, Jones, Blum, Dietl, Koch+ (CERN, MPIM) 
HYAMS 73 NP B64 134 +Jones, Weilhammer, Blum, Dietl+ (CERN, MPIM) 
PROTOPOP... 73 PR D7 1280 Protopopescu, Alston-Garnjost, Galtied, Flatte+ (LBL) 

- - O T H E R  RELATED P A P E R S - -  

AU 87 PR D35 1633 +Morgan, Pennington (DURH. RAL) 
AKESSON 86 NP B264 154 +Albrow, Almehed+ (Axial Field Spec. Collab) 
MENNESSIER 83 ZPHY C16 241 (MONP) 
BARBER 82 ZPHY C12 1 +Dainton, Brodbeck, Brookes+ (DARE, LANE, SHEF) 
ETKIN 82C PR D25 2446 +Foley, Lai+ (BNL, CUNY, TUFT, VAND) 
ACHASOV 81 PL 102B 196 +Devyanin, Shestakov (NOVO) 
AGUILAR ... 81 ZPHY C10 299 Aguilar-Benitez, Done, Martin (MADR, DURH) 
ROUSSARIE 81 PL 105B 304 +Burke, Abrams, Alam+ (SLAg, LBL) 
WlCKLUND 80 PBL 45 1469 +Ayres, Cohen, Diebold, Pawlicki (ANL) 
AEHASOV 79 PL 88B 367 +Devyanin. Sbestakov (NOVO) 
APEL 79B NP B160 42 +Auslander, Muller, Rehak+ (KARL, PISA) 
BECKER 79 NP B151 46 +Blanar, Bium+ (MPIM, EERN, ZEEM, CRAC) 
EORDEN 79 NP B157 258 +Dowell, Garvey+ (BIRM, RHEL, TELA, LOWE) JP 
ESTABROOKS 79 PR D19 2678 (CARL) 
GREENHUT 79 PR D20 2326 +lntemann (SETO) 
POLYCHRO,. 79 PR D19 1 3 1 7  Polychronakos, Cason, Bishop+ (NDAM, ANL) 
BALAND 78 NP B140 220 +Grard+ (MONS, BELG, CERN, LOIC. LALO) 
FROGGATT 77 NP B129 89 +Petersen (GLAS, NORD) 
MARTIN 77D NP B121 514 +Ozmunu. Squires (DUKE) 
PAWLICKI 77 PR D15 3196 +Ayres, Cohen, Diebold, Kramer, Wicklund (ANL) IJ 
BRANDENB. 76C NP B104 413 Brandenburg, Carnegie, Cashmore+ (SLAC) 
BUTTRAM 76 PR D13 1153 +Crawley, Duke, Lamb, Leeper, Peterson (ISU} 
EERRADA 76 PL 62B 353 +Gonzalez-Arroyo, Rubio, Yndurain (CERN, MADR) 
FLATTE 76B PL 63B 228 (EERN) 
WlLKINS 75 PR D13 1831 +AlbrighC Hagopian. Hagopian, Lannutti (FSU) 
MORGAN 75 Argonne Conf. 45 (RHEL) 
PAWLICKI 75 PR D12 631 +Ayres, Diebold, Greene, Kramer. Wicklund (ANL} 
BALLAM 74 NP B76 375 +Chadwick, Bingham, Fretter+ (SLAC, LBL, MPIM) 
GRAYER 74 NP B75 189 +Hyams, Blum, Dien+ (CERN, MPIM) 
MORGAN 74 PL 31B 71 (RHEL) 
DIAMOND 73 PR D7 1977 +Binkley+ (WlSC, DUKE, COLD, TNTO, OHIO) 
FUJII 73 NC 13A 311 +Kato {TOKY) 
OCHS 73 Thesis (MPIM) 
BASDEVANT 72 PL 41B 178 +Froggatt. Petersen (CERN) 
DAMERI 72 NC 9A 1 +Borzatta, Goussu+ (GENO, MILA, SACL) 
DUBOC 72 NP B46 429 +Goldber8, Makowski, Donald+ (LPNP, LIVP) 
FLATTE 72 PL 38B 232 +Alston-Garnjost, Barbarc-Galtied+ (LBL) 
GRAYER 72B Phil. Conf. 5 +Hyams, Jones, Schlein+ (CERN, MPIM) 
WILLIAMS 72B PR D6 3178 (FSU) 
ALSTON-.. 71B PL 36B 152 Alston-Garnjost, Barbaro-Galtied+ (LBL) 
BADIER 70 NP B22 512 +Bonnet, Drevillon, Baubibier+ (EPOL, IPNP) 
BATON 70 PL 33B 528 +Laurens, Reignier (SACL) 
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f0(975), a0(980) 
BEUSCH 70 Phil. Conf. 185 (ETH, CERN) 
HYAMS 70B Phil. Conf. 41 +Koch, Beusch+ (CERN, MPIM, ETH, LOIC, HAWA) 

Also 70 NP B22189 Hyams, Koch, Potter, VonLindern+ (CERN, MPJM) 
OH 70 PB D12494 *Garfinkel, Morse, Walker, Prentice (WISE, TNTO) 
AGUILAR .. 69C PL 29B 241 Aguilar-BenBez, Barlow+ (CERN, CDEF) 

Also 69 NP B14195 Aguilar-Senitez, Barlow+ (£ERN, CDEP) 
HOANG 69 NC 61A 325 (ANL) 
HOANG 69B PR 184 1363 +Eartly, Phelan, Roberts+ (ANL, ILLC) 
ALITT~ 6BB PRL 211705 +Barnes, Crennell, Flaminio, Gold0erg+ (BNL) 
LAI 68 Phil. Conf. 303 (BNL) 
PHELAN 68 Thesis (ANL, STLO) 

Also 68 PRL 21 316 Hoang, Eartly, Phelan+ (ANL, CHIC, NDAM) 
8ARLOW 67 NC 50A 701 ~Lillestol, Montanet+ (CERN, CDEF, IRAD, LIVP) 
BEUSEH 67 PL 25B 357 +Fischer, Gobbi, Astbury+ (ETH, CERN) 
DAHL E7 PR 163 1377 +Hardy. Hess, Kirz, Miller (LRL) 
CRENNELL 66 PRL 16 1 0 2 5  +Kalbf leBch, Lai, Scarr, Schumann+ (BNL) 
HESS 66 PRL 17 1109 +Dahl, Hardy, Kirz, MPler (LRL) 
BALTAY 64 Dubna Conf. i 409 +Lath, Crennell, Oren, Stump+ (YALE, BNL) 
BARMIN 64B Dubna Conf 1 433 +Dolgolenko, Yerofeev, Krestni- (IT£P) 
BIGI 62 CERN Conf. 247 +Brandt, Carrara+ (CERN) 
BINGHAM 62 CERN Conf. 240 +BIoch* (EPOL. CERN) 
ERWIN 62 PRL 934 +Hoyer, March, Walker, Wangler (WISE, BNL) 
WANG 61 JETP 13323 +Veksler, Vrana+ (JINR) 

Translated from ZETP 40464. 

a0(980) 
was 5(980) 1 

N O T E  O N  ao(9S0)  

~c(jec) = ~ (0++) 

Another  interesting non-q~ interpretat ion is given by the  

model of WEINSTEIN 83B, 89. In this work the q~q~ sys tem 

is investigated using the  nonrelativistic quark model; assuming  

a large hyperfine interaction, the a0(980) and f0(975) are both 

interpreted as K K  bound states  and then the  P-wave q~ states  

would be all in the 1300 MeV mass region. Wi th  this  S-wave 

K K  molecule assignment,  many  of the  peculiar properties of 

the  a0(980) and f0(975) (masses, widths, branching fractions 

and two photon widths) appear clarified. 

ao(980) MASS 
wr  FINAL STATE ONLY 
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 
983.3:L 2.6 OUR AVERAGE Error includes scale factor of 1.2. 

976 ± 6 A T K I N S O N  84E OMEG ~ 25-55 ? p  

986 = 3 500 1 E V A N G E L I S T A 8 1  OMEG 12~r P ~  ~I=P 

9 9 0 0 ±  7.0 145 1 G U R T U  79 HBC ± 4.2 K -  p 
A~2~ 

977.0±  7.0 GRASSLER 77 HBC 16 = t :  p ~ pfl3~T 

A conventional q~ ass ignment  of this scalar meson still 

remains an intriguing question. 

Its observed mass and width are inconsistent,  a priori,  

with the properties expected for a member  of a L = 1 q~ 

nonet. However, since the  mass  and width are distorted by' 

the proximity of the K K  threshold, its na ture  can be better  

investigated using different experimental  observations. 

T O R N Q V I S T  82 has shown tha t  it is possible to under- 

s tand the unusual  experimental  features of this  particle within 

a unitarized quark model. As for the  f0(975), the  a0(980) can 

be interpreted as a normal q~ resonance with a large admixture  

of K K ,  rlqr , and r/rr cont inuum state. 

Assuming the dominance of the decay chain 7/(958) --+ 

a0(980)~r ---, rlrc~r, BRAMON 80 concludes tha t  the experi- 

mental  value £(~/(958) ---+ rvrr) ~ 200 keV is fully consistent 

with a q~ interpretation. The same analysis finds additional 

evidence in favor of a qO interpretat ion of the  a0(980): in 

fact, if the  a0(980) is a q~ state,  one expects tha t  the decay 

chain f l  -+ a0(980)Tr ---+ qTrTr will be more impor tant  for the 

f1(1285) than  for the  ft(1420),  the reverse being true if the 

a0(980) were a q{q~ state  with a s t range quark component .  

In practice, the f1(1285) -+ a0(980)rr --+ rprrc is observed, while 

the f1(1420) ---+ a0(980)rr --+ rlrrrr is (practically) absent.  

The main point in favor of the  interpretation of this 

particle as a q~q~ state  is its almost  complete degeneracy in 

mass  with the isoscalar fo(975), together with the  fact tha t  the 

f0(975) couples much more to the K K  than  to the 7rTr system. 

A Crystal  Ball measurement  of the  a0(980) ~ 77 suppression 

in the reaction ~r3' -+ a0(980) -+ qTr (ANTREASYAN 86) 

has reinforced this four-quark interpretat ion point of view. 

ACHASOV 88B points out tha t  none of the calculations 

performed in the  framework of a q~ scheme has been able to 

predict such a narrow a0(980) ---+ 7"?' width as the  one found 

by the  Crystal  Ball. He then  argues in favor of an unusual  

nature  of the a0(980) resonance and shows tha t  a four-quark 

model is instead able to give the  correct order of magni tude  

for the suppression of the 22,. production for both the scalar 

a0(980) and f0(975) mesons. 

972 ± 1 0  150 DEFOIX 72 HBC i 0 . 7 ~ p  ~ 7= 
• • • We do not use the fol lowing data for averages, fits, l imits, e t c . •  • • 

980 ~_11 47 C O N F O R T O  78 OSPK - 4.5 7r p 
p X -  

9 7 8 . 0 ~ 1 6 0  50 CORDEN 78 OMEG ± 12-15 = p 
n~27r 

989 .0±  4 0  70 WELLS 75 HBC - 3.1-6 K -  p - -  
A T/2~7 

970.0±15.0  20 BARNES 69C HBC 4-5  K -  p 
Az?27r 

980 ± 10 C A M P B E L L  69 DBC = 2.77r + d 
980.0±10.0  15 MILLER 69B HBC - 4.5 K -  N 

g ~ A  
9 8 0 . 0 i 1 0 . 0  30 A M M A R  68 HBC 4- 5.5 K p 

A ~12r: 

1 From f1(1285) decay, 

KK ONLY 
VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 

9 7 6 9 - 6  316 OEBILLY 80 N g C  ± 1 . 2 - 2 ~ p ~  
f l ( 1285 )w  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1016 ± 1 0  100 2 ASTIER 67 HBC ± O.O~p 
1003.3± 7.0 ]43 3 ROSENFELD 65 RVUE ± 

2AST IER 67 includes data of BARLOW 67, C O N F O R T O  67, A R M E N T E R O S  65. 
3 Plus systematic errors. 

ao(980 ) WIDTH 
r / r  FINAL STATE ONLY 
VALUE (MeV~ EVT5 DOCUMENT ID TEEN CHG COMMENT 
57 i l l  OUR AVERAGE 
62 ± 1 5  500 4 EVANGELISTA 8I  OMEG 12 = p ~ q ~ p  

60.0±20.0  145 4 G U R T U  79 HBC 4- 4.2 K p 
A712~ 

44 .0±22.0  GRASSLER 77 HBC - 16 7r =F p ~ prl3~r 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

60 + 5 0  30 47 C O N F O R T O  78 OSPK - 4.5 ~ -  p 
p X  

8~ n + 6 0 0  50 CORDEN 78 OMEG d_ 12 -157 r -  p - -  
v.~ 50.0 

n7227r 
80 to 300 5 FLATTE 76 RVUE - 4.2 K -  p 

A~12~ 

1 u . ~  ~ n+25016.0 70 WELLS 75 HBC 3.1-6 K p 
A ~12~r 

30 ± 5 150 DEFOIX 72 HBC ± 0 . 7 ~ p  ~ 7= 

40 ± 1 5  C A M P B E L L  69 DBC ± 2.7 7r + d 
6 0 . 0 ± 3 0 0  15 MILLER 69B HBC 4.5 K N 

80.0±30.0  30 A M M A R  68 HBC ± 5.5 K -  p 
A712= 

4From f1(1285) decay. 

5 Using a two channel resonance parametrization of GAY 76B data. 

KK- ONLY 
VALUE (MeV) EVTS DOCUMENT ID TEEN CHG 

• • • We do not use the fol lowing data for averages, fits, timits, etc. • • • 

25 100 6 ASTIER 67 HBC ± 
5 7 0 ± 1 3 0  143 7 ROSENFELD 65 RVUE ± 

6 ASTIER 67 includes data of BARLOW 67, C O N F O R T O  67, A R M E N T E R O S  65. 
7 Plus systematic errors. 
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Meson Full Listings 
ao(980), @(1020) 

Mode 

r I r/Tr 

F2 K K  

F 3 p~r 

r 4 7r r / ( 9 5 8 )  

F5 "F7 
r 6 e + e-  

a o ( 9 8 0 )  D E C A Y  M O D E S  

Fraction (ri/g) 

seen 

seen 

ao(980) r ( i ) r ( 7 7 ) / r ( t o t a l )  

r(n~) x rb~) / r to ta  , r l r s / r  
VALUE (keV) DOCUMENT ID TECN COMMENT 

019±0-07_+00:10 ANTREASYAN 86 CBAL e + e -  ~ e + e -  ~ 7/ 

r ( , l ~ )  x r ( e + e - ) / r t o t B ,  r l r s / r  
VALUE (eV) CL~'~ DOCUMENT IO TECN COMMENT 

<1.5 90 VOROBYEV 88 ND e + e -  ~ ~r 0 T I 

ao(980) BRANCHING RATIOS 

r ( K K ) / r ( r / ~ r )  r2 / r  1 
VALUE DOCUMENT ID TECN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.7 ±0 .3  8 CORDEN 78 OMEG 12-15 7r- p 
n~/27r 

0.254-0.08 8 DEFOIX 72 HBC 9- 0.7 ~ ~ 77r 

8From the decay of f1(1285). 

r ( , o ~ ) / r  ( ~ )  r 3 / r  1 

VALUE ~ DOCUMENT ID TECN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.25 70 AMMAR 70 HBC ± 4.1,5.5 K -  p 
A~/2~r 

a0(980) REFERENCES 

VOROBYEV 88 YAF 48 436 +Golubev, Dolinsky, Druzhinin+ (NOVO) 
ANTREASYAN 86 PR D33 1847 +Aschrnan. Besset, 8ienlein+ (Oystal Ball Collab.) 
ATKINSON 8~11E PL 138B 459 + (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
EVANGELISTA NP 8178 197 + (BARI. BONN, CERN, DARE, LIVP+) 
DEBILLY 80 NP B176 1 +Briand. Duboc, Levy+ (CURl, LAUS, NEUC. GLAS) 
GURTU 79 NP B151 181 +Gavillet. Blokzijl+ (CERN, ZEEM, NIJM, OXF) 
CONFORTO 78 LN£ 23 419 +Conforto, Key+ (RHEL, TNTO, CHIC. FNAL+) 
EORDEN 78 NP B144 253 +£orbett. Alexander+ (BIRM, RHEL, TELA, LOWC) 
GRASSLER 77 NP B121 189 + (AACH, BERL, BONN, CERN, CRAC. HELD+) 
FLATTE 76 PL 63B 224 (EERN) 
GAY 76B PL 63B 220 +Chaloupka, Blokzijl, Heinen+ (CERN, AMST, NIJM)JP 
WELLS 75 NP B101 333 +Radojicic. Roscoe, Lyons (OXF) 
DEFOIX 72 NP B44 125 +Nascimento, Bizzard+ (CDEF, CERN) 
AMMAR 70 PR D2 430 +Kropac, Davis+ (KANS. NWES, ANL, WlSC) 
BARNES 69C PRL 23 610 +£hung, Eisner, Bassano, Goldbers+ (BNL, SYRA) 
CAMPBELL 69 PRL 22 1204 +Lichtman. Loeffler+ (PDRD) 
MILLER 69B PL 29B 255 +Kramer, Carmony+ (PURD) 

Also 69 PR 188 2011 Yen, Amman., Carmony, Eisner+ (PURD) 
AMMAR 6~77 PRL 21 1832 +Davis, Kropac, Derrick, Fields+ (NWES. ANL) 
ASTIER PL 25B 294 +Montanet, Baubillier, Duboc+ (CDEF. CERN, IRAD) 

Includes data of BARLOW 67, CONFORTO 67, and ARMENTEROS 65. 
BARLOW 67 NC 50A 701 +Lillestol, Montanet+ (CERN, CDEF, IRAD, LIVP) 
CONFORTO 67 NP B3 469 +Marechal+ 
ARMENTEROS 65 PL 17 344 +Edwards, Jacobsen+ 
ROSENFELD 65 Oxford Conf. 58 

- -  OTHER RELATED PAPERS - -  
WEINSTEIN 89 UTPT 89 03 +lsgur 
ACHASOV 88B ZPHY C41 309 +Shestakov 
WEINSTEIN 83B PR D07 588 +lsgur 
TORNQVIST 82 PRL 49 624 
BRAMON 80 PL 93B 65 +Masso 
KIENZLE 65 PL 19 438 +Maglich, Levrat, Lefebvres+ 
TURKOT 63 Siena Conf. 1 661 +Collins, Fujii. Kemp+ 

(CERN, CDEF, IPNP, LIVP) 
(CERN, CDEF) 

(LRL) 

(TNTO) 
(NOVO) 
(TNTO) 
(HELS) 
(BARE) 
(CERN) 

(BNL. PITT) 

I< o2o)I IG(J Pc) = 0 - O - - )  

@(1020) MASS 

We average mass and width values only when the systematic errors have been 
evaluated. 

VALUE (MeV) E V T 5  DOCUMENT ID TECN COMMENT 
1019.412-1-0.008 OUR AVERAGE 
1019.7 ±0 .3  2012 DAVENPORT 86 MPSF 400 pA  ~ 4K 

X 
1019.411±0.008 642k 1 DIJKSTRA 86 SPEC 100-200 m ± , ~ ,  

p, K ± ,  on Be 
1019.7 ±0.1 ±0.1 5079 ALBRECHT 85D ARG e + e- 

hadrons 
1019.3 ±0.1 1500 ARENTON 82 AEMS 11.8 polar. 

pp ~ K K  
1019.67 4-0.17 25080 2 PELLINEN 82 RVUE 
1019.52 ±0 .13  BUKIN 78C OLYA e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1019.8 ±0 .7  ARMSTRONG 86 OMEG 85 ~ + / p p  

I r+ / p 4 K  p 
1020,1 ±0 .11  5526 3 ATKINSON 86 OMEG 20-70 7P 
1019.7 ± 1 . 0  BEBEK 86 CLEO e + e -  

T(4S)  
1020.9 ±0 .2  3 FRAME 86 OMEG 13 K + p 

(bK+ p 
1021.0 4-0.2 3 ARMSTRONG 83B OMEG 18.5 K -  p 

K - K + A  
1020.0 ±0 .5  3 ARMSTRONG 83B OMEG 18.5 K -  p 

K - K + A  
1019.7 ±0 .3  3 BARATE 83 GOLI 190 ~ -  Be 

2# X 
1019.8 ±0.2 ±0.5 766 IVANOV 81 OLYA i-1.4 e + e~ 

K + K -  
1019.4 ±0 .5  337 COOPER 78B HBC 0 . 7 - 0 . 8 ~ p  

K 0 K 0 
5 L 

1020.0 ± 1.0 383 3 BALDI 77 CNTR 10 7r- p 
7 r - 0 p  

1018.9 4-0.6 800 COHEN 77 ASPK 6 ~±  N 
K + K - N  

1019.7 ±0 .5  454 KALBFLEISCH 76 HBC 2.18 K -  p 
K K n  

1019.4 ±0 .8  984 BESCH 74 CNTR 2 ? p  

p K  + K -  
1020.3 ±0 .4  100 BALLAM 73 HBC 2.8-9.3 7P 
1019.4 ±0 .7  BINNIE 73B CNTR ~T- p ~ 0 n  
1019.6 4-0.5 120 4 AGUILAR-... 72B HBC 3.9,4.6 K -  p 

A K +  K - 
1019.9 ±0 .5  100 4 AGUILAR-... 72B HBC 3.9,4.6 K -  p 

K - p K +  K - 
1020.4 4-0.5 131 COLLEY ?2 HBC 10 K + p 

K + pC 
1019.9 ± 0 . 3  410 STOTTLEMYE~t l  HBC 2.9 K -  p 

~_/AKK 
1Weighted and scaled average of 12 measurements of DIJKSTRA 86. 
2pELLINEN 82 review includes AKERLOF 77, DAUM 81, BALDI 77, AYRES 74, DEG- 

ROOT 74. 
3 Systematic errors not evaluated. 

4Mass errors enlarged by us to F/N1/2; see the note with the K* (892) mass. 

@(1020) WIDTH 

We average mass and width values only when the systematic errors have been 
evalutated. 

VALUE (MeV) EVTS DOCUMENT ID TECN 
4.414-0.07 OUR FIT Error includes scale factor of 1.2. 
4.414-0.06 OUR AVERAGE 
4.45±0.06 271k DIJKSTRA 86 SPEC 100 7r- Be 
4.5 4-0.7 1500 ARENTON 82 AEMS 11.8 polar, pp ~ K K  
4.2 ±0 .6  766 5 IVANOV 81 OLYA i - 1 .4  e + e -  

K + K  - 
4.3 ±0 .6  5CORDIER 80 WIRE e + e  - ~ ~r+Tr-~r 0 
4,364-0.29 3681 5,6 BUKIN 78C OLYA e + e -  
4.5 4-0.50 1300 5,7 AKERLOF 77 SPEC 400 pA  ~ K + K -  X 
4.4 4-0.6 984 5 BESCH 74 CNTR 2 ; p  ~ p K  + K -  
3.814-0.37 COSME 74B O5PK e + e -  
3.8 ±0 .7  454 5 BORENSTEIN 72 HBC 2.18 K -  p ~ K K n  
4.67d_0.72 681 5 BALAKIN 71 OSPK e + e -  
4.094-0.29 BIZOT 70 OSPK e + e -  
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~b(1020) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

8.9 4-0.3 7FRAME 86 OMEG 1 3 K + p ~  c~K+p 
3.6 J-O.8 337 5 COOPER 78a HBC 0.7-0.8 # p  ~ /~5 K~L 
4.5 ±0.8 500 5,7 AYRES 74 ASPK 3-6 ~r- p 

K + K - n ,  K p ~  
K + K -  A/[ 0 

4.2 ±i,3 170 5,7 DEGROOT 74 HBC 4.2 K p ~ AK + K 
3.8 ±1.5 10O 5 BALLAM 73 HBC 2.8-9.3 7P 
4.5 ±1.1 81NNIE 73e CNTR = p ~ ¢~n 
4.6 2-1.7 120 5 AGUILAR ... 72B HBC 3.9,4.6 K -  p 

A K + K  
4.7 d_ 1.9 100 5 AGUILAR ... 72B HBC 3.9,4.6 K -  p 

K - p K +  K 
5.0 ±1.8 131 5COLLEY 72 HBC 1 0 K + p ~  K + p ~  
4,2 ± 1.4 150 5 AUGUSTIN 69 OSPK e + e 

5Width errors enlarged by us to 4r /N1~2;  see the note with the K* (892) mass. 
6 Number of events includes a small background contribution. 
7 Systematic errors not evaluated. 

~ (1020)  D E C A Y  M O D E S  

Scale factor/ 
Mode Fraction (Fi /F)  Confidence level 

['1 K + K  (49.5 ±1.1 ) %  S 1.4 

F2 K O K O  s (34.4 ± 0 9  ) %  S=1.4 

F 3 pTr (12.9 4-07 ) % 

['4 / r+ / r - 'RO ( 1.9 +~:2 ) %  S 1.3 

I- 5 71~f ( 1 . 2 8 ± 0 0 6 )  % 5--1.2 
1-6 ~T03 (1 .31±0.13)  x i0  3 

F7 e + e  - ( 3,112-0 I0) x i0  4 

I- 8 /Z+/~, - (2 .48±0.34)  x 10 -4 

F9 q e + e  ( 1.3 _+00[ 8 ) x l 0  4 

FIO m-±;T - ( 8 +45 ) x l O  5 S-1.5 

Ell cJ'y < 5 % CL=84% 

F12 p3 < 2 % CL-84% 

1-13 7r+~r-? < 7 x i0 3 CL--90% 

1-14 f0(975)'~' < 2 x 10 - 3  CL-90% 

1-15 7r0/rO' 7 < 1 x 10 - 3  CL_90% 

[-16 /r + 7c~/[+ 7r < 8.7 x 1O 4 CL-90% 

[-17 fl'(958)'y < 4.1 × 10 -4 CL-90% 

FI8 Tr+Tr+~-Tr ~r 0 < 15 x 10 - 4  CL=95% 

F19 7 r ° e + e  < 1.2 x 10 - 4  CL-90% 

C O N S T R A I N E D  FIT INFORMATION 

An overall f i t  to the total  w id th ,  a partial w id th ,  and 9 branching 
ratios uses 40 measurements and one constraint to determine 6 
parameters. The overall f i t  has a X 2 = 42.1 for 35 degrees of 
freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 

I6p ibp31/ (6p~.~p3) ,  in percent, from the f i t  to parameters Pi, including the branch- 
~ r 
ing fractions, x i _- r i / F t o t a  I. The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

X 2 --50 

x 3 0 0 

X 4 - 4 8  - 3 4  - 5 7  

x 5 3 3 0 i 

I- 0 O 27 15 0 

x 1 x 2 x 3 x4 x 5 

Mode Rate (MeV) Scale factor 

F 1 K + K -  2.19 ±0.06 1.3 
I" 2 K0L K 0 1.52 ±0.05 1.3 

F 3 pTr 0.570 ±0.030 
i- 4 ~r + ~ - ~O 0.08 ± 0.05 1.3 

F 5 l / 'y  0.0567±0.0029 1.2 

~ ( i 0 2 0 )  PARTIAL W I D T H S  

r ( ,~, , )  
VALUE (MeV) _ _  DOCUMENT ID TEEN COMMENT 
0.5704-0.030 OUR FIT 
0.57 4-0.03 JULLIAN 76 OSPK e ± e 

r(e+ e- )  
VALUE (keY) 
1.37+0.05 OUR EVALUATION 

DOCUMENT ID 

~(1020)  BRANCHING R A T I O S  

r (K + K -  ) / r t o t s  I 
VALUE EVT5 DOCUMENT ID TECN 
0.4954-0.011 OUR FIT Error includes scale factor of 1.4, 
0.4974-0.019 OUR AVERAGE 
0.45 4-0,05 321 KALBFLEISCH 76 HBC 
0.49 ,10.06 270 DEGROOT 74 HBC 
0.5402_0.034 BALAKIN 71 OSPK 
0.486 + 0.044 CHATELUS 71 OSPK 
0.48 2_004 252 LINDSEY 66 HBC 

1- (KOL KOs)/Ftota l  
VALUE EVT5 
0.3444-0.009 OUR FIT Error 
0.3044-0.026 OUR AVERAGE 
0.3104-0.024 

0.27 =0.03 133 
0,257±0.038 
040 J_ 0.04 167 

r t / r  
COMMENT 

2.18 K p 
4 . 2 K - p ~  h~  
e + e 
e + e- 
2.7K-p 

r2/r 
DOCUMENT ID IECN COMMENT 

includes scale factor of 1.4. 
Error includes scale factor of 1.7. See the ideogram below. 

DRUZHININ 84 ND e + e -  ~ K~/ K0~ 

KALBFLEISCH 76 HBC 2.18 K -  p 
BALAKIN 71 OSPK e ~ e 
LINDSEY 66 HBC 2.7 K p 

WEIGHTED AVERAGE 
0 . 3 0 4  = 0 .026  (Error scaled by  1.7) 

O.1 0.2 0 .3  

F(KOL KOs)/r tota l  

[r(pTr) + r(lr+Tr-Tr°)]/rtota, 
VALUE DOCUMENT ID TEEN COMMENT 
0.]484-0.010 OUR FIT Error includes scale factor of 1.7. 
0.1394-0.007 8 PARROUR 76B OSPK e + e-  

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  values. 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 

. . . . . . . .  DRUZHININ 84 ND 0.1 
• ~ . . . . . .  KALBFLEISCH 76 HBC 1.3 
' ~ . . . .  BALAKIN 71 0SPK 1.5 

" ~ 1 - - - ~  • • LINDSEY 66 HBC 5.8 

I ~ (Confi ldence Level = 0 .035 )  

0 .4  0.5 0.6 

(r3+r4)/r 

8 Using total width 4.1 MeV. The 37r mode is more than 80%. pTr at the 90% confidence 
level. 

r (K 0 g°s)/r (K-K) r2/(r l+r2) 
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
0.4104-0.010 OUR FIT Error includes scale factor of 1.3. 
0.45 4-0.04 OUR AVERAGE 
0.44 ±0.07 LONDON 66 HBC 2.2 K p 
0.48 ±0.07 52 BADIER 65B HBC 3 K -  p 
0.40 ~ 0110 10 S C " L E I N 6 ~ H B C 2 . 0 K p 

[r(p~) + r(~+~r-Tr°)] /r(K~) ( r3+r4) / (q+r2)  
VALUE DOCUMENT ID TEEN COMMENT 
0.177±0.014 OUR FIT Error includes scale ~actor of 1.7. 
0.24 4-0.04 OUR AVERAGE 
0.237±0 039 CERRADA 77B HBC 4.2 K p - -  A37: 
0.50 ±015  LO.DON 0~ .~C ~.2~ 

[r(o,~) + r(~+,~-, ,o)] /r(K ° K~) (r3+r4)/r2 
VALUE D OCUMEN ! ID TEEN COMMENT 
0.4314-0.035 OUR FIT Error includes scale factor of 1.6. 
0.49 4-0.05 OUR AVERAGE 
0.56 ± 0 1 3  BUKIN 78C OLYA e - e -  
0.47 ±0.06 COSME 74 OSPK e ~ e -  

F ( #  + # - ) / F t o t a  I r 8 / r  

VALUE (umts 10 4) _ _  DOCUMENT ID TEEN COMMENT 
2.484-0.34 OUR AVERAGE 
2.69±046 HAYES 71 CNTR Photoproduction 
2.17±8.60 EARLES 70 CNTR 6.0 Bremsstr. 
2 3 4 ± 1 0 1  MOY 69 CNTR Photoproduction 
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Meson Full Listings 
+(1020) 

F(rt~)IFtota, rs/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.O].28=1=0.0006 O U R  F r r  Error includes scale factor of 1.2. 

0.OI28=1=O.0007 OUR AVERAGE Error includes scale factor of 1.2. 
0.01304-0.0006 9 D R U Z H I N I N  84 N D  e + e -  ~ 3-~ 
0.014 4-0.002 10 D R U Z H I N I N  84 ND e + e -  ~ 6? 
000884-0.0020 290 K U R D A D Z E  83C OLYA e + e -  ~ 3? 
0.01354-0,0029 A N D R E W S  77 C N T R  0.7-10 -},Cu 
0.015 4-0.004 54 9 COSME 76 OSPK e + e 

9 From 2? decay mode of ~/, 
10 From 3~ 0 decay mode of  r/. 

r(=+=-~)/rtotal r13/r 
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.007 90 COSME 74 OSPK e + e  - 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.08 90 KALBFLEISCH 75 HBC 2.2 K -  p 
<0.04 L,NDSEY 8S HBC 2.TK-p 

r (~"f)/Ftota, Ft1/F 
VALUE C L ~  DOCUMENT ID TECN COMMENT 

<0.08 84 LINDSEY 66 HBC 2.7 K- p 

r ( P " f ) / F t o t a ,  F t 2 / F  
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.02 84 L INDSEY 06 HBC 2.7 K -  p 

r (e + e-) /rtota I rT /r  
VALUE (units 10 -4) DOCUMENT ID TEEN COMMENT 
3.11±0.10  OUR AVERAGE 
3.004-0.21 BUKIN  78C OLYA e + e- 
3 10±0 .14  11 PARROUR 76 OSPK e + e -  
3 3 3_0.3 COSME ?4 OSPK e + e -  
2 81:50.25 B A L A K I N  71 OSPK e:5 e -  
3 .50±0.27 CHATELUS 71 OSPK e:5 e -  

11Using tota l  w id th 4.2 MeV. They detect 37r mode and observe significant interference 
wi th  ~ tail. This is accounted for in the result quoted above. 

r(Tr%')/Ftotal rd r  
VALUE (units 10 -3) EVT5 DOCUMENT ID TEEN COMMENT 
1.314-0.13 OUR AVERAGE 
130d_0.13 D R U Z H I N I N  84 ND e + e -  ~ 3~f 
1 4  ± 0 . 5  32 COSME 76 OSPK e + d -  

r (,~+ ~-)/Ftotal r l 0 / r  
VALUE (units 10 4) CL D/o DOCUMENT ID TECN COMMENT 

0.8 + 0 . 5  OUR AVERAGE Error includes scale factor of 1.5. - 0 . 4  

0 A~+0 .37  e+  ~ +  ~ - 0 . 2 8  12 G O L U B E V  86 ND e ~ 7r- 

l OA+1.03 12 V A S S E R M A N  81 OLYA e + e -  
" ~  0.81 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<:6.6 95 B U K I N  78B OLYA e + e -  
<4.0  95 JULL IAN  76 OSPK e + e 
<:2.7 95 ALVENSLEBEN72 OSPK ?C 

12 Using F(e + e - ) / F t o t a  I = 3.1 x 10 - 4 .  

r (K 0 K O)Ir (K + K - )  r21r 1 
VALUE EVT5 DOCUMENT /D TECN COMMENT 
0.694-t-0.O30 OUR F IT  Error include~-s ~ c t o ~ r  of 1.3- 
0.736-1-0.030 OUR AVERAGE 
0.70 4-0.05 BUKIN  78C OLYA e ± e -  
0.82 4-0.08 LOSTY 78 HBC 4.2 K p ~ (6 hyperon 
0.71 4-0.05 LAVEN 77 HBC 10 K -  p ~ K + K -  A 
0,71 :~0.08 LYONS 77 HBC 3-4  K -  p ~ A(6 
0.89 10 .10  144 AGUILAR-. . .  72B HBC 3.9,4.6 K p 

[r(#~) + r (~+ ~r- ~0)]/r(K+ K-) (rg+rg)/rl 
VALUE EVT5 DOCUMENT IO~ T_ECN COMMENT 
0.299=1:0.025 O U R  F IT  Error includes ~ factor of 1.7. 

0.28 4-0.09 34 AGUILAR-. . .  72B HBC 3.9,4.6 ~ p 

r(r/e+ e-)/rtotal rg/r 
VALUE (units 10 -4) EVTS DOCUMENT ID TEEN COMMENT 

1 ~ + 0 . 8  7 G O L U B E V  85 N D  e + e -  " ~ -  0.6 ~ "f ? e+ e -  

r(d(958)~)/rtota, r lT / r  
VALUE (units 10 -4)  C L ~  DOCUMENT ID TECN COMMENT 

<4.1 90 D R U Z H I N I N  87 ND e + e -  ~ -'/~lTr + ~T- 

r (~o ~o ~)/Ftota I rls/r 
VALUE (units 10 -3)  CL% DOCUMENT ID TECN COMMENT 

<1 90 DRUZHIN IN -  87 ND e + e -  ~ 5? 

r(,~+ ~ + ~ -  ~ -  ~0)/r(K+ K-)  r18/ r l  
0.04 CL for 1~ wi th  (6 ~ K + K -  = 0.47; 0.09 CL for 1(7 for n u m / t o t a l  

VALUE ~ DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.02 95 AGUILAR-. . .  72B HBC 3.9,4.6 K -  p 

r(~+ =+ ~ -  ~- =0)/rtota I r l g / r  
VALUE (units 1O -4 )  C L ~  DOCUMENT ID TECN COMMENT 

<1.5 95 B A R K O V  88 C M D  e + e -  
~T+ 7r-- = +  7r-- 7r 0 

r(,~+ ~- ~+,~-) Irtota, r lolr 
VALUE (units 10 -4  ) CL__~% DOCUMENT ID TEEN COMMENT 

<8.? 90 CORDIER 79 WIRE e + e -  ~ 47r 

r(p,O/[r(p~ ) + r(~+=-~o) + r(~.9] r3/(r3+r4+rs) 
VALUE C L ~  DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

>0.8  90 JULL IAN 76 OSPK e + d -  

r (f0(975)'y)/Ftotal r14/r 
VALUE (units 10 -3 )  C L ~  DOCUMENT ID T!CN COMMENT 

< 2  90 D R U Z H I N I N  87 NO e + e -  ~ 7r07r0"7 I 

r (~o e+ e-)/rtota I r19/r 
VALUE C L ~  DOCUMENT ID TECN COMMENT 

< 1 . 2 X 1 0  - 4  90 DOL INSKY 88 ND e + e -  ~ 7 r 0 e + e -  I 

,~(1020) REFERENCES 
BARKOV 88 5JNP 47 248 +Vasserman, Vo~obyev, Ivanov+ (NOVO) 
DOLINSKY 88 YAF 48 442 +Druzhinin, Dubrovin, Golubev+ (NOVO) 
DRUZHININ 87 ZPHY C37 1 +Dubrovin, Eidelman, Golubev+ (NOVO) 
ARMSTRONG 86 PL 166B 245 +BIoodworth, Carney+ (ATHU, BARI, BIRM, CERN) 
ATKINSON 86 ZPHY C30 521 + (BONN, CEBN, GLAS, LANC, MCHS, LPNP+) 
BEBEK 86 PRL 56 1 8 9 3  +Berketman, Blucher, Cassel+ (CLEO Collab.) 
DAVENPORT 86 PR 33 2519 (TUFT, ARIZ, FNAL, FSU, NDAM, VAND) 
DIJKSTRA 86 ZPHY C31 375 +Bailey+ (ANIK, BRIS, tERN, CRAC. MPIM, RAL) 
FRAME 86 NP B276 667 +Hughes, Lynch, Minto, McFadzean+ (GLAS) 
GOLUBEV 86 SJNP 44 409 +Druzhinin, Ivanchenko, Perevedentsev+ (NOVO) 

Translated frem YAF 44 633. 
ALBRECHT 85D PL 153B 343 +Drescher, Binder, Drews+ (ARGUS Collab.) 
GOLUBEV 85 SJNP 41 756 +Druzhinin, Ivanchenko, Peryshkin+ (NOVO) 

Translated from YAF 41 1183. 
DRUZHININ 84 PL 244B 136 +Golubev, Ivanchenko, Pefyshkin+ (NOVO) 
ARMSTRONG 83B NP B224 193 + (BARI, BIRM, CERN, MILA, LPNP, PAVI) 
BABATE 83 PL 121B 449 +Bareyre, Bonamy+ (SACL, LOIC, SHMP, IND) 
KURDADZE 83C JETPL 38 366 +Lelchuk, Root+ (NOVO) 

Translated from ZETFP 38 306. 
ARENTON 82 PR D25 2241 +Ayres, Diebold, May, Swallow+ (ANL, ILL) 
PELLINEN 82 PS 25 599 +RODS (HELS) 
DAUM 81 PL 100B 439 +Bardsley+ (AMST, BRIS, CERN, CRAC, MPIM+) 
IVANOV 81 PL 107B 297 +Kurdadze, Lelchuk, Sidorov, Skrinsky+ (NOVO) 

Also 82 Private Comm. ETdelma n (NOVO) 
VASSERMAN 81 PL 99B 62 +Kurdadze, Sidorov, Skrinsky+ (NOVO) 
CORDIER 80 NP B172 13 +Delcourt, Eschstruth, Fulda+ (LALO) 
CORDIER 79 PL 81B 389 +Delcourt, Eschstruth, Fulda+ (LALO) 
BUKIN 78B SJNP 27 521 +Kurdadze, Sidorov, Skrinsky+ (NOVO) 

Translated from YAF 27 985. 
BUKIN 78C SJNP 27 516 +Kurdadze, Serednyahov, Sidorov+ (NOVO) 

Translated from YAF 27 976. 
COOPER 78B NP B146 1 +Gurtu+ (TATA, CERN, CDEF, MADR) 
LOSTY 78 NP B133 38 +Holmgren, Blokzijl+ (CERN, AMST, NIJM, OXF) 
AKERLOF 77 PRL 39 861 +Adey, Bintinger, Ditzler+ (FNAL, MICH, PURD) 
ANDREWS 77 PRL 38 198 +Fukushima, Hawey, Lobkowicz, May+ (ROCH) 
BALDI 77 PL 68B 381 +Bohringer, Dorsaz, Hungerbuhler+ (GEVA) 
£ERRADA 77B NP B126 241 +Blockzijl, Heinen+ (AMST, CERN, NUM, OXF) 
COHEN 77 PRL 38 269 +Ayres, Diebold, Kramer, Pawlicki, Wicklund (ANL) 
LAVEN 77 NP B127 43 +Otter, Klein+ (AACH, BERL, CERN, LOIC, W}EN) 
LYONS 77 NP B125 287 +Cooper, Clark (OXF) 
COSME 76 PL 63B 352 +Courau, Dudelzak, Grelaud, Jean Marie+ (ORSA) 
JULLIAN 76 Tbilisi 2 1319 (ORSA) 
KALBFLEISCH 76 PR D13 22 +Strand, Chapman (BNL, MICH) 
PARROUR 76 PL 63B 357 +Grelaud, Cosine, Courau, Dudelzak+ (ORSA) 
PARROUR 76B PL 63B 362 +Grelaud, Cosine, Courau, Dudelzak+ (ORSA) 
KALBFLEISCH 75 PB D l l  987 +Strand, Chapman (BNL, MICH) 
AYRES 74 PRL 32 1463 +Diebold, Greene, Kramer, Levine+ (ANL) 
BESCH 74 NP B7O 257 +Hartmann, Kose, Krautschneide¢, Paul+ (BONN) 
COSME 74 PL 4BB 155 +Jean-Made, Jullian, Laplanche+ (ORSA) 
COSME 74B PL 48B 159 +Jean Marie, Jullian, Laplanche+ (ORSA) 
DEGROOT 74 NP B74 77 +Boogland, Jongejans, Metzger+ (AMST, NIJM) 
BALLAM 73 PR D7 3150 +Chadwick, Eisenberg, Bingham+ (SLAC, LBL) 
BINNIE 73B PR D8 2789 +Carr, Debenham, Duane+ (LOIC, SHMP) 
AGUILAR .. 72B PR D6 29 Agu]lar Benitez, Chung, Eisner, Samios (BNL) 
ALVENSLEBEN 72 PRL 28 66 +Becker, Bi~s, Binkley+ (M~T, DESY) 
BORENSTEIN 72 PR D5 1559 +Danburg, Kalbfleisch+ (BNL, MICH) 
COLLEY 72 NP B50 1 +Jobes, Riddiford, Griffitbs+ (BIRM, GLAS) 
BALAKIN 71 PL 34B 328 +Budke[, Pakhtusova, Sidorov, Skrinsky+ (NOVO) 
CHATELUS 71 LAL 1247 Thesis (STRB) 

Also 70 PL 32 416 Bizot, Buon, Chatelus, Jeanjean+ (ORSA) 
HAYES 71 PR D4 899 +lmlay, Joseph, Keizer, Stein (CORN} 
STOTTLEMYERT1 ORO 2504 170 Thesis (UMD) 
BIZOT 70 PL 32 416 +Buon, Chatelus, Jeanjean+ (ORSA) 

Also 69 Liverpool Sym. 69 Perez-y-Jorba 
EARLES 70 PRL 25 1312 +Faissler, Gettner, Lutz, Moy, Tang* (NEAS) 
AUGUSTIN 69 PL 28B 517 +Bizot, Buon, Delcourt, Haissinski* (ORSA) 
MOY 69 Thesis (NEAS) 
LINDSEY 66 PR 147 913 +Smith (LRL) 
LONDON 66 PR 143 1034 +Rau, Goldberg, Lichtman+ (BNL. SYRA) 
BADIER 65B PL 17 337 +Demoulin, Barloutaud- (EPOL. SACL, AMST) 
LINDSEY 65 PRL 15 221 +Smith (LRL) 

LINDSEY 65 data included in LINDSEY 66. 
SCHLEIN 63 PRL 10 368 +Slater, Smith, Stork, Ticho (UCLA) 



V I  1 .24 

M e s o n  F u l l  L i s t i n g s  

@(1020), h~(1170), 51(1235) 
- -  OTHER RELATED PAPERS - -  

GEORGIO. 05 eL lS2B 428 Geo~giopoulos~ (TUFT, ARIZ, FNAL FSU, NDAM+) 
ROOS 80 LNC 27 321 +Pellinen (HELS) 
BARTALUCCI 78 NC 44A 587 +Basini, Bertolucd+ (DESY, FRAS) 
COUBANT 7? PR D16 1 +Makd{sl. Marshak. Peterson, Ruddick+ (MINN) 
EVANGELISTA 77 NP B127 384 + (BARI. BONN. EERN. DARE. GLAS+) 
BIZZARRI 74 NC 20A 393 +Ciapetti, Dionisi, Dore, Gaspero+ (NOVA) 
BALAKIN 72 PL 40B 431 +Bokin, Pakhtusova, Sidorov+ (NOVO) 
BASILE 72 NP B44 605 +Dalpiaz, Frabetti, Zichichi+ (CERN, BGNA, STRB) 
BENAKSAS 72C PL 42B 511 +Cosine, Jean-Marie, Jullian, Laplanche+ (ORSA) 
ALVENSLEBEN ?IB PRL 27 441 +Necker, 8usza, Chen+ (MIT, DESY) 
DIBIANCA 71 NP BS5 13 +Einschla6, Endorf, Engleq Fisk~ (CORN) 
BIZOT 70B LNC 4 1273 +Delcourt, Jeanjean, Lalanne+ (ORSA) 
BYAMS 70 NP B22 189 +Koch, PotteL VonLindern+ (CERN, MP~M) 
SCOTTER (}9 NC 62A 1057 +Erskine, Paler+ (BIRM, GLAS, LOIC, MPIM, OXF) 
ABRAMS 60 PR 175 1697 +Glasser, Kehoe, Sechl-Zorn. Wolsky (UMD) 
ASTVACAT.. 68 PL 27B 45 Astvacaturov, Azimov, Bald±n+ (JINR, MOSU) 

Also 67 PRL 19 869 Asbury, Necker, Bertram, Tin8+ (OESY, COLU) 
BINNIE 68 PL 27B 106 +Duane, Faruqi, Horsey+ (LOIC, RHEL) 
BOLLINI 68B NC SEA 1171 +BuSier, Dalp~az, Massam+ (CERN, BGNA, STRB) 
MOSTEK 68 PBL 20 1 0 5 7  +Eisenhandler, McClellan, Mistry+ (CORN) 
WEHMANN 68 PRL 20 748 +Engels+ (HARV, CASE, SLAB, CORN, MCGI) 
ABRAMS 67 MD Tech Rep 720 Thesis (UMD) 
BARLOW 67 NC SOA 701 +Lillestol, Montanet+ (BERN, CDEF, IRAD, LIVP) 
CHASE 67 PRL 18 710 +RothwelL Wei~stein (CEA, NEAS) 
DAHL 67 PR 163 1377 +Hardy, Hess, Kirz, Miller (LRL) 
HERTZBACB 67 PR 155 1461 ~Kraemer, Madanski, Zdanis+ (JHU, BNL) 
KHACHAT... 67 PL 24B 049 Bhachaturyan, Azimov, Bald±n, Belousov+ (JINR) 
GRAY 60 PBL 17 501 +Hagerty, Bizzarfi, Ciapetti+ (SYRA, ROMA)GJP 
LINDSEY 66B PL 20 93 +Smith (LRL) 
BARBARO .. 65 PRL 14 279 Barbaro-Galtier], Tripp (LRL) 
BERLEY 65B PR 139B ]097 +Gelfand (BNL. COLU) 
MILLER 65B EU 237/Nevis-131 Thesis (COLU) 
ARMENTEBOS 63B Siena Conf. 2 70 +Edwards, Astier+ (BERN, CDEF) 
GELFAND 03B PRL i t  438 +Miller, Nussbaum, Kirsch+ (COLU, RUTG) 
BERTANZA 62 PRL 9 180 +Brisson, Connolly, Hart+ (BNL, SYRA) 

Ih (1170) I 
w a s  H ( l 1 9 0 )  

I G ( J  Pc )  = 0 (1 + - )  

h ] ( 1 1 7 0 )  M A S S  

VALUE (MeV] DOCUMENT ID TEEN CHG COMMENT 
1178±21 OUR AVERAGE 
1167±22 2TAKAMATSU 90 SPEC 0 87r p ~  3=n  I 
1190±60 1 DANKOWY...  81 SPEC 0 8 =p  ~ 3~rn 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1160±50 ANDO 87 SPEE 0 8 ~rp ~ 3~rn 

1 Uses the model of BOWLER 75. 

2 This result supersedes ANDO 87. I 

h 1 ( 1 1 7 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 
311±33  OUR AVERAGE 
304±45  4TAKAMATSU 90 SPEC 0 8 ~ r - p ~  3~rn I 
320±50  3 DANKOWY...  81 SPEC 0 8 ~ p  ~ 3~rn 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

340±30  ANDO 87 SPEC 0 8 ~p  ~ 3~n 

3Uses the model of BOWLER 75. 

4 This result supersedes ANDO 87. I 

ht(1170) D E C A Y  M O D E S  

Mode Fraction (F i /F )  

r l  p ~  seen 

h1(1170) BRANCHING RATIOS 

r ( p ~ ) / F t o t a l  
VALUE DOCUMENT ID TEEN EHG COMMENT 

seen ANDO 87 SPEE 0 
seen ATKINSON 84 OMEG 

seen DANKOWY...  81 SPEC 

r l / r  

8 7 r p ~  37rn 
20-70 qp 

~T+ ~T-- ~0p  
8 ~ p ~  3~rn 

h1(1170) REFERENCES 

TAKAMATSU 90 Hadron 89 Conf .  +Ando+ (KEK) 
ANDO 07 Had¢on 87 Conf +lmai, Inaba (KEK) 
ATKINSON 84 NP B231 15 + (BONN, CERN, GLAS, LANE, MBHS, LPNP+) 
DANKOWY. 81 PRL 46 500 Dankowych* (TNTO, BNL, CARL MCGi, OHIO) 
BOWLER 7"5 NP B97 227 +Game, Aitchison, Dainton (OXF, DARE) 

I bi(1235) I 
w a s  B(1235) 

I G ( J  PC) = i + ( i  + - )  

b 1 ( 1 2 3 5 )  M A S S  

VALUE (MeV I EVTS DOCUMENT IO TECN CHG COMMENT 
1233 i 1 0  OUR ESTIMATE T h i s ~ o n l - - ~ u c a t e d ~ s ; t h e - e r r ~ l a r g e r  

than the error on the average of the published values. 
1232.64- 3.0 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below. 

1222 ± 6 ATKINSON 84E OMEG ± 25-55 "Yp 
'~frX 

1237 ± 7 ATKINSON 84E OMEG 0 25-55 ?p  
~ r X  

1239 ± 5 EVANGELISTA81 OMEG 1 2 ; T - - p - -  ,~Tp 
1234.0-515.0 105 BLOODWO... 80 HBC - 8.2 K p 
1240.0±15.0 225 BALTAY 78B HBC + 15 7r + p ~ p4,'T 
1251.0± 8.0 450 GESSAROLI 77 HBC - 11 ~T-- p 

1245.0±11.0 890 FLATTE 76C HBC 4.2 K -  p 
7r- w T +  

1222 ± 4 1400 CHALOUPKA 74 HBC 3.9 = -  p 
1220 ± 7 600 KARSHON 74B HBC + 4.9 7r + p 
1235 ±15  AFZAL 73 HBC + 11.7 ~r + p 
1268 ± 16 AFZAL 73 HBC 11.2 7r- p 
1243 ± 6 1163 10TT 72B HBC ÷ 7.1 7r ~ p 
1240.0±200 ANDERSON 70B CNTR 0 5-18 "rp 
1236.0±150 HOOGLAND 70 DBC 3.0 K-  d 
1220 ±20 CHUNG 68 HBC 3.2,4.2 7r p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1311 ±10 2TAKAMATSU 90 SPEC 0 8~T p ~  r/pn l 
1275 ± 4 TAKAMATSU 90 SPEC 0 9 = - p ~  W~T0n I 1190 ±10 AUGUSTIN 89 DM2 -5 e±e- ~ 5~r 
1213 ± 5 ATKINSON 84C OMEG 0 20-70 "fp 
1271 ± 11 COLLICK 84 SPEC + 200 7r + Z 

ZTT~ 
1208.0±18.0 360 GAVILLET 7BB HBC - 4.2 K-  p back 

ward 
1228 ± 5 3 FRENKIEL 72 HBC ± 0.O~p, 5~r 

1 From fit of the mass spectrum. 
2Brei t  Wigner f i t t ing of PWA of 71~7r system. I 
8Fi t  requires an additional JP = 1 -  resonance at 1256 MeV, width 129 MeV, 

WEIGHTED AVERAGE 
1232.6 ± 3 .0  (Error sca led  by 1.5) 

X 2 

- ~ - v ~ A  . . . . . . . . . .  ATKINSON 84E OMEG 
I -  I ' ~ - - ~  . . . . . . . . .  ATKINSON 84E OMEG 0.4 
I | ~ . . . . . . . . .  EVAN6ELISTA B 1 0 M E G  118 

. . . . . . . .  BLOODWO... 80 HBC 0.O 
~ . . . . . .  BALTAY 78B HBC 0.2 

[ [ '~. ~ . . . . . .  6ESSAROLI 77 HBC 5.3 
J ~ . . . . . .  FLATTE 76C HBC 1.3 
I - I -  v .  • - ~ . . . . . . . .  CHALOUPKA 74 HBC 7.0 

~ - -  .~ . . . . . . . .  KARSHON 74B HBC 3.2 
~ . . . . . . .  AFZAL 73 HBC 0.0 

,~/ ~ I AFZAL 73 HBC 4.9 
v ' - - t - -  ~l . . . . . . .  OTT 72B HBC 3.0 

I .~ I ~, . . . . .  ANDERSON 7OB CNTR O.1 
I -~'~'~'~'~'~'~'~'~ \ . . . . . .  HOOGLAND 70 DBC 0.~ 

. . . .  \ . . . .  C.UNG 88~c 04 
3~'3 

, x~ / ,  , ~ . . . . ~ , ( C o n f i l d  . . . .  Leve l  = 0 . O 0 6 )  

1180 1200  1220 1240 1260 1280 1 3 0 0  1320 

b1(1235 ) mass (MeV)  

b 1 ( 1 2 3 5 )  W I D T H  

VALUE (MeV~ E V T 5  DOCUMENT ID TEEN EHG COMMENT 
150 ± 1 0  OUR ESTIMATE T h i s E ~ u e a t e d g ~ E ; t h ~ r o r g ~ T a r g e r  

than the error on the average of the published values. 
150 ± 7 OUR AVERAGE 
170 ± 1 5  EVANGELISTA81 OMEG - 22 lr p ~ ~Trp 
150.0±50.0 105 BLOODWO... 80 HBC 8.2 K -  p 
170.0-550.0 225 BALTAY 78B HBC + 15 7- + p ~ p47r 
155.0-532.0 450 GESSAROLI 77 HBC i i  7r p 

7r uJp 
182.0-545.0 890 FLATTE 76C HBC 4.2 K-  p 

~r ~Z + 
135 ±20 1400 CHALOUPKA 74 HBC 3.9 7r- p 
156 -522 600 KARSHON 74B HBC + 4,9 7r + p 
120 ±50 AFZAL 73 HBC + 11.7 ~ p 
130 ±50 AFZAL 73 HBC 11.2 7r- p 

134 -523 1163 4 0 T T  72B HBC + 7.1 =+ p 
- 2 6  

132.0±20.0 HOOGLAND 70 DBC 3.0 K d 
150 .520 CHUNG 68 HBC 3.2,4.2 ~r p 



See key on page IV.1 

VII .25 

Meson Full Listings 
b~(1235), fo(1240) 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

126 4-10 5TAKAMATSU 90 SPEC 0 8 ~ r - p ~  n#." I 
181 4- 7 TAKAMATSU 90 SPEC 0 9 ~ r - p ~  ~rU n I 210 +19 AUGUSTIN 89 DM2 4- e+e - ~ 5~T 
231 4-14 ATKINSON 84C OMEG 0 20-10 3'P 
232 9.29 COLLICK 84 SPEC + 200 ~ +  Z 

Z~r~ 
163.0±50.8 360 GAVILLET 78B HBC + 4.2 K -  p back- 

ward 
126 - -10 6 FRENKIEL 72 HBC + 0 . 0 ~ p ,  5~r 

4 From f i t  of  the mass spectrum. 
5 B re i t -W igne r  f i t t ing of PWA of  ~ l ~ r  system. I 
6See note under the FRENKIEL 72 mass above. 

b~(1235) DECAY MODES 

Mode Fraction ( r i / r )  Confidence level 

r l  ~zr dominant 
[ D I S  amplitude ratio = 0.26 4- 0.04] 

r2 ~4-~ (1.54-0.4) x 10 -3 
r3 ,q p seen 
r4 ~r+fr+~r fr o < 50 % 
F5 ,lfr < 25 % 
r6 fr~r < 15 % 
F7 (KK)±  ~r 0 < 8 % 
r8 ~-0 ~0 9- " S " L f r  < 6 % 

r 9 K K  < 2 % 
/ z0  /~-0 ± rio " s " s f r  < 2 % 

r l l  ?T¢ < 1.5 % 

84% 

90% 

90% 

90% 

90% 

84% 

90% 

84% 

b1(1235) PARTIAL WIDTHS 

r0r4-~, ) 
VALUE (keY) DOCUMENT ID TEEN C HG COMMENT 

230.04-60.0 COLLICK 84 SPEC + 200 7r + Z 
Z~TuJ 

r2 

b1(1235) D-wave/S-wave RATIO IN DECAY OF bi(1235) --* w~ 

VALUE EVT5 DOCUMENT ID TEEN CHG COMMENT 
0.2604-0 .035 O U R  A V E R A G E  

0.2354-0.047 A T K I N S O N  84£ OMEG 20-70 * fp 

0.4 + 0 . i  - 0 . 1  GESSAROLI 77 HBC - 11 ~T-- p 
~r u~p 

0.21 ±0 .08  C H U N G  78B HBC + 7.1 7 r + p  
0.3 ±0 .1  C H A L O U P K A  74 HBC - 3.9-7.5 7r- p 
0.35 4-0.25 600 K A R S H O N  74B HBC + 4.9 ~r + p 

/:)t(1235) BRANCHING RATIOS 

r(~p)/r(.~) f u r l  
VALUE DOCUMENT ID TEEN COMMENT 

seen T A K A M A T S U  90 SPEC 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.10 A T K I N S O N  84D OMEG 20-?0 "7 P 

r (Tr+ 7r+ I t -  ~r° ) / r (w~)  r41rl 
VALUE DOCUMENT ID TECN C HG COMMENT 

<0.5 ABOLINS 63 HBC + 3.5 ~r + p 

r(n~)/r(~) rs / r l  
VALU~ CL°/~ DOCUMENT 10 TEEN CHO COMMENT 

<0.25 90 BALTAY 67 HBC ± 0 . 0 ~ p  

r(~) /r (~)  r6/r l  
VALUE C L ~  DOCUMENT 10 TEEN C HG COMMENT 

<0.15 90 O T T  72B HBC + 7.1 7r + p 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.3 A D E R H O L Z  64B H B <  4.0 ~T + p 

F( (KK)~  ~r°) /r  (wTr) r T / r l  
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

<0.08 90 BALTAY 67 HBC 4- 0.0~p 

r(K ° K % ~ l / r ( ~ )  rs / r l  
VALUE ~ DOCUMENT ID TECN CHG COMMENT 

<0.06 90 BALTAY 67 HBC 4- 0.0 ~ p  

r ( K K ) / r ( w T r )  r g / r l  
VALUE EL% DOCUMENT ID TEEN CHG COMMENT 

<0.02 DAHL 67 HBC - 1.6-4.2 ~r- p 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.08 95 B lZZARRI  69 HBC ± 0.0 ~ p  
<0,10 90 BALTAY 67 HBC ± 0.0 ~ p  

r(#s #s '~)/r(w~r) r io / r l  
VALUE CL °/o DOCUMENT ID TEEN CHG COMMENT 

<0.02 90 BALTAY 67 HBC ± 0.0 ~ p  

r(~) /r (~)  r11/rl 
VALUE CL°/o DOCUMENT ID TEEN CHG COMMENT 

<0.015 DAHL 67 HBC 1.6-4.2 7r- p 
• • • We do not  use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.04 95 BIZZARRI  69 HBC + 0 . 0 ~ p  

TAKAMATSU 
AUGUSTIN 
ATKINSON 
ATKINSON 
ATKINSON 
COLLICK 
EVANGELISTA 
BLOODWO... 
BALTAY 
GAVILLET 
GESSAROLI 
FLATTE 
CHUNG 
EHALOUPKA 
KARSHON 
AFZAL 
FRENKIEL 
OTT 
ANDERSON 
HOOGLAND 
BlZZARRI 
CHUNG 
BALTAY 
DAHL 
ADERHOLZ 
ABOLINS 

BRAU 
ATKINSON 
WONG 
OUBOVIKOV 

BALLAM 
ARMENISE 
ARMENISE 
ARNOLD 
CASON 
CASON 
CHUNG 
COHEN 
SISTERSON 
DEVONS 
CASO 
CASON 
EROFEEV 

HONES 
MIYASHITA 
POLS 
WERBROUCK 
ASEOLI 
BOESEBEEK 
CA50 
LEE 
SLATTERY 
GOLDHABER 
CARMONY 
BONDAR 

b1(1235) REFERENCES 

~99 Hadron 89 Con f .  +Ando+ (KEK) 
NP B320 1 +Cosrne (DM2 Collab.) 

84C NP B243 1 + (BONN, CERN, GLAS, LANE, MENS, LPNP+)JP 
84D NP B242 269 + (BONN, CERN, GLAS, LANE, MEHS, LPNP+) 
84E PL 138B 459 + (BONN, CERN, GLAS, LANE, MENS, LPNP+) 
84 PRL 53 2 3 7 4  +Heppelmann, Berg+ (MINN, ROEH, FNAL) 
81 NP B178 197 + (BARI, BONN, EERN, DARE, LIVP+) 
80 LNC 27 555 Bloodwolth+ (BIRM, CERN, GLAS, MSU, LPNP) 
78B PR D17 62 +Cautis, Cohen, Csorna+ (COLU. BING) 
78B PL 78B 158 +Dionisi, Guttu+ (CERN, AMST, NIJM, OXF)JP 
77 NP B126 382 + (BGNA, FIRZ, GENO, MILA, OXF, PAVI) JP 
76C PL 64B 225 +Gay, Blokzijl, Metzger+ (CERN, AMST, NIJM. OXF)JP 
75B PR D l l  2 4 2 6  +Protopopescu, Lynch, Flatte+ (BNL, LBL, UCBE)JP 
74 PL 51B 407 +Ferrando, Losty, Montanet (CERN)JP 
74B PR D10 3 6 0 8  +Mikenberg, Eisenber£, Pitluck, Ronat+ (REHO) JP 
73 LNE 15A 61 +Bassler+ (DURH, GENO. DESY, MILA, SACL)JP 
72 NP 847 61 +Gbesquiere, Lillestol, Chung+ (CDEE, £ERN)JP 
72B LBL 1547 Thesis (LBL} JP 
70B PR D1 27 +Gustavson, Johnson4- (SLAC, CIT, UCSB, NEAS) 
70 PL 33B 631 +Kluyver, DeVries+ (SABRE Collab.) 
69 NP B14 169 +Foster, Gavillet, Montanet+ (CERN, CDEF) 
68 PR 165 1491 +DAN, Kirz, Miller (LRL) 
67 PRL 18 93 +Franzini, Severie~s, Yeh, Zanello (COLU) 
67 PR 163 1377 +Hardy, Hess, Kirz, Miller (LRL) 
6~3 B PL 10 240 + (AACH, BERL, BIRM, BONN, HAMB, LOIC+) 

PRL 11 381 +Lander, Mehlhop, Ng~yen, Yager (UESD) 

- -  OTHER RELATED PAPERS - -  

88 PR D37 2379 +Franek÷ (SLAg Hybrid Facility Photon Collab.)JP 
84C NP B243 1 + (BONN, CERN, GLAS, LANE, MCHS, LPNP+)JP 
81 PRL 46 974 +Key, Frisken, Cline+ (TNTO, YORK, PURD) 
75 SJNP 20 229 +Erofeev (ITEP) JP 

Translated from YAF 20 428. 
74 NP B76 375 +Chadwick, Bingham, Fretter+ (SLAg, LBL MPIM) 
73 NC 17A 707 +Forino. Eartacci+ (BARI, BGNA, FIRZ) 
73B LNC B 425 +Forino. Cartacci+ (BARI, BGNA, FIRZ) 
73 LNE 6 707 +Engel, Escoubes, Kurtz, Lloret, Paty+ (STRB) 
73 PR D7 1971 +Biswas. Kenney, Madden+ (NDAM) 
73B NP B64 14 +Madden, Bishop, Biswas, Kenney+ (NDAM) 
73 PL 47B 526 +Protopopescu. Lynch, Flatte+ (BNL, LBL, UCSC)JP 
73C PR D8 23 +Ferbel, Slattery (ROCH) 
72 NP B48 493 +Harrison, Heyda, Johnson+ (HARV) 
71 PRL 27 1 6 1 4  +Kozlowskl, Ho~itz+ (COLU, SYRA) 
70 LNC 3 7B7 +Conte, Tomasini+ (GENO, HAMB, MILA, 5ACL) 
70 PR DI 851 +Andrews, Biswas, Groves, Harrington+ (NDAM) 
70 SJNP 11 450 +Vetlitsky, Wladimirsky, Grigorev+ (ITEP) 

Translated from YAF 11 805. 
70 PR D2 827 +Eason, Biswas, Helland, Kenney+ (NDAM) 
70 PR D1 771 +VonKrogh, Kopelman. Libby (COLD) 
7D NP B25 109 +Boeckmann,  Cirba+ (BONN, DURH, EPOL, TORI) 
70 LNC 4 1267 +Rinaudo+ (TORI. NIJM, BONN, LBL)JP 
68B PRL 20 1411 +Erawley, Mortara, Shapiro (ILL) JP 
68 NP B4 501 +Deutschmann+ (AACH, BERL. £ERN) 
68 NC 84A 983 +Conte, Cords, Diaz+ (GENO, HAMB, MILA, SAEL) 
67 PR 159 1156 +Moebs. Roe, Sinclair, VanderVelde (MIEH) 
67 NE 50A 377 +Kraybill. Forman, Ferbel (YALE, ROCH) 
65 PRL 15 118 +Goldhaber, Kadyk, Shen (LRL) 
64 PRL 12 284 +Lander. Rindfleisch, Xuong, Yager (UCB) JP 
63B PL 5 2O9 +Dodd+ (AACH. BIRM, HAMB, LOIC. MPIM) 

I fo(124o) I ,G(p<) : 
was g 5 ( 1 2 4 0 )  I 

OMITTED FROM SUMMARY TABLE 

Seen in phase shift analysis of 0 0 K S K 5 system. Named 85 by ETKIN 82£. 
Needs confirmation. 

VALUE (MeV) 

1240.0+ 104- 20 E T K I N  

fo(1240) MASS 

DOCUMENT ID TEEN CHG COMMENT 

82C MPS 0 23 ~ -  p 
n 2 K O  S 

VALUE ( MeV) 

140.0+104-20 

f0(1240) WIDTH 

DOCUMENT ID TEEN EHG COMMENT 

ETKIN  82C MPS 0 23 ~ -  p 
n 2 K  0 

fo(1240) DECAY MODES 

Mode 

r l  K K  



VII.26 

Meson Full Listings 
f 0 ( 1 2 4 0 ) ,  & ( 1 2 6 0 )  

ETKIN 82C PR D25 2446 

I a1(1260) I 
was A1(1270) 

N O T E  O N  a 1 ( 1 2 6 0 )  

fo(1240) REFERENCES 

+Foley, Lai+ (BNL, CONY, TUFT, VAND) JP 

ta(J pc) = 1 (1 ++) 

For quite some t ime even the existence as a genuine 

resonance of this broad bump  in the 3~r mass  spec t rum was 

called into question. Today the a1(1260) s i tuat ion appears  to 

be satisfactorily clarified and its resonance parameters  are well 

determined, at least if one restricts the fits to include one 

resonance only. For an a t t empt  to fit the  leptonic da ta  with 

two resonances see I IZUKA 89. 

The experimental  da ta  can be grouped into two classes: 

1) Hadronically-produced a1(1260). There are two high- 

statist ics experiments,  diffractive production from incident 

7r- (DAUM 80, 81By and charge-exchange production with 

low-energy ~ -  (DANKOWYCH 81), both  on hydrogen. The  

extraction of the a1(1260) resonance parameters  from these 

hadronic experiments  is troubled by the  presence of a coherent 

background, a t t r ibuted to the Deck effect. Both experiments  

perform a partial-wave analysis. The  phenomenological ampli- 

tude used to explain the  1+S0 + da ta  consists of a rescattered 

Deck ampli tude (calculated from one-pion exchange and not al- 

lowed to vary) plus a direct resonance production term. Both 

experiments  agree with an a1(1260) mass  of -~ 1270 MeV, but  

DAUM 81B finds a width somewhat  smaller than  the one from 

charge-exchange da ta  (-~300 MeV against  ~-380 MeV). Rather  

lower values for the a1(1260) mass  and width [(1122=E17) 

MeV and (2544-11) MeV] have been recently obtained with a 

partial-wave analysis of the  7r+Tc-Tr ° sys tem in a high statist ics 

7r p charge-exchange reaction by T AKAM AT S U 90. However 

in this PWA only Breit Wigner  terms are considered. 

2) Four experiments  have reported good data  on the  heavy 

lepton decay r ~ a1(1260)ur [a1(1260) --~ p~] (RUCKSTUHL 

86, SCHMIDKE 86, A L B R E C H T  86B, and BAND 87). The  

Fits are made to the data,  always using the same theoretical 

form with a "normal" Breit-Wigner shape and various behav- 

iors of the  a1(1260) axial coupling as a function of the  37r mass.  

T O R N Q V I S T  87 fits a modified Breit-Wigner form to the da ta  

tha t  includes, besides p~r and K * ( 8 9 2 ) K + K * ( 8 9 2 ) K  threshold 

effects, an energy-dependent  real part  of the  a1(1260) mass  

parameter  ("running mass  shift function").  ISGUR 89 deduces 

a full mass-dependent  covariant ampli tude for T ---, 37ru~ from 

theory; all the ambiguities due to the  non-pointlikeness of 

the hadrons (like unknown off-shell behaviors of propagators  

and vertices) are associated with a parameterized nonresonant  

background ampli tude.  Since this  background is small  anyway', 

the a1(1260) parameters  do not depend critically on its form. 

Despite these quite different approaches, all three analyses 

find a good overall description of all the T decay" da ta  with 

an a1(1260) mass  in the range of 1230 MeV, consistent with 

hadronic data; however their widths (400 MeV for B O W L E R  

86, 420 MeV for ISGUR 89 and 600 MeV for T O R N Q V I S T  

87) continue to stay significantly higher than  tha t  extracted 

from diffractive-hadronic data.  

B O W L E R  88 has finally returned to the  diffractive da ta  

and investigated their consistency with an a1(1260) width 

_>400 MeV, as required by the heavy-lepton decay,. He has 

verified tha t  a width of ~300 MeV is a direct consequence of 

the fixed particular shape for the Deck ampli tude as used in 

DAUM 81B; freeing this shape, good fits are achieved for an 

a1(1260) width of -~400 MeV. There is then  no longer any 

contradiction between the hadronic da ta  and the 7 decay da ta  

and the a1(1260) parameters  are now well constrained. The 

best est imates found in B O W L E R  88 are (1260+25) MeV for 

the a1(1260) mass  and (3964-43) MeV for its width. 

a1(1260) MASS 

VALUE (MeV] DOCUMENT ID TEEN CHG COMMENT 

1260 :::I=30 OUR ESTIMATE 
1260 :1:25 1 BOWLER 88 RVUE 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1122 3-17 2 TAKAMATSU 90 SPEC 0 8 = p -., 37r n 
1220 3-15 3 ISGUR r ~ I 

7r+ ~ ~r u 

7r÷ ,'T+ 7r 

n + x 0 x 0 u 

n +  7r* 7r- 

8.45 7r- p 
n3~r 

63,94 ~ p 
p3x 

1041.03-13.0 6 GAVILLET 77 HBC 3- 4.2 K -  p ~ Z3% 

1 From a combined reanalysis of ALBRECHT 86B and DAUM 81B. 
2Resutts of Breit Wigner fitting to intensity distribution of 11 ~ p 51 + wave. 

I 3 From a combined reanalysis of ALBRECHT 86B, SCHMIDKE 86, and RUCKSTUHL 86. 
4Included in BOWLER 86, TORNQVIST 87, and ISGUR 89 reviews. 
5 Uses the model of BOWLER 75. 
6 Produced in K backward scattering. 

significance of this channel is tha t  the a1(1260) from r 

decay is expected to be (almost) free from any background. 

The four sets of r decays show some inconsistencies in tile 

values quoted for the a1(1260) mass; however, according to 

B O W L E R  86, these discrepancies can be a t t r ibuted to tile 

different assnmpt ions  and approximations made in fitting the 

data. Furthermore,  all these r decays seem to indicate a 

consistent a1(1260) width _> 400 MeV, considerably' larger 

89 RVUE 

1166 ±18 ±11 BAND 87 MAC 

1164 ±41 3-23 BAND 87 MAC 

1 2 5 0 : 4 0  3 TORNQVIST 87 RVUE 
1046 =11 4 ALBRECHT 86B ARG 

1235 ±40 3 BOWLER 86 RVUE 
1056 -+20 3-15 4 RUCKSTUHL 86 DLCO 

1194 ±14 3-10 4 SCHMIDKE 86 MRK2 

1240.0i80.0 5 DANKOWY... 81 SPEC 0 

1280.03-30.0 5 DAUM 816 CNTR 

t han  the one found by DAUM 8lB.  

This  discrepancy between tile hadronic and tile ~- decay 

results has s t imulated several reanalyses of the experimental  

data. B O W L E R  86, T O R N Q V I S T  87, and ISGUR 89 have 

studied the  process ~- -~ 37cut ( B O W L E R  86 has made  fits 

to the da ta  of A L B R E C H T  86B and SCHMIDKE 86, while 

T O R N Q V I S T  87 and ISGUR 89 have also taken into account 

RUCKSTUHL 86). B O W L E R  86 assumes tha t  the  3~r state is 

wholly a~(1260), with no background, coherent or incoherent. 



See key on page IV.1 
VII.27 

Meson Full Listings 

a~(1260),  f2 (1270)  
a 1 ( 1 2 6 0 )  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN CH6 COMMENT 
350 to 500 OUR EST IMATE 
396 4- 43 7 BOWLER 88 RVUE I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

254 + 11 12TAKAMATSU 90 SPEC 0 8 ~ r - p ~  3~rn I 
420 + 40 8 ISGUR 89 RVUE T + I 

~ r + ~ + ~ -  u 
405 ± 75 ± 2 5  BAND 87 MAC ~-+ 

~ + ~ + ~ - u  
419 ±108  ± 5 7  BAND 87 MAC ~-+ 

~r+ ~r0~r0u 
600 +100 8 TORNQVIST 87 RVUE 
521 ± 27 9 ALBRECHT 86B ARG T + 

400 ±100  8 BOWLER 86 RVUE 

+~302 ± 5 4  9RUCKSTUHL 86 DLCO ~r + 476 
~ + ~ + ~ - - u  

462 ± 56 ± 3 0  9 SCHMIDKE 86 MRK2 T+ 

380.0± 100.0 10 DANKOWY.. .  81 SPEC 0 8.45 ~ -  p 
n3~r 

300.0± 50.0 10 DAUM 81B CNTR 63,94 ~r p 
p3~T 

230.0± 50.0 11 GAVILLET 77 HBC + 4.2 K -  p ~ ]E3~r 

7 From a combined reanalysis of ALBRECHT 86B and DAUM 81B. | 
8From a combined reanalysis of ALBRECHT 86B, SCHMIDKE 86, and RUCKSTUHL 86. I 9Included in BOWLER 86, TORNQVIST 87, and ISGUR 89 reviews. 

10 Uses the model of BOWLER 75. 
i i  Produced in K -  backward scattering. 

12 Results of Breit Wigner f i t t ing to intensity distribution of 11 + p 51 + wave. I 

a1(1260) DECAY MODES 

Mode Fraction (F i /F )  Confidence level 

r l  per dominant 

r 2 ?r? seen 

F3 = (~ r~ r ) s -wav  e [a] <0.7 % 90% 

[a] T h i s  is on l y  an  educa ted  guess; t he  e r ro r  g iven  is la rger  t h a n  t he  er ror  on  

t he  average o f  t he  pub l i shed  va lues.  

16(127°) I = 

See also rain±review under  non -q~  candidates. 

f2(1270) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN COMMENT 
1274 4- S OUR ESTIMATE 
1275.04- 1.3 OUR AVERAGE Error includes scale factor of 1.1. 
1269.7± 5.2 AUGUSTIN 89 DM2 e + e -  ~ 51r 
1283 4- 6 400 ± 50 ALDE 87 GAM4 100 = -  p ~ 4~ Jo n 
1274 ± 4 AUGUSTIN 87 DM2 J / ~  ~ ~,Tr+~t - 
1283.0± 6.0 1 LONGACRE 86 MPS 22 l r -  p ~ n 2 / ~  S 

1276.0± 7.0 COURAU 84 DLCO e + e -  
e + e - ~ + ~  - 

1273.3± 2.3 CHABAUD 83 ASPK 17 7r- p polarized 
1280.04- 4.0 CASON 82 STRC 8 ~r + p ~ p7r + 2~r 0 
1281.03- 7.0 GIDAL 81 MRK2 J/%b decay 
1282,0± 5.0 CORDEN 79 OMEG 12-15 7r- p ~ n2~ 
1269 ,I 4 10k APEL 75 CNTR 40 ~r- p ~ n27F 0 
1272 3_ 4 4 6 0 0  ENGLER 74 DBC 6 7r + n ~ ~T + ~r-- p 
1277.03_ 4.0 5300 FLATTE 71 HBC 7.0 ~r + p 
1265 ± 8 BOESEBECK 68 HBC 8 7r + p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1288.0±12.0 ABACHI 86B HRS e + e- ~ 7r + 7r- 
1270.04-10.0 1665  BREAKSTONE86 SFM pp ~ pp~r + ~r- 

1284.03_30.0 3k BINON 83 GAM2 38 ~ -  p ~ n2~ 
1280.0±20.0 3k APEL 82 CNTR 25 ~r- p ~ n2~T 0 
1284.03_10.0 16000 DEUTSCH... 76 HBC 16 ~r + p 
1258.0±10.0 600 TAKAHASHI 72 HBC 8 ~r- p ~ n2~r 
1275.03_13.0 ARMENISE 70 HBC 9 ~ r + n ~  p ~ + ~ -  
1261 + 5 1960 2 ARMENISE 68 DBC 5.1 ~T + n ~ p~r + 

1270 ± 1 0  360 2ARMENISE 68 DBC 5 . 1 1 v l ~ l n ~  p~r 0 MM 

1268.0± 6.0 3 JOHNSON 68 HBC 3.7-4.2 ~r p 
1276 3_ 11 RABIN 67 HBC 8.5 ~r + p 

1 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. 
2Mass errors enlarged by us to F /N1 /2 ;  see the note with the K* (892) mass. 

3 jOHNSON 68 includes BONDAR 63, LEE 64, DERADO 65, EISNER 67. 

a1(1260) PARTIAL WIDTHS 

rO,'O 
VALUE (keV~ DOCUMENT ID TEEN COMMENT 

640.04-246.0 ZIELINSKI 84C SPEC 200 ~t + Z ~ Z37r 

F2 

a1(1260) BRANCHING RATIOS 

F (Tr (Irlr)s_wave) I r  (p~) r31rl 
VALUE DOCUMENT IP TEEN 

0 . 0 0 3 + 0 . 0 0 3  13 LONGACRE 82 RVUE 

13Uses mult ichannel Aitchison-Bowler model (BOWLER 75). Uses data from GAVIL- 
LET 77, DAUM 80, and DANKOWYCH 81. 

a1(1260) REFERENCES 

TAKAMATSU 90 Hadron 59 Conf. 
ISGUR 89 PR D39 1357 
BOWLER 88 PL B209 99 
BAND 87 PL B198297 
TORNQVlST 87 ZPHY C3b 695 
ALBRECHT 86B ZPHY C337 
BOWLER 86 PL B182 450 
RUCKSTUHL 56 PRL 56 2332 
SCHMIDKE 86 PRL 57 52? 
ZIELINSKI 84C PRL 52 1195 
LONGACRE 82 PR D2b 83 
DANKOWY... 81 PBL 46 580 
DAUM 818 NP B182 269 
DAUM 80 PL 89B 281 
GAVILLET 77 PL 69B 119 
BOWLER 75 NP B97227 

+Ando+ (KEK) 
+Morningstar, Reader (TNTO) 

(OXF) 
+Camporesi, Chadwick, Deleno+ (MAC Collab.) 

(HELS) 
+Oonker, Gabriel, Edwards+ (ARGUS Collab) 

(OXE) 
+Stroynowski, Atwood, Barish+ (DELCO Collab.) 
+Abrams, MatteuzzL Am±de±+ (Mark ~I Collab.) 
+Berg, Chandlee, Cihangir+ (ROCH, MINN, FNAL) 

(BNL) 
Dankowych+ (TNTO, 8NL, CARL, MCGI, OHIO) 

+Hertzberger+ (AMST, CERN, CRAC, MPIM, OXF+) 
+Hertzberger+ (AMST, CERN, CRAC, MPIM, OXF+)JP 
+Blockzijl, Engelen+ (AMST, CERN, NIJM, OXF)JR 
+Game. Aitchison, Oainton (OXF. DARE) 

- -  O T H E R  R E L A T E D  PAPERS - -  

~IZUKA 89 PR D39 3357 +Koibuchi, Masuda (NAGO, IBAR, TSUK) 
TORNQVlST 87 ZPHY C36 695 (HELS) 
BASDEVANT 77 PR D16 657 +Berser (FNAL, ANL)JP 
ADERHOLZ 64 eL 10 226 + (AACH, BERL, BIRM, BONN, DESY, HAMB+) 
GOLDHABER 64 PRL 12 336 +Brown, Kadyk, Shen+ (LRL UCB) 
LANDER 64 PRL 13 346A +Abolins, Carmony, Hendricks, Xuons+ (UCSD) Je 
BELLINI 63 NC 29 896 +Florin±, Herz, Negri, Raft± (MILA) 

f 2 ( 1 2 7 0 )  W I D T H  

VALUE (MeV] E V T S  DOCUMENT tD TEEN COMMENT 
185 4-20 OUR ESTIMATE 
184,14- 2.8 OUR FIT Error includes scale factor of 1.7. 

183.2 + 4,8 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below, - 2.8 

169.0± 7.5 AUGUSTIN 89 DM2 e + e -  ~ 57r 
150 ± 2 0  4 0 0 ± 5 0  ALDE 87 G A M 4 1 0 0 7 r - p ~  4-~r0n 

186'0+- 2.090 4 LONGACRE 86 MPS 22 = -  p ~ n2K 0 

179.2 + 6.9 5 CHABAUD 83 ASPK 17 ~r- p polarized - 6.6 
160.0+11.0 DENNEY 83 LASS 10 =+ N 
196.0±10.0 3k APEL 82 CNTR 25 7r p ~ n2= 0 
152.0± 9.0 CASON 82 STRC 8 7r + p ~ p l r  + 2= 0 
216.0+13.0 CORDEN 79 OMEG 1 2 - 1 5 7 r - p ~  n27r 
190 ± 1 0  1Ok APEL 75 CNTR 4 0 7 r - p ~  n27r 0 
192 ± 1 6  4600 ENGLER 74 DBC 6 1 r + n ~  : r + T r - p  
183.0±15.0 5300 FLATTE 71 HBC 7 ~r + p ~ A + +  f2 
196.0+ 18.0 STUNTEBECK 70 HBC 8 = -  p, 5.4 ~r + d 
216 4-20 1960 6 ARMENISE 68 DBC 5.17r + n ~ p~T + 

M M -  
128 J_23 BOESEBECK 68 HBC 8 ~r + p 
176.0:513.0 7 JOHNSON 68 HBC 3.7-4.2 Tr- p 
155 ± 1 7  RABIN 67 HBC 8.5 7r + p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

196.0+34.0 1665 BREAKSTONEB6 SFM p p  ~ p p = +  = -  
240.0-I-40.0 3k BINON 83 GAM2 38 ~T- p ~ n272 
186.0±27.0 GIDAL 81 MRK2 J/ tb decay 
187.0±30.0 650 6 ANTIPOV 77 CIBS 25 ~ p ~ p3~r 
225.0±38.0 16000 DEUTSCH... 76 HBC 16 ~+ p 
166.0±28.0 600 6 TAKAHASHI 72 HBC 8 ~r- p ~ n2~r 
173.03_25.0 ARMENISE 70 HBC 9 7r + n ~ pTr + = -  

4From a partial-wave analysis of data using a K-matrix formalism with 5 poles. 
5CHABAUD 83 analysis includes HYAMS 75. 

6Width  errors enlarged by us to 4F /N1 /2 ;  see the note with the K* (892) mass. 
7 JOHNSON 68 includes BONDAR 63, LEE 64, DERADO 65, EISNER 67. 



VII.28 

Meson 
6 ( 1 2 7 0 )  

Full Listings 

WEIGHTED AVERAGE 
183.2 + 4 .8  - 2.8 (Error scaled by  1.7) 

~" Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  va lues ,  

,~ obtained from a least-squares constrained fit 
ut i l izing measurements of other (related) 

/ ,  quantities as additional information. 

~ x 2 

'-'1- . . . . . .  AUGUSTIN 89 DM2 3.6 
I-'4-- i . . . . .  ALDE 87 GAM4 2.8 

. . . . .  LONGACRE 86 MPS 2.0 

. . . . .  CHABAUD B3 ASPK 0.3 

. . . . .  DENNEY 83 LASS 4.4 
. . . .  APEL 82 CNTR 1.6 

. . . . .  CASON B2 STRC 12.0 
• CORDEN 79 OMEG 6.4 
. APEL 75 CNTR 0.5 
• ENGLER 74 DBC 0.3 
- FLATTE 71 HBC 0.0 
• STUNTEBECK 70 HBC 0.5 

ARMENISE 68 DBC 2.7 
. . BOESEBECK 6B HBC 5.8 
• • JOHNSON 68 HBC 0.3 

, ' RABIN 67 HBC 2.8 

(Conf ldence Level < 0.001) 

50 100 150 2 0 0  250 3 0 0  

f2(1270) width (MeV) 

f2(1270) D E C A Y  M O D E S  

Scale factor/ 
Mode Fraction (Fi /F)  Confidence level 

F2 f r + ~ - 2 ~ r  0 ( 6.6 +~]~ )% S-1.4 

F3 K K  ( 4.7 ±0.5 ) %  S 3.0 

1- 4 2=+2~r  ( 2.8 ±0.4 )% S 1.2 
r 5 / j r  l ( 45  ± i . 0  ) x 10 . 3  5-2 ,4  

F 6 47r 0 ( 3.0 ±1.0 ) x  10 - 3  

r7 ~,~ (1 .50±0.08)  x I0 5 

r 8 ~/TF/T < 9 x 10 - 3  CL=95% 

I- 9 K 0 K - I T  + + C.C. < 3.4 x 1 0 3  CL-95% 

r io  e + e- < 9 x 10 9 CL=90% 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to the total  w id th ,  4 partial widths, and 6 branching 
ratios uses 44 measurements and one constraint to determine 8 
parameters. The overall f i t  has a X 2 80.8 for 37 degrees of 
freedom. 

The fol lowing o f f - d i a g o n a l  array elements are the correlation coefficients 

( 6 p ~ 6 p . i > / ( 6 p ~ . 6 p j ) ,  in percent, from the f i t  to parameters Pb including the branch- 

leg fractions, x~ _- F i /Ftota I. The fit constrains the x i whose labels appear in this 
array to sum to one. 

x 2 - 9 1  

x 3 12 41 

x 4 11 36 1 

x 5 2 9 0 

x 6 0 7 0 

x 7 23 - 2 2  4 

r 82 76 13 

x I x 2 x 3 

Mode 

o 

0 0 

3 1 
-9  3 
X4 X 5 

0 

0 - 2 9  

x6 x7 

Rate (MeV) Scale factor 

FI ",,r Tr 

r2 7r + ~ 2:r 0 

r 3 K K  

1567 

12.2 

8.6 

+3.0 
1.3 

+2.9 
4.9 

±0.9 

1.4 

3.0 

F4 2vr + 2m- 5,2 ±0.7 1.2 

F 5 q q  0.83 ±0.19 2.4 

F6 &T ° 0.58 ±0.18 

F 7 -y,~ 0.00276 ± 0.00014 

f2(1270) P A R T I A L  W I D T H S  

r(~,O rl 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1~6.~_+~: ° OUR E,T 

187o+t:o 8,ONGACRE 86 MPS ~2~ ~,~ ,,2~ 

r(K~) r3 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

8.64-0.9 OUR FIT Error includes scale factor of 3.0. 

90+07"  - 0 . 3  8LONGACRE 86 MPS 2 2 7 r - p ~  n 2 / ~  5 

r (~ )  rs 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

0.834-0.19 OUR FIT Error includes scale factor of 2.4. 
1.0 4-0.1 8 LONGACRE 86 MPS 22 7r- p ~ n 2 / ~  S 

rb~) r7 
VALUE (keV) DOCUMENT ID TEEN COMMENT 

2.764-0.14 OUR FIT 
2.764-0.14 OUR AVERAGE 
3.2 ± 0 1  ±0.4 9AIHARA 86B TPC e+e  

e+ee+ e - 7r + ~ -  
2.5 ± 0 1  ±0.5 BEHREND 84B CELL 

e+ e -  7r+~ - 
2.85±0.25±0.5 BERGER 84 PLUT e + e ~ e + e 21r 
2.70±0.21 COURAU 84 DLCO e + e -  

e + e - l r + =  
2.52±0.13±0.38 SMITH 84c MRK2 e + e -  

e +  e K +  K 
2.3 ± 0 2  ±0.5 FRAZER 83 JADE e+e  - 

e + e -  7r+~ - 
2.7 i 0 . 2  ±0.6 EDWARDS 82F CBAL e + e -  ~ e+e  27r 0 
3.2 ±0.2 ±0.6 BRANDELIK 81B TASS e + e -  ~ e + e -  27r 0 
3.6 ± 0 3  ±0.5 ROUSSARIE 81 MRK2 e + e -  ~ e + e 2~r 0 
2.3 ±0.8 10 BERGER 80B PLUT e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

29  +0.604 = 0 6  11 EDWARDS 82F CBAL e + e -  ~ e+e  - 2~ 0 

r(e+e ) rio 
VALUE (eV) EL% DOCUMENT ID TEEN COMMENT 

<1.7 90 VOROBYEV 88 ND e + e -  - -  7r 07r 0 

8 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. 
9Radiative corrections modify the partial widths; for instance the COURAU 84 value 

becomes 2.66 + 0.21 in the calculation of LANDRO 86. 
lOUsing mass, width and B(f2(1270 ) ~ 2~) from PDG 78. 
11 If helicity - 2 assumption is not made. 

f2(1270) B R A N C H I N G  R A T I O S  

r (T rT r ) / r to ta l  r l / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0 Q~1+0.023 OUR FIT Error includes scale factor of 1.3. . . . .  - 0 . 013  

0 .837±0 .020  OUR AVERAGE 
0.849±0.025 CHABAUD 83 ASPK 17 = p polarized 
0.85 I 0 .05  250 BEAUPRE 71 HBC 8 ~+ p ~ Z~ + +  f2 
0.8 ±0.04 600 OH 70 HBC 1.26 ~ p ~ 7r + ~r n 

r(~+ ~- 2~r°)/r(~) r2/rl 
Should be twice I-(27r + 2 ~ - ) / r ( ~ l r )  if decay is pp.  (See ASCOL168D.) 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0nv~+0.019 OUR FIT Error includes scale factor of 1.4. . . . .  -0.032 
0.15 ±0.06 600 EISENBERG 74 HBC 4.9 ~r ± p ~ Z& + +  f2 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

007 EMMS 75D DBC 4 ~T + n ~ Pf2 

F(K~)/F(~) rs/rl 
We average only experiments which either take into account f2 (1270)-a2 (1320) inter 
ference explicitly or demonstrate that a 2 (1320) production is negligible. 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.0554`0.006 OUR FIT Error includes scale factor of 2.9. 

+ 0005 0.040 0[006 OUR AVERAGE 

+0008 ETKIN 82B MPS 23 f r -  p ~ n 2 K  0 0037 0.021 

0.045±0.009 CHABAUD 81 ASPK 17 : r -  p polarized 
0039±0.008 LOVERRE 80 H8C 4 ~  p ~  K K N  



See key on page IV.1 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.036±0.005 12COSTA... 80 OMEG 1 - 2 . 2 ~ r - p ~  
K +  K - n  

0.030=E0.005 13 MARTIN 79 RVUE 
0.027~E0.009 14 POLYCHRO... 79 STRC 7 ~r- p ~ n 2 / ~  5 

0.025±0.015 EMMS 75D DBC 4 ~+ n ~ Pf2 
0.031±0.012 20 ADERHOLZ 69 HBC 8 ~r + p 

K +  K - ~ T +  p 

12 Re-evaluated by CHABAUD 83. 
13 Includes PAWLICKI 77 data. 
14Takes into account the f2(1270) - f,~(1525) interference. 

r(2~r+ 2~r-)/r (~r~r) 
VALUE EVT5 DOCUMENT 10 TEEN COMMENT 
O.033~EO.OO5 OUR FIT Error includes scale factor of 1.2. 

0.033=1=0.004 OUR AVERAGE Error includes scale factor of 1.1. 
0.024 ± 0.006 160 EMMS 750 DBC 
0.051±0.025 70 EISENBERG 74 HBC 

0 4 +0.007 .0 3 0.011 285 LOUIE 74 HBC 

0.037 ± 0.007 154 ANDERSON 73 DBC 
0.047± 0.013 OH 70 HBC 

r@/r/)/Ftota, 
VALUE (units 10 -3) DOCUMENT ID TEEN COMMENT 
4,5± 1.0 OUR FIT Error includes scale factor of 2.4. 
3.1±0.8 OUR AVERAGE Error includes scale factor of 1.3. 

2.8±0.7 ALDE 86D GAM4 100 ~ -  p ~ 47 
5.2±1.7 BINON 83 GAM2 38~r p ~  4"y 

rO~)/r(~-~) 
VALUE EL% DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.05 95 EDWARDS 
<0.016 95 EMMS 
<0.09 95 EISENBERG 

F(4~r0)/Ftotal 
VALUE E V T ~  DOCUMENT ID 
0.0030=1=0.0010 OUR FIT 

0.003 +0.001 400 + 50 ALDE 

rO~) / r ( . . )  
VALUE ~ DOCUMENT ID 

<0.010 95 EMMS 

F(K°K-~ + + c.c.)/rO~) 
VALUE ~ DOCUMENT ID 

<0.004 95 EMMS 

r4 /r l  

4 ~r+ n ~ Pf2 
4.9 ~r + p ~ A + +  f2 

3.9~r p ~  n f  2 

6 ~r+ n ~ Pf2 
1.26 ~r-- p ~ =+ ~r-- n 

rs/r 

rs/rl 

82F CBAL e + e -  ~ e + e -  2~/ 
75D DBC 4 7 r + n  ~ Pf2 
74 HBC 4 ' 9 ~ T + P ~  ~ + + f 2  

ro/r 
TEEN COMMENT 

87 GAM4 100 ~r- p ~ 4"~ 0 n 

rB/rl 
TEEN COMMENT 

750 DBC 4 ~r + n ~ Pf2 

r9/r l  
TECN COMMENT 

75D DBC 4 ~r + n ~ Pf2 

f2(1270) REFERENCES 

AUGUSTIN 89 NP B320 1 +Cosme (DM2 Collab. 
VOROBYEV 88 YAF 48 436 +Golubev, Dolinsky. Druzhinin+ (NOVO 
ALDE 87 PI, B198 288 +Binon, Bricman+ (LANL, BRUX, SERP, LAPP 
AUGUSTIN 87 ZPHY C36 369 +Cosme+ (I,ALO, CI_ER, FRAS, PADO 
ABACHI 86B PRL 57 1990 +Derrick, BIockus+ (PURD, ANL, IND, MICH, LBL 
AIHARA 86B PRL 57 4O4 +Alston Garnjost+ (TPC-2 T Collab. 
ALDE 88D NP B269 485 +Binon, Bricman+ (BELG, LAPP, SERP, CERN 
BREAKSTONE 86 ZPHY C31 185 + (ISU, BGNA, CERN. DORT, HELD, WARS 
LANDRO 86 PL B]72 445 +Mork, Olsen (UTRO 
LONGACRE 86 PL 8177 223 +Etkin+ (BNL BRAN, CUNY, DUKE, NDAM 
BEHREND 84B ZPHY C23 223 +Fenner, Schachter, Schroeder+ (CELLO Collab. 
BERGER 84 ZPHY C26 199 +Klovnin£, Burger+ (PLUTO Collab 
COURAU 84 PL 1478 227 +Johnson, Sherman, Atwood, Baillon+ (C~T, SLAC 
SMITH 84C PR D30 851 +Burke, Abrams, Blocker, Levi+ (SLAC, LBL, HARV 
BINON 83 NC 78A 313 +Donskov, Duteil+ (BELG, LAPP, SERP, CERN) 

Also 83B SJNP 38 561 Binon, Gouanere+ (BELG, LAPP, SERP, CERN 
Translated from YAF 38 934. 

CHABAUD 83 NP 8223 1 +Gorlich, Cerrada+ (CERN, CRA£, MPIM 
DENNEY 83 PR D28 2726 +Cranley, Firestone, Chapman+ (iOWA, MICH) 
FRAZER 83 Aachen Conf. (UCSD) 
APEL 82 NP 8201 197 +Augenstein+ (KARL, PISA, SERP, WIEN, CERN) 
CASON 82 PRL 48 1316 +Biswas, Baumbaugh, Bishop+ (NDAM, ANL) 
EDWARD8 a2F PL 1LOB 82 +Partridge, Peck+ (CIT, HARV, PRIN, 5TAN, SLAC) 
ETKIN 82B PR D25 1786 +Foley, Lai+ (BNL, CUNY, TUFT, VAND) 
BRANDELIK 81B ZPHY CI0 117 +Boerner+ (TASSO Collab.) 
CHABAUD 81 APP B12 575 +Niczyporuk, Becket+ (CERN, CRAC, MPIM) 
GIDAL 81 PL 1078 153 +Goldhaber, Guy, Millikan, Abrams+ (SLAC, LBL) 
ROUSSARIE 81 PL 105B 304 +Burke, Abrams, Alam+ (SI,AC, LBL) 
BERGER 80B PL 94B 254 +Genzer+ (AACH, BERG, DESY, HAMB, UMD+) 
COSTA... 80 NP B175 402 Costa De 8eauregara+ (BARI, BONN, CERN+) 
I,OVERRE 80 ZPHY C6 187 +A(menteros, Dionisi+ (CERN, CDEF, MADR, STOH) 
COBDEN 79 NP B157 25O +Dowell, Garvey+ (BIRM, RHEL, TELA, LOWC) 
MART~N 79 NP 8158 520 +Ozmutlu (DURH) 
POLYCHRO.. 79 PR D19 1317  Polychronakos, Cason, Bishop+ (NDAM, ANL) 
PDG 78 PL 75B Bricman+ 
ANTIPOV 77 NP B119 45 +Busnello, Damgaard, Kienzle+ (SERR, GEVA) 
PAWLICKI 77 PR D15 3196 +Ayres, Cohen, Diebold, Kramer, Wicklund (ANL) 
DEUTSCH... 76 NP 8103 426 Deutschmann+ (AACH, BERL. BONN, CERN+) 
APEL 75 PL 57B 398 +Augenstein+ (KARL, PIBA, 5ERP, WlEN, CERN) 

VII.29 

Meson Full Listings 
f~(1270) ,  f~ (1285)  

EMMS 75D NP B96 155 
HYAMS 75 NP B100 205 
EIBENBERG 74 PL 528 239 
ENGLER 74 PR D10 2070 
LOUIE 74 PL 48B 385 
ANDERSON 73 PRL 31 562 
TAKAHASHI 72 PR D6 1268 
BEAUPRE 71 NP B28 77 
FLATTE 71 PL 34B 551 
ARMENISE 70 LNC 4 199 
OH 70 PR D1 2494 
STUNTEBECK 7O PL 32B 391 
ADERHOLZ 89 NP 811 259 
ARMENISE 68 NC 54A 999 
ASCOLI 68D PRL 21 1712 
BOESEBECR 68 NP B4 801 
JOHNSON 68 PR 176 1651 
EISNER 67 PR 164 1699 
RABIN 67 Thesis 
DERADO 85 PRL 14 872 
LEE 84 PRL 12 342 
BONDAR 83 PL 5 153 

+Kinson, Stacey, Votruba+ (BIRM, DURH, RHEL) 
+Jones, Weilhammer, Blum, Dietl+ (CERN, MPIM) 
+EnBler, Haber, Karshon+ (REHO) 
+Kraemer, Toaff, Weisser, Diaz+ (CMU, CASE) 
+Alitti, Gandois, Chaloupka+ (SACI_, CERN) 
+Engler, Kraemer, Toaff, Diaz+ (CMU, CASE) 
+Barish+ (TOHO, PENN, NDAM, ANL) 
+Deuts~hmann, Graessler+ (AACH, BERL, CERN) 
+Alston-Garnjost, Barbarc~Galtieri+ (LBI_) 
+Ghidini, Foring, Cartacci+ (BARI, BGNA, PIRZ) 
+Garfinkel, Morse, Walker, Prentice (WISE, TNTO)JP 
+Kenney, Deery, Biswas, Cason+ (NDAM) 
+Bartsch+ (AACH, BERL, CERN, JAGL, WARS) 
+Ghidiai, Forino+ (BARL BGNA, FIRZ, ORSA) 
+Crawley, Mor~ara+ (ILL) 
+Deutschmann+ (AACH. BERL, CERN) 
+Poirier, Biswas, Gutay+ (NDAM, PURD, SLAC) 
+Johnson, Klein, Peters, Sahni, Yen+ (PURD) 

(RUTG) 
+Kenney, Poirier, Shephard (NDAM) 
+Roe, Sinclair, VanderVelde (MICH) 
+ (AACH, BIRM, BONN, DESY, LOIC, MPIM) 

IG(J PC) = 0+(1 + +  ) 

See also minireview under non-q~  candidates. 

f1(1285) MASS 

VALUE (MeV I EVT5 DOCUMENT ID TECN CHG COMMENT 
1282 / :  5 OUR ESTIMATE 

1282.2t  0,6 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram 
below. 

1284 ± 4 TAKAMATSU 90 SPEC 0 8 7r-_p 
K K ~ n  

1279 i 5 TAKAMATSU 90 SPEC 0 8 7r- p 
T/Tr+ ~ -  n 

1278 ± 2 140 ± 12 ARMSTRONG 89 OMEG 300 p_p 
K K ~ r p p  

1281 ± 1 ARMSTRONG 89E OMEG 300 pp  
p p2(zr + 7-- ) 

1278 ± 2 ARMSTRONG 89G OMEG 85 ~T+p 
4~TTrp, pp  
4~r p p 

1280.1± 2.1 6 0 ± 2 0  RATH 89 MP8 2 1 . 4 7 r - p ~  
K 0 K 0 ~T0n 

5 5 
1285 ± 1 4750 ± 100 1 BIRMAN 88 MPS 8 ~ -  p 

K +  ~O ~T- n 
1280 ± 1 504 ± 84 BITYUKOV 88 SPEC 32.5 7r- p 

K +  K-TrO n 
1279 ± 6 ±10 16 ± 6 BECKER 87 MRK3 e + e 

C K ~  
1286 ± 9 GIDAL 87 MRK2 e + e -  

e+ e -  ~?Tr+ ~r 
1280 ± 4 ANDO 86 SPEC 8 7r- p 

n~?lr + 1r- 
1277.0± 2.0 420 REEVES 86 SPEC 6 . 6 p # ~  K K ~  

X 
1285,0± 2.0 CHUNG 85 SPEE 8 l r -  p 

N K  KTr 
1279.0± 2.0 604 ARMSTRONG 84 OMEG 85 7r+p 

KKTT~Tp, 
pp  
K K T r p p  

1287.0± 5,0 353 BITUKOV 84 SPEC 32 ~ -  p 
K + K TT 0 n 

1286.0± 1.0 CHAUVAT 84 SPEC ISR 31.5 pp  
1278 ± 4 EVANGELISTA81 OMEG 12~r p ~  r/Trp 
1275.0± 6.0 31 BROMBERG 80 SPEC 10O ~ -  p 

K K = X  
1283.0-I- 3.0 103 DIONISl 80 HBC 4 7 r - p  

K K ~ n  
1288.0± 9.0 200 GURTU 79 HBC 4.2 K -  p 

nT127r 
1295.0± 12.0 85 CORDEN 78 OMEG 12-15 7r- p 

n57r 
1282.0± 2.0 320 NACASCH 78 HBC 0.7,0.76 ~ p  

KKJ~T 
1279.0:L 5.0 210 GRASSLER 77 HBC 16 7r :F p 
1292 ±10 150 DEFOIX 72 HBC 0.7 ~p  ~ 7~" 
1286 ± 3 180 DUBOC 72 HBC 1.2~p ~ 2K4~r 
1303.0± 8.0 BARDADIN-... 71 HBC 8 ~'+ p ~ p6;r 
1283.0± 6.0 BOESEBECK 71 HBC 16,0 ~rp ~ pS~r 
1270.0± 10.0 CAMPBELL 69 DBC 2.7 ~-+ d 
1285 ± 7 LORSTAD 69 HBC 0.7 ~p,  4,S-body 
1290 ± 7 D'ANDLAU 68 HBC 1.2 ~p,  5-6 body 
1283.0± 5.0 DAHL 67 HBC 1.6-4.2 ~r- p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1279 2 TORNQVIST B2B RVUE 
1275.0 46 3 STANTON 79 CNTR 8.5 ~T p 

n232w 
1271.0±10.0 34 CORDEN 78 OMEG I2-15 ~ -  p 

K +  K - ~ n  
1280 ± 3 500 4 THUN 72 MMS 13.4 7r- p 
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Meson Full Listings 
f ~ ( 1 2 8 5 )  

1 From partial wave analysis of K + ~ T  system. 
2 From a unitarized quark-model calculation. 
3From phase shift analysis of q~T + ~T-- system. 
4Seen in the missing mass spectrum. 

WEIGHTED AVERAGE 
1282.2 ± 0.6 (Error scaled by  1.6) 

" I  . . . . . . . .  TAKAMATSU 
I ~ . . . . . . . . . .  TAKAMATSU 

• -I-- . . . . . . . . . . . . .  ARMSTRONG 
• ' ~  . . . . . . . . . . .  ARMSTRONG 

~ . . . . . . . . . . . .  ARMSTRONG 
. . . . . . . . . .  RATH 

4- . . . . . . . .  BIRMAN 
4-~. . . . . . . . . . . .  BITYUKOV 
I ~, . . . . . . .  BECKER 

" I ..... GIDAL 
I ~ . . . . . . . . . .  ANDO 

• 4 -  . . . . . . . . . . . . .  REEVES 
~.-I.- . . . . . . . .  CRUNG 

• --I-- ~ . . . . . . . . . . . .  ARMSTRONG 
BITUKOV 
CHAUVAT 

1260 

2 
X 

90 SPEC 0,2 
90 SPEC 0.4 
89 OMEG 4.4 
89E 0MEG 1.4 
89G OMEG 4.4 
89 MPS 1.0 
88 MPS 7.9 
88 SPEC 4.8 
87 MRK3 0.1 
87 MRK2 0.2 
86 SPEC 0.3 
86 SPEC 6.7 
85 SPEC 2.0 
84 OMEG 2.5 

i ~ 1 1  . . . . .  84 SPEC 0.9 
4- . . . . . . .  84 SPEC 14.6 

EVANOE ,STA 61 0 EO 11 
: : : : : : : :  BBOMBERG 80 SPEC 1.4 

• DIONISI 80 HBC 01 
. . . . .  GURTU 79 HBC 0.4 

. ~ 1 ! '  ,, ~ COBDEN 78 OMEG 1.1 
I . . . . . . . . . .  NACASCH 78 HBC 0,0 

| . . . . . . . . .  GRASSLER 77 HBC 0.4 
I ,, ' ' DEF01X 72 HBC 1.0 

I :1~,~ " . . . . . . . .  DUBOC 72 HBC 1.6 
/ ~ I ~ BARDADIN-. 71 HBC 6.8 

. . . . . .  BOESEBECK 71 HBC 0.0 
1 I ~" I . . . . .  CAMPBELL 69 DBC 1.5 

I ~ . . . . . .  LORSTAD 69 HBC 0.2 
I ~ . . . .  D'ANDLAU 68 HBC 1.3 

l ~ . . . . . . .  DAHL 67 HBC 0.0 

6E'E 
, S  ,  coofi, d . . . .   eve, < o .ool)  

1270 1280 1290 1 3 0 0  1310 1320 

f1(1285) mass (MeV) 

f i ( 1285 )  W I D T H  

Only experiments giving width error less than 20 MeV are kept for averaging. 

VALUE (MeV] EL% E V T S  DOCUMENT ID TEEN CHG COMMENT 
24 :E 3 OUR ESTIMATE 
24.2± 1.1 OUR AVERAGE Error includes scale factor of 1.1. 
22 ± 5 TAKAMATSU 90 SPEC 0 

25 ± 4 140 ± 12 ARMSTRONG 89 OMEG 

31 ± 5 ARMSTRONG 89E OMEG 

41 ±12 ARMSTRONG 89G OMEG 

17.9±10.9 60 + 20 RATH 89 MPS 

22 + 2 4750 ± 100 5 BIRMAN 88 MPS 

25 ± 4 504 ± 84 BITYUKOV 88 SPEC 

14 +20 ±10 16 ± 6 BECKER 87 MRK3 - 14 

19 ± 5 ANDO 86 SPEC 

32.0± 8.0 420 REEVES 86 SPEC 

22.0± 2.0 CHUNG 85 SPEC 

32.0± 3.0 604 ARMSTRONG 84 OMEG 

24.0± 3.0 CHAUVAT 84 SPEC 
26 ±12  EVANGELISTA 81 OMEG 
29.0± 10.0 103 DIONISI 80 HBC 

25.0±15,0 200 GURTU 79 HBC 

2 8 3 ±  6.7 320 NACASCH 78 HBC 

2 4 0 ± 1 8 . 0  210 GRASSLER 77 HBC 
10.0±10.0 BOESEBECK 71 HBC 
30.0±15.0 CAMPBELL 69 DBC 

8 ~  p ~  
K K T r n  

300 p p 
K K T r p p  

300 pp  
p p 2 ( = ~ =  ) 

85 ~+ p 
4 ~ p ,  p p  
4~T p p 

21.4 7T p 
K 0 K 0 ~r0n 

S 5 
87r p ~  

K + K~) zr n 
32.5 ~ p 

K +  K ?tOn 

e ~ e  

8 ~ r - p ~  

6.6 p~ ~ KK?r  
X 

8 ~  p ~  
N K ~  

85 x~ p 
K K ~ r p ,  
p p ~  
K K ~ p p  

ISR 31.5 pp 
12 ~ p ~ ~l~rp 
4 ~  p ~  

K K ~ t n  
4 . 2 K  p ~  

n~12~r 
0.7,0.76 # p  

K K 3 ~  
16 ~ p  
16.0 ~p  --~ p5~ 
2.7 ~r + d 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<20 90 TAKAMATSU 90 SPEC 0 8 ~T-- p 
~/r, + lr n 

10.0 6 STANTON 79 CNTR 8.5 = p 
n2~f 2= 

28 ± 5 150 7 DEFOIX 72 HBC 0.7 # p  ~ 77r 
46 ± 9 180 7 DUBOC 72 HBC 1 . 2 # p  ~ 2K4~ 
37 ± 5 500 8 THUN 72 MMS 13,4 7r- p 
60 ± 15 7 LORSTAD 69 HBC 0.7 #p ,  4,5-body 
35 .0± i0.0 7 DAHL 67 HBC 1.6-4,2 7r- p 

5 From partial wave analysis of K + ~ 7r- system. 
6 From phase shift analysis of qTr + 7r system. 
7 Resolution is not unfolded. 
8Seen in the missing mass spectrum. 

f1(1285) D E C A Y  MODES 

Scale factor/ 
Mode Fraction ( r i / r )  Confidence level 

r l  47r (38 =4  ) % 5=1.1 

r 2 p 7r ?T dominates 4= 
r3  p0 ?r + ~T 

F4 q= ,~  (50 +-5 )% S 1.1 

F 5 aO(980)~T (37 ± 7  ) %  

r 6 2;T + 27T 

r7  KK-~T (11.9± 1.4) % S - I . I  

r8 ¢,,~ (10 ±4 )×10 4 
r9  "7~* (11 ±3  ) × 1 0  5 
r i o  4~T 0 < 7 × 10 - 4  CL-90% 

F l l  27 r+2= - ( i nc lud ing  p 0 ? r + ? r - )  

r12 "y? 

r13 K K * ( 8 9 2 )  

CONSTRAINED FIT INFORMATION 

An overall f it to 3 branching ratios uses 8 measurements and one 
constraint to determine 3 parameters. The overall f i t  has a X 2 
6.2 for 6 degrees of freedom. 

The fol lowing off -d iagonal  array elements are the correlation coefficients 

(~x ibx) ! / (~x~,~x ,1) ,  in percent, from the fit to the branching fractions, ~i -- 

F~/Ftota I. The fit constrains the x i whose labels appear in this array to sum to 
one. 

x 4 - 9 6  

x 7 39 62 

Xl X4 

f1(1285) r( i)r( ,yf) /r(total)  

r (n==)  x r (~) / r tota~ r4r12/r 
VALUE (keV) CL % DOCUMENT ID TEEN COMMENT 

<0.62 95 GIDAL 87 MRK2 e + e -  
e + e  7lTr+x 

r ( , l ~ )  × r (~ * ) / r to ta ,  r4r9/r 
VALUE (keY i E V T 5  DOCUMENT ID TECN COMMENT 
1.4 ±0.4 OUR AVERAGE Error includes scale factor of 1.4. 
1.18±0.25±0.20 26 9,10 AIHARA 888 TPC e + e 

2.30±0.61±0.42 9,11 GIDAL 87 MRK2 e + e 
e ~- e -  Tl?r + "~- 

9 r Assuming a p-pole form facto . 
10 Published value multiplied by q,~ ?r branching ratio 0.49. 
11 Published value divided by 2 and multiplied by the ~l~?r branching ratio 0.49. 

6(1285)  BRANCHING RATIOS 

The f l  (1285) branching ratios fit is made with the assumptions that the fl (1285) 
4~ decay is all pTr~T and that the ~Tr pair has I = 1. 

F(KR-~)/F(4~r) rT / r l  
VALUE DOCUMENT ID TECN COMMENT 
0314-0.O4 OUR FIT Error includes scale factor of 1.1. 
0.32+0.04 OUR AVERAGE Error includes scale factor of 1,2. 
0.28±0.05 12 ARMSTRONG 89E OMEG 300 pp  ~ PPf1(1285) 
0.37-0.03±0.05 13 ARMSTRONG 89G OMEG 85 ~rp ~ 4~TX 

12Assuming p~r~r and a0(980)~ intermediate states. 
13 4x consistent with being entirely p~ ~. 



See key on page IV. 1 

VII.31 

Meson Full Listings 
f~ (1285 ) ,  ~ / (1295)  

r(K~)/r(v,r~) rT/r4 
VALUE DOCUMENT ID TEC N COMMENT 
0.24=1=0.05 OUR FIT Error includes scale factor of 1.1. 

0.23:50.06 OUR AVERAGE Error includes scale factor of 1.2. 

0.42:50.15 GURTU 79 HBC 4.2 K -  p 
0.5:50.2 CORDEN 78 OMEG 12-15 ~r- p 
0.20:50.08 14 DEFOIX 72 HBC 0.7 ~ p  ~ ?~r 
0.16:50.08 CAMPBELL 69 DBC 2.7 ~r + d 

] 4 K K  system characterized by the I = 1 threshold enhancement. (See under a0 (980)). 

r(ao(980)=)/r(~) r~/r4 
VALUE DOCUMENT ID TEEN COMMENT 
0.74±0.12 OUR AVERAGE 
0.72±0.15 GURTU 79 HBC 4.2 K -  p 

0.6 +0.3 CORDEN 78 OMEG 12-15 ~r p -0 .2  
1.0 ±0.3 GRASSLER 77 HBC 16 ~rT p 

r(4~)/r(~r~r) 
VALUE DOEUMENT ID TEEN COMMENT 

r l / r 4  

0.76:50.16 OUR FIT Error includes scale factor of 1.1. 
0.83:50.24 OUR AVERAGE 
0.64±0.40 GURTU 79 HBC 4.2 K -  p 
0,934-0.30 15 GRASSLER 77 HBC 16 ~rT p 

15Assuming p~r~ and a0(980)~r intermediate states. 

r (K K-*(892))/Ftotal r13/r  
VALUE DOCUMENT ID TECN COMMENT 

not seen NACASCH 78 HBC 0.7,0.76 ~ p  ~ KK3~r 

r(o%+~-)/r(2~r+2~ - (including pO~r+~r-)) ½F3/r11 
VALUE DOCUMENT ID TEEN COMMENT 

1.0+0.4 GRASSLER 77 HBC 16 GeV ~r ± p 

r ( o ~ ) / r ( ~ )  r2/r4 
VALUE C L ~  DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.4 95 16 CORDEN 78 OMEG 12-15 ~r- p 

]6Note that CORDEN 78 and GRASSLER 77 are in disagreement. 

r (4~ °)/rtota I r lo/r 
VALUE (units 10 4) CL °/~ DOCUMENT ID TECN COMMENT 

<7 90 ALDE 87 GAM4 100 f r -  p ~ 4~r 0 n 

r(¢~)/r(K~=) fur7 
VALUE (units 10 2) EVT5 DOCUMENT ID TECN COMMENT 

0.B2±0.21~0.20 19 ± 5 BITYUKOV 88 SPEC 32.5 ~ -  p 
K + K - ~ r O n  

fl (1285) REFERENCES 

TAKAMATSU 90 Hadron 09 Conf. +Ando+ (KEK) 
ARMSTRONG 89 PL B221 216 +Benayoun+ (CERN, CDEF, BIRM, BARI, ATHU, LPNP) JPC 
ARMSTRONG 89E PL B228 536 +Benayoun (ATHU, BARI, BIRM, CERN, CDEF, LPNP) 
ARMSTRONG 09G ZPHY C43 55 +Bloodworth (£ERN, BIRM, BARI, ATHU, LPNP) 
RATH 89 PR D40 693 +Cason+ (NDAM, BRAN, BNL, £UNY, DUKE) 
AIHARA 88B PL B209 107 +Alston-Garnjost+ (TPC-23' Collab.) 
BIRMAN 88 PRL 61 1557 +Chung, Peaslee+ (BNL, FSU, IND, SMAS)JP 
BrTYUKOV 08 PL B203 327 +Borisov, Dorofeev+ (5ERP) 
ALDE 87 PL B198 286 +Binon, Bdcman+ (LANL, BRUX, SERP, LAPP) 
BECKER 87 PRL 59 186 +Blaylock, Bolton, Brown+ (Mark III Collab ) 
GIDAL 87 PRL 59 2012 +Boyer, Butler, Cords, Abrams+ (LBL, SLAC, HARV) 
ANDO 86 PRL 57 1296 +lmai+ (KEK, KYOT, NIRS, SAGA, TOKY, TSUK+)IJP 
REEVES 86 PR 34 1960 +Chung, Crittenden+ (FLOR, BNL, IND, SMAS)JP 
CHUNG 85 PRL 55 779 +Pernow, Boehnlein+ (BNL, FLOR, IND, SMAS)JP 
ARMSTRONG 84 PL 146B 273 +Bloodworth, Burns+ (ATHU, BARI, B~RM, CERN)JP 
BITUKOV 84 PL 144B 133 +Dorofeev, Dzhelyadin, Golovkin, Kulik+ (SERP) 
CHAUVAT 84 PL 148B 382 +Medtet, Bonino+ (CERN, UDCF, UCLA, SACL) 
TORNQVIST 82B NP B203 268 (HELS) 
EVANGELISTA 81 NP B178 197 + (BARI, BONN, CERN, DARE, LIVP+) 
BROMBERG 80 PR D22 1513 +Haggeccy, Abrams, Dzierba (CIT, FNAL, iLLC, IND) 
DIONISI 80 NP B169 1 +Gav~llet+ (CERN, MADR, CDEF, STOH) 
GURTU 79 NP B151 181 +Gavillet, Blokzijl+ (EERN, ZEEM, NIJM, OXP) 
STANTON 79 PRL 42 346 +Brockman+ (OSD, CARL, MCGI, TNTO)JP 
CORDEN 78 NP B144 253 +Corbett, Alexander+ (BIRM, RHEL, TELA, LOWC)JP 
NACASCH 78 NP B135 203 +Defoix, Dobrzynski+ (PARI, MADR, CERN) 
GRASSLER 77 NP B121 189 + (AACH, BERL, BONN, CERN, CRAC, HELD+) 
DEFOIX 72 NP 844 ]25 +Nascimento, Bizzarri+ (CDEP, CERN) 
DUBOC 72 NP B46 429 +Gobdberg, Makowski, Donald+ (LPNP, LIVP) 
THUN 72 PRL 28 1733 +Blieden, Finocchiaro, BoWeR+ (STON, NEAS) 
BARDADIN .. 71 PR D4 2711 Bardadin Otwinowska. Hofmokl+ (WARS) 
BOESEBECK 71 PL 34B 659 (AACH, BERL, BONN, CERN, CRAC, HERD, WARS) 
CAMPBELL 69 PRL 22 1204 +Lichtman, Loeffler+ (PURD) 
LORBTAD 69 NP B14 63 +D'Andlau, Astier+ (CDEF, CERN)JP 
D'ANDLAU 68 NP B5 693 +Astier, Barlow+ (CDEF, CERN, IRAD, LIVP) IJP 
DAHL 67 PR 163 1377 +Hardy, Hess, Kirz, Miller (LRL) IJP 

- -  OTHER RELATED PAPERS - -  

AIHARA 88C PR D38 1 +Alston-Gamjost+ (TPC-2"y Coilab.)JPC 
ASTON 85 PR D32 2255 +Carnegie, Ounwoodie+ (SLAC, CARL, CNRC) 
ATKINSON 84E PL 138B 459 + (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
GAVILLET 82 ZPHY C16 119 +Armenteros+ (CERN, CDEF, PADO, ROMA) 
DEBILLY ao NP B176 1 +Briand, Duboc, Levy+ (CURl, LAUS, NEUC, GLAS)JP 
IRVING 78 NP B139 327 +Sepangi (LIMP) 
HANDLER 76 NP Bl10 173 +Piano, Brucker, Koller+ (RUTG, STEV, SETO) 
VUILLEMIN 76 NC 33A 133 + (LAUS, NEUC, LPNP, LIVP, GLAS) 
VUILLEMIN 75 LNC 14 165 + (LAUS, NEUC. LPNP, LIVP, GLAS)JP 
WELLS 75 NP B101 333 +Radojicic, Roscoe, Lyons (OXF) 
BERENYI 72 NP B37 621 +Prentice, Steenberg, Yoon, Walker (TNTO, WISC) 
CHAPMAN 72 NP B42 1 +Church, Lys, Murphy, Ring, VanderVelde (MICH) 
GOLDBERG 71 LNC 1 627 +Makowski, Touchard, Donald+ (IPN. LIVP)JP 
AMMAR 70 PR 02 430 +Kropac, Davis+ (KANS, NWES, ANL, WlSC) 
OTWlNOWSKI 69 PL 29B 529 (WARS) 
DEFOIX 68B PL 28B 353 +Rivet, Siau0, Conforto+ (CDEF, IPNP, CERN) 
BARLOW 67 NC 50A 701 +Lillestol, Montanet+ (£ERN, CDEF, IRAD, LWP) 
D'ANDLAU 65 PL 17 347 +Barlow, Adamson+ (CDEF, CERN, IRAD, LIVP) 
MILLER 65 PRL 14 L074 +Chung, Dahl, Hess, Hardy, Kirz+ (LRL, UCB) 

I T / (1295)  
was ~/(1275) I IG(jPC) = 0+(o-+) 

See also the mini-review under non-q~ candidates. (See the index for the 
page number.) 

r/(1295) MASS 

VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

1295:54 1 TAKAMATSU 90 SPEC 0 9 ~T- p 
T/~r+ 7r- n 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1279:55 ANDO 86 SPEC 8 7r- p 
n~Tr+Tr  - 

1275 STANTON 79 CNTR 8.4 ~r- p 
n~27r 

1This result supersedes ANDO 86. 

r/(1295) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

35:5 6 2 TAKAMATSU 90 SPEC 0 9 i t -  p 
7/~T+ fr-- n 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

32:L10 ANDO 86 SPEC 8 ~r- p 

70 STANTON 79 CNTR 8.4 ~ -  p 
n ~12 Tr 

2 This result supersedes AN DO 86. 

r/(1295) DECAY MODES 

Mode Fraction ( r i / r )  
r l  7/7r +/r seen 
F2 ao(980)Ir seen 
F3 ~7 

r/(1295) r(i)r(~f?)/r(total) 

r ( v~ r%r - )  x r(?-y)/rtotal r l r 3 / r  
VALUE (keV~ EL% DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.6 90 AIHARA 88c TPC e + e -  
e +  e - T i T r +  lr 

<0.3 ANTREASYAN 87 CBAL e + e -  ~ e + e ~/~rTr 

T/(1295) BRANCHING RATIOS 

F (a0(980) lr)/rtota I F2/F 
VALUE DOCUMENT ID TEEN COMMENT 

seen BIRMAN 88 MPS 8 ~ -  p ~ K +  ~ Tr n I 

large ANDO 86 SPEC 8 7r -  p ~ nqTr + 7r 

large STANTON 79 CNTR 8.4 ~ -  p ~ nT/21r 

T/(1295) REFERENCES 

TAKAMATSU 90 Hadron 89 Conf. +Ando+ (KEK) 
AIHARA 80C PR D38 1 +Alston-Garnjost+ (TPC 2"y Collab,) 
BIRMAN B8 PRL 61 1557 +Chung, Peaslee+ (BNL, FSU, IND1 SMAS)JP 
ANTREASYAN 87 PR D36 2633 +Barters, Besset+ (Crystal Ball Collab.) 
ANDO B6 PRL 57 1296 +lmai+ (KEK, KYOT, MRS, SAGA, TOKY, TSUK+) IJP 
STANTON 79 PRL 42 346 +Brockman+ (OSU, CARL, MCGI, TNTO) JP 



VII.32 

Meson Full Listings 
~-(1300), a0(1320), a2(1320) 

1 Ia(J PC) = 1 - ( 0 - + )  

=(1300) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1300 -I-100 OUR ESTIMATE 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

1190 :E 30 ZIELINSKI 84 5PEC 200 :r + Z ~ Z3~ 
1240 ± 30 BELLINI 82 SPEC 40 = -  A - -  A37r 
1273.0± 50.0 1 AARON 81 RVUE 
1342 J_ 20 BONESINI 81 OMEG 12 7r p ~ p3~T 
1400 DAUM 81B SPEC 63,94 7r p 

1Uses multichannel Aitchison-Bowler model (BOWLER 75). Uses data from DAUM 80 
and DANKOWYCH 81. 

7r(1300) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

200 tO 600 OUR ESTIMATE 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

440 ± 80 ZIELINSKI 84 SPEC 200 7r + Z ~ Z3= 
360 ±120 BELLINI 82 5PEC 40 7r A ~ A37r 

580.0± 100.0 2 AARON 81 RVUE 
220 ± 70 BONESINI 81 OMEG 12 ~r p ~ p3~ 
600 DAUM 81B SPEC 63,94 7r p 

2Uses multichannel AitchisomBowler model (BOWLER 75). Uses data from DAUM 80 
and DANKOWYCH 81. 

'zc(1300) DECAY MODES 

Mode Fraction ( r i / r )  

[-i p'rr seen 
[-2 ~r 0T~)s -wave seen 

[-3 f0(1400)~r 

;T(1300) BRANCHING RATIOS 

r(=(~=ls-wave)/r(p=) r2/rl 
VALUE DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • * • 

2.12 3 AARON 81 RVUE 

3Uses molt±channel Aitchison Bowler model (BOWLER 75). Uses data from DAUM 80 
and DANKOWYCH 81. 

~r(1300) REFERENCES 

ZIELINSKI 84 PR D30 1855 +Berg, Chandlee, Cihangir÷ (ROCH, MINN, FNAL) 
BELLINI 82 PRL 48 1697 +Frabetti, Ivanshin, Litkin+ (MrLA, BGNA, JlNR) 
AARON 81 PR D24 1207 +Longacre (NEAS, BNL) 
BONESINI 81 PL 103B 75 +Donald+ (MILA, LIVe, DARE, CERN, BARh BONN) 
DANKOWY 81 PBL 46 580 Dankowych+ (TNTO, BNL, CARL, MCGI, OHIO) 
DAUM 81B NP B182 269 +Hertzberger+ (AMST, CERN, CRAC, MPIM, OXF+) 
DAUM 80 PL 89B 281 +Hertzberger~ (AMST. CERN, CRAC, MPIM. OXF+} 
BOWLER 75 NP B97 227 ~Game, Aitch]son. Dainton (OXF, DARE) 

I ao(1320) I :,/0++) 
OMITTED FROM SUMMARY TABLE 

Intensity peaking at the mass of the a2(1320) and with a comparable width. 

Needs confirmation. 

ao(1320) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1322±30 POULET 90 GAM4 100= p ~ 4~fn 

ao(1320 ) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

130±30 POULET 90 GAM4 100 7r- p ~ 4~rn 

ao(1320) DECAY MODES 

Mode Fraction (F//F) 

[-1 r] fF0 seen 

[-2 9 I~T0 

a0(1320 ) B R A N C H I N G  R A T I O S  

F07=O) /F to ta l  Fl/F 
VALUE DOCUMENT I0 TEEN COMMENT 

seen POULET 90 GAM4 100 7r p ~ 4-~ n I 

r(n'~O)/r(,j~ 0) r2lrl 
VALUE C L ~  DOCUMENT fD TEEN COMMENT 

<0.40 95 POULET 90 GAM4 100 = -  p ~ 4-rn 

ao(1320) REFERENCES 

POULET 90 Hadron 89 Conf  +Boutemeur [SERP BELG, LANL, LAPP, PISA, KEK) 

I a2(1320) 
was A2(1320) I IG(J PC) = 1 (2 ~ - )  

a2(1320) MASS 

37r MODE 
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 
1318.4± 0.7 OUR AVERAGE I ~  ~ t a  from the~-atablo~ t h ~  this one. 

Error includes scale factor of 1.1. 
1323.8± 2.3 AUGUSTIN 89 DM2 ± 
1320.6± 3.1 AUGUSTIN 89 DM2 0 
1317.0± 2.0 25000 1 DAUM 80c SPEC 
I320.0±10.0 1097 1 BALTAY 788 HBC +0 
1306.0± 8.0 FERRERSORIA78 OMEG - 
1318 ± 7 1600 1 EMMS 75 DBC 0 
1315 ± 5 1 ANTIPOV 73c CNTR 

1306 ± 9 1580 CHALOUPKA 73 HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

e + e- ~ 5= 

e + e ~ 5~ 

63,94 fr p ~ 3~rp 

15 =+ p -~ p4~ 

9 ~ p ~ p3= 

4 ~T + n ~ p(3:r) 0 

25,40 ,-r- p 
pTlTr 

3.9 = -  p 

1310 ± 2 1 EVANGELISTA 81 OMEG 12 = p ~ 37rp 
1343.0±11.0 490 BALTAY 78B HBC 0 15 7r + p ~ A 3 =  
1285.0± %0 CORDEN 78B OMEG 12,15 = -  p ~ 3=n 
1298 ± 8 1200 1 WAGNER 75 HBC 0 7 =+ p 

A++ (37r) 0 

1307 ± 7 160 BLOODWO... 72 HBE - 5.45 ~r + p ~ p3~ 
1 3 0 4 0 i  4.5 360 BARNHAM 71 HBC + 3.7 7r + p 

(3=) + p 
1307 ± 5 10000 BINNIE 71 MM5 = -  p near a 2 thresh- 

old 
1309 ± 5 5000 BINNIE 71 MMS 7r- p near a 2 thresh- 

old 
1299.01 6.0 28000 BOWEN 71 MMS 5 ~ p 
1300 ± 6.0 24000 BOWEN 71 MMS ~ 5 ~+ p 
13090± 40 17000 BOWEN 71 MMS 7 ~ p 
1306.0± 4.0 941 ALSTON ... 70 HBC + 7.0 =+ p ~ 3~p 
1313.0± 70 280 BOECKMANN 70 HBE 0 5 = + p  
1310.0±14.0 EISENBERG 69 HBC + 4.3,5.3 ?p  
1311 O± 60 260 ARMENISE 68B DBC 0 5.1 =+ d 
t320 ± 10 120 BOESEBECK 68 HBC 0 8 ~+ p 

1 From a fit to JP  = 2 + p7r partial wave. 
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V 1 1 , 3 3  

Meson Full Listings 
a2(1320) 

K ± K 0 M O D E  • • • We do not use the following data for averages, fits, limits, etc. • • • 

VALUE (MeV) EVT5  DOCUMENT ID TECN CHG COMMENT 115.0±14.0 490 BALTAY 78B HBC 0 15 ~T ± p ~ ,",37r 
The data in this block is included in the average printed for a previous datablock. 150.0±20.0 CORDEN 78B OMEG - 12,15 7r- p ~ 3~T n 

1330.0± 11.0 1000 2,3 CLELAND 82B SPEC + 30 ~r + p ~ ~ K + p 111.4±18.0 360 BARNHAM 71 HBC + 3.7 lr  + p 
(3~) + p 

1319.0± 5.0 4700 2,3 CLELAND 82B SPEC + 50 7r + p ~ K + p 100 10000 BINNIE 71 MMS - 7r- p near a 2 thresh- 
old 

1324.0± 6.0 5200 2,3 CLELAND 828 SPEC - 50 7r- p ~ K~ K -  p 72 ± 1 6  5000 BINNIE 71 MMS - l r -  p near a 2 thresh- 
1320.0± 2.0 4000 CHABAUD 80 SPEC 17 7r- A ~ old 

K O K - A  79.0±12.0  941 ALSTON-...  70 HBC + 7.0 ~+ p ~ 3~rp 
1312.0± 4.0 11000 CHABAUD 78 SPEC - 9.8 ~r- p ~ 96.0±16.0  260 ARMENISE 68B DBC 0 5.1 ~r + d 

K -  KOsp "/From a fit to JP = 2 + p~r partial wave. 
1316.0± 2.0 4730 CHABAUD 78 SPEC - 18.8 ~r- p ~ 8Wid th  errors enlarged by us to 4F/N1/2;  see the note wi th the K* (892) mass. 

K -  KOp 
1324.0± 5.0 350 HYAMS 78 ASPK + 1 2 . 7 ~ r + p ~  K ± K O M O D E  

K + K 0 p VALUE (MeV) EVT5  DOCUMENT ID TECN CHG COMMENT 
1318 ± 1 2,4 MARTIN 78D SPEC - 10 ~r p ~ K 0 K -  p 110 ± 5 OUR ESTIMATE 

1320.0± 2.0 2724 MARGULIE 76 SPEC - 23 ~r- p ~ K /~5 p 109.8± 2.4 OUR AVERAGE 
1313.0± 4.0 730 FOLEY 72 CNTR - 20.3 ~r- p ~ 121.0±51.0 1000 9,10 CLELAND 82B SPEC + 30 ~r + p ~ K9 K + p 

112.0±20.0 4700 9,10CLELAND 82BSPEC + 5 0 ~ - + p ~  4 K + p  K -  KOs p 
1319.0± 3.0 1500 4 GRAYER 71 ASPK - 17.2 ~ -  p ~ 120.0±25.0 5200 9,10 CLELAND 82B SPEC - 50 ~r- p ~ t(K~ K -  p 

K -  K~ p 106.0± 4.0 4000 CHABAUD 80 SPEC - 17 ~r- A 
KOs K -  A 

2 From a fit to JP = 2 + partial wave. 126.0±11.0 11000 CHABAUD 78 SPEC - 9.8 ~r- p 
3 Number of events evaluated by us. K -  K 0 p 

4Systematic error in mass scale subtracted. 101.0± 8.0 4730 CHABAUD 78 SPEC - 18.8 zr-  p 

Fpr M O D E  K -  K 0 p 
110.0±18.0 350 HYAMS 78 ASPK + 12.7 ~T + p 

K + K~ p 

113 ± 4 9 '11MARTIN 78DSPEC - 1 0 ~ r - p ~  K O K - p  
105.04- 8.0 2724 11 MARGULIE 76 SPEC - 23 ~r- p ~ K -  /~5 p 

113.0± 19.0 730 FOLEY 72 CNTR - 20.3 ~r- p 

K -  KOs p 
123.0± 13.0 1500 11 GRAYER 71 ASPK - 17.2 ~ -  p 

K -  KOp 

VALUE (MeV) EVT5  DOCUMENT ID TECN CHG COMMENT 
1 3 3 4 . 0 ± 2 . 6  OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below. 

1336.2± 1.7 2561  DELFOSSE 81 SPEC + ~r± P ~ P ~T± ~I 
1330.7±2.4 1653  DELFOSSE 81 SPEC - 7r ± p ~ plr ± T/ 
1323 ± 8  1000 5 KEY 73 OSPK - 6 ~T-- p ~ p l r - -  ~1 
• • • We do not use the following data for averages, fits, limits, etc. • * * 

1324 ± 8  6200 5,6 CONFORTO 73 OSPK - 6 ~r- p ~ p M M -  

5 Error includes 5 MeV systematic mass-scale error. 
6 Missing mass with enriched MMS = ~/~r-, ~ - 2% 

WEIGHTED AVERAGE 
1 3 3 4 . 0  ± 2.6 (Error sca led  by  1.9) 

1 3 0 0  

. • KEY 

L 
1310 1320  1 3 3 0  1 3 4 0  

2 
X 

' ' • DELF0SSE 81 SPEC 1.6 
• - ' DELFOSSE 81 SPEC 1.9 

73 0SPK 1.9 

5 .5  
( C o n f i d e n c e  Leve l  = 0 . 0 6 5 )  

| i 

1350  1 3 6 0  

a2(1320 ) mass, ~l~r mode ( M e V )  

a 2 ( 1 3 2 0 )  W I D T H  

3;T M O D E  
VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 
1 0 2 . 7 ±  2.2 OUR AVERAGE 
107.0± 9.7 AUGUSTIN 89 DM2 + e - - e -  ~ 5TT 
118.5d_12.5 AUGUSTIN 89 DM2 0 e + e ~ 57r 
97 ± 5 7EVANGELISTA81 OMEG - 1 2 ~ - p ~  31rp 
96 .09 :9 .0  25000 7 DAUM 80C SPEC - 63,94 7r- p ~ 37rp 

110.0±15.0 1097 7 BALTAY 78B HBC +0 15 7r + p ~ p41r 
112 J. 18 1600 7 EMMS 75 D e c  0 4 fr + n ~ p(3~-) 0 
122 ±14  1200 7,8 WAGNER 75 HBC 0 7 ~-+ p 

z~++ (3~)0 
115 ± 1 5  7 ANTIPOV 73c CNTR - 25,40 l r -  p 

pT/Tr- 
99 ± 15 1580 CHALOUPKA 73 HBC - 3.9 "tr p 

105.0± 5.0 28000 BOWEN 71 MMS - 5 7r- p 
99 .0±  5.0 24000 BOWEN 71 MMS + 5 7r + p 

103.0± 5.0 17000 BOWEN 71 MMS - 7 ~T p 

9From a fit to JP - 2 + partial wave. 
10 Number of events evaluated by us. 

11Width errors enlarged by us to 4F/N1~2; see the note with the K* (892) mass. 

r/Tr M O D E  
VALUE (MeV) EVT$ DOCUMENT ID TECN CH6 COMMENT 
113 4-4 OUR AVERAGE 
112.2±5.7 2561 DELFOSSE 81 SPEC + ~r t p ~ p~-± ~/ 
116.6±7.7 1653 DELFOSSE 81 SPEC - 7r ± p ~ p'rr ± ~/ 
108 ±9 1000 KEY 73 O S P K  6 7 r - p ~  pTr-7/ 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

104 ±9 6200 12 CONFORTO 73 OSPK - 6 ~T- p - -  p MM- 

12 Model dependent. 

a 2 ( 1 3 2 0 )  D E C A Y  M O D E S  

Scale factor/ 
Mode Fraction (F / /F )  Confidence lever 

I-1 p 'n  (70 .1±2 .7 )  % S=1.2 

F2 ~lTr (14.5±1.2) % 

F 3 ~n-~T (10 .6±3.2)  % S=1.3 

F 4 K K  (4 .94 -0 .8 )  % 

F5 ~r-}-~ (2.7=1:0.6) x 10 - 3  

F6 ~3 ~ (8.2±1.0) x 10 -6  

['7 ~T + ~'" ~" < 8 % CL=90% 

F8 r / t ( 9 5 8 ) / r  < 1.0 % CL=95% 

F 9 e + e -  < 2.3 x 10 - 7  CL=90% 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall  f i t  to  5 branch ing ratios uses 18 measurements and one 
const ra in t  to determine 4 parameters. The  overall  f i t  has a X 2 = 
9.3 for 15 degrees of freedom. 

The  fo l lowing off-diagonal array elements are the correlat ion coefficients 

16x i6x j ) / (6x i .6x j ) ,  in percent,  from the fit to  the branch ing fract ions, x i =_ 
I - i / I - to ta I. The  f i t  constrains the x i whose labels appear in th is  array to sum to 
one, 

x 2 i0  

x 3 -89  -46  

x 4 - i  - 2  -24  

Xl x2 x3 
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Meson Full Listings 
a2(1320) 

a2(1320) P A R T I A L  W I D T H S  

r(~r±-~) 
VALUE (keV) DOCUMENT ID TECN C HG COMMENT 

295± 60 CIHANGIR 82 SPEC + 200 ~r + A 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

461d-110 12 MAY 77 SPEC ± 9.7 -.fA 

rb-~) 
VALUE (keV) EVTS 

0.90±0.10 OUR AVERAGE 
0.90±0.27±0.15 56 
1.14±020±0.26 

1.06±0.18±0.19 
+0.42 

0.81 ~ 0.I9__ 0.11 35 

0.84±0.07±0.15 
0.77±0.18±0.27 22 

13From p~r decay mode. 
14From ~17r 0 decay mode. 

r ( e + e  - ) 

VALUE #V)  

<25 

F5 

i- 6 
COMMENT 

13 ALTHOFF 86 TASS 0 e + e -  ~ e + e 3~r 
14 ANTREASYAN 86 CBAL 0 e + e -  

e + e  ~r0~l 
BERGER 84c PLUT 0 e + e ~ e + e 3~r 

13 BEHREND 83S CELL 0 e + e -  ~ e + e -  3~ 

13 FRAZER 83 JADE 0 e + e ~ e + e 3~r 
14 EDWARDS 82F CBAL 0 e + e -  

e + e - ~ r O ~  I 

[-9 
EL% DOCUMENT ID TECN COMMENT 

90 VOROBYEV 88 ND e + e -  ~ ~r 0 ~1 

a2(1320) BRANCHING RATIOS 

F ( K K ) / r ( p ~ )  r 4 / r l  

VALUE EVTS DOCUMENT ID TEEN CHG COMMENT 
0.070@0.012 OUR FIT 
0.078+0.017 CHABAUD 78 RVUE 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.056±0,014 50 15 CHALOUPKA 73 HBC 3.9 ~r p 
0.097±0.018 113 15 ALSTON ... 71 HBC 7.0 ~r + p 
0.06 ±0.03 15 ABRAMOVl.. .  70B HBC 3.93 7r p 
0.054±0.022 15 EHUNG 68 HBC - 3.2 7:- p 

15Included in EHABAUD 78 review. 

r (~) / [ r (o~)  + r ( ~ )  + r(KK-)] r2/(r~+r2+r4) 
VALUE EVT5 DOCUMENT ID TEEN CHG COMMENT 
0.162-t-0.012 OUR FIT 
0.140±0.028 OUR AVERAGE 
0.13 ,10.04 ESPIGAT 72 HBC ± 0.O#p 
0.15 ±0.04 34 BARNHAM 71 HBC + 3.7 7r + p 

r (~) / r (p~)  
VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0.207±0.018 OUR FIT 

r 2 / r l  

r8/r 

0.213i0.020 OUR AVERAGE 
0.18 9-005 FORINO 76 HBC 11 = p 
0.22 ± 0 0 5  52 ANTIPOV 73 CNTR 40 = -  p 
0.211±0.044 149 CHALOUPKA 73 HBC 3.9 ir p 
0.246±0.042 167 ALSTON-... 71 HBC + 7.0 7r + p 
0.25 ±0.09 15 BOECKMANN 70 HBC + 5.0 ~+ p 
0.23 ±0.08 22 ASCOLI 68 HBC 5 7r- p 
0.12 9-008 CHUNG 68 HBC 3.2 = p 
0.22 ±0.09 CONTE 67 HBC 11.0 = -  p 

r (¢(958/~)/rtotal 
VALUE EL% DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.02 97 BARNHAM 71 HBC + 3.7 =+ p 
0,004±0.004 BOESEBECK 68 HBC + 8 ~+ p 

r (n'(958) ~)/r (p~r) rg/rl 
VALUE CL°./oo DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0,011 00 EISENSTEIN 73 HBC 5 = -  p 
<0.04 ALSTON-... 71 HBC + 7.0 7r + p 

0.04 +0.03 BOECKMANN 70 HBC 0 5.0 ~r + p - 0.04 

r ( K K ) / [ r ( p l r )  + r ( r p r )  + r ( g K ) ]  r # ( Q + r 2 + r 4 )  

VALUE EVT5 DOCUMENT ID TEEN CHG COMMENT 
0.054±0.009 OUR FIT 
0.048±0.012 OUR AVERAGE 
0.05 ±0.02 TOET 73 HBC ÷ 5 ~+ p 
009 ±0.04 TOET 73 HBC 0 5 ~T + p 
0.03 ±0.02 8 DAMERI 72 HBC 11 ~ p 
0.06 ±0.03 17 BARNHAM 71 HBC + 3.7 ~+ p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0020±0.004 16 ESPIGAT 72 HBC :1: 0.0 # p  

16 NOt averaged because of discrepancy between masses from K K  and pTr modes. 

r(~+ ~-~- ) / r (p~)  r7/q 
VALUE EL% DOCUMENT ID TEEN EHG COMMENT 

<0.12 90 ABRAMOVI... 70B HBC 3.93 = -  p 

r(=±~)/rtotel rs/r 
VALUE DOCUMENT IO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0nn~+0.005 17 EISENBERG 72 HBC 4.3,5.25,7.5 "~p 
. . . .  0.003 

17 Pion-exchange model used in this estimation. 

r ( ~ ) / r ( p ~ )  r3/rl 
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
0.15±0.05 OUR FIT Error includes scale factor of 1.3. 
0.15±0.05 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 

0.28±0.09 60 DIAZ 74 DBC 0 6 7r + n 
0.18±0.08 18 KARSHON 74 HBC Avg. of above two 

0.10±0.05 279 CHALOUPKA 73 HBC 3.9 7r- p 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

0.29±0.08 140 18 KARSHON 74 HBC 0 4.9 7r ~ p 
0 10±0,04 60 18 KARSHON 74 HBC + 4.9 ~T + p 
0.19±0.08 DEFOIX 73 HBC 0 0 .7#p  

18KARSHON 74 suggest an additional I = 0 state strongly coupled to ~Trlr which Gould 
explain discrepancies in branching ratios and masses. We use a central value and a 
systematic spread. 

WEIGHTED AVERAGE 
O.15 :~ O.O5 (Error scaled by 1.3) 

I Values above of weighted average error 
f ~ - ~ / /  and scale factor are based upon the data in 

~ . ~  this ideogram only. They are not neces- 
I \ " ~ v / /  sadly the same as our "best"  values 

I I ~'~.. '~ obtained from a least-squares constrained fit 
l I . \ . ' ~ / .  uti l izing measurements of other (related) 

quantities as additional information. X 2 

I /  ~ • • \ . . . . . . . . . .  KARSHON 74 HaC 0.1 
V ~ . . . . .  X . . . . . . .  CHALOUPKA 73 HBC 1.0 

. - £ 7  ~ idence Level = O.199) 

O.O 0.2 O.4 0.6 0.8 

I- (~'Tr ~ ) j / r ( p ~ )  

r (n'(958)Tr)/r (n=) r8tr2 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<0.07 95 POULET 90 GAM4 100 7r p ~ 4-~n 

a2(1320) REFERENCES 
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ALTHOFF 86 ZPHY 53] 537 
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FRAZER 83 Aachen Conf 
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Translated from unknown journal 
BINNIE 71B PLE 36B 537 +Camilleri. Duane, Faruqi. Burton+ (LOIC, SHMP) 
CRENNELEL 71 PLE 35B t85 +Gordon, Lai, Scarf (BNL) 
FARBER 71 NP B29 237 +DePinto, Biswas, Cason. Deery, Kenney+ (NDAM) 
FOLEY 71 PRL 26 413 +Love, Ozaki, Platner, Lindenbaum+ (BNL, CUNY) 
LYNCH 71 UCRL 20022 (LBL) 

AlSO 1971 Amsterdam Conference. 
RINAUDO 71 NC 5A 239 + (TORI. BONN, DURH. NIJM. EPOL) JP 
ASCOLI 70 PRL 25 962 +Brockway, Crawley, Eisenstein. Hanft+ (ILL)JP 
BASII_E 78B LNC 4 838 +Dalpiaz, Frabetti, Massam+ (CERN. BGNA. STRB) 
BAUD 78B Phil. Conf 311 (CERN Boson Spectrometer Collah.) 
BAUD 70C PL 31B 481 +Benz+ (CERN Boson Spectrometer Collab.) 
BAUD 70D PL 31B 397 +Benz+ (CERN Boson Spectrometer Collab.) 
BUTLER 70 UCRL 19845 Thesis (LRL) 
CAROLL 70 PRL 25 t393 +FirebauBh. Gadinkel, Morse. Oh+ (WlSC, TNTO) 
CASO 70 LNC 3 707 +Conte, Tomasini+ (GENO, HAMB, MILA, SACL) 
DIAZ 70 NP B16 239 +Gavillet, Labrosse, Montanet+ (CERN, CDEF)JP 
DZlERBA 70 PR D2 2544 +Shephard, Biswas, Cason. Johnson+ (NDAM) 
GARFINKEL 70 PL 33B 536 +Ammann, Carmony, Yen (PURD) JPC 
JOHNSTON 70 NP B24 253 +Key. Prentice, Yoon, Gadinkel+ (TNTO, WISE) 
KRUSE 70 Phil. Conf 359 (ILL) JP 
SUTHERLAND 70 Phil. Cone 369 (GLA5) 
ADERHOLZ 69 NP B1] 259 +Bartsch+ (AACH, BERL. CERN, JAGL, WARS) 
AGUILAR-. 69B PL 29B 82 Aguilar-Benitez, Badow+ (CERN, CDEF, LIVP) 
AGUILAR-. 65C PL 29B 241 Aguilar Benitez, Barlow+ (CERN, CDEF) 
ANDERSON 69 PRL 22 1390 +Collins+ (BNL, CMU) 
ARMENISE 89 LNC 2 501 +Ghidini, Forino, Cartacci+ (BARI. BGNA, FIRZ) 
CHIKOVANI 69 PL 28B 526 +Focacci+ {CERN Missing Mass Spect. Collab.)JP 
CRENNELL 69 PRL 22 1329 +Karshon, Lai+ (BNLE) I JR 
DONALD 69B NP B]2 325 +Edwards, Poster, Moore (UVP) 
VETLITSKY 69B SJNP 9 596 +Grigorev, Grishin+ (ITEP) 

Translated from YAF 9 1018. 
BALLAM 68 PRL 21 934 +Brody, Chadwick, Fries, Guira8ossian+ (SLAC) 
BENZ 68 PL 28B 233 +Chikovani+ (CERN Missing Mass Spect. Collab.) 
CA80 88 NC 54A 983 +ConEd, Cords, Diaz+ (GENO, HAMB, MILA, 8ACL) 
CRENNELL 68C PRL 20 1318 +Karshon, Lai, Scarf, 5killicom (BNL) 
DONALD 68 PL 26B 327 +Frodesen, Bettini+ (LIVP, OSLO, PADO) 
PRIDMAN 68 PR 167 1268 +Mauref, Michalon. Oudet+ (HELD, 8TRB) 
JUNKMANN 68 NP B8 471 +Cocoon±+ (AACH. BERL, BONN. CERN, WARS) 
KEY 68 PR 166 1430 +Prentice, Cooper, Manner+ (TNTO. ANL, WISC) 
LAMSA 68 PR 166 1395 +Cason, B}swas, Derado. Groves+ (NDAM) 
VONKROGH 68 PL 27e 253 +Miyashita, Kopelman, Libby (COLD) 
ARMENISE 67 PL 25B 53 +Forino+ (BARb BGNA, PIRZ, ORSA) 
BALTAY 67C PL 25B 160 +Kirsch, Kun 8, Yeh, Rabin (COLU, BNL, RUTG) 
BARLOW 67 NC 50A 701 +Lillestol, Montanet+ (CERN, CDEF. leAD, LIVP) 
BARTSCH 87 PL 25B 48 +Deutschmann, Grote+ (AACH, BERL, CERN) 
BEUSCH 87 PL 25B 357 +Fischer, Gobbi, Astbury+ (ETH, CERN) 
CASON 67 PRL 18 880 +Lamsa, Biswas, Dorado. Groves+ (NDAM) 
CHIKOVANI 67 PL 258 44 +Focacci+ (CERN Missing Mass Spect. Collab.) 
CHUNG 67 PRL 18 tO0 +Dahl, Hardy, Hess, Kirz, Miller (LRL} 

Also 66B UCRL ]6832 Thesis Hess (LRL) 
COHN 67 NP B1 57 +MeCulloch, BuBg, Condo (ORNL, TENN) 
CONFOBTO 67 NP B3 489 +Mareehal+ (CERN, CDEF, IPNP, LIVP) 
DAHL 67 PR 163 1377 +Hardy, Hess. Kirz, Miller (LRL) 
DANYSZ 67B NC 51A 801 +French, Simak (CERN) 
SLATTERY 67 NC 50A 377 +Kraybilh Forman, Ferbel (YALE, ROCH) JP 
BARNES 86 PRL 16 41 +Fowler, Lai, Orenstein+ (BNL, CUNY) 
EHRLICH 66 PR 152 1194 +5elove, Yuta (PENN) 
FERBEL 66 PL 21 111 (ROCH) 
LEVRAT 86 PL 22 714 +Tolstrup+ (CERN Missin 8 Mass Spect. Collab.) 
ABOLINS 65 Athens Conf. +Carmony, LEander, Xuone, Ya8er (UCSD) I 
ADERHOLZ 85 PR 138B 897 (AACH, BERL, BIRM, BONN, HAMB, LOIC, MPIM) 
ALITTI 65 PL 15 69 +Baton, Deler, Crussard+ (SACL, BGNA)JP 

I h1(1380) I : 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen in partial-wave analysis of the K~ K ± ~  -q- system. Evidence for K * K  

+ K-* K decays ( A S T O N  88£).  Needs confirmation. 

h1 (1380 )  M A S S  

VALUE (MeV~ DOCUMENT /D TEEN 

1:380:}:20 A S T O N  88C LASS 1 1 K - p ~  
K 0 Ki~r~:A 

hz(1380) W I D T H  

VALUE (MeV I DOCUMENT ID TEEN 

804-30 A S T O N  88c LASS 1 1 K - p ~  
KO K ; ~rT A 

h1(1380 )  D E C A Y  M O D E S  

Mode 

r l  K K * ( 8 9 2 )  + c .c .  

ASTON 88C PL B201 573 

1 ( 39o)1 
See also ~(1600). 

h1(1380 )  REFERENCES 

+Awaji, Bienz+ (SLAG, NAGO, ONE, TOKY) 

IG(J PC) = 0 - ( 1 -  ) 

w(1390)  MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

13914-18 DONNACHIE 89 RVUE e + e -  ~ p0r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1425±25 GOVORKOV 88 RVUE 

~(1390)  W I D T H  

VALUE (MeV~ DOCUMENT ID TECN COMMEN7" 

2244-49 DONNACHIE 89 RVUE e + e -  ~ pTr 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3 0 0 ± 2 5  G O V O R K O V  88 R V U E  

o;(1390)  D E C A Y  M O D E S  

Mode Fraction (Fi /F) 

I- 1 p/r seen 
F 2 w/T?r  seen 

r 3 e + e -  

w ( 1 3 9 0 )  r ( i ) r ( e  + e - ) / r ( t o t a l )  

r(p~) x r(e+e-)/rtotal r l r j / r  
VALUE (keV~ DOCUMENT ID TEEN COMMENT 

1374-40 DONNACHIE 89 RVUE e + e -  ~ p~r 

r(~,~, 0 x r(e+e-)/rtotal r2rj/r 
VALUE (keV) EL% DOCUMENT ID TECN COMMENT 

< 4 1  68 D O N N A C H I E  89 R V U E  e + B-- ~ u;20r 
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Meson Full Listings 
c0(1390), fo (1400) 

a , ' ( 1390 )  R E F E R E N C E S  

DONNACHIE 89 ZPHY C42 663 +Clegg 
GOVORKOV 88 SJNP 48 150 

Translated from YAF 48 237 

- -  OTHER RELATED PAPERS - -  

ATKINSON 87 ZPHY C34 157 
ATKINSON 84 NP B231 15 
ATKINSON 83B PL 127B 132 
CORDIER 81 PL ]06B 155 

I fo(14oo) I 
w a s  ~ ( 1 3 0 0 )  I 

(CERN, MCHS) 
(JINR) 

+ (BONN, CERN, GLAS, LANC, MCHS, LPNP) 
+ (BONN, CERN, GLAS, LANe, MCHS, LPNP+) 
+ (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
+Bisello, Bizot. Buon, Delcou~, Mane (ORSA) 

IG(J PC) = 0+(0 ++) 

Withou t  polarization information, reactions of the  type 

7rN -~ ~r~rN cannot  be analyzed unambiguously  since there 

are more helicity ampli tudes than  observables. Thus  one is 

obliged to make additional assumptions .  

No evidence for a narrow e resonance is obtained in an 

ampli tude analysis (ESTABROOKS 74) of the  largest 7c p 

(unpolarized) ~ ~r+Tr-n experiment  (HYAMS 73, GRAYER 

74); the analysis assumes both  spin and phase coherence. 

The advent of ,x p (polarized) ~ ~r+Tr n da ta  (BECKER 

79) has made both assmnpt ions  unnecessary. Analyzing their 

N O T E  O N  S - W A V E  7r~r, K K ,  A N D  ~/~ 

I N T E R A C T I O N S  

In this note we discuss results on the  nonst range IGJ PC 

= 0+0 ++ partial wave (S wave) coupled to the ~r~r, K K ,  and 

~]r? systems.  

Up to the p meson mass  region, the I = 0 S-wave 

phase shift ~0 ° is (qualitatively) uniquely determined: it rises 

monotonically and reaches 60 ° to 70 ° near 700 MeV. In the 

early phase shift analyses~ based on 7c+7r ~ 7r+Tr - data,  two 

solutions for 6 ° were found in the 700 900 MeV region. This  

ambiguity could lead to either a resonance under  the p meson 

with mass  and width similar to those of the  p meson [the old 

e(800)] or to an approximately energy-independent  phase shift 

of about  90 °, showing no resonant behavior. Today a narrow 

e(800) seems to be ruled out: our present knowledge of the 

l o w  (and high) energy behavior of 6~ can still be summarized  

by Figure 1 which shows tile CERN-Munich  phase shift da ta  

(GRAYER 74) together with a fit. of AU 87. 

360 ~ I I ~ l , I , , , i 

300 

240 

180 
ca 

oo 

120 

60 / 
1 I I I I I I 

04 0.6 0 . 8  1 . 0  

Mr~r~(GeV) 

/ 

I I I 
12 1.4 

Figure 1. (From AU 87.) The I - 0 S-wave phase 
shift 6 ° for 7r7c scat ter ing from the CERN-Munich  
group (GRAYER 74). The  hatched band represents 
the continuation down to the  threshold provided by 
the Roy equations.  The curve shows a fit typical of all 
the  AU 87 solutions. 

data,  B E C K E R  79B also confirms tha t  there is no resonant  

s t ructure  in the phase-shift  60 ° below 900 MeV. 

CASON 83 disagrees with these results: performing an 

ampli tude analysis of the reaction 7r+7c ~ ~r°Tc °, with the  

assumpt ion  of one-pion exchange dominance,  he concludes tha t  

the  only way to make 7r+zr - --~ 7r°~r ° and 7r+Tr - --~ 7c+7c - da ta  

self-consistent is a resonant phase-shift  solution; however the  

phase variation is not well represented by a narrow Breit- 

Wigner  resonance. It should be finally pointed out tha t  this  

eonclusion is in disagreement with several other unextrapola ted 

7c°7r ° da ta  which appear to rule out tile existence of the  ~(800). 

The  region of elastic 7r~r scattering is known to extend to 

about  990 MeV, near the K K  threshold; beyond 1 GeV we 

therefore have to consider the two channels 7r7c and K K ,  and 

beyond 1100 MeV the r/q channel also opens up. In addition, 

the  solutions have inherent ambiguities related to the Barrelet 

zeroes of the  amplitudes.  Thus  HYAMS 75 finds four solutions 

in tile region 1.0 to 1.8 GeV, ESTABROOKS 74 finds eight 

solutions and CORDEN 79, extending the 7rTr analysis to 

2.08 Ge\:,  finds another  set of eight solutions. Many of these 

solutions have been ruled out imposing continuity in various 

forms as well as analyticity and unitar i ty ( F R O G G A T T  75 77. 

COMMON 76, MARTIN 78C). 

One notes tha t  a model- independent  partial-wave analysis 

(BECKER 79B on polarized targets) agrees qualitatively with 

solutions i~ and fl~ (of MARTIN 78C). 

The  fl and [:V ampli tudes describe the experimental  mo- 

ments  in each bin without  an t " explicit smoothing:  the)" are 

analytic in s and approximately analytic in cos0. The), take 

into account all waves up to L = 4. The 3 solution has a 

highly elastic S wave, whereas the S wave of solution 3 ~ is 

somewhat  inelastic (MARTIN 78C). The unique solution of 

F R O G G A T T  77, which has explicit smoothness  built in and 

which takes into account only L _< 3 waves, is rather  similar 

to ~. However, it has problems with unitarity, apparently 

because of the  neglected G wave (MARTIN 78C). 

The  S wave is clearly resonant in the da ta  of B E C K E R  

79B. In the 1150 1400 MeV region both  the S-P and S-D 

phase differences show tile presence 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. 

The ampli tude analysis of the 7r p --~ ~+~r n experiment  

of CORDEN 79 has two preferred solutions which are close to 

3 and #~, giving some support  for an f0(1400). 



See key on page IV. 1 

The results on 7r+Tr --* 7r% ° (CASON 83) establish that 

the only solutions consistent with the data are fl and fit, in 

agreement with BECKER 79B. 

A partial wave analysis performed by AKESSON 86 on 

the exclusive final state pp --~ pp~r+~r , with the two pions 

produced centrally, shows that the ~r~r S wave dominates up to 

1.6 GeV; furthermore, no room is left for other scalar mesons 

besides f0(975) and f0(1400). However, using the same data 

and a smaller sample of K + K  - exclusive events, a coupled 

channel analysis (~r~r and K K )  together with ~r~r scattering 

data has led AU 87 to conclude that a trio of resonances near 

1 GeV is required, where the naive quark model expects just 

two (evidence for the lightest scalar glueball?) (see Figure 2 

VII.37 

Meson Full Listings 
fo(1400) 

for a typical Argand plot). 

• K 1 
• K 1 (Etkin) 
a 143 
D M  

S-wave intensity clearly show-s evidence for a large structure 

at about 1400 MeV together with another small signal in the 

region of the f2(1720). The mass of the f0(1400) agrees with 

the finding of ETKIN 82B in the same channel. 

The reaction 7r-p ---* rplN at 100 GeV has been analyzed in 

a search for scalar glueball candidates (ALDE 86D). A partial 

wave analysis shows a bump near threshold in the S-wave 

amplitude which is naturally associated with the f0(1400), 

although its mass is somewhat lower than that of the state 

decaying into ~rTc and K K .  

The interpretation of the 0 ++ mesons as members of 

the q~ 0 ++ nonet may appear controversial, due to some 

unconventional experimental properties of such states; to solve 

0,9 1.0 
0.94 n/ / 1.2 1.2 

0.96 

1,4 

0.98 

-0.5 

0,8 

0~.7 

 o.6 

y>> 
0 0.5 

this problem, several extensive coupled-channel analyses of 

I = 0 S-wave 7rlr and K K  final states have been performed. 

Rather standard properties for the scalar mesons are obtained 

by TORNQVIST 82 who finds that they can be understood 

as conventional qO states; the f0(975) and f0(1400) have 

large components of q~q~ in the form of virtual two-meson 

continumn (mainly K K ) .  ACHASOV 84 disagrees with these 

conclusions and finds instead that the two scalar mesons can 

both be interpreted as q~q~ states. WEINSTEIN 83B 89 on 

the other hand interpret the f0(975) as a K K  molecule bound 

by hyperfine interaction, leaving the f0(1400) as a 3p0 q~ state. 

Prom the experimental point of view, the mass and the 

width of the ]'0(1400) are difficult to extract from these partial 

wave analyses and also to define in any simple way, since its 

Breit-Wigner shape is completely distorted by hadronic mass 

renormalization effects from the ~r~r, K K ,  and qq channels. 

f o (1400)  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
1400 OUR ESTIMATE 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1440 4-50 BOLONKIN 88 SPEC 4 0 7 r - p ~  / ~ 5 / ~ s n  

Figure 2. (Prom AU 87.) The 7r~r I = 0 S-wave 
amplitude fll.T'll shown in an Argand plot comparing 
the solutions K1 (.), K1 (Etkin) (v), K3 (A), and 
M ([:]). The last three are shown only where they 
differ from solution K1. The corresponding energies in 
GeV are displayed on the plot. 

Independent evidence for the f0(1400) comes from studies 

of the K K  and r~r~ systems. In the reaction ~r-p --* K s K s n  , °  o 

the S wave has a large intensity in the 1300 MeV region 

(WETZEL 76, LOVERRE 80, ETKIN 82B) with evidence for 

a bump. Moreover, the Y02 moment shows a large negative 

1420 O-h20 0 
1220 0 i 4 0  0 
1463.04- 90 

1470.04-10 4-20 

1237 

1425 ±15 

1300 

1256.0 

AKESSON 86 SPEC p p  ~ pp' , r  + x -  

ALDE 86D GAM4 100 v -  p ~ n2r/ 
ETKIN 82B MPS 23 7r- p ~ n2K~. 

1 ETKIN 82C MPS 23 ~ -  p ~ n2K~q 

TORNQVIST 82 RVUE 
WICKLUND 80 SPEC 6 ~rN ~ K + K -  N 
POLYCHRO... 79 STRC 7 ~r- p ~ n2KOc 

FROGGATT 77 RVUE r + 7r- channel 

1 Fit includes interference with the f0(1240) resonance. 

f 0 ( 1 4 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
150 to 400 OUR ESTIMATE 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

excursion, indicating S-D interference (CASON 76, WETZEL 

76, POLYCHRONAKOS 79, GOTTESMAN 80, LOVERRE 

80, ETKIN 82B). The main problem is the isospin of the 

bump; if OPE were the only mechanism, I = 0 would be 

assured. The high statistics experiment (ETKIN 82B) in the 

restricted t ~ region below 0.1 GeV 2 strongly argues in favor 

of OPE dominance and assigns the observed effects to the 

I a = 0 + state. A simplified scheme of amplitude analysis in 

the range 1.6 2.4 GeV has been recently applied to the same 

reaction 7r-p ----, K ° K ° n  at 40 GeV (BOLONKIN 88). The 

250 ± 80 

460.04- 50.0 
320.04- 40.0 

+ 138 0 
118.0_ 1610 

140.04- 10 ,120 

1400 
160 4- 30 
150 

400 

BOLONKIN 88 SPEC 40 r -  p ~ K0c K 0 n 
AKESSON 86 SPEC p p  ~ p p r  + ~ -  

ALDE 86D GAM4 100 7r- p - -  n2~ 1 

ETKiN 82B MPS 23 ~r p - -  n2KO< 

2 ETKIN 82c MPS 23 7r- p ~ n 2 / ~  5 

TORNQVIST 82 RVUE 
WICKLUND 80 SPEC 6 ; , r N ~  K + K - N  

POLYCHRO... 79 STRC 7 ~r- p ~ n2K0c 

3 FROGGATT 77 RVUE 7r + 7r- channel 

2 Fit includes interference with the f0(1240) resonance. 

3Width  defined as distance between 45 and 135 ° phase shift. 
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Meson Full Listings 
f0(1400), #(1405),  ft(1420) 

Mode 

f o ( 1 4 0 0 )  D E C A Y  M O D E S  

Fraction ( F i / F )  

[-2 H E  ( 7 . 5 ± 0 . 9 )  % 

F3 WI seen 

F4 e + e not seen 

/3(1405) WIDTH 

VALUE (MeV I DOCUMENT ID TEEN CH~ 

1804-20 2 ALDE 88B G A M 4  0 

2Seen in the P0-wave intensity of the ~17r 0 system. 

100 ~r- p 
q=O n 

/3 (1405)  D E C A Y  M O D E S  

Mode Fraction ( F i / F )  

F 1 Y/,'T 0 seen 

r 2 p~r not  seen 

F 3 y/~T 

f0(1400) PARTIAL WIDTHS 

r (e + e-) r4 
VALUE (eV) EL% DOEUMENT ID TEEN COMMENT 

<20 90 V O R O B Y E V  88 ND e + e -  ~ ~70 ~T 0 I 

f0(1400) BRANCHING RATIOS 

r(~)Irtota, r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

p polarized 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.93 TORNQVIST 82 RVUE 
0.93 LOVERRE 80 HBC 47T-p~ KKN 
0.73 HYAMS 75 ASPK 17.2 ~r- p ~ nyr + ~T-- 

F(K~)/F(~) r2/rl 
VALUE DOCUMENT ID TEEN COMMENT 

0.084,0.01 COSTA... 80 OMEG 10 7r- p ~ K + K n 

f0(1400) REFERENCES 

BOLONKIN 88 NP B309 426 +BIoshenko, Gorin+ (ITEP, SEEP) 
VOROBYEV 88 YAF 48 436 +Golubev. Do6nsky. DruzhiNn+ (NOVO) 
AKESSON 86 NP B264 154 +Albrow, Almehed+ (Axial Field Spe(Collab.) 
ALDE 86D NP B269 485 +Binon, Bricman+ (BELG, LAPP, SEBP, CERN) 
ETKIN 82B PR D25 1786 +Foley, Lai+ (BNL, EUNY, TUFT, VAND) 
ETKIN 82C PR D25 2446 +Foley, La~+ (BNL, CUNY, TUFT, VAND) 
TORNQVIST 82 PRL 49 624 {HELS) 
COSTA... 80 NP B175 402 Costa De Beauregard * (BARI, BONN, CERN+) 
GORLIEH 86 NP B174 16 +Niczyporuk+ (CRAE, MPIM, CERN, ZEEM) 
LOVERRE 80 ZPHY C6 187 +Armenteros, Dionisi+ (EERN, CDEF, MADR, STOH)IJP 
WlCKLUND 80 PRL 45 1469 +Ay[es, Cohen, Diebold, Pawlicki (ANL) 
POLYCHRO. 79 PR D19 1 3 1 7  Polychronakos, Cason, Bishop+ (NDAM, ANL)IJP 
FROGGATT 77 NP B129 89 +Petersen (GLAS, NORD) 
HYAMS 15 NP BlO0 205 6Jones, Weilhammer, Blum, Dietl+ (CEBN, MPIM) 

- -  OTHER RELATED PAPERS - -  

WEINSTEIN 89 UTPT 89 03 +lsgur (TNTO) 
ALDE 88 PL B201 160 EBellazini, Binon÷ (SERe. BELG, LANk LAPP PISA) 
AU 87 PR D35 1633 +Mo[gan, Penflington (DURH, BAL) 
ACHASOV 84 ZPHY C22 53 ÷Devyanin Shestakov (NOVO) 
CASON 83 PR D28 t566 +Cannata, Baumbaugh, Bishop+ (NDAM, ANL) 
WEINSTEIN 83B PR D27 588 +Ngur (TNTO) 
GOTTESMAN 80 PR D22 1503 +Jacobs- (SYRA, BRAN, BNL, CINC) 
BECKER 79 NP B151 46 +Blanar, Blum+ (MPIM. CEBN, ZEEM, CRAC) 
BECKER 79B NP B150 301 +Blanar, Blum+ (MPIM, CERN, ZEEM, ERAC) 
EORDEN 79 NP B157 250 +Dowell, Garvey+ (BIBM, RHEL, TELA, LOWC)JR 
MARTIN 78C ANP 114 1 +Pennington (CERN) 
CASON 76 PRL 36 1 4 8 5  EPolychronakos, Bishop, Biswas4 (NDAM, ANL)IJ 
COMMON 76 NP B1O3 109 (KENT) JR 
WETZEL 76 NP Bl15 206 f Freudenreich, Beusch+ (ETH. CERN, LOIC) 
FROGGATT 75 NP B91 454 +Petersen (BLAB, NORD) 
ESTABROOKS 74 NP B79 301 +Martin (DURH) 
BRAYER 74 NP B75 189 +Hyams, Blum, DieB+ (CERN, MRIM) 
HYAMS 73 NP B64 134 ~ Jones, Weilharnmer, Blum, Dien- {CERN, MPIM) 

1#(1405) I =1 (1 +) 
OMITTED FROM SUMMARY TABLE 

Seen by A L D E  88B in ~r p ~ q ~ 0 n  a m p l i t u d e  analysis. Needs con f i rma-  

t ion.  

See also the  m ln i - rev iew under  n o n - q ~  candidates.  (See the  index for  the  

page n u m b e r . )  

#(1405) MASS 

VALUE (MeV) DOCUMENT ID TEEN EHG COMMENT 

1406±20  1 ALDE 88B G A M 4  0 100 = p ~ 
~l~TO n 

iSeen in the PO wave intensity of the ~lTr 0 system, i 

~6(1405) BRANCHING RATIOS 

r(nyr°)/rtotal Q/F 
VALUE DOCUMENT ID TEEN EHG COMMENT 

seen 3 ALDE 88B G A M 4  0 100 7r- p ~ 
r~)tO n 

• * • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

not seen 4 APEL 81 NICE 0 40 7r P ~ I 
~prO n 

3Seen in the Po-wave intensity of the tlTrO system. I 

4 A  general f i t  al lowing S, D, and P waves ( including re=O) is not done because of l imited I 
statistics. 

r(oTr)/rtota, r2 / r  
VALUE DOCUMENT fD COMMENT 

not seen 5 ZIELINSKI 86 200 7r + Cu,Pb ~ 7r + 7r + ~T-- X 

5 A  general f i t  al lowing 5, D, and P waves ( including m 0) is not done because of l imited 
statistics. 

r(n'~)/r(~ °) r3/Q 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<0.80 95 P O U L E T  90 GAM4 100 7r- p ~ 4"~n 

/~(1405) REFERENCES 

POULET 90 Hadron 89 C o n f  +Boutemeur (SERP, BELG, LANE LAPP, elBA, KEK) 
ALDE 88B PL B205 397 +Binon, Boutemeur~ (SERP. BELG, LANL, LAPP) IGJPC 
ZIELINSKI 86 Berkeley HEP 1 736 +Berg+ ENOCH, MINN, FNAL) 
APEL 81 NP B193 269 +Augenstein, Bertolucci, Donskov+ (SERe, CERN) 

- -  OTHER RELATED PAPERS - -  

IDDIB 88 PL B205 584 +Le Yaouanc, Ono+ {LPTP, TOKY) 
TUAN 88 PL B213 537 +Ferbel, Dalitz (HAWA, BOCH, OXF) 
ZIELINSKI 87 ZPHY C34 255 (ROCH) 
ZIELINSKI 86 Berkeley HEP 1 736 +Berg+ (ROCH, MINN, FNAL) 

I f t (1420)  I ,c(jpc) : 0+(i+~) 
was E(1420) 

See also min i rev iew under  non q ~  candidates.  

NOTE ON ft(1420) 

In hadron-induced reactions, the  f1(1420) is observed in 

centrally produced K K ~  sys tems (DIONISI 80, A R M S T R O N G  

84, 89) obtained with 7r and p beanls. A Dalitz-plot analysis 

gives its q u a n t u m  numbers  and the dominant  decay mode. 

For instance, A R M S T R O N G  89 finds that  the signal is totally 

consistent with being an 1 ++ state,  with a dominant  quasi-two- 

body S-wave decay mode into K*(892)K;  furthermore,  no 0 ~ 

or 1 + waves are required to describe the  data. A G-parity 

= +1 is suggested by" the positive interference between the 

two K*(892) (ARMSTRONG 84). No significant signals in the 

rl~zr or 4~r decay modes are found by' A R M S T R O N G  89G in 

centrally produced 4~ systems.  

In ?-~ fusion from e - e  annihilations, a signal at ~ 1420 

Me\:  is seen only" in single tag events (AIHARA 86C, GIDAL 

87B, BEHREND 89, HILL 89) where one of the two photons 
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is off the mass shell; on the contrary, it is totally absent in the 

untagged events where both  photons are real and hence they 

cannot produce a spin-1 meson because of the Yang-Landau 

theorem. This clearly implies J = 1 and C = +1. As for the 

parity, AIHARA 88B, 88C (same analysis as AIHARA 86C, 

with 25% more statistics) and BEHREND 89 all find from 

the angular distributions that  positive parity is preferred, but 

negative cannot be excluded. 

Although some uncertainties still remain, these two experi- 

mental observations (the state seen in hadronic interactions and 

the one observed in spacelike virtual photon fusion from e+e - 

annihilations) are often identified since there are more similar- 

ities than differences. In particular, all experiments agree that  

this state shows up only in K*(892)K. 

BITYUKOV 88 has studied the radiative decay 1 ++ --~ ¢3'- 

Since the ¢ is (almost) a pure s~ state, the ¢~ decay seems to 

be a good analyser to extract the s~ component in the wave 

function of the decaying meson. From the observation of an 

f~(1285) and the absence of an f~(1420) signal in the ¢3' mass 

spectrum, BITYUKOV 88 concludes that  the f[(1420) cannot 

be the s~ isoscalar member of the axial-vector q~ nonet of 

the ]'1(1285). On the other hand AIHARA 88C argues that ,  

with the assumption that  they both belong to the same nonet 

and using several hypotheses, the obtained octet-singlet mixing 

angle turns out to be compatible with the f1(1420) being 

mostly sg, and f~(1285) mostly (ug + dd)/v~, although both 

requiring large admixtures of other q~ components.  

Arguments in favor of the possibility that  the f~(1420) is 

a hybrid qq9 meson or a four-quark state are put forward by 

ISHIDA 89 and CALDWELL 90 respectively. 

h(1420) M A S S  

PRODUCED IN p ~  ANNIHILATION 
VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
1414.9:1:3.5 OUR AVERAGE E r r o r ~ c a l e  factor~of 1.2. 
[4[7.59: 4 NACASCH 78 HBC 0.7,0.76~p 
1398 --10 170 DEFOIX 72 HBC 0 .7~p  ~ 7~r 
1406 9:7 280 DUBOC 72 HBC 1.2~p~ 2K4~r 
1420 "- 7 310 LORSTAO 69 HBC 0.7#p 
1423.03_10.0 FRENCH 67 HBC 3-4pp 

PRODUCED IN OTHER REACTIONS 
VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 
1425.34- 1.3 OUR AVERAGE 
1429 9 : 3  3894_ 27 ARMSTRONG 89 OMEG 300 p p  ~ K K ' , r p p  

1425 9:10 17 BEHREND 89 CELL '71' ~ KOsK--rrq- 

1442 9:5.0_+10'017.0 111÷3126 BECKER 87 MRK3 e + e , a~KK~r 

1423 9 : 4  GIDAL 87B MRK2 e + e -  ~ e + e KK~r  
1417.0-- 13.0 13 AIHARA 86C TPC e + e ~ e + e -  KK~r 
1425.0d_ 2.0 1520 ARMSTRONG 84 OMEG 85 ?r + p, p p  ~ (?r Jr , 

p) ( K ~ )  
1422.09:3.0 CHAUVAT 84 SPEC ISR 31.5 p p  
1440.09:10.0 1 BROMBERG 80 SPEC 100 ~r p ~ KK~rX 
1426.09:6.0 221 DIONISI 80 HBC 4 ~r- p ~ KK~r n 
1420 :t:20 DAHL 67 HBC 1.6-4.2 ~r- p 

1 Mass error increased to account for a 0 (980) mass cut uncertainties. 

VA L UE (MeV} EVTS 
55.39: 3.0 OUR AVERAGE 
5 8 9 : 8  389 -E 27 

fi(1420) W I D T H  

DOCUMENT ID TEEN COMMENT 

ARMSTRONG 89 OMEG 300 p p  ~ K K = p p  

42 4-22 17 BEHREND 89 CELL 3"7 ~ K O K4- E:F 

40 +17 "-5 111 +31 BECKER 87 MRK3 e+e-,wKKTr -13 -26 
3~ n+47.0 ~ '~ -20 .0  13 AIHARA 86C TPC e + e -  ~ e'- e -  KK?r 

62.0=I- 5.0 1520 ARMSTRONG 84 OMEG 85 7r + p, p p  ~ ( l r  + ,  
p) (KK~r)  

47.0"-10.0 CHAUVAT 84 SPEC ISR 31.5 p p  
62.09:14.0 BROMBERG 80 SPEC 100 ~r- p ~ KK~TX 
40.0--15.0 221 DIONISI 80 HBC 4~-p~ KK~Tn 
53 ±20.0 NACASCH 78 HBC 0.7,0.76~p 
50 9:10 170 DEFOIX 72 HBC 0.7 ~ p  ~ 7~r 
50 :t-12 280 DUBOC 72 HBC 1.2 # p  ~ 2K4~r 
60 2-20 310 LORSTAD 69 HBC 0.7 # p  
60.09:20.0 DAHL 67 HBC 1.6-4.2 ~r- p 
45 2-20 FRENCH 67 HBC 3 - 4 # p  

f1(1420) D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

r [  KKTF dominant 

F2 ~1 l r  ~r possibly seen 

r 3 a0(980)Tr possibly seen 

r4  ~;,rp 

r 5 KK*(892) + c.c. 
r 6 4~r 

r7  - r? 

f1(1420) r c i ) r c ~ , , y ) / r ( t o t a l )  

F(K~=) x r ( ~ ) / r t o t a ~  
VALUE (keY) CL °/~o 

1.54-0.4 OUR AVERAGE 

2 3+o~:°--0.8 

1.3"-0.5"-0.3 

[.6"-0.7 J-0.3 

DOCUMENT ID TEEN COMMENT 
r[rT/r 

HILL 89 JADE e + e  - I 
e + e -  K ' -  K O ~r q- 

AIHARA 88B TPC e + e  - -  I 
e + e -  K ' -  K O ~:F 

2,3 GIDAL 87B MRK2 e + e -  ~ e + e -  KK~r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<8.0 95 JENNI 83 MRK2 e + e ~ e'- e -  KK~r 

2 Assume a p-pole form factor. 
3 Published value divided by 2. 

f1(1420) B R A N C H I N G  RATIOS 

r ( K ~ * ( 8 9 2 )  + c . c . ) / r ( K ~ T r )  r s / r l  
VALUE DOCUMENT /D TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.769:0,06 BROMBERG 80 SPEC 100 7r- p ~ KK~rX 
0.86'-0,12 DIONISI 80 HBC 4 ~ - p ~  K K ~ n  

r (Tr ~ r o ) / r  (KR 'T r )  r 4 / r l  

VALUE EL% DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 0 3  95 CORDEN 78 OMEG [2 - [ 5  7r p 
<2.0 DAHL 67 HBC [.6-4.2 7r- p 

r ( r l ~ T r ) / r  ( K g ~ )  r 2 / r l  
I ~ IO TEEN COMMENT VALUE DOCUMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.6 90 GIDAL 87 MRK2 e + e  - 
e +  e -  rlTr+ Tr - 

<0.5 95 CORDEN 78 OMEG 12-[5 7r- p 
1.5,10.8 DEFOIX 72 HBC 0.7 # p  

<1.5 95 FOSTER 68B HBC 0 .0~p  

r (a0(980) I t ) / r  ( r / i r  7r) r 3 / r 2  
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

not seen in either mode ANDO 86 SPEC 87r -  p 
not seen in either mode CORDEN 78 OMEG 12-15 I t -  p 
0.4"-0.2 DEFOIX 72 HBC 0.7 # p  ~ 77r 

r ( 4 ~ r ) / r ( g K * ( 8 9 2 )  + c.c.) r 6 / r 5  
VALUE ~ DOCUMENT ID TEEN COMMENT 

i • • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.90 95 DIONISI 80 HBC 4 ~r p 
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r(Kg~)/[r(ao(980)~) + r(K~(892) + ¢.c.)] 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not  use the fol lowing data for averages, fits, l imits, etc. • • • 

0.653_0.27 4 DIONISI 80 HBC 4 = -  p 

4Calculated using r(K~)/r(n=) = 0.24 ± 0.07 for ,?0(980 ) fractions. 

r ( a o ( 9 8 0 ) r r ) l r ( K K * ( 8 9 2 )  + c . c . )  

VALUE EL% DOCUMENT IO TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 0 0 4  68 A R M S T R O N G  84 OMEG 85 7r + p 

r(4~r)/r(K~r) 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.62 95 A R M S T R O N G  89G OMEG 85 ~rp ~ 4~rX 

rl/(rs+rb) 

Furs  

rolrl 

f1(1420) REFERENCES 

ARMSTRONG 89 eL B221 216 +Benayoun{ (CERN, CDEF, BIRM, BARI, ATHU, LPNP) JPC 
ARMSTRONG 89G ZPHY C43 55 +Bloodworth (CERN, BIRM, BARI, ATHU, LPNP) 
BEHREND 89 ZPHY C42 367 +Criegee+ (CELLO Co,ab) 
HILL 89 ZPHY C42 355 +Olsson+ (JADE Collab )JP 
AIHARA 888 PL B209 107 +Alston Garnjost+ (TPC 23, Collab) 
BECKER 87 PRL 59 186 +Blaylock, Boiton, B r ~ n *  (Mark III Collab)JP 
GIDAL 87 PRL 59 2012 +Boyer, BuUer, Cords, Abrams+ (LBL, SLAC, HARV) 
GIDAL 87B PRL 59 2016 +Boyer, Butler, Cords, Abrams+ (LBL, SLAC, HARV) 
AIHARA 86C PRL 57 2 5 0 0  +Alston-Garnjost+ (TPC 2"F Collab)JP 
ANDO 86 PRL 57 1296 +lmai+ (KEK, KYOT, N[RS, SAGA, TOKY, TSUK+) 
ARMSTRONG 84 PL 146B 273 +B~oodworth, Burns+ (ATHU, BARI, BIRM, CERN)JP 
CHAUVAT 84 PL 148B 382 +MeriteU Bonino~ (CERN, UDCF, UCLA, SACL) 
JENNI S3 PR D27 1031 +Burke, Telnov, Abrams, Blocker+ (SLAC, LBL) 
BROMBERG B0 PR D22 1513 +Haggerty, Abrams, Dzierba (CIT, FNAL, ILLC, [ND) 
DIONISI 80 NP B169 1 +Gavillet+ (CERN, MADR, CDEF, STOH)IJP 
CORDEN 78 NP B144 253 +Corbett. Alexander+ (BIRM, RHEL, TELA, LOWC) 
NACASCH 78 NP B135 203 +Defoix, Dobrzynski+ (PARI, MADR, CERN) 
DEFOIX 72 NP B44 125 +Nascimento, Bizzarri+ (CDEF, CERN) 
DUBOC 72 NP B46 429 +Goldberg, Makowski, Donald+ (LPNP, LWP) 
LORSTAD b9 NP B14 65 +D'Andlau, Astier+ (CDEF, CERN} JP 
FOSTER 68B NP B8 174 +Gaviflet, Labrosse, Montanet+ (CERN, CDEF) 
DAHL 67 PR 163 1377 +Hardy, Hess, Kirz. Miller (LRL) IJP 

Also 65 PRL 14 1074 Miller, Chung, DaM, Hess, Hardy, Kirz4 (LRL, UCB) 
FRENCH 67 NC 52A 438 +Kinson, McDonald, Riddiford + (CERN, BIRM) 

- - O T H E R  RELATED P A P E R S - -  

CALDWELL 90 Hadron 89 (UCSB) 
ISHIDA 89 PTP 82 119 +Oda, Sawazaki. Yamada (TNIH) 
AIHARA 88C PR D38 1 +AIston Garnjost+ (TPC 2"r Collab ) JPC 
BiTYUKOV 88 PL B2B3 327 +Bodsov, Dorofeev ~ (SERP) 
PROTOPOP 878 Hadron 87 C o n f  Protopopescu, Chung (BNL) 

i f (1430) I , G ( j P C )  = 0 + ( 2 + + )  

OMITTED FROM SUMMARY TABLE 

Th is  en t ry  l ists nearby peaks observed in the  D wave o f  the  K K  and ~r + 7r 

systems. 

f2 (1430) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1421 ± 5 A U G U S T I N  87 DM2 J/~, ~ '7~r+rr 
5480.0±50.0 AKESSON 86 SPEC pp  ~ pp r r  ~ 7r 

1436.0 +26"0  D A U M  84 CNTR 17 18~ p 
&D.U 

K + K  n 
1412 .0 i  3.0 D A U M  84 C N T R  63 lr p ~ ~ ~ n, 

K + K - n  

1439.0 + 510 1BEUSCH 67 OSPK 5,7,12;r p ~  
K0 K 0 n 

S 5 

1 Not seen by W E T Z E L  76. 

f2(1430) WIDTH 

VALUE (Me w DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

30 ± 9 A U G U S T I N  87 DM2 J/'O ~ 77r+~r 
150.0-t-40.0 AKESSON 86 SPEC p p  ~ pp~r + 7r- 

81.0 +56"0  D A U M  84 C N T R  1 7 - 1 8 n - p ~  
~ 7 . U  

K + K  n 
14.0± 6.0 D A U M  84 C N T R  63 7r p ~ K O K O n, 

K + K - n  

43.0+~7:00 2 B E U S C H  67 OSPK 5 ,7 ,12~ p ~  
~o~o~ 

2 N o t  seen by WETZEL  76. 

Mode 

f2(1430) DECAY MODES 

F I K K  

r 2 ~ 

f2(1430) REFERENCES 

AUGUSTIN 87 ZPHY C36 369 -Cosme+ (LALO, CLER, FRAS, PADO) 
AKESSON 86 NP B264 154 ÷Albrow, Almehed+ (Axial Field Spec. Codab) 
DAUM 84 ZPHY C23 339 +Hertzberger* (AMST, CERN. CRAC, MPIM, OXF+) JP 
WETZEL 76 NP BII5 208 +Freudenreich, Beusch* (ETH, CERN, LOIC) 
BEUSCH 67 PL 25B 357 +Fischer, Gobbi, Astbury+ (ETH. CERN) 

I q(1440) I ,c(jPc) : 0+(o-) 
was  (1440) i 

See also the  min i - rev iew under  n o n - q ~  candidates.  (See the  index for the  

page n u m b e r . )  

Nomm o N  n(144o) 

The first observation of a meson with I O J  PC = 0*0 -~- in 

the  1400 MeV mass region was made with pp annihilat ions at 

rest (BAILLON 67) in the channel r/(1440) ~ K K ; r .  It was 

seen to decay equally into a0(980);r and K*(892)K.  

The r/(1440) is now observed in other hadronic reactions: in 

a partial-wave analysis of the rpr+Tr - system, confirming the de- 

ca)' q(1440) --* a0(980)~r (TAKAMATSU 90), and in a partial- 

wave analysis of the K K ~  sys tem (CHUNG 85, BIRMAN 88). 

It is also observed in 6 GeV p~ annihilation (REEVES 86) and 

in nonperipherally selected ~ p ~ K ° , K ° u ° n  (RATH 89). A 

resonance in this mass  region is observed in pp annihilat ion at 

rest (DUCH 89), with no definite conclusions on its q u a n t u m  

numbers  (al though the da ta  are incompatible with a dominant  

)~*(892)K decay mode).  

It is, however, not observed in the s~-enriched peripheral 

reaction K p ---* KKrc,3. at 11 GeV/c  (ASTON 87). Similarly 

A R M S T R O N G  84, 89, s tudying K K ; r  central production in 

; r ' p  --* 7r+(KK;r)p  and pp --* p ( K K ; T ) p  at 85 and 300 G e V / c ,  

do not see the q(1440), but  the f1(1420) which is found to 

be mainly coupled to A;*(892)K. This is in line with earlier 

results (DIONISI 80, DEFOIX 72, DUBOC 72, LORSTAD 

69, etc.). Note tha t  these earlier da ta  were also dominated by 

central processes. 

The  q(1440) is also present as a broad enhancement  in the 

, ] /v)(1S)  radiative decay. In the  K K ~  channel, however, its 

mass  is higher than  observed in hadronic interactions, and its 

width is larger. It has been shown (TOKI 87) that  a two-Breit- 

Wigner  fit (with M = 1420 MeV and M = 1500 MeV) woukt 

give a better  description of the data.  Moreover, the  qzr+Tr 

channel peaks at 1390 MeV as well as the p°7 channel (TOKI 

87). A similar conclusion is reached in a large statist ics BNL 

experiment  (ZIEMINSKA 88) from a partial-wave analysis of 

the KK;T sys tem in hadroproduction,  where the 0 -a0(980) 

and the  0 +(K*(892))  waves are found to have different mass  

dependence in the ~/(1440) region. 

Also RATH 89 favors the interpretation of two narrow 

q resonances in the 1410 1480 MeV region with widths of 

approximately 20 and 50 bleV. 
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In the  present  si tuation,  we list under  q(1440) all the  

results obtained on the  0 - +  sys tem in the  1380-1480 MeV 

mass  region. 

7/(1440) M A S S  

VALUE (MeV) DOCUMENT ID 
14404.20 OUR ESTIMATE This is only an educated ~uess; the error ~iven is lar~er than 

the error on the average of the published values. 

P R O D U C E D  B Y  H A D R O N  B E A M  
VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
142034"1.1 OUR AVERAGE Error includes scale factor of 1.3. See the ideo6ram below. 

1413 4"8 500 DUCH 89 ASTE PP ~ I 
r + ~r- K -}- ~r:F K 0 

1452.84-6.8 170 3. 15 1 RATH 89 MPS 21.4 ;T- p ~ I 
K 0 K 0 ~r0n 

S 5 
1419 ±1  8800±200  2BIRMAN 88 MPS S ~  p ~  K + K O ~ - n  | 
1424.0±3,0 620 REEVES 86 SPEC 6.6 p# ~ K K ~  X 
1421.03.2.0 CHUNG 85 SPEC 8 ~ - p ~  K K ~ n  
1425 ± 7  BAILLON 67 HBC O.O~p ~ K K ~ r r ~  
• • • We do not use the following data for avera6es, fits, limits, etc. • • • 

1424 ± 4  TAKAMATSU 90 SPEC 8 ~ r - p ~  ao(980)~tn I 
1443 ± 5  TAKAMATSU 90 SPEC 8 ~ r - p  K ' ( 8 9 2 ) K n  I 1388 3.4 3TAKAMATSU 90 SPEC 9 ~ r - p  q~r-;,r-nJ'-" 
1420 ±5  ANDO 86 SPEC 8 ~r p ~ n f l r  + ~r 

WEIGHTED AVERAGE 
1420.3 -~ 1.1 (Error scaled by  1.3) 

+ 

. . . . . . . . . . . . . . .  DUCH 89 ASTE 0.8 

BIRMAN 88 MPS 1.6 
REEVES 86 SPEC 
CHUNG 85 SPEC 
BAILLON 67 HBC 0.4 

(Conf ldence Level < O.OO1) 

1400 1420 1440 1460 1480 

9(1440) mass, produced by hadron beam (MeV)  

P R O D U C E D  IN J / ~ ( 1 5 )  D E C A Y  
VALUE (MeV.~ E V T 5  DOCUMENT ID TEEN COMMENT 
1451.94. 2.5 OUR AVERAGE E r r o r ~ c ~ - e  factor of 1.1. 
1454 3_ 3 WlSNIEWSKI 87 MRK3 J / ¢  ~ KK~T? 
1444.04- 7.0 AUGUSTIN 85 DM2 J / ~  ~ K + K -  ~r0 3 ' 
1454.0± 5.0 AUGUSTIN 85 DM2 J/~b ~ /~5 K ±  ~rT..f 

144 ± 20.0 0.0_15. 0 174 EDWARDS 82E CBAL J/g'  ~ K + K ~0" 7 

14'~nn+10"0-15.0 SCHARRE 80 MRK2 J / ¢ ~  KOK4.~ '± " f  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1420.03_15.0±20.0 4RICHMAN 85 MRK3 J / ~ b ~  r + ~ r - 2 9  • 

1 Best fit with a sin£1e Breit Wigner. 
2From partial wave analysis of K + ~ r  - state. 
3 This result supersedes ANDO 86. 
4This peak in the -.fp channel may not be related to the ~t(1440). 

'q(1440) W I D T H  

VALUE (MeV) DOCUMENT ID 
604-30 OUR ESTIMATE This is only an educated guess; the error given is larger than 

the error on the average of the published values. 

P R O D U C E D  B Y  H A D R O N  B E A M  
VALUE (MeV) E V T 5  DOCUMENT ID TEEN CHG COMMENT 
66.94" 3.1 OUR AVERA-GE Error includes scale factor of 1.7. See the ideogram below. 
62 ± 16 500 DUCH 89 ASTE ~ p  

~r+ ~r Ka. ~r± K 0 
99.93.11.4 170 ± 15 5 RATH 89 MPS 21.4 ~r- p 

K 0 K 0 ~0 S 5 n 
66 ± 2 8800 ± 200 BIRMAN 88 MPS 8 ~r- p 

K + ~ r r - n  
60.0±10.0 620 REEVES 86 SPEC 6.6 p~ ~ KK' , r  X 
60.0:1=10.0 CHUNG 85 SPEC 8 ~ : - p ~  KK~rn  
80 4.10 BAILLON 67 HBC 0.0~p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

82 3_ 8 TAKAMATSU 90 SPEC 0 8 7 r - p ~  ao(980)~rn I 
57 ± 8 TAKAMATSU 90 SPEC 0 8 ~r- p I 

K* (892 )Kn  
59 3_ 4 6TAKAMATSU 90 SPEC 0 9 ~ r - p ~  71~r+rr n I 
31 ± 7 ANDO 86 S P E C  8~T-p~ n~IIr+Tr- 

WEIGHTED AVERAGE 
66.9 = 3.1 (Error scaled by  1.7) 

. . . . . . . .  DUCH 89 ASTE 
I . '~  I ) l  RATH 89 MPS 8 . 4  
I~1 . . . . . . . . . .  BIRMAN 88 MPS 012 

. . . . . . . . . .  REEVES 86 SPEC 0.5 

. . . . . . . . . .  CHUNG 85 SPEC 

1T~ 
, ~ ~ (Conf idence Level : 0 .045 )  

20  4 0  6 0  8 0  100 120 140 

q(1440) w id th ,  produced by hadron beam (MeV)  

P R O D U C E D  IN J / ¢ ( 1 5 )  D E C A Y  
VALUE (MeV~ EVTE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

160 ±11 WISNIEWSKI 87 MRK3 J / ~ b ~  K K r ' - f  
95.0±10.0 AUGUSTIN 85 DM2 J / ~ ) ~  K + K - ~ O ~ /  
92.03_16,0 AUGUSTIN 85 DM2 J / ~  K O K ± r r T q  

133.0±55 ±30 7RICHMAN 85 MRK3 J / V ~  ~ v - 2 " r  

55.0+_2010 174 EDWARDS 82E CBAL J/~b ~ K + K -  7r03 ~ 

nn+30 .0  SCHARRE 80 MRK2 J / ¢ - -  K O K ± r r ± ?  ~'~ 20.0 

5 Best fit with a single Breit Wigner. 
6This result supersedes ANDO 86. 
7This peak in the -.fp channel may not be related to the ~(1440). 

7/(1440) D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

r I K K T r  

r2  r / r r=  

r3  a0(980) 
F4 ~Trrp 

F5 K K * ( 8 9 2 )  + c.c. 

r 6 4~  

r 7 ,-f-~ 
r8  pO ~r 

seen 

seen 

seen 

~(1440) r(i)r(-y,~)/r(total) 

r(KT~r) x r(-~-~)/rtotar r l r~/r  
VALUE (keV) EL% DOCUMENT ID TEEN COMMENT 

<1.2 95 BEHREND 89 CELL ~ ~ 5 K 4 - r r  ~- 

• • • We do not use the followin£ data for averages, fits, limits, etc. • • • 

<1.6 95 AIHARA 86D TPC e + e 
e + e -  K O K ± 7r:F 

<2.2 95 ALTHOFF 85B TASS e + e -  ~ e + e -  K K v  
<8.0 95 JENNI 83 MRK2 e + e -  ~ e + e -  KK~r 

r(~,r~) × r(~1,)/rtotal r2rT/r 
VALUE (keY) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.3 ANTREASYAN87 CBAL e + e  - ~ e+e - r / r r r r  

r(o%) x r(1"y)/rtotal rsr7/r 
VALUE (keV) CL~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.5 95 ALTHOFF 84E TASS e + e 
e+ e -  7 r + ~ -  7 



VII.42 

Meson Full Listings 
q(1440) ,  p (1450)  

r / ( 1 4 4 0 )  BRANCHING RATIOS 

r(n~r)/r(K~r) r~/Q 
VALUE E L %  DOCUMENT ¢D TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.5 90 EDWARDS 83B CBAL J/ t , ,  ~ ~;~r=" 7 

< 1 1  90 SCHARRE 80 MRK2 J / ~ # -  ~l~rzq 

F(ao(980)~r)/F(K'K~r) r~/r~ 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0.8 500 8 DUCH 89 ASTE PP--  I 
~ ±  ~ K ± ~rT K 0 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.75 8 REEVES 86 SPEC 6.6 p #  ~ K K ~  X 

8Assuming that  the a0(980 ) decays only into K K .  

r(K~'(892) + c.c.)/r(K~r) rs/Q 
VALUE DOCUMENT ID TECN COMMENT 

0.50:1:0.10 BAILLON 67 HBC 0 . 0 # p  

F(KK*(892) + c.c.)/[r(a0(980)~r) + F(KK*(892) + c.c.)] 
F5/(F3+rs) 

VALUE C L ~  DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.25 90 EDWARDS 82E CBAL J/~/~ ~ K + K -  x0..f 

TAKAMATSU 90 
BEHREND 89 
DUCH 89 
RATH 89 
BIRMAN 88 
ANTREASYAN 87 
WlSNIEWSKI 87 
AIPIARA 86D 
ANDO 86 
REEVES 86 
ALTHOFF 858 
AUGUSTIN 85 
CHUNG 85 
RICHMAN 85 
ALTBOFF 84E 
EDWARDS 83B 
J E N N I  83 
EDWARDS 82E 

Also 83 
SCHARRE 80 
BAILEON 67 

AHMAD 89 
ARMSTRONG 89 
ZIEMINSKA 88 
ARMSTRONG 87 
ASTON 87 
PROTOPOP 87B 
TOKI 87 
ARMSTRONG 84 
DIONISI 80 
DEFOIX 72 
DUBOC 72 
LORSTAD 69 

n ( 1 4 4 o )  R E F E R E N C E S  

Hadron 89 Conf +Ando+ (KEK) 
ZPHY C42 367 +Criegee+ (CELLO Collab.) 
ZPHY 45 223 +Heel, Bailey~ (ASTERIX Collab.)JP 
PR D40 693 +Cason+ (NDAM. BRAN, BNL, CUNY. DUKE) 
PRL 61 1557 +Chun$, Peaslee~ (BNL, FSU, IND, SMA5) JP 
PR D36 2633 ~Bartels, Besset+ (Crystal Ball Collab) 
CALT 68 1446 (Mark III Collab) 
PRL 57 51 +Alston Garnjost+ (TPC-2"7 Collab.) 
PRL 57 1296 +lmai+ (KEK, KYOT, NIRS, SAGA, TOKY, TSUK+)IJP 
PR 34 1960 +Chunk, Crittenden~ (FLOR, BNL, IND. SMAS)Je 
ZPHY C29 189 +Braunschwei~, Kirschfink+ (TASSO Collab ) 
Moriond XX 1 479 ÷Calcaterra, Cosme+ (ORSA, CLER, PADO, FRAS) 
PRL 55 779 +Fernow, Boehnlein~ (BNL. FLOR, ~ND SMAS}JP 
MoBond XX Conf (CIT) 
PL 147B 487 +Braunschwei~, Kirschfink, EuebeBmeyer+ (TASSO Collab) 
PRL 51 859 +Partridge. Peck+ (EIT, HARV, PRIN. STAN, SLAG) 
PR D27 1031 +Burke, Te]nov, Abrams, Blocker+ (SLAG, LBL) 
PRL 49 259 +Partridge, Peck+ (C]T, HARV, PRIN, STAN, SLAC) 
PRL SO 219 Edwards, Partridge+ (CIT, NARV, PRIN, STAN4 ) 
eL 97B 329 +Trilling, Abrams, Alam, Blocker+ (SLAG, LBL) 
NC 5OA 393 +Edwards, D'Andlau, Ast]er+ (CERN, CDEF, IRAD) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

NP B (PROC.)8 30 +Arnsler, Auld+ (ASTERIX Collab 1 
PL B221 216 *Benayoun+ (CERN, CDEF, BIRM, BARI, ATHU, LPNP) 
AIP Conf. (INDI 
ZPHY C34 23 ~Bloodworth+ (CERN, BIRM, BARI, ATHU, LPNP) 
NP B292 693 +Awaji, D'Amore+ (SLAC, NAGO CINC, TOKY) 
Hadron 87 C o n f .  Protopopescu, Chun 6 (BNL) 
Hadron 87 Conf. (TOKY) 
PL 14EB 273 ~Bloodworth, Burns+ (ATHU, BARI, BIRM, CERN) 
NP BI69 1 + Gaville[+ (CERN, MADR, CDEF, STOH} 
NP B44 125 +Nascimento, Bizzarri{ (CDEF, CERN) 
NP B4E 429 +Goldber 6, MakowskL Donald + (LPNP, LIVP) 
NP B14 63 { D'Andlau, Astier+ (CDEF, CERN) 

See the  min i - rev iew under  the  p (1700) .  

p ( 1 4 5 0 )  M A S S  

~pO MODE 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1450:E 8 OUR AVERAGE Includes data f rom the 2 datablocks that fol low this one. 
1470±20  A N T O N E L L I  88 DM2 e + e ~ 9:r + ~ -  
1446±10  FUKUI  88 SPEC 8.95 ~ p ~ 71~ + ~ n 

M I X E D  M O D E S  
VALUE (MeV) DOCUMENT ID TEC~ 

The data in this block is included in t~e average printed for a previous datablock. 

1465±25 D O N N A C H I E  87 RVUE 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1425±25  G O V O R K O V  88 RVUE 

7r+Tr - M O D E  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 
The data in this block is included in the average printed for a previous datablock. 

1424±28 BISELLO 89 DM2 e ~ e ~ 7r ± 

7r + ~r -  7r + 7r-  M O D E  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1449±4  1 A R M S T R O N G  89E OMEG 300 p p  ~ I 
p p 2 ( ~ +  ~r - ) 

1 Not clear whether this observation has I - - I  or 0. l 

~ T r  M O D E  
VALUE (M~V) DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1280 2 A S T O N  80c OMEG 20-70 -~p ~ ~,~Op 

1290±40  2 BARBER 80c SPEC 3-5  "7, P ~ ~ ~r0 P 

2 Not separated f rom b 1(1235), not pure JP  - ] effect. 

¢7r  M O D E  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1480±40  3 B I T Y U K O V  87 SPEC 0 32.5 ~ -  p 
¢TrOn 

3See the minireview for p { ]700)  and A C H A S O V  88 for a non exotic interpretation, i 

p ( 1 4 5 0 )  W I D T H  

Tip ° M O D E  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

2 3 7 i 1 6  OUR AVERAGE Includes d ~ h T 2  datablocks that  fol low this one. 

230±  30 A N T O N E L L I  88 DM2 e + e ~ 7/Tr+ ~ I 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

60&15  FUKUI  88 SPEC 8 . 9 5 ~  p ~  T / ~ + ~  n 

M I X E D  M O D E S  
VALUE (MeV) DOCUMENT ID TEEN 
The data in this block is included in the average ~ n t e d  for a previous datablock. 

220±25  D O N N A C H I E  87 RVUE 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

240±25  G O V O R K O V  88 RVUE I 

~r+Tr M O D E  
VALUE (MeV,) DOCUMENT ID TEEN COMMENT 
The data in this block is included in the average ~ n t e d  for a previous datablock. 

269±31  BISELLO 89 DM2 e + e  ~ ~+~ -  I 

7r+Tr 7r+~r M O D E  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

7 8 ± 1 8  4 A R M S T R O N G  89E OMEG 300 p p  ~ I 
p p 2 ( ~  + ~ -  ) 

4 N o t  clear whether this observation has I=1  or 0. J 

cv= M O D E  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

300 5 A S T O N  88c OMEG 20-70 -~p ~ ~Tr 0 p 
320±100  5 BARBER 80C SPEC 3-5  "7, P ~ u~Tr0p 

5No t  separated f rom b1(1235 ), not pure JP  = 1 effect. 

e r r  M O D E  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

130±60  6 B I T Y U K O V  87 SPEG 0 32.5 ~T- p - -  
~Tr0n 

6See the rain±review for p(1700) and A C H A S O V  88 for a non-exotic interpretation. J 

p ( 1 4 5 0 )  D E C A Y  M O D E S  

Mode Fraction ( F i / F )  

F 1 Z~T seen 

F2 4~T seen 

F 3 e + e seen 

F4 ~/P <4  % 

F 6 ~ 

p(1450) r(i) F(e+ e-)/l-(total) 

r(~, 0 x r(e+e-)/rtota, qq/r 
VALUE (keY) DOCUMENT IO TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.12 7 D I E K M A N  88 RVUE e ~ e ~ ~ +  7r- 

7 Using total w id th - 235 MeV. 



See key on page IV. 1 

VII.43 

Meson Full Listings 
p(1450), q(1490), f1(1510), f0(1525) 

r(~p) x r(e+e-)/rtota, 
VAL UE (eV) 

914-19 

r(e~) x r(~+~-)/rtot8, 
VA L UE (eV) Ct "/o 

<70 90 

r(np)/rtota, 
VALUE 

<0 .04  

r (~ ) / r ( . ,~ )  
VALUE 

>0.5 95 

r(~)/r(4~:) 
VALUE 

<0.14 

ARMSTRONG 89E 
BISELLO 89 
ACHASOV 88 
ANTONELLI 88 
CLEGG 88 
OIEKMAN 88 
FUKUI 88 
GOVORKOV 88 

AULCHENKO 87 
BITYUKOV 87 
DONNACHIE 87 
DONNACHIE 87B 
ASTON 80C 
BARBER 80C 

ANTONELLI 

DOCUMENT ID 

TECN 

88 DM2 

CO ENTrrJ'rI II 'OI I 
e+e-~ ~+~-  I was D(1530) 

r5rj/F 
TECN COMMENT 

AULCHENKO 87 ND e+ e -  ~ KO KO ~TO I 5 L 

r4/r 

rs/r6 

,O(1450) B R A N C H I N G  R A T I O S  

DOCUMENT ID TECN 

DONNACHIE 87B RVUE 

DOCUMENT ID TECN 

BITYUKOV 87 SPEC 0 32 .5  ~T-- p ~ 
q~ ~r 0 n 

DOCUMENT ID TECN 
F 6 / F 2  

CLEGG 88 RVUE 

p ( 1 4 5 0 )  REFERENCES 

PL B228 536 +Benayoun (ATHU, BARI, BIRM, CERN, CDEF, LPNP) 
PL B220 321 +Busetto+ (DM2 Collab.) 
PL B207 199 +Kozhevnikov (NOVO) 
PL B212 133 +Baldini+ (DM2 Collab.) 
ZPHY C40 313 +Donnachie (MCHS, LANC) 
PRPL 159 101 (BONN) 
PL B202 441 +Horikawa+ (SUGI. NAGO, KEK, KYOT, MIYA) 
SJNP 48 150 (JINR) 
Translated from YAF 48 237. 
PE Bl86 432 +Dolinsky, Druzhinin, Dubrovin+ (NOVO) 
PL B188 383 +Dzhelyadin, Derofeev, Golovkin+ (SERP) 
ZPHY C33 407 +Mirzaie (MCHS) 
ZPHY C34 257 +Clegg (MCHS, LANC) 
PL 92B 211 (BONN, CERN, EPOL, GLAS, LANC, MCHS+) 
ZPHY Cd t69 +Dainton, Brodbeck, Brookes+ (DARE, LANC, SHEF) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

BRAU 88 PR D37 2379 +Franek+ (SLAC Hybrid Facility Photon Collab.) 
ASTON 87 NP B292 693 +Awaj], D'Amore+ (SLAC, NAGO, CINC. TOKY) 
KURDADZE 88 JETPL 43 643 +Lelchuk, Pakhtusova, Sidorov, Skrinskii+ (NOVO) 

Translated from ZETFP 43 497. 
BARKOV 85 NP B256 365 +Chilingarov, Eidelman, Khazin, Lelchuk+ (NOVO) 
BISELLO 85 LAL 85-15 +Augustin, Ajaltouni+ (PADO, LALO, CLER, FRAS) 
ABE 84B PRL 53 751 +Bacon, Ballam+ (SEAC Hybrid Facility Photon Collab.) 
ATKINSON 84C NP B243 1 + (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
CORDIER 82 PL 109B 129 +Bisello, Bizot, Buon, Delcourt (LALO) 
OIBIANCA 81 PR D2S 595 +Fickinger, Malko, Dado, Engler+ (CASE, CMU) 
ASTON 80 PL 92B 215 (BONN, CERN, EPOL, GEAS, LANC, MCHS+) 
KILLIAN 80 PR D21 3005 +Treadwell, Ahrens, Berkelman, Cassel+ (CORN) 
COSME 79 NP B152 215 +Dudelzak, Grelaud, Jean Marie, Jul~ian+ (IPN) 
SIDOROV 79 Batavia Cone 79 490 (NOVO) 
QUENZER 78 PL 76B 512 +Ribes, Rumpf, Bertrand, Bizot, Chase+ (LALO) 
COSME 76 eL 63B 352 +Courau, Dudelzak. Grelaud, Jean Marie+ (ORSA) 
SCHACHT 74 NP B81 205 +Derado, Fr]es, Park, Yount (MPIM) 
BINGHAM 72B PL 41B 635 +Rabin, Rosenfeld, Srnadja+ (LBL, UCB, SLAC) 
FRENKIEL 72 NP B47 61 +Ghesquiere, Lillestol, Chun6+ (CDEF, CERN) 
LAYSSAC 71 NC 6A 134 +Renard (MONP) 

J / ~  ~ 4~ '  7 

I d 1 4 9 o )  1 ,°IF1 : o+/o 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen at DCI in the 47r system. Needs conf i rmat ion.  

J / O  ~ 4~r~' 

7/(1490) M A S S  

VALUE (MeV} EVT5 DOCUMENT ID TECN 

14894-12 3270 1 BISFLLO 89B DM2 

1 Estimated by us from various fits, 

r / ( 1 4 9 0 )  W I D T H  

VALUE (MeV) EVTS DOCUMENT ID TECN 

1444-13 3270 2 BISELLO 89B DM2 

2 i Est'mated by us from various fits. 

I G ( J  P c )  = 0+(1 ++ ) 

See also min i rev iew under  non -q~  candidates. 

fi(1510) MASS 

VALUE (MeV) E W T S  DOCUMENT ID TECN COMMENT 

1512 4-4-  6 0 0 J : 2 0 0  1B IRMAN 88 MPS 8 7 r - p ~  K d - t ( O ; T - n  i 
• • • We do not use the following data for averages, fits, limits, etc. • • * 

1530 + 10 ASTON 88c LASS 11 K -  p 
KOs K-I- ~r ~ A 

1526.04- 6.0 271 GAVILLET 82 HBC 4.2 K -  p ~ A K K ~ r  

1 From partial wave analysis of K + ~ 7r- state. I 

f i ( 1 5 1 0 )  W I D T H  

VALUE (MeV I EVT5 DOCUMENT ID TECN COMMENT 

35 4-15 6 0 0 4 - 2 0 0  2B IRMAN 88 MPS 8 r r  p ~  K + K O ' , T - n  i 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

100 ± 4 0  ASTON 88c LASS 11 K -  p 
KO K4, ~r:F A 

107.0-E15.0 271 GAVILLET 82 HBC 4.2 K- p ~ AKKTr 

2From partial wave analysis of K + ~ ' T  - state. I 

f1(1510) D E C A Y  M O D E S  

Mode Fraction ( F i / F )  

r l  K K * ( 8 9 2 )  + C.C. seen 

f 1 ( 1 5 1 0 )  R E F E R E N C E S  

ASTON 88C PL B201 573 +Awaji, Bienz+ (SLAC. NAGO, CINC, TOKY)JP 
BIRMAN 88 PRL 61 1557 +Chung, Peaslee+ (BNL, FSU, IND, SMAS)JP 
OAVILLET 82 ZPHY C16 [19 +Armenteros+ (CERN, CDEF. PADO, ROMA) 

OMITTED FROM SUMMARY TABLE 

This  ent ry  contains evidence for K K  S-wave intensi ty peaking at  the mass 
of the f~ (1525)  and w i th  a comparable w id th .  Needs conf i rmat ion.  

f 0 ( 1 5 2 5 )  M A S S  

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

~1525 ASTON 88D LASS l l K - p ~  KO(KOA 
~1525 BAUBILLIFR 83 8 K - p ~  K+K-A 

f 0 ( 1 5 2 5 )  W I D T H  

VALUE (MeV} DOCUMENT ID COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

90 BAUBILLIER 83 8 K -  p ~ K + K -  A 

f0(1525) REFERENCES 

ASTON 88D NP B30] 525 +Awaji, Bienz+ (SLAC, NAGO, CINC, TOKY) 
BAUBILLIER 83 ZPHY ClY 309 + (BIRM, CERN, GLAS, MSU, LPNP) 

T/(1490) REFERENCES 

BISELLO 89B PR D39 701 Busetto~ (DM2 Collab.) 



VI1.44 

M e s o n  Fu l l  L i s t i n g s  

f ~ ( 1 5 2 5 )  

I f~(1525) I 
was f ' ( 1 5 2 5 )  

I G ( J  PC)  = 0 + ( 2  + + )  

See also the mini - rev iew under non -q~  candidates. (See the index for the 
page number . )  

f~(1525) MASS 

VALUE (MeV) DOCUMENT ID 
1525±5  OUR ESTIMATE This is only an educated guess; the error given is larger than 

the error on the average of the published values. 

PRODUCED BY PION BEAM 
VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1547.o+10:0 
1496.0+ ~ 

1497.0+ ~ 
1492.0-t-290 

1502.0± 25.0 

1480.0 14 

PRODUCED BY K ± BEAM 
VALUE (MeV~ EVTS 
1524.5+ 1.4 OUR AVERAGE 

1526 ,3±43  

1529.0±3.0 
1521.0±6.0 650 
1521,0 ± 3.0 572 
1522 .0 i6 .0  123 

1528 ± 7  166 

1527.0±3.0 120 

1519 ± 7  100 

1 LONGACRE 86 MPS 22 lr p ~ K 0 K 0 n 
5 S 

2 CHABAUD 81 ASPK 6 7r p ~ K + K n 

CHABAUD 81 ASPK 18.4 = p ~ K + K n 

GORLICH 80 ASPK 17 7r- p polarized 
K + K  n 

3 CORDEN 79 OMEG 12 15 ~ -  p 
~r+Tr n 

CRENNELL 66 RBC 6.0 = p ~ K O ~ n 

_ _  DOCUMENT ID TEEN COMMENT 
Includes data from the datablock that  follows this one. Er 

ror includes scale factor of 1.1. 
ASTON 88D LASS 11 K p ~ K O K O A 

ARMSTRONG 83B OMEG 18.5 K p ~ K K + A 
AGUILAR-... 81B HBC 4.2 K p ~ AK  + K 
ALHARRAN 81 HBC 8.25 K p ~ A K K  
BARREIRO 77 HBC 4.15 K p ~ AKO~ 

EVANGELISTA 77 OMEG 10 K p 
K + K (A,}-) 

BRANDENB... 76E ASPK 13 K p 
K + K (A,}-) 

AGUILAR ... 72B HBC 3.9,4.6 K -  p 
K K ( A , ~ )  

PRODUCED IN e + e -  ANNIHILATION 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 
The data in this block is included in the average printed for a previous datablock. 

1519 :h 5 OUR AVERAGE Error includes scale factor of 1.1. 
1531 .6±100  AUGUSTIN 88 DM2 J/'V' ~ ? K  + K I 
1515 ,1 5 4 FALVARD 88 DM2 J/~!, ~ C K  + K I 
1525 ±10  ~-10 BALTRUSAIT..,37 MRK3 J/~9 ~ ? K + K  - 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1496 ± 2 5 FALVARD 88 DM2 J/V, ~ ¢ K  + K -  I 

I From a partial-wave analysis of data using a K matrix formalism with 5 poles. 
2¢HABAUD 81 is a reanalysis of PAWLICKI 77 data. 
3From an amplitude analysis where the f.~(1325) width and elasticity are in complete 

disagreement with the values obtained from K K  channel, making the solution dubious. 

4 , I From an analys's ignoring interference with f2 (1720). 

5 From an analysis including interference with f2(1720). 

f~(1525) WIDTH 

VALUE (MeV) DOCUMENT I D _COMMENT 
7 6 ± 1 0  OUR ESTIMATE This is only an educated guess; the error given is larger than 

the error on the average of the published values. 
8 5 ±  5 OUR FIT 
7 6 ± 1 0  PDG 90 For f i t t ing 

PRODUCED BY PION BEAM 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

_ 5.0 6 LONGACRE 86 MPS 22 7r p ~ K 0 K 0 n 1080 + 2.0 

69 .0+~(  7CHABAUD 81 ASPK 6 ~  p ~  K ~ K  n 

1 3 7 . 0 + ~  CHABAUD 81 ASPK 18.4 = - p  -+ K ~ K -  n 

150.0+83"0_ 50.0 GORLICH 80 ASPK 17 ~ p polarized 
K + K  n 

165.0±42.0 8 CORDEN 79 OMEG 12 15 ~ p 

) n ' 3 9 ' 0  9pOLYCHRO.. .  79 STRC 7~" p ~  n K O K  0 
" v  22.0 

PRODUCED BY K ± BEAM 
VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 
78 ± 5 OUR AVERAGE Includes~ata fr~mm t-he datablock that  follows this one. 
90.2±11.8 ASTON 88D LASS 11 K p ~ KO( KO~A 

33.0±15.0 ARMSTRONG 838OMEG 1 8 . 5 K  p ~  K K + A  
35.0±16.0 650 AGUILAR-... 81B HBC 4.2 K -  p - -  AK  + K -  
gn n + 14.0 ~ ~ - 1 1 . 0  572 ALHARRAN 81 HBC 8.25 K p ~ A K K  

72.0±25.0 166 EVANGELISTA 77 OMEG 10 K p 
K + K (A,~-) 

69 ± 2 2  100 AGUILAR-... 72B HBC 3.9,4.6 K p 
K K ( A , T )  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

+19.0  62.0 14. 0 123 BARREIRO 77 HBC 4 . 1 5 K - p ~  A / ~ 5 / ~  S 

6 1 0 ±  8 0  120 BRANDENB... 76c ASPK 13 K p 
K + K ( A , [ )  

PRODUCED IN e + e- ANNIHILATION 
VALUE (MeV) DOCUMENT tD TEEN COMMENT 
The data in this block is included in the average printed for a previous datablock. 

67 :1- 9 OUR AVERAGE 
1 0 2 . 6 ± 2 9 7  AUGUSTIN 88 DM2 J / ~  ~ .TK + K -  

62 ± 10 10 FALVARD 88 DM2 J/~b ~ C K + K 
85 ±35  BALTRUSAIT..~7 MRK3 J/g, ~ ? K  + K -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

100 ± 3 11 FALVARD 88 DM2 J/~/, ~ CK + K 

6From a partial-wave analysis of data using a K matrix formalism with 5 poles. 
7CHABAUD 81 is a reanalysis of PAWLIEKI 77 data. 
gFrom an amplitude analysis where the f~(1525) width and elasticity are in complete 

disagreement with the values obtained from K K  channel, making the solution dubious. 
9From a fit to the D with f2(1270)-f~(1525) interference. Mass fixed at 1516 MeV. 

10 From an analysis ignoring interference with f2 (1720). 

11 From an analysis including interference with f2(1720). 

f~(1525) DECAY MODES 

Mode Fraction ( r i / r )  

I- 1 K K  

[ 2 71 I I  

r 3 ~ x  

F4 ~ ?  

r 5 K K * ( 8 9 2 )  t c.c. 

F 6 7cTrq 

r 7 ~ T K K  

I- 8 7r + / r  + ~ 7r 

/71.3 -+~i )% 
(27,9 +2]~ ) %  

( 8.2 ±1 .6  ) x  10 3 

< 127+o:  ) lO-6 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An overall  f i t  to the to ta l  w id th ,  4 part ial  widths,  and 2 branch ing 

ratios uses 12 measurements and one const ra in t  to determine 5 
2 parameters. The  overall  f i t  has a X = 8.9 for 8 degrees of freedom. 

The fol lowing of f -d iagonal  array elements are the correlat ion coefficients 

i bp ibp . l } , , ' ( (~p£~p l ) ,  in percent,  from the fit to parameters Pi, inc lud ing the branch- 

ing fractions, x~ z FbIFtotab The fit constrains the x i whose labels appear in th is 
array to sum to one. 

x 2 100 

x 3 6 2 

x 4 17 17 

F 59 59 

Xl X2 

Mode 

1 

2 28 

x3 x4 

Rate (MeV) 

r 1 K K  61 ~+5 
+2.2 

I- 2 Ill I 239 1.3 

r3 T= 070±0,14 

+0.23 F4 %~ ( 1.08 0.20 ) x 10 -4 

r(K~) 
VALUE ('MeV) 
61 i 5  OUR FIT 
6 ~ n + 6 . 0  

~ -v_5 .  0 

f~(1525) PARTIAL WIDTHS 

DOCUMENT ID TECN 

F1 

12 LONGACRE 86 MPS 22 ~ P ~ K05 KS0 n 
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Meson Full Listings 
f ~ ( 1 5 2 5 ) ,  f2 ( 1565 )  

r(~-.) 
_VALUE (MeV) DOCUMENT ID 

0.704-0.14 OUR FIT 

1.4 +1.0 12 LONGACRE 
- 0 . 5  

r(~) 
VALUE (MeV) DOCUMENT ID 

23.9_+2[ 2 OUR FIT 

24 n+3.0  12 LONGACRE 
"~-1 .0  

r(,~, 9 
~_ALUE (keV~ DOCUMENT ID 

0 1 AQ+0"023 OUR FIT • w _  0.020 

0 i n~+0"023 OUR AVERAGE . w _  0.019 

0.11 +0.03 -0.02 :E 0.02 BEHREND 

0.10 +0.04 +0•03 BERGER 
-0 ,03  -0 .02 

0.12 =1:0.07 3_0.04 13 AIHARA 

0.11 ±0.02 ±0.04 13 ALTHOFF 

TEEN COMMENT 

r3 

86 MP5 22 ~r- p ~ K 0 K ~  n 

r2  
TEEN COMMENT 

86 MPS 22 ~r- p ~ K O K~ n 

r4  
TEEN COMMENT 

89C CELL e + e -  

88 PLUT e + e -  

86B TPC o + e -  ~ 
e + e -  K +  K -  

83 TASS e + e -  ~ o + e -  K K  

12 From a partial-wave analysis of data using a K-matrix formalism with 5 poles• 
13Using B(f,~(1525) ~ K K )  = 1. 

f~(1525) BRANCHING RATIOS 

F(~)/F(KK--) r2/r l  
Vz~LUE DOCUMENT ID TECN COMMENT 

0 39 +0.05 nlll:, • - 0 . 0 4  ~ "  FIT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.50 BARNES 67 HBC 416,5,0 K -  p 

r(~Tr)/rtot., r3 / r  
VALUE CL°/~ DOCUMENT ID TEEN COMMENT 

0.0(~24-0.0016 OUR FIT 
0.0@/5:1:0.0016 OUR AVERAGE 
0.007 ±0.002 COSTA••• 80 OMEG 10 ~r- p ~ K + K -  n 

0.027 +0.071 -0.013 14 GORLICH 80 ASPK 17,18 ~r- p 

0.0075±0.0025 14,15 MARTIN 79 RVUE 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.06 95 AGUILAR-... 81B HBC 4.2 K-  p ~ A K + K -  
0.19 ~c0.03 CORDEN 79 OMEG 12-15 ~r p 

~ +  Tr--n 
<:0.045 95 BARREIRO 77 HBC 4.15 K -  p ~ AK9 K0~ 

0.012 ±0.004 14pAWLICKI 77 SPEC 6 ? r N ~  K + K  a N 
<.'0.063 90 BRANDENB... 76C ASPK 13 K -  p 

K+ K -  (A,Z)_~ 0 
<0.0086 14 BEUSCH 75B OSPK 8.9 7r- p ~ K 0 K n 

14Assuming that the f~(1525) is produced by an one-pion exchange production mechanism• 

15 MARTIN 79 uses the PAWLICKI 77 data with different input value of the ~2 (1525) 

K K  branching ratio• 

r0r~r ) / r (KK)  Fur1 
VALUE DOCUMENT ID TEEN COMMENT 
0.01154-0.0022 OUR FIT 

0.075 ±0.035 AUGUSTIN 87 DM2 J/~h ~ ~/~r + ~r- 

r ( , ~ ) / r ( K ~  r d r l  
VALUE ~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data  for averages, fits, limits, etc. • • • 

<0.41 95 AGUILAR-... 72B HBC 3.9,4.6 K -  p 
<0.3 67 AMMAR 67 HBC 

[I'(KK"(892) + C.C.) + F(~rKK--)]/F(K-E) ( r s + D ) I r l  

VALUE ~ DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.35 95 AGUILAR-... 728 HBC 3•9,4•6 K -  p 
<0.4 67 AMMAR 67 HBC 

r(~+~+,~-~-)/r(K~) r8/rl 
W, LUE C L ~  DOCUMENT IO TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.32 95 AGUILAR-... 72B HBC 3•9,4.6 K -  p 

PDG 90 
BEHREND 89C 
ASTON ~ 0  
AUGUSTIN 
BERGER 88 
FALVARD 88 
AUGUSTIN 87 
BALTRUSAIT...87 
AIHARA 86B 
LONGAGRE 86 
ALTHOFF 83 
ARMSTRONG 83B 
AGUILAR.,. 81B 
ALHARRAN 81 
CHABAUD 81 
COSTA.., 80 
GORLICH 80 
CORDEN 79 
MARTIN 79 
POLYCHRO,,, 79 
BARREIRO 77 
EVANGELISTA 77 
PAWLICKI 77 
BRANDENB... 76C 
BEUSCH /SB 
AGUILAR.., 12B 
AMMAR 87 
BARNES 67 
£RENNELL 66 

JENNI 83 
ARMSTRONG 82 
ETKIN 82B 
LUKE 82 
BECKER 79 
LAVEN 77 
LORSTAD 69 
SCOTTEB 69 
ALITTI 68B 
ABRAMS 67B 
BARNES 65 

f~(1525) REFERENCES 

PL B289 
ZPHY C43 91 +Criegee. Dainton+ (CELLO Collab, 
NP B301 528 +Awa)i, Bienz+ (SLAC, NAGO. CINC, TOKY 
PRL 60 2 2 3 8  +£alcaterra+ (DM2 Collab.) 
ZPHY C37 829 +Genzel. Lackas+ (PLUTO £ollab. 
PR D38 2 7 0 ~  +Ajaltoun]+ (CLER, FRAS, LALO. PADC 
ZPHY C36 869 +Cosme+ (LALO, CLER, FRAS, PADC 
PR 085 2077 Banrusaitis. Coffman. Dubois+ (Mark Ill Collab. 
PRL 57 404 +Alston-Garnjost+ (TPC-2~f Collab. 
PL B177 228 +Etkin+ (BNL, BRAN, CUNY, DUKE, NDAM 
PL 121B 216 +Brandelik, Boerner. Burkhardt+ (TASSO Collab. 
NP B224 193 + (BARI, BIRM. CERN. MILA, LPNP, PAV 
ZPHY C6 313 Aguilar-Benitez, Albajar+ (CERN, CDEF, MADR+ 
NP B191 26 +Baubillier+ (BIRM, CERN, GLAS, MICH, LPNF 
APP B12 575 +Niczyporuk. Becker+ (CERN, CRAG, MPIM 
NP B175 402 Costa De Beauregard+ (BARI, BONN, CERN+) 
NP B174 16 +Niczyporuh+ (CRAC, MPIM, CERN, ZEEM 
NP B157 250 +Dm~ll, Garvey+ (BIRM, RHEL, TELA. LOWC)JP 
NP B158 520 +Ozmutlu (DURH) 
PR D19 1 8 1 7  Polychronakos, Cason. Bishop+ (NDAM, ANL) 
NP B121 237 +Oiaz, Gay, Hemingway+ (CERN, AMST. NIJM, OXF) 
NP B127 384 + (BARI, BONN, CERN. DARE, GLAS+) 
PR D15 8196 +Ayres. Cohen, Diebold. Krarner, Wickiund (ANL) IJP 
NP B104 413 Brandenburg, Carnegie, Cashmore+ (SLAC) 
PL 60B 101 +Birman, Websdale, Wetzel (CERN, ETH) 
PR D6 29 Aguilar Benitez, Chung, Eisner, 8amios (BNL) 
PRL 19 1071 +Davis. Hwang, Dagan, Derrick÷ (NWES, ANL)JP 
PRL 19 964 +Dornan, Goldberg, Leitner+ (BNL, SYRA) IJPC 
PRL 16 1 0 2 5  +KalbBeisch, Lai, Scarr, Schumann+ (BNL) I 

- -  OTHER RELATED PAPERS - -  
PR D27 1031 +Burke. Telnov, Abrams, Blocker+ (SLAG, LBL) 
PL 1lOB 77 +Baubillier+ (BARI, BIRM, CERN, MILA, LPNP+) 
PR D25 1786 +Foley, Lai+ (BNL, CUNY, TUFT, VAND) 
DESY 62/073 (DESY) 
NP B151 46 +Blanar, Blum+ (MPIM, CERN, ZEEM, CRAG) 
NP B127 43 +Otter, Klein+ (AACH, BERL, CERN, LOIC, W~EN) 
NP B14 63 +D'Andlau, Astier+ (CDEF, CERN) 
NC 62A 1057 +Erskine, Paler+ (BIRM, GLAS, LOIC. MPIM, OXE) 
PRL 21 1705 +Barnes, Crennell, Flaminio, Goldberg+ (BNL) 
PRL 18 620 +Kehoe, Glasser, Sechi-Zorn, Wolsky (UMD) 
PRL 15 322 +Culwick. Guidoni. Kalbfleisch, Goz+ (BNL, SYRA) 

I f2(1565) I ,G/J.c) = o+(2++) 
OMITTED FROM SUMMARY TABLE 

Seen in ~ p  annihilation at rest into ~ +  ~ ~ 0  Needs confirmation. See also 
minireview under non-q~ candidates. 

f2(1565) MASS 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

1565+10  MAY 89 ASTE ~ p  ~ ~r + ~r- ~ I 
• • • We do not use the following data for averages, fits. limits, etc. • • • 

1477J_ 5 BRIDGES 86B DBC 0 ~ N  ~ 37r- 27r + I 
1527± 5 1 GRAY 83 DBC 0 0.0 ~ N  ~ 37r I 

1 No fit of the Dalitz plot has been made• I 

f2(1565) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

170+20  MAY 89 ASTE ~ p  ~ 7r + 7r- Ir 0 I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

116,1 9 BRIDGES 86B DBC 0 ~ N  ~ 3~r 27r + I 
101+13 2GRAY 83 DBC 0 0 . 0 ~ N ~  3~ I 

2 No fit of the Dalitz plot has been made. I 

Mode 

r I ~+ 7i-- 

F2 p0 p0 

f2(1565) DECAY MODES 

Fraction ( r i / r )  

seen 

f2(1565) BRANCHING RATIOS 

r ('~+"-)/rtot6, r l / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 

seen MAY 89 ASTE ~ p  ~ Ir + 7r- 7r 0 I 
seen GRAY 83 DBC 0 0 . 0 ~ N  ~ 37r I 
r(~+~-)/r(PP) rl/r2 
VALUE DOCUMENT ID TECN CHG COMMENT 

0-0424-0-013 BRIDGES 86B DBC 0 ~ N  ~ 3~r- 27r + I 

f2(1565) REFERENCES 

MAY 89 PL 8225 450 +Duch, Heel+ (ASTERIX £ollab.)IJP 
BRIDGES 86B PRL 56 215 +Daftari, Kaloge~opoulos, Debbe+ (SYRA, CASE) 
GRAY 83 PR D27 807 +Kalogeropoulos, Nandy. Roy, Zenone (SYRA) 
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Meson Full Listings 
f0(1590), ~ (1600)  

1 o(  9o)1 IG(J  PC) = 0~(0 ++) 

See also the mini-review under non-q~ candidates. (See the index for the 
page number.) 

VALUE (MeV) E V T 5  DOCUMENT ID 

1587 ± 1 1  OUR AVERAGE 
1610 + 2 0  A L D E  

1570 ± 2 0  600 ± 70 A L D E  

1 5 7 5 . 0 ± 4 5 . 0  1 A L D E  

1 5 6 8 . 0 ± 3 3 . 0  B I N O N  

1 5 9 2 . 0 ± 2 5 . 0  B I N O N  

1 From central  value and spread o f  two solut ions.  

fo(1590) MASS 

TEEN COMMENT 

88 G A M 4  300 ~r N ~ ~l~l~r N 

87 G A M 4  100 ~r- p ~ 4~r 0 n 

86D G A M 4  100 ~r p ~ 4~fn 

84E G A M 2  38 = p ~ 4"7n 

83 G A M 2  38 = -  p ~ 43, n 

170 ± 4 0  A L D E  

150 ± 2 0  600 ± 70 A L D E  

2 6 5 . 0 ± 6 5 0  2 A L D E  

2 6 0 . 0 ± 6 0 0  B I N O N  

2 1 0 . 0 ~  40.0 B I N O N  

2 F r o m  central  value and spread of  two solut ions.  

W E I G H T E D  A V E R A G E  
175 ~ 19 (Er ro r  s c a l e d  b y  1.3) 

@(1590) WIDTH 

VALUE (MeV) E V T S  DOCUMENT I D TEEN COMMENT 
175 ± 1 9  OUR AVERAGE Error ~ scale factor  o f  1.3. See the ideogram below. 

88 C A M 4  300 ~ N ~ q q ~  N 

87 C A M 4  100 ~ p ~ 4= 0 n 

868 C A M 4  100 ~ p ~ 4 7 n  

84C C A M 2  38 = p ~ 4 ~ n  

83 C A M 2  3 8 =  p ~  4 ~ n  

2 

ALDE 88 CAM4 00 
i ALDE 87 CAM4 1.6 

ALDE 86D CAM4 1.9 
~ I ' ~ ~  BINON 84C GAM2 2.0 

. . . . . . . . .  BINON 83 C A M 2  0 .8  
&-E 

Level = O,180) (Confidence 
i 

O 100 200 300 400 600 600 

6(1590) width (MeV) 

Mode 

fo(1590) DECAY MODES 

Fract ion (ri/r) 
F1 r/q'(958) dominant 
F2 T/T/ large 
I- 3 4~T 0 large 

F 4 ~T0~T 0 

F 5 K~- 

f0(1590) BRANCHING RATIOS 

r(nn'(958))Ir(~n) rl/r2 
VALUE DOCUMENT ID TEEN COMMENT 

2 . 7 ± 0 . 8  B I N O N  84C G A M 2  38 7r p ~ 4-~n 

r(nn)/rtota, r2/r 
VALUE DOCUMENT ID TEEN COMMENT 

large A L D E  88 G A M 4  300 ~T-- N ~ ~pl~r- N 

large B I N O N  83 G A M 2  38 ~ p -  4 ~ n  

r(4~o)/r(nn) r5/% 
VALUE DOCUMENT ID TEEN COMMENT 

0 . 8 ± 0 . 3  A L D E  87 C A M 4  100 :T p ~ 4:r 0 n 

r(~%O)/r(nn) r4/r2 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We  do not  use the fo l low ing  data for averages, f i ts, l imi ts ,  etc. • • • 

< 0 , 3  B I N O N  83 G A M 2  38 = p ~ 4 7 n  

r(K~)/r(,7,~) 
VALUE DOCUMENT ID TEeN COMMENT 

• • • We do not use the fo l lowing data for averages, f i ts, l imi ts,  etc. • • • 

<0 .6  B I N O N  83 G A M 2  38 ~r p ~ 4- rn 

F5/F2 

f0(1590) REFERENCES 

ALDE 88 PL 8201 160 +Bellazini. Binon- (SERP. BELG. LANL. LAPP, PISA)JP 
ALDE 87 PL 8198 286 +Binon. Bricman- (LANL, 8RUX. $ERP. LAPP) 
ALDE 86D NP 8269 485 +Binon. Bricman± (BELG. LAPP. SERP. CERN) IGJP 
BINON 84C NC 80A 363 +Bricman. Donskov+ (BELG. LAPP. SERP. CERN) 
BINON 83 NC 78A 313 4 Donskov, Duteil+ (BELG, LAPP. SERP. CERN)IGJP 

Also 838 SJNP 38 561 B]nen. Gouanere+ (BELG. LAPP. SERP. CERN) 
Translated from YAF 38 934. 

- -  OTHER RELATED PAPERS - -  

SLAUGHTER 88 MPL A3 1361 (LANL) 

1 (16oo) 1 
See also ~(1390). 

I6(J Pc) = 0-(1 ) 

~(1600) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN CHG COMMENT 

1594 ± 1 2  D Q N N A C H I E  89 R V U E  e *  e -  ~ #~r J 

• • • We do not use the fo l low ing  data for  averages, f i ts, l imi ts,  etc. • • • 

1625 ± 2 5  G O V O R K O V  88 R V U E  I 

1670 ± 2 0  A T K I N S O N  838 O M E G  20 70 ~,p ~ 3T, 
X 

1657 ± 1 3  C O R D I E R  81 D M 1  e + e  - ~ ~'2~, i 

1679 ~ 3 4  21 ESPOSITO 80 F R A M  e + e ~ 3,~ 

1 6 5 2 0 ± 1 7 . 0  C O S M E  79 O S P K  0 e + e  ~ 3~ 

up(1600) WIDTH 

VALUE (MoV i E V T S  DOCUMENT ID TEEN CHG COMMENT 

100 ± 3 0  D O N N A C H I E  89 R V U E  e -  e -  ~ p ~  I 

• • • We do not use the fo l low ing  data for  averages, f i ts, l imi ts,  etc. • • • 

250 ± 2 5  G O V O R K O V  88 R V U E  I 

160 ± 2 0  A T K I N S O N  838 O M E G  20 -70  ~ p  ~ 3= 
X 

136 ~ 4 6  C O R D I E R  81 D M 1  e ~ e ~ ~ 2 ~  i 

99 ± 4 9  21 ESPOSITO 80 F R A M  e -  e ~ 3~ 

4 2 0 ~ 1 7 0  C O S M E  79 O S P K  0 e ~ e  ~ ~ 3= 

~(1600) DECAY MODES 

Mode Fract ion ( F i / F )  

F 1 /)IT seen 

F2 . ~ r  seen 

F 3 e + e seen 

~(1600) F(i)F(e + e - ) / r ( to ta l )  

r(p~r) x r(e+e-)/rtotal rlrs/r 
VALUE (keY) DOCUMENT ID TEEN COMMENT I 

9 6 ± 3 5  D O N N A C H I E  89 R V U E  e + e ~ pT, J 

r (~rTr)  x r(e+e-)/rtotal r2ra/r 
VALUE (keV) DOCUMENT ID TEEN COMMENT 

5 6 ± 3 1  D O N N A C H I E  89 R V U E  e ~ e ~ ~2,'T I 

~(1600) REFERENCES 

DONNACHIE 89 ZPHY C42 663 -Clegg [CERN, MCHSI 
GOVORKOV 88 SJNP 48 150 (JINR) 

Translated from YAF 48 237. 
ATKINSON 838 eL 1278 132 (BONN. CERN GLAS. LANE. MCHS. LPNP+) 
CORDIER 81 PL [068 t55 4 Bisello. Bizot. Buon. Delcourt. Mane (ORSA) 
ESPOSITO 80 LNE 28 195 +Uarini. Patted- [FRAS. NAPL. PADO. ROMA) 
COSME 79 NP 8152 215 ~ Dudelzak. Grelaud. Jean Marie. Jullian- {IPN) 

- -  OTHER RELATED PAPERS 

ATKINSON 87 ZPHY C34 157 # (BONN CERN, GLAS, LANE, MCHS LPNP) 
ATKINSON 84 NP B231 I5 + (BONN CERN. GLAS LANE. MCHS. LPNPi)  
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Meson Full List ings 

f~(1640), X(1650), ~:3(1670) 

I f (164°) I : 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen by A L D E  89B in ~ mass d is t r ibut ion.  Needs conf i rmat ion.  

f2 (1640) M A S S  

V_ALUE (MeV) CL% DOCUMENT ID TEEN COMMENT 

1635±7  1 SINGOVSKY 90 GAM2 38 ~ p ~ n ~  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1643±7 90 ALDE 89B GAM2 38 7 r - p  ~ n ~ w  

1This result supersedes ALDE 89B. 

f2(1640) W I D T H  

V_ALUE (Met/) CL °/o DOCUMENT IO TECN COMMENT 

<70 90 ALDE 89B GAM2 38 ~r- p ~ n u ~  

f2(1640) D E C A Y  M O D E S  

Mode Fraction (F i /F )  

I- t w w  seen 

f 2 ( 1 6 4 0 )  B R A N C H I N G  R A T I O S  

r ( u ~ ) / r t o t a l  r l / r  
VALUE DOCUMENT ID TECN COMMENT 

seen ALDE 89B GAM2 38 ~r p ~ n ~  I 

SINGOVSKY 
AIDE 

f2(1640) REFERENCES 

90 Hadron 89 Conf. (SERP, BELG, LANL, LAPP, PISA, KEK) 
89B PL B216 451 +Binon, 8ricman+ (SERP, BELG, LANL, LAPP, TBLI) IGJPC 

ix(1050) I ,G( jPC)  = 1  (???) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

X(1650) M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1650~E50 POULET 90 GAM4 100 ~r- p ~ 4"7n I 

X ( 1 6 5 0 )  W I D T H  

V_ALUE (MeV) DOCUMENT ID TECN COMMENT 

160±50  POULET 90 GAM4 i00 ~r p ~ 4~n 

X ( 1 6 5 0 )  D E C A Y  M O D E S  

Mode Fraction (F i /F )  

r t q~/r 0 seen 

X ( 1 6 5 0 )  R E F E R E N C E S  

POULET 90 Nadron 89 Conf +8outemeur (SERP, BELG, LANL, LAPP, PISA, KEK) 

1 :,(1670) I IG( jPC) = 0 - ( 3 - - )  

~J3(1670) M A S S  

VALUE (MeV I EVTS DOCUMENT ID 
1668 :b 5 OUR AVERAGE 
1685.0±20.0 60 BAUBILLIER 79 
1673.0±12.0 430 1,2 BALTAY 78E 
1650.0±12.0 CORDEN 78B 
1669 ± 1 1  600 2 WAGNER 75 
1678 3_14 500 DIAZ 74 
1660 ± 13 200 DIAZ 74 
1679 J-17 200 MATTHEWS 71D 
1670 ± 2 0  KENYON 69 

TEEN COMMENT 

HBC 8.2 K -  p backward 
HBC 15 7r * p ~ A3~r 
OMEG 8-12 ~r- p ~ N37r 
HBC 7 7r + p ~ A + +  3~r 
DBC 6 i t  + n ~ p37r 0 
DBC 6 = + n ~  p~Tr0 7r 0 
DBC 7.0 ~r + n ~ p3~ 0 
DBC 8 ~T + n ~ p3~r 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1700.0 110 1 CERRADA 77B HBC 4.2 K -  p ~ A37r 
1695.03_20.0 BARNES 69B HBC 4.6 K -  p ~ ~2~  X 
1636 ± 2 0  ARMENISE 68B DBC 5.1 ~r + n ~ p3-z~ 0 

1 Phase rotation seen for JP = 3 -  pTr wave. 
2From a fit to l(J P) -- 0(3 ) pTr partial wave. 

u~3(1670 ) W I D T H  

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
166 4-15 OUR ESTIMATE T h i s ~  ~n ~uca ted  ~ the error given is larger 

than the error on the average of the published values. 
173 ± 1 1  OUR AVERAGE 
160.0±80.0 60 3 BAUBILLIER 79 HBC 8.2 K p backward 
173.0±16.0 430 4,5 BALTAY 78E HBC 15 7r + p ~ A3~r 
253.0±39.0 CORDEN 78B OMEG 8-12 ~T- p ~ N37r 
173 ± 28 600 3,5 WAGNER 75 HBC 7 7r + p ~ A + +  3~T 
167 ± 4 0  500 DIAZ 74 DBC 6 ~T + n ~ p3"lr 0 
122 ± 3 9  200 DIAZ 74 DBC 6 7r + n ~ p~Tr0~r 0 
155 ± 4 0  200 3 MATTHEWS 71D DBC 7.0 lr + n ~ p37r 0 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

90 ± 2 0  BARNES 69B HBC 4.6 K -  p ~ ~2~r 
100 ± 4 0  KENYON 69 DBC 8 ~t + n - -  p37r 0 
112 4-60 ARMENISE 68B DBC 5.1 7r + n ~ p31r 0 

3Width errors enlarged by us to 4F/N1/2; see the note with the K* (892) mass. 
4 Phase rotation seen for JP 3 pTr wave. 
5From a fit to I(J P) - 0(3 ) p~  partial wave. 

uJ3(1670 ) D E C A Y  M O D E S  

Mode Fraction (F i /F )  

FI p ~  seen 
F2 ~ T r  seen 
F3 b1(1235)~r possibly seen 

~ 3 ( 1 6 7 0 )  B R A N C H I N G  R A T I O S  

r(.~.)/r(p,r) rdr l  
VALUE EVT5 DOCUMENT tD TEEN COMMENT 

• • • WE do not use the following data for averages, fits, limits, etc. • • • 

0 .7110.27 100 DIAZ 74 DBC 6 7r ~ n ~ p57r 0 

F ( b 1 ( 1 2 3 5 ) 7 r ) / r  ( p ~ )  r 3 / r l  
VALUE DOCUMENT ID TEEN COMMENT 

possibly seen DIAZ 74 DBC 6 7r + n ~ p51r 0 

F ( b 1 ( 1 2 3 5 )  ~ r ) / F  ( ~ r  7r) r 3 / r 2  

VALUE ~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>0.75 68 BAUBILLIER 79 HBC 8.2 K -  p backward 

uJ3(1670) REFERENCES 

BAUB~LLIER 79 PL 89B 131 + (BIRM, CERN, GLAS, MSU, LPNP) 
BALTAY 78E PRL 40 87 +CauEs, Kalelkar (COLU) JP 
CORDEN 78B NP B138 235 +Corbett, Alexander+ (BIRM, RHEL, TELA, LOWC) 
CERRADA 778 NP B].26 241 +Blockzijl. Heinen+ (AMST, CERN, NIJM, OXF)JP 
WAGNER 75 PL S8B 201 +Tabak, Chew (LBL) JP 
DIAZ 74 PRL 32 260 ~Dibianca, Fickin~eL Anderson+ (CASE, CMU) 
MATTHEWS 71D PR D3 2561 +Prentice, Yoon, Carroll+ {TNTO, WISe) 
BARNES 69B PRL 23 142 +Chung, Eisner, Flaminio+ (BNL) 
KENYON 69 PRL 23 146 +Kinson, Scarf+ (BNL, UCND, ORNL) 
ARMENISE 68B PL 26B 336 +Forino, Cartacci~ (8ARI, BGNA, FIRZ, ORSA) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

MATTHEWS 71 LNC I 361 +Prentice, Yoon, Carroll+ (TNTO, WISE) 
ARMENISE 7O LNC 4 199 +Ghidini, Foring, Cartacci+ (BARI, BGNA, FIRZ) 
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Meson Full 
~r~(1670) 

I  (1670) I 
was A3(1680) I 

Listings 

I G ( J  P c )  = 1 (2 - +  ) 

• • • We do not use the fo l lowing data for averages, f i ts, l imi ts,  etc. • • • 

400.0 8 P E R N E G R  78 C N T R  - 9 + 1 3 . 1 5  ~r- N 

310 ± 40 T H O M P S O N  74C H B C  + 13 ~r + p ~ p~r + 

200 to 400 6 CASO 72 H B C  + 11.7 ~r + p 

130 CASO 69B H B C  11 7r p 

Our  latest min i - rev iew on this particle can be found in the 1984 edit ion. 

~r2(1670 ) M A S S  

VALUE (MeV) EVTS _DOCUMENT I D TEEN EHG COMMENT 
1665 ± 2 0  OUR ESTIMATE This iS only an educated guess; the error given is larger 

than the error on the average of the published values. 
1665 ± 5 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 

1710 ± 2 0  700 ± 150 ANTIPOV 87 SIGM - 50 ~r Cu 
t~ + I  z r, Cu 

1676 ± 6 1 EVANGELISTA 81 OMEG - 12 ~r p ~ 3~rp 
1 6 5 7 0 ± 1 4 0  1,2 DAUM 80D SPEC 63-94 ~p  ~ 3~ 

X 
1 6 6 2 0 ± 1 0  0 2000 1 BALTAY 77 HBC 15 ~+ p -~ p3~T 
1640 ± 1 0  575 KALELKAR 75 HBC + 15 =~ p 

P~+ f2 
1650 ± 3 0  1 ANTIPOV 73C CNTR - 25,40 = p 
1660 ± 10 1 ASCOLI 73 HBC 5-25 = -  p -~ 

P=2 
1660 ± 2 5  260 CASO 72 HBC + 11.7 ~ p 
1660.0±20.0 CASO 696 HBC 11 = p 

f2 = P 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1710.0±20.0 3 DAUM 818 SPEC - 63,94 ~ p 
16500 4 PERNEGR 78 CNTR 9+13+15 ~ -  N 

1600 ±10  THOMPSON 74c HBC ÷ 13 ,~+ p ~ p~r~ 

1 From a fit to JP = 2 S-wave f2(1270)~ partial wave. 

2 Clear phase rotation seen in 2 -  S, 2 -  P, 2 -  D waves. We quote central value and spread 
of single-resonance fits to three channePs. 

3 From a two-resonance fit to four 2 0 + waves. This should not be averaged with all the 
single resonance fits. 

4 Clear phase rotation seen in 2 -  S and 2 P waves. 

WEIGHTED AVERAGE 
1665 + 5 (Error sca led  by  1.4) 

.V . - I -  
V . 

1 6 0 0  1650  

2 
X 

I • • ANTIPOV 87 SIGM 5.0 
. . . . . . . . . .  EVANGELISTA 81 OMEG 3.3 
. . . . . . . . . .  DAUM 80D SPEC 0.3 
. . . . . . . . . .  BA LTAY 77 HBC 0.1 
. . . . . . . . .  KALELKAR 75 HBC 6.3 
. . . . . .  ANTIPOV 73C CNTR 0.3 
. . . . . . . . . .  ASCOLI 73 HBC 0.3 

. . . . . . . . .  CASO 72 HBC O.0 

. . . . . . . . .  CASO 69B HBC 0.1 

I ~ " , , , ~ , , ~ A ~  ( C o n f l d e n c e  Leve l  = 0 . 0 4 7 )  

1700 1750 1 8 0 0  

7r2(1670 ) mass (MeV)  

~ 2 ( 1 6 7 0 )  W I D T H  

VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 
250 ~ 20 OUR ESTIMATE This ~S ~ educated guess; the error given is larger 

than the error on the average of the published values. 

247 ± 11 OUR AVERAGE 
170 ± 80 700 ± 150 ANTIPOV 87 SIGM 50 7r Cu 

I ~ H ~ Cu 
312.0± 50.0 5 DAUM 81B SPEC 63,94 ~ p 
260 ± 20 6 EVANGELISTA81 OMEG 12 : r -  p ~ 37rp 
219.0± 200  6,7 DAUM 80D SPEC 63 94 ~Tp ~ 3~t 

X 
285.0± 60.0 2000 6 BALTAY 77 HBC + 15 :r ~ p ~ p3~ 
240 ± 30 575 KALELKAR 75 HBC + 15 7r + p 

P 7r+ f2 
300 ± 50 6 ANTIPOV 73C CNTR - 25,40 ~ p 
270 ± 60 6 ASCOLI 73 HBC 5-25 ~r p 

P~2 
190 ~_ 100 260 CASO 72 HBC + 11.7 =+ p 
2 4 0 0 ±  500  297 ARMENISE 69 DBC ÷ 5.1 ~r- d ~ d3= 

150.0 CASO 69B HBC - 11 ~ -  p - -  
f2 ~r p 

5From a two-resonance fit to four 2 - 0  + waves. This should not be averaged with all the 
single resonance fits. 

6From a fit to JP = 2 -  f2(1270)~ partial wave. 

7Clear phase rotation seen in 2 S, 2 P, 2 D waves. We quote central value and spread 
of single-resonance fits to three channels. 

8 Clear phase rotation seen in 2 - 5  and 2 - P  waves. 

7 r2(1670)  D E C A Y  M O D E S  

Mode Fraction (F i /F )  Confidence level 

r I f 2 (1270)  7r (56.2:53.2) % 

F 2 p ~  (31 ± 4  ) % 

r3 fo(1400)Tr ( 8 . 7 ± 3 . 4 )  % 

F 4 K K * ( 8 9 2 )  + C.C. ( 4 . 2 ± 1 . 4 )  % 

r5 ,/~, < 5 % 
F 6 r, ± 2,'T+ 2:r < 5 % 

F 7 ~ ±  :r = ~, 

90% 

90% 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall  f i t to 4 branching ratios uses 6 measurements and one 
const ra in t  to determine 4 parameters. The overall  f i t has a X 2 = 

1.9 for 3 degrees of freedom. 

The fo l lowing oft-diagonal array elements are the correlat ion coefficients 

i ~ % ~ x j ! / ( h x p h x j ) ,  in percent, from the f i t  to the branching fract ions, x~ 

r i / l - t o t a  I. The f i t  constrains the x i whose labels appear in this array to sum to 

one. 

x 2 53 

x 3 29 59 

x 4 8 21 9 

x l  x 2  x 3 

~r2(1670 ) B R A N C H I N G  R A T I O S  

r ( p~ ) / rO±~+~  ) ½ r2/(.567r1+½ r2+.624r3) 
VALUE DOCUMENT ID TEEN CH5 COMMENT 

0 . 2 9 i 0 . 0 4  OUR FIT 
0.29±0.05 9 DAUM 81B SPEC 63,94 7r'- p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.3 BARTSCH 68 HBC + 8 lr + p ~ 37rp 
<0.4 FERBEL 68 RVUE ± 

9 From a two resonance fit to four 2 0 + waves. 

r ( f 2 ( 1 2 7 0 )  ~ r ) / r  (~-± 7r+ ~r - ) . 5 6 7 r 1 / ( . 5 6 7 1 - 1 +  ½ r 2 + . 6 2 4 1 3 )  

(With f2(1270) ~ =~ ~r .) 
VALUE DOCUMENT ID TEEN CHG COMMENT 
0.604:E0.035 OUR FIT 
0.60 ±0 .05  OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 

0.61 ±0 .04  10 DAUM 81B SPEC 63,94 7r- p 

0.76 + 0 2 4  ARMENISE 69 DBC e 5.1 ~+ d ~ d3x  
- 0 3 4  

035  ±0 .20  BALTAY 68 HBC + 7 8.5 7r + p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

059  BARTSCH 68 HBC - 8 ~ , + p ~  3~p 

10 From a two resonance fit to four 2 0 + waves. 



See key on page IV.1 

WEIGHTED AVERAGE 
0 .60  ± 0 .05  (Error scaled by 1.3) 

VI1.49 

Meson Full Listings 
~r2(1670), ~(1680) 

•"'•"•-I- Values above of  w e i g h t e d  average, error,  
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
utilizing measurements of other (related) 
quantities as additional information. 

X 2 

• , . . . . . . . . . . . .  DAUM 81B SPEC " ~  
. . . . . . .  ARMENISE 69 DBC 0.3 

V v . . . . . . . . . . . . .  BA LTAY 68 HBC 1.6 

I 

1.9 
(Confidence Level = 0 .389)  

I 

O.O 0 . 5  1.O 1.5 2 . 0  

r (r/~-)/r Or • ~r + ~r-) rs/( .s67r1+ ½ F2+.624F3) 
(A l l  ~/ decays.) 

VALUE DOCUMENT/O TECN CH6 COMMENT 

<0.09 BALTAY 68 HBC + 7-8.5 ~r + p 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<10.10 CRENNELL  70 HBC 6 ~r p 
f27r -  N 

r (~± 2~ + 27r - )  / r (~± ~+ = - ) r6/(  .567rl + ½ r2+.624ra) 
VALUE DOCUMENT ID TEEN CHG COMMENT 

< 0 . i 0  CRENNELL 70 HBC 6 ~'-  p 

f2 ~r-  N 
<:0.1 BALTAY 68 HBC + ?,8.5 = +  p 

F (f0(1400) 7 r ) / r  (Tr+ 7r+ ~r - ) .624r3/( .567r1+½ r2+.624r3)  
(With f0(1400) - -  7r+~- . )  

VALUE DOCUMENT ID TECN COMMENT 
0.10±0.O4 OUR FIT  

11 D A U M  81B SPEC 63,94 ~r p 0 . 1 0 ± 0 . 0 5  

] .1From a two-resonance fit to four 2 0 + waves. 

F ( K K * ( 8 9 2 )  + c .c . ) / r ( f 2 (1270 )~ )  
VALUE DOCUMENT IO TECN CHG 
0 ,075:±0 .025  O U R  F I T  
0.075:1:0.025 12 A R M S T R O N G  82B OMEG - 

]2  From a partial-wave analysis of K + K -  7r- system. 

CLwave/ . ,C-wave R A T I O  F O R  ~T2(1670 ) --* f 2 ( 1 2 7 O ) / r  
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .22±0 .10  13 D A U M  81B SPEE 63,94 IT p 

13From a two-resonance f i t  to four 2 - 0  + waves. 

COMMENT 

r 4 / r l  

1 6 = - p ~  
K +  K - T r - p  

7r2(1670 ) R E F E R E N C E S  

ANTIPOV 87 EPL 4 403 
ARMSTRONG 82B NP B202 1 
DAUM 81B NP B]82 269 
EVANGELISTA B1 NP B178 197 

Also 81B NP B180 594 
OAUM 80D PL 89B 285 
PERNEGR 78 NP B134 436 
BA/TAY 77 PRL 39 591 
KALELKAR 75 Nevis 207 Thesis 
THOMPSON 74C PRL 32 331 

Also 748 NP B69 381 
ANTIPOV 73C NP 863 153 
ASCOLI 73 PR D7 669 
CASO 72 NP B36 349 
CRENNELL 70 PRL 24 781 
ARMENISE 69 LNC 2 50] 
CASO 69B LNC 2 437 
BALTAY 68 PRL 20 887 
BARTSCH 68 NP B7 345 
FERBEL 68 Phil. Conf. 335 

+Batarin+ (SERF'. JINR, INRM. TBLI, BGNA. MILA) 
+Baccari (AACH, BARI, BONN. CERN, GLAS+) 
+Hertzberger+ (AMST. CERN, CRAC. MPIM, OXF+) 
+ (BARI, BONN, CERN, DARE, LIVP+) 

Evangelista 
+Hertzberger- (AMST, CERN, ERAC, MPIM, OXF+)JP 
+Aebischer+ (ETH, CERN, LOIC, MILA) 
+Caut]s, Kalelkar (COLU) JP 

(COLU) 
+Badewitz, Gaidos, Mcllwain, Paler+ (PURD) JP 

Thompson, Badewitz, Oaidos, Mcllwain+ (PURD)JP 
+Ascoli, Busnello, Focacci+ (EERN, SERP)JP 

(ILL, TNTO, GENO, HAMB, MILA, SACL)JP 
+Maddock, Sassier+ (DURH, GENO, DESY, MILA+) 
+Karshon, Lai, Scarr, Sims (BNL) 
+Ghidini, Forino. Cartacci+ (BARI, BGNA, FIRZ) 
+Conte, Tomasini. Cantore+ (GENO. MILA, SACL) 
+Kung, Yeh, Fer6el+ (COLU, ROCH. RUTG, YALE) I 
~Keppel. Kraus+ (AACH, BERL, CERN)JP 

(ROCH) 

- -  OTHER RELATED PAPERS - -  

CHEN 83B 
LEEDOM 83 
BELLINI 82B 
BAI,TAY 78 
CORDEN 78C 
ROBERTS 78B 
CAUTIS 77 
CERRADA 77B 
BEKETOV 75 

EMMS 75B 
HORNE 75 
WAGNER 75 
ASCOLI 74 
LICHTMAN 74 
OTTER 74 
TABAK 74 
ANTIPOV 73B 
ASCOLI 73B 
ALEXANDER 72 
ARMENISE 72 
SALZBERG 72 
BEKETOV 7[ 

PALER 71 
BRANDENB... 70 
CHIEN 7OB 
MIYASHITA 70 
BARNES 69B 
CASO 68 
IOFFREDO 68 
LAMSA 08 
DANYSZ 6?B 
DUBAL 67 

Also 68 
FOCACCI 66 
LEVRAT 66 
LUBATTI 66 
VETLITSKY 60 
FORINO 65B 

PR D28 2304 +Fenker+ (ARIZ, FNAL, FLOR, NDAM, TUFT+) 
PR D27 1420 +DeBonte, Galdos, Key, Wong+ (PURD, TNTO) 
NP B199 1 + (CERN, MILA. JINR, BGNA, HELS, PAVI, WARS+) 
PR D17 52 +Cautis, Cohen, Csoma, Kalelkar+ (£OLU, BING) 
NP B136 77 +Dowell, Gamey+ (81RM, RHEL, TELA, LOWC) JP 
PR D18 59 +Kruse, Edetstein~ (ILL, CMU, NWES, ROCH) 
Nevis 22t Thesis {COLU) JP 
NP B126 241 +Blockzijl, Heinen+ (AMST, CERN, NIJM, OXF)JP 
SJNP 20 379 +Zombkovskii,  Kaidalon, Konovalov+ (ITEP) 
Translated from YAF 20 709. 
PL g0B 109 +Jones, Kinson, Bell Dalet (BIRM, DURH, RHEL) JP 
PR OIl 996 +Hagopian, Hagopian, Bensinger+ (FSU, BRAN) 
PL 58B 201 +Tabak, Chew (LBL) JP 
PR D9 1963 +Cutler, Jones. Kruse, Roberts, Weinstein+ (ILL) 
NP B81 31 +Biswas. Cason, Kenney, McGahan+ (NDAM) 
NP B80 1 +Rudolph+ (AACH, BERL, BONN. CERN. HEID) JP 
Boston Conf. +Ronat, Rosenfeld, Lasinski+ (LBL, SLAC)JP 
NP B63 141 +Ascoli, Busnello, Focacci+ (CERN, SERP)JP 
PR D8 3894 +Jones. Weinstein, Wyld (ILL) JP 
NP 845 29 +Bar-NiL Benary, Dagan+ (TELA) 
LNE 4 201 +For|no, Cartacci+ (BARI, BGNA, FIRZ) 
NP B41 397 +Harrison, Heyda, Johnson, Kim, Law+ (HARV) 
SJNP 4 765 +Sombkowsky, Konovalov, Krutschinin+ (ITEP) JP 
Translated from unknown journal. 
PRL 26 1675 +aadewitz, Barton, Miller, Palfrey, Tebes (PURD) 
NP e16 369 Brandenburg, Brenner, Ioffredo+ (HARV) 
Phil. Conf. 275 (JHU) 
PR D1 771 +VonKrogh, Kopelman, Libby (CO/O) 
PRL 23 142 +Chung, Eisner, Flaminio+ (8NL) 
NC 54A 983 +Conte, Cords, Diaz+ (GENO, HAMB, MILA, SA£L) 
PRL 21 1 2 1 2  +Brandenburg, Brenner, Eisenstein+ (HARV) 
PR 166 1395 +Cason, Biswas, Derado, Groves+ (NDAM) 
NC 51A 801 +French, Simak (CERN) 
NP B3 435 +Focacei, Kienzle+ (CERN Missing Mass Spect. Collab.) 
Thesis 1456 Dubal (GEVA) 
PRL 17 890 +K]enzle, Levrat, Magi|oh, Martin (CERN) 
PL 22 714 +Tolstrup+ (CERN Missing Mass Spect. £ollab) 
Berkeley Thesis {LRL) 
PL 21 579 +Guszavin, Kliger, Zobganov+ (ITEP) 
PL 19 68 +Gessaroli+ (BGNA, BARI. FIRZ, ORSA, SACL) 

I ( 080)I I6(J PC) = 0 - ( i - - )  

First identified using Dalitz plot analysis of e + e -  ~ K K*(892) (BIZOT 80, 
DELCOURT 81). We do not list anymore ~ radial excitations under this 
particle. See also 0J(1390) and ~(1600). 

~)(1680) MASS 

e + e -  PRODUCTION 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
1 6 8 0 + 5 0  OUR E S T I M A T E  This is only an educated guess; the error given is larger than 

the error on the average of the published values. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1655±17  1 BISELLO 888 DM2 e + e -  ~ K + K I 
1680:5 10 2 BUON 82 DM1 e + e -  ~ hadrons 
1677±12  3 M A N E  82 DM1 e + e  - ~ K O K T r  

PHOTOPRODUCTION 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc, • • • 

1726±22  BUSENITZ  89 TPS " T P ~  K + K - X  I 
1760±20  A T K I N S O N  85c OMEG 20-?0 ? p  ~ K K  X 
1690±10  A S T O N  81F OMEG 25-70 ~fp ~ K + K -  X 

1 From global f i t  including p, ~, ~ and p(1700) assume mass 1570 MeV and w id th  510 I 
MeV for p radial excitation. 

2From g loba l  f i t  of  p, ~ ,  0 and their  radial excitations to channels ~ = + =  , K + K - ,  
K 0 K O K 0 K ± ~ r  -F Assume mass 1570 MeV and width 510 MeV for p radial excita- S L'  5 ' 
l ions, mass 1570 and width 500 MeV for ~ radial excitation. 

3 Fit to one channel only, neglecting interference wi th  c~, p(1700). 

0(1680)  W I D T H  

e + e -  PRODUCTION 
VALUE (MeV I DOCUMENT ID TEEN COMMENT 
].50:1=50 OUR E S T I M A T E  This iS Only ~ e~uuc~-ed gue~ ;  t'he e ~  is larger than 

the error on the average of the published values. 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. i • • 

2 0 7 ± 4 5  4 BISELLO 88B DM2 e + e  ~ K + K  - | 
185±22  5 BUON 82 DM1 e + e -  ~ hadrons 
102±36  6 M A N E  82 DM1 e 4- e -  ~ K O KTr 

PHOTOPRODUCTION 
VALUE (MeV I DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

121±47  BUSENITZ  89 TPS ~fp ~ K + K X | 
8 0 ± 4 0  A T K I N S O N  85c OMEG 20-70 *fp ~ K K  X 

1004-40 A S T O N  81F OMEG 25-?0 "rP ~ K + K X 

4F rom global f i t  including p, c~, @ and p ( l ?00 )  assume mass 1570 MeV and width 510 I 
MeV for p radial excitation. 

5 From g loba l  f i t  o f  p, uD @ and their radial excitations to channels ~Tr + 7 r - ,  K + K , 
K 0 K O K 0 K ± 7rq- Assume mass 1570 MeV and width 510 MeV for p radia~ excita- S L'  S 
tions, mass 1570 and width 500 MeV for ~ radial excitation. 

6 Fit to one channel only, neglecting interference wi th  u~, p(1700). 
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4( 1680), p3( 1690) 

441680) DECAY MODES 

Mode 

rl K??*(892) + C.C. 
_ 

r2 KK 

r3 e+ e- 
r4 wK?I 
r5 KtKa 

Fraction (T//T) 

dominant 

seen 
SW” 
possibly seen 

4(1680) r(i)r(e+ e-)/r(total) 

This combination of a partial width with the partial width into e* em and with the 

total width is obtained from the integrated cross section into channel (f) in et e- 

annihilation. We list only data that have not been used to determine the partial 

width r(l) or the branching ratio r(l)/total. 

r(KTi*(892) + c.c.) x r(e+e-)/rtotal r1r3/r 
“Y.LUE ok”, DOCUMENT ID E COMMENT 

. . l We do not use the following data for averages. fits, limits. etc. l l l 

0413*0033 ’ BIZOT 80 DMI e+ em 

- 

r(KK) x r(e+e-)/rtotal r2r3/r 

VALVE ixev, DOC”MENi ID ~ COMMENi 

l l . We do not use the following data for averages. fits. limits. etc. l l l 

0 053 f 0.035 7 BIZOT 80 DM1 e+ em 

r(wrr) x r(e+e-)/rtotal r4r3/r 

VALVE ixev, DOCUMENT ID TECN COMMENT 

. l l We do not use the following data for averages, fits. limits, etc. l l l 

- 0 017 ’ BIZOT 80 DMl e+ e- 

7 Mode, dependent 

$(1680) BRANCHING RATIOS 

r(Ki?*(892) + c.c.)/r(K;Kr) rl/r5 
VALUE DOCUMENT ID TECN COMMENT 

dominant MANE 82 DMI e+ em - K~K+T~ 

r(KK)/r(KR(892) + c.c.) r2/r1 
VALUE DOCUMENT ID ~ COMMENT 

o.cl7*o.o1 BUON 82 DMl e+ em 

r(wmT)/r(KTT*(892) + C.C.) r4/r1 
“ALUE DOC”MENi ,D ~ COMMENT 
<o 10 BUON 82 DM1 e+ em 

4(1680) REFERENCES 

pW90) 
was g( 1690) I 

/G(jpc) = 1’(3--) 

p3(1690) MASS 

We include only high statistics experiments in the average for the 2n and K K 

modes. 

27r MODE 
VALUE (Me”, E DOC”MENi ,D TECN CHG COMMENT 

1691 f 5 OUR ESTIMATE This is only an educated guess; the error given is larger 
than the error on the average of the published values. 

1691.4f 2.7 OUR AVERAGE Includes data from the dafablock that follows this one. 

1677 114 EVANGELISTA 81 OMEG 12n-p- 2no 

16790~110 476 BALTAY 788 HBC 0 15 x+ p - 

1 
*+,-n 

1678 0112 0 115 ANTIPOV 77 CIBS 0 25 r- - p p3n 

lb90 + 7 600 1 ENGLER 74 DEC 0 brr+ n - 
7+,-p 

lb93 i 8 2 GRAYER 74 ASPK 0 17 n- p - 

lT+,-, 
lb78 112 MATTHEWS 71~ DBC 0 7 ij- N 

l l l We do not use the following data for averages, fits, limits. etc. l l l 

1734 ot10 0 3 CORDEN 79 OMEG 12-15 7r p * 
lb92 112 2.4 

“277 
ESTABROOKS 75 RVUE 17 a-p i 

r+,-n 
1737 Cl123 0 ARMENISE 70 DBC 0 9 ?rf N 

1650 0135 0 122 BARTSCH 708 HBC + 8 T-P - N2r 

1687 ~21 STUNTEBECK70 HDBC 0 8 _T- D. 5.4 71 d 

lb83 ~13 ARMENISE 68 DEC 0 5.1 ?r$ d 

16700~300 GOLDBERG 65 HBC 0 b ?r+ d, 8 II- p 

‘Mass errors enlarged by us to r:N1!2: see the note with the K’(892) mass. 

2 Uses same data as HYAMS 75 
3 From a phase shift solution conta~nlng a f$ (1525) width two times larger than the K?? 

R5”lt. 
4 From phaseshift analysis. Error takes account of spread of different phase-shift solutions. 

KK + KT(?r MODE 
“AL”E f&h”, E DDCUMENi ,D itm IH‘ COMMENT 
The data in this block is included in the average printed for a previous datablock 

169901 50 ALPER 80 CNTR 0 b2z-p- 

K-K-” 
1698 112 bk 5.6 MARTIN 780 SPEC 10 - rp 

K;K-0 

lb92 1 b BLUM 75 ASPK 0 18.4 r-- -- p 

“K-K- ~ 
169OOz160 ADERHOLZ 69 HBC + 8n+p- KK- 

l l l We do not use the following data for averages, fits, ikmits, etc. l l l 

1694Oe 80 7 COSTA... 80 OMEG 107-p- 

K-K-” 

5 From a fit to Jp = 3- partial WIYB. 

6 Systematic error on mass scale subtracted. 

7They cannot distinguish between pj(lb90) and .q(lb70). 

(4~)~ MODE 
VALiE (Mev, * DOC”MENi ID TECN CHG COMMENT 

1675 fll OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below. 

1665 Or15 0 

lb70 ~10 

1687 120 

1630 t15 

168OOz400 

1705 Oe21 0 

1720 T15 

. . . We do 

1694 I 6 

1718 110 

1673 z 9 

1733 z 9 

1685 114 

168901200 

177 BALTAY 788 HBC + 15 *+ p - p4r 

THOMPSON 74 HBC + 13 rr’- p 

CASON 73 HBC 8,18.5 ii- p 

HOLMES 72 HBC + lo-12 K+ p 

144 BARTSCH 708 HBC - 8 r+p - N4r 

CASO 70 HBC 11.2 Km p - 
np2n 

BALTAY 68 HBC + 7, 8.5 ;7+ p 

not use the following data for averages, fits. I>mits, etc. l l l 

8 EVANGELISTA 81 OMEG - 12 iT_ p * p4a 

9 EVANGELISTA 81 OMEG 12 n-p - p4r 

lo EVANGELlSTA81 OMEG 12 n-p - p4r 

66 l1 KLIGER 74 HBC 4.5 n-p - p4K 

I1 CASON 73 HBC 8.18.5 1~~ p 

102 I1 BARTSCH 70~ HBC + 8 rr- p - N2,, 

8 prom (I- po made, not independent of the other two EVANGELISTA 81 entries. 

9 From aq113201- TO mode. not independent of the other two EVANGELISTA 81 entries. 

lo From a;i1320j” r- mode, not independent of the other two EVANGELISTA 81 entries 

I1 From pi-p0 mode. 



See key on page IV.1 

WEIGHTED AVERAGE 
1675 ± 11 (Error sca led  by  1.9) 

VII.51 
Meson Full Listings 

p3(1690) 

" ~ - - - I - -  

X 2 

. . . . . . . . . . . .  BA LTAY 78B HBC 0.5 

. . . . . . . . . .  THOMPSON 74 HBC 0.3 

' ' HOLMES 72 HBC 
• BARTSCH 70B HBC 
- CAS0 70 HBC _ ~ i i i i i i  £0 
• BALTAY 68 HBC 8.9 

?5 
(Conf idence  Level = 0 .0021  

1 6 0 0  1650  1700 1750 1 8 0 0  1850  

14Width errors enlarged by us to 4 F / N 1 / 2 ;  see the note wi th the K* (892) mass. 

15 Uses same data as HYAMS 75 and BECKER 79. 
16 From a phase shift solution containing a f~(1525) width two times larger than the K K  

result. 
17 From phase-shift analysis. Error takes account of spread of different phase-shift solutions. 

p3(1690)  mass, (4~r) ± mode (MeV)  

~ r  M O D E  
~_/ALUE (MeV] DOCUMENT ID TECN CHG COMMENT 
1.680 d: 7 O U R  A V E R A G E  
]690 ±15  EVANGELiSTA 81 OMEG - 12 ~r- p ~ ~ r p  
]666.0+14.0  GESSAROLI 77 HBC 11 ~r- p - -  ~ T p  
].686 J- 9 THOMPSON 74 HBC + 13 ~r + p 
].654 ± 2 4  BARNHAM 70 HBC + 10 K + p ~ ~ r  

X 

WEIGHTED AVERAGE 
215 -r 6 (Error sca led  by  1.8) 

' ' "DENNEY 83 LASS 0.0 
• . ~ 1  ', ~ EVANGELISTA 81 0MEG 0.7 

I ~ t  . . . . .  ANTIPOV 77 CIBS 1.1 
I . . . . .  ENGLER 74 DBC 1.4 

I . . . . .  GRAYER 74 ASPK 0.7 
I . . . . .  MATTHEWS 71C DBC 2.7 

. . . .  ARMENISE 70 DBC 0.4 
I 

m e  

. . . . .  A L P E .  C N T .  
~ N  

. . . . .  g L U M  

, ~ /  i ~  (Conf i ldence  Leve l  = 0 . 0 3 5 )  

r?~r+ ~r - M O D E  
(For difficulties wi th MMS experiments, see the a2(1320 ) mini review in the 1973 
edition.) 

J/ALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

1680 ±15  FUKUI 88 SPEC 0 8.95 ~ -  p 
~]~r+ ~r- n 

. • • We do not use the following data for averages, fits, limits, etc. • • • 

1700.0-547•0 12 ANDERSON 69 MMS - 16 ~r- p backward 

1632 :LI5 12'13FOCACCI 66 MMS 7 - 1 2 ~ r - p ~  p 
MM 

1700 -515 12,13 FOCACCI 66 MMS - 7-12 ~r p ~ p 
MM 

1748 ± 1 5  12,13 FOCACCI 66 MMS 7-12 ~r- p ~ p 
MM 

12 Seen in 2.5-3 GeV/c  ~p.  2~T + 2~r-,  wi th 0, 1, 2 =+  = pairs in p band not seen by 
OREN 74 (2.3 GeV/c  p p )  with more statistics. (Jan. 1976) 

13Not seen by BOWEN 72. 

p 3 ( 1 6 9 0 )  W I D T H  

We include only high statistics experiments in the average for the 2~T and K K  
modes. 

27r M O D E  
.VALUE (MeV~ EVTS DOCUMENT I O TEEN CHG COMMENT 
215 4-20 OUR ESTIMATE This is only an educated guess; the error given is larger 

than the error on the average of the published values. 
215 4- 6 OUR AVERAGE includes data from the datablock that  follows this one. Er- 

ror includes scale factor of 1.8. See the ideogram 
below. 

:220 4 2 9  DENNEY 83 LASS 10 7r + N 
246 ± 3 7  EVANGELISTA 81 OMEG 12 ~T-- p - -  27rp 
[16 .0±30.0  476 BALTAY 788 HBC 0 15 7r + p 

7r± 7r- n 
262.0-550.0 175 14 ANTIPOV 77 CIBS 0 25 ~T p ~ p37r 
167 -540 600 ENGLER 74 DBC 0 6 ~T + n 

~T+ ~T-- p 
200 -5 18 15 GRAYER 74 ASPK 0 17 ~r p 

156 -536 MATTHEWS 71C DBC 0 7 7r + N 
171.0±65.0 ARMENISE 70 DBC 0 9 ;r + d 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

322.0±35,0 16 CORDEN 79 OMEG 12-15 7r p 
~27r 

240 ± 3 0  15,17 ESTABROOKS 75 RVUE 17 ; r -  p 
~r ± ~r n 

180.0±30.0 122 BARTSCH 70B HBC + 8 ~r + p ~ N2~r 

267 +72  STUNTEBECK 70 HDBC 0 8 7r p, 5.4 ~r + d 
- 4 6  

188 -549 ARMENISE 68 DBC 0 5.1 ~r + d 
180.0±40.0 GOLDBERG 65 HBC 0 6 ~r + d, 8 7r p 

5 0  100  150 2 0 0  2 5 0  3 0 0  3 5 0  

p3(1690)  w id th ,  ~Tr + K K  + K K l r  modes (MeV)  

K K  + K K T r  M O D E  
VALUE (MeV} EVT5 DOCUMENT tD TEEN CH6 COMMENT 
The data in this block is included in the average printed for a previous datablock. 

219.0± 4.0 ALPER 80 CNTR 0 62 7r p 
K + K  n 

199 ± 4 0  6000 18 MARTIN 78o SPEC 10 ~Tp 
KOs K -  p 

205 ± 2 0  BLUM 75 ASPK 0 18.4 ~r- p 
n K +  K - 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

186.0± 11.0 19 COSTA.•. 80 OMEG 10 7r- p 
+ K  

112.0-560.0 ADERHOLZ 69 HBC + 8 ;r~-p ~ nKK~r 

18From a fit to JP = 3 -  partial wave. 
19 They cannot distinguish between P3 (1690) and ~;3 (1670). 

(4~ ' )  ± M O D E  
VALUE (MeV} EVT5 DOCUMENT ID TECN EHG COMMENT 
119 :E13 OUR A V E R A G E  
105.0,130.0 177 BALTAY 78B HBC + 15 7r + p ~ p4Tr 
106 ± 2 5  THOMPSON 74 HBC + 13 Tr + p 

169 +70  CASON 73 HBC - 8,18.5 7r- p - 4 8  
130 ± 3 0  HOLMES 72 HBC + 10-12 K + p 
135.0±30.0 144 BARTSCH 70B HBC + 8 ~r + p ~ N47r 
100 ± 3 5  BALTAY 68 HBC + 7, 8.5 7r + p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

123 -I- 13 20 EVANGELISTA 81 OMEG - 12 ~ -  p ~ p4~r 
230 ±28  21 EVANGELISTA 81 OMEG - 12 ~ -  p ~ p4~r 
184 ,I 33 22 EVANGELISTA 81 OMEG 12 ; r -  p ~ p4~ 
150 66 23 KLIGER 74 HBC - 4.5 7r- p ~ p47r 

125 +83  23 CASON 73 HBC 8,18.5 7r- p 
- 3 5  

180.0±30.0 90 23 BARTSCH 708 HBC + 8 7r+p ~ Na27r 
160.0±30.0 102 BARTSCH 708 HBC + 8 7r + p ~ N2p 

20 From p -  p0 mode, not independent of the other two EVANGELISTA 81 entries• 
21 0 n in From a2(1320 ) -  ~ mode, ot " dependent of the other two EVANGELISTA 81 entries• 

22 From a2(1320) 07 r -  mode, not independent of the other two EVANGELISTA 81 entries. 
23 From pd- p0 mode. 

~ r  M O D E  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 
114 -520 OUR A V E R A G E  
190 ± 6 5  EVANGELISTA 81 OMEG 12 7r p ~ ~ x p  
160.0±56.0 GESSAROLI 77 HBC 11 7r p ~ ~Trp 

89 ±25  THOMPSON 74 HBC + 13 7r + p 

130 +73  BARNHAM 70 HBC + 10 K + p  ~ ~Tr 
X 

~/Tr+ 7r - M O D E  
(For difficulties with MMS experiments, see the a2(1320 ) mini-review in the 1973 
edition.) 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

106 3-27 FUKUI 88 SPEC 0 8.95 7r- p - -  
~ l ~r + Tr - n 
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Meson Full Listings 
p 3 ( 1 6 9 0 )  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1950 24 ANDERSON 69 MMS 16 ~r p backward 
< 21 24,25 FOCACCI 66 MMS - 7-12 ~r- p ~ p 

MM 
< 30 24,25 FOCACCI 66 MMS - 7-12 ~r- p ~ p 

MM 
< 38 24,25 FOCACCI 66 MMS - 7-12 ~r- p ~ p 

MM 
24 Seen in 2.5-3 GeV/c  pp .  2~r + 2~r-,  wi th 0, 1, 2 =+ ~r pairs in p0 band not seen by 

OREN 74 (2.3 GeV/c ~p )  with more statistics. (Jan. 1979) 
25Not seen by 8OWEN 72. 

p 3 ( 1 6 9 0 )  D E C A Y  M O D E S  

Mode Fraction (F i /F )  Scale factor 

F 1 4~ 
F2 TC~T 

F 3 K K ~ r  

F4 K K  

F 5 ~/~r+ ;T 

F6 = = p  
E x c l u d i n ~  2p  and a 2 ( 1 3 2 0 ) ~ .  

F7 a2(1320)~T 

F 8 ~ T  

F9 P P  

Flo @~r 

Fli ll;r 
r12 ~r ±~r +~r ~r 0 

F13 =± 2= + 2~r- ~r 0 

(71.1 ±1 .9  ) % 

(23.6 4-1.3 ) %  

( 3.8 4-1.2 )% 

( 1 5 8 9 - 0 . 2 6 )  % 
seen 

1.2 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall  f i t  to 5 branching ratios uses 10 measurements and one 
constra int  to determine 4 parameters, The  overall  f i t has a X 2 = 

14.7 for 7 degrees of freedom. 

The fol lowing of f -d iagonal  array elements are the correlat ion coefficients 

ISx~,Sx31/(Sx{ .Sx j ) ,  in percent, f rom the f i t  to the branch ing fractions, x i  = 

F~/I-tota I. The  fit constrains the x~ whose labels appear in th is  array to sum to 
one. 

x 2 77 

x 3 74 17 

x 4 - 15 2 0 

x I X2 X 3 

p3(1690) B R A N C H I N G  R A T I O S  

r (~ ~)/r-tota I r2/r 
VALUE DOCUMENT ID TEEN EHG COMMENT 
0.2364-0.013 OUR FIT  
0.243/:0.013 OUR AVERAGE 

+0.018 BECKER 79 ASPK 0 17 7r- p polarized 0-259_0.019 

0.23 ± 0 0 2  CORDEN 79 OMEG 12-15 ~T p 
n2~T 

022  ± 0 0 4  26MATTHEWS 71C HDBC 0 7 ; T ~ n ~  ~r p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .245±0006  27 ESTABROOKS 75 RVUE 17 7r- p -~ 
~ + ~  n 

26One-pion-exchange model used in this estimation. 
27 From phase-shift analysis of HYAMS 75 data. 

r(=~)/r(=4-,~+=- ~ ° ) r2/r12 
VALUE DOCUMENT ID TEEN CHG COMMENT 

0.354-0.11 CASON 73 HBC 8,18.5 7r- p 
• • • We do not use the fol}owing data for averages, fits, limits, etc. • • • 

<0.2 HOLMES 72 HBC + 10-12 K + p 
<0.12 BALLAM 719 HBC 16 = p 

r (~ ) / r (4~)  r2/rl 
VALUE DOCUMENT ID TEEN CHG COMMENT 
0.332/:0.026 OUR FIT  Error includes scale factor of 1.1. 
0.30 4-0.10 BALTAY 788 HBC 0 15 7r + p ~ p4= 

r(g~)/r(TrTr) r4/r2 
VALUE DOCUMENT IO TEEN CHG COMMENT 
0.061=1_0.011 OUR FIT Error includes scale factor of 1.2. 

0 11~+0.039 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below. 
. . . .  0.032 

+0.040 GORLICH 80 ASPK 0 17,18 ~ p polar 0.191 _ 0.037 
i z~ed 

0.08 ±0.03 BARTSCH 709 HBC + 8 ~T+p 

0.08 +0.08 CRENNELL 689 HBC 6.0 = p 
- 0.03 

WEIGHTED AVERAGE 
0.118 + 0 . 0 3 9  - 0 . 0 3 2  (Error sca led  by  1.7) 

I 

0 . 0  0.1 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces-  
sar i ly the same as our "beat "  values,  
obtained from a least-squares constrained fit 
ut i l iz ing measurements  of other  (related} 
quantit ies as additional information. 

. . . . . . . .  GORLICH 80 ASPK 
' - -  ~ . . . . . . .  BARTSCH 70B HBC 1.6 

• • \ . . . . . . .  CRENNELL 68B HBC 0.4 

- - £ 7  
, ~ , (Conf i ldence Leve l  = O.O53) 

0 .2  0 .3  0 .4  0 .5  

r ( K ~ ) / r ( ~ )  r3/r2 
VALUE DOCUMENT ID TEEN CH6 COMMENT 
0.16=1:0.05 OUR FIT 
0.164-0.05 28 BARTSCH 70B HBC + 8 7r + p 

28 Increased by us to correspond to B(p3(1690 ) ~ ~r~r)=0.24. 

[ r (T rT r# )  + F ( a 2 ( 1 3 2 0 ) ~ r )  + r(po)]/r(~4-=+~-~ °) 
( r 6 + r z + r g ) / F 1 2  

VALUE DOCUMENT ID TEEN CH6 COMMENT 
0.94~:0.09 OUR AVERAGE 
0.96±0.21 BALTAY 78B HBC + 15 7r ~ p ~ p47r 
0.88±0.15 BALLAM 71B HBC 16 7r- p 
1 ± 0 1 5  BARTSCH 70B HBC 8 ~r + p 
consistent with 1 CASO 68 HBC 11 7r p 

r ( p p ) l r ( ~ r ± ~  + T r  7r ° )  r g / r 1 2  
VALUE EVT5 DOCUMENT ID TEEN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .1210  i t  BALTAY 78e HBC + 15 7r + p ~ p4~ 
0.56 66 KLIGER 74 HBC 4.5 7r p ~ p4~r 
0 .13±0.09 29 THOMPSON 74 HBC + 13 ~T + p 
0.7 ± 0 1 5  8ARTSCH 70B HBC 8 7r + p 

29pp and a2(1320)Tr modes are indistinguishable. 

F ( # # ) / [ F ( l r T r p )  + r ( a 2 ( 1 3 2 0 ) T r )  + r(pp)] r g / ( r g + r T + r g )  

VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

0 .48±0.16 CASO 68 HBC 11 zr- p 

r ( a 2 ( 1 3 2 0 ) ~ ) / r ( ~ 4 - ~ + ~  7r ° )  F 7 / r 1 2  
VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .66±0.08 BALTAY 78B HBC + 15 7r ± p ~ p4~ 
0 3 8 4 - 0 1 4  30 THOMPSON 74 HBC + 13 7r ÷ p 
not seen CASON 73 HBC 8,18.5 = p 
0.6 ± 0  15 BARTSCH 709 HBC + 8 ~T + p 
0.6 BALTAY 68 HBC + 7,8.5 7 + p 

30pp  and a2(1320)~ o411~es are indistinguishable. 

r ( w ~ ) / r ( ~ r ± , ~ +  ~ ~0)  r 8 / Q  2 
VALUE EL% DOCUMENT tO TECN CHG COMMENT 

0.23:1:0.05 OUR AVERAGE Error includes scale factor of 1.2. 
0 33±0.07 THOMPSON 74 HBC + 13 ~T + p 
0 .12±0.07 BALLAM 71B HBC 16 7r p 
0.254-0.I0 BALTAY 68 HBC + 7,8.5 =+ p 
0 .28±0.20 JOHNSTON 68 HBC 7.0 7r- p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<011  95 BALTAY 789 HBC + 15 ~+ p ~ p4~ 
<0.09 KLIGER 74 HBC 4.5 = -  p ~ p4~- 

r (¢~) / r (~4- ~+ ~- ~o) r i o / r 1 2  
VALUE DOCUMENT ID TECN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<Oll 9ALTAY 68 HBC + 7,8.5 ~ -  p 



See key on page IV.1 

r (~± 27r + 21r- ~r 0 ) / r  (r+ r+ ~r- ~r 0) r i g / Q 2  
VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • W e  do not use the fol lowing data  for averages, fits. l imits,  etc. • • • 

<0 .15  B A L T A Y  68 H B C  + 7,8.5 n + p 

r I'm , ) /r  (~= ~r+ . -  ~-o) r11/r12 
VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • We  do not use the  fol lowing data  for averages, fits, l imits,  etc. • • • 

<0 .02  T H O M P S O N  74 H B C  + 13 7 r + p  

r(KK)/rtot61 r 4 1 r  
VALUE DOCUMENT ID TEEN CHG COMMENT 
0.0158-1-0.0~26 O U R  F I T  Error includes scale factor  of  1.2. 

0 . 0 1 3 0 : E 0 . 0 0 2 4  O U R  A V E R A G E  
0.013 ±0.003 COSTA... 80 OMEG 0 10 ~ -  p 

K + K - n  
0.013 2_0.004 31 M A R T I N  788 SPEC - 10 7rp 

KOs K -  p 

31 From ( r 2 F 4 )  1 / 2  = 0.056 9- 0.034 assuming  B ( p 3 ( 1 6 9 0  ) ~ I r r )  = 0.24. 

r , ' < w ~ ) l  [ r ( w ~ )  + r ( p p ) ]  r 8 1 ( r s + r 9 )  
VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • We  do not  use the fol lowing data  for averages, fits, l imits,  etc. • • • 

0 .229-0 .08  C A S O N  73 H B C  - 8,18.5 ~r- p 

r (r/~r+ ~r- ) / r total  FUr 
V,~LUE DOCUMENT IO TEEN COMMENT 

seen F U K U I  88 SPEC 8.95 ~r- p ~ ~pr + ~ -  n 

FLIKU~ 88 
DE NNEY 83 
EVANGELISTA 81 
ALPER 80 
COSTA... 80 
GDRLICH 86 
BECKER 79 
£ORDEN 79 
BALTAY 78B 
MARTIN 78B 
MARTIN 78D 
ANTIPOV 77 
GESSAROLI 77 
BLUM 75 
ESTABROOKS 75 
HYAMS 75 
ENGLEB 74 
GRAYER 74 
KLIGER 74 

OFTEN 74 
THOMPSON 74 
CASON 73 
BOWEN 72 
HOLMES 72 
BALLAM 71B 
MATTHEWS 71C 
ARMENISE 70 
BARNNAM 70 
BABTSCH 70B 
CASO 70 
STUNTEBECK 70 
ADERHOLZ 69 
ANDERSON 69 
APMENISE 68 
BALTAY 68 
CASO 68 
CRENNELL 68B 
JOHNSTON 68 
FC, CACCI 66 
GOLDBERG 65 

BARNETT 83B 
ENANGELISTA 79B 
FC, RINO 78 
MARTIN 78C 
KALELKAR 75 
DUBOVlKOV 74 

OREN 74 
ARNOLD 75 
CASON 73B 
HYAMS 73 
BOI3ERTSON 73 
ARMENISE 72B 

Also 75 
BOWEN 72 
CLAYTON 72 
GRAYER 72B 
GRAYER 71B 
KRAMER 70 
BARISH 69 
CASO 69 
VETLITSKY 69 

p3(1690) REFERENCES 
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Meson Full Listings 
p 3 ( 1 6 9 0 ) ,  p ( 1 7 0 0 )  

PL B202 441 +Hodkawa+ (SUGI, NAGO, KEK, KYOT, MIYA) 
PR D28 2726 +Cranley, Firestone, Chapman+ (IOWA, MICH) 
NP B178 197 + (BARI, BONN, CERN, DARE, LIVP+) 
PL 94B 422 +Booker+ (AMST, CERN, CRAC, MPIM, OXF+) 
NP B175 402 Costa De Beauregard+ (BARI. BONN, CERN+) 
NP B174 16 +Niczyporuk+ (CRAC, MPIM, CERN, ZEEM) 
NP B151 46 +Blanar. Blum+ (MPIM, CERN, ZEEM, CRAC) 
NP B157 25O +Dowell, Garvey+ (BIRM. RHEL, TELA, LOWC)JP 
PR D17 62 +Cautis, Cohen, Csorna+ (COLU, BING) 
NP B140 158 +Ozmutlu, Baldi, Bohringer, Dorsaz+ (DURH, GEVA) 
PL 74B 417 +Ozmutlu, Baldi, Bohr~nger. Dorsaz+ (DURH, GEVA) 
NP Bl19 45 +Busnello, Damgaard, Kienzle+ (SERP, GEVA) 
NP B126 882 + (BGNA, FIRZ, GENO, MILA, OXF, PAVl) 
PL 57B 408 +Chabaud, Dietl, Garelick, Grayer+ (CERN. MPIM) JP 
NP B95 322 +Martin (DURH) 
NP BIO0 2O5 +Jones. Weilhammef, Blum. Dietl+ (CERN, MPIM) 
PR D18 2078 +Kraemer, Toaff, Weisser, Oiaz+ (CMD, EASE) 
NP B75 189 +Hyams, Blum, Dietl+ (CERN, MPIM) 
SJNP 19 428 +Beketov, Grechko, Guzhavin, Dubovikov+ (ITEP) 
Translated from YAF 19 889. 
NP B71 189 +Cooper. Fields, Rhinos, Allison+ (ANL, OXF) 
NP B69 220 +Gaidos, Mcllwain, Miller. Mulera+ (PURD) 
PR D7 1971 +Biswas, Kenney, Madden+ (NDAM) 
PRL 29 890 +Earles, Faissler, Blieden+ (NEAS, STON) 
PR D6 3336 +Ferbel, Slattery, Werner (ROCH) 
PR D8 2606 +Chadwick, Guiragossian. Johnson+ (SLAC) 
NP B88 1 +Prentice, Yoon, Carroll+ (TNTO, WISC)JP 
LNC 4 199 +Ghidini. Foring, £artacd+ (BARI, BGNA, FIRZ) 
PRL 24 1083 +Colley, Jobes. Kenyon, Pathak, Riddfford {BIRM) 
NP B22 I09 +Kraus, rsanos, Grote+ {AACH, BERL, CERN) 
LNC 3 707 +Conte, Tomasini+ (GENO, HAMI3, MILA, SACL) 
PL 82B 391 +Kenney, Deery, Biswas. Cason+ (NDAM) 
NP B l l  259 +Bartsch+ (AACH, BERL, CERN, JAGL. WARS) 
PRL 22 1390 +Collins+ (BNL, CMU) 
NE 54A 999 +Ghidini. Forino+ (BABI, BGNA, FIRZ, ORSA) I 
PRL 20 887 +13ung, Yeh, Ferbel+ (COLU, ROEH, RUTG, YALE) I 
NC 54A 983 +Conte, Cords, Diaz+ (GENO, HAMB, MILA, SACL) 
PL 2813 136 +Karshon, Lai, Scarr, Skillicom (13NL) 
PRL 26 1414 +Prentice, Steenberg, Yoon (TNTO, WlSC} IJP 
PRt 17 890 +Kienzle, Levrat. Maglich, Martin (CERN) 
PL 17 854 + (CERN. EPOL, ORSA, MILA, CEA. SACL) 

- -  OTHER RELATED PAPERS - -  

PL 126B 455 +Blockus, Burka, Chien, Christian+ (JHU) 
NP B154 381 + (BABI, BONN, CERN, DARE, GLAS, LIVP+) 
NP B139 413 +Cartacci+ (BGNA, FIRZ, GENO, MILA, OXF, PAVI) JP 
ANP 114 1 +Pennington (CERN) 
Nevis 207 Thesis (COLU) I 
SJNP 19 568 +Matsyuk, Nilov, Sokolov (ITEP) 
Translated from YAF 19 1109, 
NP B71 189 +Cooper, F]elds, Rhines, Allison+ (ANL, OXF) 
LNC E 707 +Engel, Escoubes, Kurtz, Lloret. Pat']+ (STRB) 
NP B64 14 +Madden, Bishop, Biswas, Kenney+ (NDAM) 
NP B64 184 +Jones, Weilhammer. Blum, Dietl+ (CERN. MPIM) 
PR D7 2554 +Walker. Davis (DUKE, WISC) 
LNC 4 265 +Forino. Cartacci+ (13ARI, BGNA. FIRZ) 
LNC 14 177 Armenise, Fogli-Muciaccia+ (BARI. BGNA, FIRZ)JP 
PRL 29 890 +Caries, Faissler, Blieden+ (NEAS, STON) 
NP B47 81 +Mason, Muirhead, Rigopoulos+ (LIVP, PATR) 
Phil. Conf. 5 +Hyams, Jones, Schlein+ (CERN, MPIM) 
PL 85B 610 +Hyams, Jones, Schlein, Blum+ (CERN, MPIM) JP 
PRL 25 396 +Barton, Gutay, Lichtman, Miller+ (PDRD) 
PR 184 1375 +Selove, Biswas, Cason+ (PENN, NDAM, ROCH) 
NC 62A 755 +Conte, Benz+ (GENO, DESY, HAMB, MILA, SACL) 
5JNP 9 461 +Guzhavin, Kliger. Kolganov, Lebedev+ (ITEP) 
Translated from YAF 9 789. 

BOESEBECK 68 NP B4 501 +Deutschmann+ (AACH, 8ERL, CERN) 
CRENNELL 6813 PL 28B 135 +Karshon, Lai, Scarr, Skillicorn (BNL) 
ABRAMS E7B PRL 18 520 +Kehoe, Glasser. Sechi Zorn. Wolsky (UMD) 
DUI3AL 67 NP B3 435 +Focacci, Kienzle+ (CERN Missing Mass Spect. Collab.) 

Also 68 Thesis 1456 Dubal (GEVA) 
FRENCH 67 NC 82A 488 +Kinson, McDonald, Riddiford+ (CERN, BIRM) 
EHRLICH 66 PR 152 1194 +Selove. Yuta (PENN) 
LEVRAT 66 PL 22 714 +Tol3trup+ (CERN Missing Mass Spect. Collab.) 
5EGUINOT 66 PL 19 712 +Martin+ (CERN Missin 6 Mass Spect Collab.) 
BELLINI 65 NC 40A 948 +DiCorato, Duimlo, Fiorinl (MILA) 
DEUT5CH.. 65 PL 18 351 13eutschmann+ (AACH, BERL CERN) 
FORINO 65 PL 19 65 +Gessaroli+ (BGNA. ORSA, SACL) 

N O T E  O N  p ( 1 4 5 0 )  A N D  p ( 1 7 0 0 )  

In the 1988 edition we replaced the old p(1600) entry 

by two new ones, the p(1450) and the p(1700), because 

there was emerging evidence that the 1600 MeV mass region 

may actually contain two p-like resonances. ERKAL 86 had 

pointed out this possibility with a theoretical analysis on the 

consistency of 27r and 47r electromagnetic form factors and 

of the ~Tr scattering length. D O N N A C H I E  87, with a full 

analysis of the data available in the annihilation reactions 

e+e - ~ ~-+u , 27r+2~ , 7r+~r-Tr°Tr ° and in the photoproduc- 

tion reactions ?p ~ n+Tr p, 27r+27r-p, 7r+Tr-~r°~r°p, had also 

argued that to obtain a consistent picture it was necessary 

to postulate two resonances, whose masses and widths could 

be fixed reasonably well. This picture is supported by the 

analysis of D O N N A C H I E  87B of the J P  = 1 -  ~lp ° mass 

spectra obtained in photoproduction and in e+e  - annihilation; 

the analysis shows the need for a contribution from a p meson 

with a mass of about 1.47 GeV, while this data can say very 

little about a higher mass resonance (actually the data can be 

explained without it). 

The analysis of D O N N A C H I E  87 is extended by CLEGG 

88 to include new data on 47r systems, produced in e+e  - 

annihilation and T-decay (note that 4~r T-lepton decays and 4r  

annihilation reactions can be related by the Conserved Vector 

Current assumption).  These systems are successfully analysed 

in terms of interfering contributions from two p-like states and 

from the tail of the p(770) decaying into two-body states. 

While specific conclusions on p(1450) ~ 4~r are obtained, the 

quality of the data used by CLEGG 88 prevents any conclusion 

on the p(1700) ~ 47r decay. 

Independent supporting evidence for two 1-  states is 

provided by KILLIAN 80 I47r electroproduction at (Q2) = 1 

(GeV/e )  2] and FUKUI 88 (high statistics sample of the q ~  

system in the 7r-p charge exchange reaction). 

This scenario with two overlapping resonances has recently 

been confirmed by new experimental data. BISELLO 89 has 

measured the pion form factor in the energy interval 1.35-2.4 

GeV with significant statistics (280 e+e - ---* ~+Tr- events with 

very low background); a deep minimum is observed around 

1.6 GeV, and the best fit to the form factor is obtained 

with the hypothesis  of two p-like resonances ~ 0.25 GeV wide 

with 1.42 and 1.77 GeV masses. A N T O N E L L I  88 also finds 

that the e+e ~ qTr+Tr - cross section (with three different q 
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Meson Full Listings 
p(1700) 
decay modes) is better fitted with two fl~lly interfering Breit- 

Wigners, whose parameters are in fair agreement with those of 

DONNACHIE 87 and BISELLO 89. 

These new experimental results (although ANTONELLI 

88 is statistically less significant than BISELLO 89) have 

also solved the previous disagreement between DONNACHIE 

87 and FUKUI 88 on the /)(1450) width in favor of the 

DONNACHIE 87 value. From this point of view, the two 

experiments can be considered as a solid confirmation of the 

p(1450). 

Several observations in the c~'7 system in the 1200 MeV 

mass region (FRENKIEL 72, COSME 76, BAEBEE 80C, 

ATKINSON 84C, BEAU 88) may be interpreted either in 

terms of ,]P 1 ;2(770) ---+ rca2 production (LAYSSAC 71) 
or in terms of J ; '  1 + b~(1235) production (BRAU 88). 

We argue that  no special entry for a p(1250) is needed. For 

completeness the relevant observations are listed under p(1450). 

p ( 1 7 0 0 )  M A S S  

VALUE (MeV) DOCUMENT I D 
1700±20  OUR E S T I M A T E  This is only an educated guess; the error given is larger than 

the error on the average of the published values. 

M I X E D  M O D E S  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1712:~13 OUR AVERAGE Includes data f rom the databloek that  fol lows this one. Error 

includes scale factor of 1.2. 
1700~25 D O N N A C H I E  87 RVUE 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1625±25 G O V O R K O V  88 RVUE 
1580±20 1 BUON 82 DM1 e ~ e .~ hadrons 

r/p ° MODE 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 
The data in this block is included in the average printed for a previous datablock. 

1740±20 A N T O N E L L I  88 DM2 e + e - ,  q ~+ 
1701±15 FUKUI  88 SPEC 8.95 = p ~ q~4 ,-r n 

z r+Tr  - M O D E  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1768 ±21  BISELLO 89 DM2 e + e ~ ~+ ~r 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1546 ± 2 6  GESHKENBEIN89 RVUE 
1650 2 ERKAL 85 RVUE 20-70 ~,p ~ ~ =  
1550 ± 7 0  ABE 84B HYBR 20 ~ p  ~ ~ ~r p 
1590 ± 2 0  3 A S T O N  80 OMEG 20 70 Gp ~ p2~r 
1600 .0±100  4 A T I Y A  79B SPEC 50~,C ~ C2~r 

15980 +24"0  BECKER 79 ASPK 1 7 ~  ppo la r ized  

1659 ±25 2LANG 79 RVUE 
1575 2 M A R T I N  78C RVUE 17 ~ p ~ ~ ~ ~ n 
1610 m30 2 F R O G G A T T  77 RVUE 17 = p ~ ,~+ = n 
1590 = 2 0  5 HYAMS 73 ASPK 17 = p ~ =4 = n 

K K  M O D E  
VALUE (MeV~ EVT~  DOCUMENT /D TEEN CHC COMMEN1 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1582±36 1600 E L E L A N D  82B SPEC + 50 = p  
KO K m p  

2(~r+  ~r - )  M O D E  
VALUE (MeV) EVT5  DOCUMENT ID TEEN COMMENT 

1520± 30 3 A S T O N  81E OMEG 20-70"~p  ~ p4=  

• • • We do not use the fol lowing data for averages, fits, limits, etc. • • • 

1570= 20 6 C O R D I E R  82 DM1 e + e  -- 2 ( = ~ =  ) 
1654± 25 7 D I B I A N C A  81 DBC = + d ~  pp2(~T~= ) 
1666± 39 6 BACCI 80 FRAG e + e ~ 2(= + = ) 
1780 34 KILLIAN 80 SPEC 11 e p ~ 2(~r ÷ ,~ ) 
1500 8 AT IYA  79B SPEC 50 "~C -~ C4~ ± 
1570± 60 65 9 A L E X A N D E R  75 HBC 7.5 q p  ~ p 4 :  
1550± 60 3 EONVERSI  74 OSPK e~ e - -  2(~ ~ ,'T ) 
1550± 50 160 S C H A C H T  74 STRC 5.5-9 *,p ~ p4~  
1450± 100 340 S C H A C H T  74 STRC 9-18 - ,p -~ p4=  
1430± 50 400 B I N G H A M  72B HBC 9.3 7 p  - -  p4,~ 

l r +  7 r -  7rO~ ° M O D E  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1660±30  A T K I N S O N  85B OMEG 20-70 ~fp 

1 From g loba l  f i t  of p, w, d~ and their radial excitations to channels ~ ~  , r - ,  K + K - ,  
K 0 K O K 0 K ± 

5 L' 5 ~ " 
2From phase shift analysis of HYAMS 73 data. 
3 Simple relativistic Breit Wigner f i t  w i th  constant width. 
4 A n  additional 40 MeV uncertainty in both the mass and width is present due to the 

choice of the background shape. 
5Included in BEEKER 79 analysis. 
6 Simple relativistic Breit Wigner f i t  w i th  moded dependent width.  
7One peak fit result. 
8 Parameters roughly estimated, not f rom a fit. 
9 Skew mass distr ibut ion compensated by Ross Stodolsky factor. 

p ( 1 7 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT 10 
2 3 5 ± 5 0  OUR E S T I M A T E  This is only an educated guess; the error given is larger than 

the error on the average of the published values. 

M I X E D  M O D E S  
VALUE (MeV~ DOCUMENT IO TEEN COMMENT 
2 1 3 ± 2 1  OUR AVERAGE Includes data f rom the 2 datablocks that  fol low this one. Error 

includes scale factor of 1.5. See the ideogram below. 

220±25  D O N N A C H I E  87 RVUE 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

250±25  G O V O R K O V  88 RVUE 
340±80  10 BUON 82 DM1 e + e ~ hadrons 

W E I G H T E D  A V E R A G E  
213 t. 21 (Error s c a l e d  by  1.5) 

. . . . .  DONNACHIE 87 RVUE ~.1 
~, . . . . . . .  BISELLO 89 DM2 0.3 
• ~[ . . . . . .  ANTONELLI 88 DM2 4.4 
- - ~  • FUKUI 88 SPEC 2.5 

i ~ ( C o n f l d e n c e  Level  = 0 . 0 6 6 )  

100  2 0 0  3 0 0  4 0 0  5 0 0  

p (1700)  w id th ,  mixed modes ( M e V )  

r ip  0 M O D E  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
The data in this block is included in the average ~ i n t e d  for a previous datablock. 

150±30  A N T O N E L L I  88 DM2 e ~ e ~ q , ~  
2 8 2 ± 4 4  FUKUI 88 SPE(  8.95 ~T p ~ q~,+ rr n 

7 r *T r  M O D E  
VALUE (MeV) DOCUMENT ID TECN COMMENT 
The data in this block is included in the average printed for a previous datablock. 

224 ± 22 BISELLO 89 DM2 e~ e " , ~ : 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

620 ± 60 GESHKENBEIN89 RVUE 
<315 1 1 E R K A L  85 RVUE 20 7 0 ~ p ~  q,~ 

280 + 30 ABE 84B HYBR 20 ~,p ~ 7r f T -  p 
80 

230.0= 800  1 2 A S T O N  80 OMEG 2 0 - 7 0 ~ p  ~ p2~  
2 8 3 0 ±  14.0 13 ATIYA 79B SPEC 50 "yC ~ C2~ 

1750 + 98.0 BECKER 79 ASPK 17 ,~ p polarized 
530  

232 = 34 11 LANG 79 RVUE 
340 11 M A R T I N  78C RVUE 17 ~ p ~ ~ +  ~ n 
300 ± 100 11 FROGGATT 77 RVUE 17 7r p - -  =+ = n 
180 L 50 14 HYAMS 73 ASPK 17 = p . =~ = n 

K K  M O D E  
VALUE IMeV) EVT5  DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, tits, l imits, etc. • • • 

265±120  1600 CLELAND 82B SPE(  m 50 T,p 
K O K ± p 
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2(~+ ~r - )  MODE 
_VALUE (MeV) EVT5 DOCUMENT tD TEEN COMMENT 

4'30± 50 12 ASTON 81E OMEG 20-70 ~fp ~ p4~r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

5104_ 40 15CORDIER 82 DM1 e + e  - ~ 2(~r+~r - )  
4,30±146 16DIBIANCA 81 DBC ~ r + d ~  pp2(~r+~r ) 
700±160  15BACCl 80 FRAG e + e  - ~ 2(~r+~r - )  
100 34 KILLIAN 80 SPEC 11 e -  p ~ 2(~r + ~ r - )  
600 17 ATIYA 79B SPEC 50 ~fC ~ C4~r ± 
340± 160 65 18 ALEXANDER 75 HBC 7.5 ~p ~ p4~r 
360+100 12CONVERSI 74 OSPK e + e - ~  2(~r+~r - )  
400d_ 120 160 19 SCHACHT 74 STRC 5.5-9 ~fp -- p4~T 
850±200 340 19 SCHACHT 74 STRC 9-18 ~,p ~ p4~r 
650±100 400 BINGHAM 72B HBC 9.3 7P ~ p4~r 

~+ ~r- ~r°~r ° MODE 
_VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

300±50  ATKINSON 85B OMEG 20-70 "/p 

10From global fit of p, ~, ¢ and their radial excitations to channels ~ 7  ± ~ - ,  K + K - ,  
0 0 0 ± q" 

K s K L ,  K s K  ~r . 

11 From phase shift analysis of HYAMS 73 data. 
12 Simple relativistic Breit Wigner fit with constant width, 
13An additional 40 MeV uncertainty in both the mass and width is present due to the 

choice of the background shape. 
14Included in BECKER 79 analysis. 
15 Simple relativistic Breit-Wigner fit wi th model-dependent width. 
16One peak fit result. 
17 Parameters roughly estimated, not from a fit. 
18 Skew mass distribution compensated by Ross Stodolsky factor. 

19Width errors enlarged by us to 4 F / N 1 / 2 ;  see the note with the K* (892)  mass. 

p(1700) DECAY MODES 

Mode Fraction (F i /F )  

El # ~  dominant 
r2 p°~r+ ~r- large 

r3 p° ;r° 7r° 
F 4 p ±  ~--F/1-0 large 

r5 2(~r+ ff ) large 

r 6 7r + ~T seen 

F7 K K * ( 8 9 2 )  + c.c. seen 

r8 w, seen 

r 9 K K seen 
r 10  e + e seen 
rl1 pOpO 

r12  ;T~ 

#(1700) r(i)r(e + e-)/r(total) 
This combination of a partial width with the partial width into e + e -  and with the 
total width is obtained from the cross-section into channel I in e + e -  annihilation. 

r(2(~+~-)) x r(e+e-)/rtotal r5rl0/r 
VALUE (keV) DOCUMENT ID TEEN COMMENT 
2.64+0.18 OUR AVERAGE 
2.6 :LO.2 DELCOURT 81B DM1 e + e  ~ 2(~r+~r - )  
2 .83±0.42 BAgEl 80 FRAG e + e  - ~ 20T+~r-- ) 

r (~r+~r - )  x r (e  + e-) / r tota I rbrt0/r 
VALUE (keV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.13 20DIEKMAN 88 RVUE e + e  - ~ ~ + ~ r -  

20 Using total width = 220 MeV. 

r (KE*(892)  + c.c.) x r (e  + e-)/rtotal rTrlo/r 
.VALUE (keY) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .305±0.07 ]  21 BIZOT 80 DM1 e + e -  

r(~p) × r(e +e-)/rtotal r3rt0/r  
.VALUE (eV) DOCUMENT /D TEEN COMaENT 

7 ± 3  ANTONELLI 88 DM2 e + e -  ~ 71~r+ 7r- 

r (KK) x r (e+e- ) / r to ta l  r9 r t0 / r  
VALUE (keV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.035±0.029 21 BIZOT 80 D M t  e + e -  

r(p~,,) x r(e+e-)/rtota, 
VALUE (keV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3.510±0.090 21 BIZOT 80 DM1 e + e -  

21 Model dependent. 

rzQ0/r  

p(1700) BRANCHING RATIOS 

r(~+~-)/rtota, r u r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 . )~v+0.043 BECKER 79 ASPK 17 7r- p polarized 
. . . .  - 0.042 

0.15 to 0.30 22 MARTIN 78c RVUE 17 ~r- p ~ ~r + ~r n 
<0.20 23COSTA...  77B RVUE e + e  - ~ 27r, 47r 

0.30 +0.05 22FROGGATT 77 RVUE 1 7 ~ T - - p ~  7r+~T--n 
<0.15 24EISENBERG 73 HBC 5 1 r + p ~  A + + 2 ~ r  

0.25 t 0 . 0 5  25HYAMS 73 ASPK 1 7 7 r - p ~  7r+~T-n 
0.20 ±0 .05  MONTANET 73 HBC 0 . 0 ~ p  

22 From phase shift analysis of HYAMS 73 data. 
23 Estimate using unitarity, t ime reversal invariance, Breit Wigner. 
24 Estimated using one-pion-exchange model. 
25Included in BECKER 79 analysis. 

r (~+ ~ - ) / r  (2(~+ ~-)) rs/r3 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .1340.05 ASTON 80 OMEG 20-70 ~/p ~ p21r 
<0.14 26 DAVIER 73 STRC 8-18 -~p ~ p47r 
<0.2 27 BINGHAM 72B HBC 9.3 "Yp ~ p27r 

26 Upper l imit is estimate. 
272(7 upper l imit. 

F(KK*(892)  + c.c. ) / r (20r+Tr-) )  rT/rs 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .15±0.03 23DELCOURT 81B DM1 e + e  ~ K K ~ r  

28 Assuming p(1700) and ~ radial excitations to be degenerate in mass. 

r (~/p)/rtotal r3 / r  
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.04 DONNACHIE 87B RVUE 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.02 58 ATKINSON 86B OMEG 20-70 ? p  

r(~p)/r(2(~r+~r-)) re/r5 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.123±0.027 DELCOURT 82 DM1 e + e ~ ~T + 7r MM 
0.1 ASTON 80 OMEG 20-70 ~fp 

r(~+~ - neutfals)/r (2(~+ 7r-)) (r3+r4+.709rs)/r5 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2 .6±0 .4  29 BALLAM 74 HBC 9.3 -yp 

29 Upper l imit. Background not subtracted. 

r(KK~/r(2(~+~-))  rg/r5 
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.015±0.010 30 DELCOURT 81B DM1 e + e -  ~ K K 
<0.04 95 BINGHAM 72B HBC 0 9.3 ? p  

30Assuming p(1700) and ~ radial excitations to be degenerate in mass. 

F(K K--)/r(K K*(892) + c.c.) rg/r7 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.052±0.026 BUON 82 DM1 e + e -  ~ hadrons 

r (p  ~+ , , - ) / r  (2(~r  + 7 r -  ) )  r2/r5 
VALUE EVTE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

~ 1 . 0  DELEOURT 818 DM1 e + e  ~ 2 ( ~ + ~  - )  
0.7 d_O.] 500 SCHAEHT 74 STRC 5.5-18 ~fp ~ p4~ 
0.80 31 BINGHAM 72B HBC 9.3 "Yp ~ p47r 

31The ~TTr system is in 5-wave. 

r ( p ~ 0 ~ O ) / r ( p ± ~ 0 )  rE/r4 
VALUE DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.10 ATKINSON 85B OMEG 20-70 -'fp 
<0.15 ATKINSON 82 OMEG 0 20-70 -'fp ~ p4~T 
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p(1700), X(1700), f2 (1720) 

BISELLO 89 
GESHKENBEIN 89 
ANTONELM 88 
DIEKMAN 88 
FUKUI 88 
GOVORKOV 80 

DONNACHIE 07 
DONNACHIE 878 
ATKINSON 868 
ATKINSON 858 
ERKAL 85 
ABE 84B 
ATKINSON 82 
BUON 02 
CLELAND 82B 
CORDIER 82 
DELCOURT 82 
ASTON 81E 
DELCOURT S]B 

Also 82 
DIBIANCA 81 
ASTON 00 
BACCI 80 
BIZOT 80 
KILLIAN 00 
ATIYA 798 
BECKER 79 
LANG 79 
MARTIN 78C 
COSTA .. 778 
FROGGATT 77 
ALEXANDER 75 
BALLAM 74 
£ONVERSI 74 
SCHACHT 74 
DAVIER 73 
EISENBERG 73 
HYAMS 73 
MONTANET 73 
81NGHAM 72B 

p(1700) REFERENCES 

PL 8220 321 *Busetto+ {DM2 Collab ) 
ZPHY 45 351 {ITEP) 
PL B212 133 *Baldini+ (DM2 Collab.) 
PRPL 159 101 (BONN) 
PL B202 441 +Horikawa* (SUGI, NA80, KEK, KYOT, MIYA) 
SJNP 48 150 (JINR} 
Translated from YAF 48 237. 
ZPHY C33 407 +Mirzaie (MCHS) 
ZPHY C34 257 +Clegg (MCHS, LANC) 
ZPHY C3O 531 + (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
ZPHY C26 499 + (BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
ZPHY C29 485 +Olsson (WlSC) 
PRL 53 751 +Bacon, BalSam+ (SLAC Hybrid Facility Photon Collab,) 
PL 108B 55 + (BONN, CERN, GLAS, LANE, MCHS, CURl+) 
PL 1188 221 +Bisello, Bizet, Cordier, Delcourt+ (LALO, MONP) 
NP B208 228 +Delfosse, Oorsaz, Gloor (DURH, GEVA, LAUS, PITT) 
PL 1098 129 +B~sel~o, BizoE Buon, Delcourt (LALO) 
Pk 113B 93 +Bisello, BizoC Buon, Cordier, Mane (LALO) 
NP B189 15 (BONN, CERN, EPOL, GLAS, LANC, MCHS+) 
Bonn Conf 205 (ORSA) 
PL 109B 129 Cordier, Bisello, Bizet, Buon, Delcourt (LALO) 
PR D23 595 ~Fickinger, Malko, Dado, Engler+ (CASE, CMU) 
PL 92B 215 {BONN, CERN, EPOL, GLAS, LANC, MCHS+) 
PL 95B 139 +DeZorzi, Penso, Baldini Celio+ (ROMA, FRAS) 
Madison Conf. 546 +Bisello, Buon, Cordier, Delcourt+ (LALO, USTL) 
PR D21 3 0 0 5  +Treadwell, Ahrens, Berkelman, CasseD (CORN) 
PBL 43 1691 +Holmes. Knapp, Lee, Seto+ (COLU, ILL, FNAL) 
NP 8151 46 +Blanar, Blum+ (MPIM, CERN, ZEEM, CRAC) 
PR D19 906 +Mas-Parareda (GRAZ) 
ANn 114 1 +Pennington (tERN) 
PL 71B 345 Costa De Beauregard, Pffe, Truong (EPOL) 
NP B129 09 +Petersen (GLAS, NOBD) 
PL 57B 487 +Benary, Gaadsman. Lissauer- (TELA) 
NP B76 375 *Chadwick, Bingham, Fretter~ (SLAC, LBL, MPIM) 
PL 52B 493 +Paoluzi, Ceradini, Grilli+ (ROMA, FRAS) 
NP B81 205 +Derado, Pries, Park, Yount (MPIM) 
NP B58 31 +Derado, Pries, Liu, Mozley, Odian. Park+ (SLAC) 
PL 43B 149 +Karshon, Mikenberg, Pitluck+ (REHO) 
NP 864 104 *Jones, Weilhammer, Blum, Dietl+ (CERN, MPIM) 
Erice School 518 (CERN) 
PL 41B 635 , Rabin, Rosenfeld. Smadja { (LBL, UCB, SLAB)IGJP 

- -  OTHER RELATED PAPERS - -  

I X(1700) [ ,c(j;c) = EVEN*(??+) 
was q { 1 7 0 0 )  I 

OMITTED FROM SUMMARY TABLE 

E n h a n c e m e n t  seen in t he  w r n  sys tem p r o d u c e d  in  t he  r a d i a t i v e  decay  o f  t he  

J / t b ( 1 S ) .  M a y  c o n t a i n  s i g n i f i c a n t  s u b s t r u c t u r e .  R e l a t i o n  t o  o t h e r  e n h a n c e -  

m e n t s  seen in r a d i a t i v e  J / t b ( 1 5 )  decay  unc lea r  (see H I T L I N  83) .  T e n t a t i v e l y  

ca l led  X ( I 7 0 0 )  by  us. 

X(1700) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1 7 0 0 . 0 ± 4 5  E D W A R D S  838 C B A L  J / ~  ~ W'f2= 

X(i700) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

5 2 0 : t : 1 1 0  E D W A R D S  83B C B A L  J / O  ~ 71~27r 

X(1700) REFERENCES 

EDWARDS 83B PRL 51 859 ~Par~ridge, Peck+ {ClT, HARV, PRIN, STAN SLAC) 
HITLIN 83 Cornell Conf 746 (ClT) 

f2(1720) I 
was 0(1690) 

I5(J PC) = 0+(2 ++) 
J needs confirmation• 

ACHASOV 88C PLB 209 373 
BRAU 88 PR D37 2379 
CLEGG 88 ZPHY C40 313 
ASTON 87 NP 8292 693 
ERKAL 86 ZPHY C31 615 
BARKOV 85 NP 8256 365 
BISELLO 85 LAL 85 15 
ATKINSON 84C NP 8243 1 
ATKINSON 038 PL 1278 132 
ATKINSON 83C NP B229 269 
AUGUSTIN 83 LAL 83-21 
SHAMBROO 82 PR D06 ] 
ASTON 01F PL 1048 231 
DELCOURT 01 PL 99B 257 
ASTON 8OF NP 8174 269 
BARBER 00C ZPHY C4 169 
HEYN 00 ZPHY C7 169 
KILLIAN 80 PR D21 3005 
O'DONNELL 80 PR D22 711 
BACCl 79 Pk 868 234 
CORDEN 79 NP B107 200 
CORDIER 79 PL 818 309 
COSME 79 NP B152 213 
RICHARD 79 Fermilab Syrup. 400 
SIDOROV 79 Batavia Conf 79 490 
GENSINI 78 BR D17 1368 
QUENZER 70 PL 76B 512 
BUDNEV 77 PL T0B 365 
COSTA. 77 PL 678 213 
GESSAROLI 77 NP B126 082 
BASSOMPIE 76 PL 65B 397 
COMMON 76 NP 8103 109 
COSME 76 PL 638 352 
JOHNSON 76 PL 638 95 
A L L E S  75 NC 30A 136 
CHUNG 75C PR D l l  0436 
ESTABROOKS 75 NP B90 322 
FROGGATT 75 NP 891 454 
HYAMS 75 NP BIO0 205 
LANG 75 PL 58B 45O 
LANGAEKER 75 PR D13 697 
LEE 75 Stanford Conf 213 
RODS 75 NP B97 165 
BERNABEI 74 LNC 11 261 
CHALOUPKA 74 PL 518 407 
ESTABROOKS 74 NP 879 301 
FERBEL 74 PR D9 824 
GRAYER 74 NP 875 I89 
HIRSHFELD 74 NP B74 211 
CEBADINI 73 PL 438 34I 
CHUNG 73 PL 47B 526 
KREUZER 73 PR D8 1431 
OCHS 73 Thesis 
PARK 73 NP B58 45 
BACCI 72 PL 38B 551 
BARBARINO 72 LNC 3 689 
BARTOLI 72 PR D6 2374 
BRAMON 70 LNC 3 693 
DIEBOLD 72 Batavia Conf. 3 1 
EISENBERG 72 PR D5 15 
FRENKIEL 70 NP B47 61 
LAYSSAC 72 NC 10A 407 
SMADJA 72 Phil Conf 349 
ALVENSLEBEN 71 PRL 26 273 
BRAUN 71 NP 830 213 
BULOS 71 PRL 26 149 
LAYSSAC 71 NC 6A 134 

• Kozhevnikov (NOVO) 
-Franek~ (SLAC Hybrid Facility Photon Collah )JP 
+ Donnachie (MCHS, LANC) 
+Awaji, D'Amore+ (SLAC, NAGO, CINC, TORY) 
+Olsson (WISC) 
+Chilingarov, Eidelman, Khazin, Lelehuk* (NOVO) 
+Augustin, Ajaltouni+ (RADO, LALO, CLEB, FRAS) 

(BONN, CERN, GLAS, LANE, MCHS, LPNP+)JP 
(BONN, CERN, GLAS, LANC, MCHS, LPNP+) 
(BONN, CERN, GLAS, LANC, MCHS, LPNP+) 

~Ayach, Biseflo, Baldini+ (LALO, PADO. ERAS) 
+Wilson, Anderson, Francis+ (HARV, EFI, ILL, OXF) 

(BONN, CERN, EPOL, GLAS, LANE, MCHS+) 
+Biseilo, Bizot, Buon, Cordler, Mane (ORSA) 

(BONN, CERN, EPOL, GLAS, LANC, MCHS+) 
+Dainton, Brodbeck, Brookes+ (DARE, LANE, SHEF) 
+Lang (GRAZ) 
• Treadwell. Ahrens, Berkelman, Cassel~ (CORN) 

(TNTO) 
~DeZorzk Penso, Stella+ (ROMA. BGNA, FRAS) 
*DowelL Gawey+ (BIRM, RHEL, TELA, LOWC)JP 
+Delcourt, Eschstruth, Fulda+ (LALO) 
+ Oudelzak, Grelaud, Jean-Marie, Judian- (INN) 

(LAke) 
(NOVO) 
(SLAC) 

*Ribes, Rumpf, Bertrand, Bizot, Chase- (LALO) 
~Budnev, Selebryakov (NOVO) 

Costa De Beauregard, Pham, Pire+ (EPOL) 
+ (BGNA, FIRZ, GENO, MILA, OXF, PAVI) 

Bassompierre, Binder4 {MULH, STRB, TORI) 
(KENT) JP 

+Courau, Dudeizak, Grelaud, Jean Marie+ (ORSA) 
~Martin, Pennington (DUBH, CERN) JP 

Alles Borelli, Bernardini4 (CERN, BGNA, FRAS) 
*Protopopescu, Lynch, Platte+ (BNL, LBL, USC) 
~Martin (DURH} 
+Petersen (GLAS, NORD) 
*Jones, Weilhammer. Blum, Dietl F (CERN, MPIM) 
+Stefanescu (KARL) 
+Segre {PENN) 

(COLU} 
(HELS) 

+Angelo, Spiliantini, Valente (ROMA. FRAS) 
+Ferrando, Losty, Montanet (CERN) 
+ Martin (DURH) 
+Slattery {BOCH) 
+Hyams, Blum, Bietl* (CERN, MPIM) 
+Kramel (HAMB) 
+Conversi, Ekstrand, Grilli+ (ROMA, FRAS, PADO)IGJP 
+Protopopescu, Lynch, Flatte+ (BNL, LBL, UCSC) 
+Kamal (ALBE) 

(aP la )  
(MPIM) ]P 

+Penso, Salvini. Stella, Baldini Celio (ROMA, FRAS)JPC 
*Ceradini+ (FRAS, ROMA, BADe, UMD)IGJP 
+Felicetti Ogren+ (FRAS, ROMA, NAPL)IGJP 
+Greed (FRAS) 

(ANL) 
*Ballam, Dagan+ (REHO, SLAC, TELA) 
+Ghesquiere, Lillestol, Chung+ (CDEF, CERN) 
~Renard (MONP) 
+Bingham, Fretter, Ba~lam, Chadwick+ (LBL, SLAC) 
+Becker, Bercram, Chen+ (OESY. MIT)G 
+Fddman, Gerber, Givernaud+ (STRB) G 
+Busza, Kehoe, Beniston* (SLAC, UMD. IBM, LBL)G 
+Renard {MONP) 

N O T E  O N  f 2 ( 1 7 2 0 )  

The  f2(1720) is seen in the "gluon rich" radiative decay 

J/~;,(1S) ~ 7f2(1720), therefore C = +.  It decays into 2r L 

which implies I G = 0% From the decay' angular  distribution, 

JP  = 0 -  is ruled out, JP  = 2" being strongly favored (ARM- 

STRONG 89D). It is also observed in K K  sys tems recoiling 

against  0 and ~ in hadronic J/>,(1S) decay [FALVARD 88: 

however J/~'(1S) ~ ~f2(1720) is rather controversial]. The 

f2(1720) is not seen in the radiative decay J/zk(1S) ~ 7p°p ° 

(BISELLO 89B), in agreement with the  indication (BALTRU- 

SAITIS 85G) tha t  the pp enhancement  in this region is JP = 

0 , hence unrelated to the f2(1720). 

Clear evidence is seen for the  first t ime in hadroproduct ion 

(ARMSTRONG 89D. 300 GeV/c  pp central production of the 

K K  system),  both in K + K  - and 0 0 K s K  s. Mass and width 

determinat ions are eomplicated since the mass  spectra are 

dominated by the overlap with f,~(1525). The apparent  large 

disagreelnent between the widths found by A R M S T R O N G  89D 

in the two different channels (~  180 MeV in K + K  and 

100 MeV in #-{1~,-o~ • ,S~,Se can be explained by the arbitrariness of 

the polynomial-exponential  background shape which leads to 

a large systematic  error on the width. Note tha t  the f2(1720) 

is not observed in the exclusive hypercharge-exchange reaction 

K p ~ K~,KqA (ASTON 88D). 

A partial-wave analysis of the K q / f  ° sys tem (BOLONKIN 

88) finds a D0 wave ( jPC = 2++) behavior consistent with 

f2(1720), but  its width (~  30 MeV) is much narrower than  the 

width observed in J/~,(1S) decays and in hadroproduction.  

See also the nfinireview under non-q~ candidates.  



See key on page IV.1 

V I I . 5 7  

Meson Full Listings 
f2(1720), f0(1750) 

f2(1720) M A S S  

~_ALUE (MeV) DOCUMENT ID TEEN COMMENT 

1713.2 + 41:9 OUR AVERAGE 

1713 4-10 ARMSTRONG 89DOMEG 300pp~ p p K + K  - 
1706 +10 ARMSTRONG 89D OMEG 300 p p  ~ ppKO 5 KO 5 

1707.0±10.0 AUGUSTIN 88 DM2 J/#,  ~ ~'K + K -  
1698 ±15 AUGUSTIN 87 DM2 Jl~b ~ ~ +  ~r- 
1720 4-10 4-10 BALTRUSAIT..,87 MRK3 J/ '~ ~ ~fK + K -  

1730 +_12 I '2LONGACRE 86 MPS 2 2 ~ r - p ~  n2K 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1700 4-15 BOLONKIN 88 SPEC 40~r p ~  ~ 5 / ~ 5 n  i 
1638 ± l O  3 FALVARD 88 DM2 J l '~  ~ CK  + K J 
1690 4- 4 4 FALVARD 88 DM2 J l ~  ~ CK + K -  I 
1670 4-50 BLOOM 83 CBAL J/~b ~ ~2n 
1650 4-50 BURKE 82 MRK2 J/tb ~ "T2p 
1708.0,130.0 FRANKLIN 82 MRK2 e + e -  ~ -~K + K -  

1 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. 
2 Fit with constrained inelasticity. 
3 From an analysis ignoring interference with f.~(1525). I 

4 From an analysis including interference with f~(1525), i 

f2(1720) W I D T H  

~_~ALUE (MeV) DOCUMENT IO TEEN COMMENT 

138 _+ 12 OUR AVERAGE 

181 4- 30 ARMSTRONG 89D OMEG 300 pp ~ ppK + K -  i 
104 4- 30 ARMSTRONG 89D OMEG 300 pp  ~ ppKO 5 KO s I 166.4=[_ 33.2 AUGUSTIN 88 DM2 J/ tb ~ .TK + K -  
136 4- 28 AUGUSTIN 87 DM2 J / ~  ~ "7~r+Ir - 
130 4- 20 BALTRUSAIT,.37 MRK3 J / ~ J ~  ~ , K + K  - 

122 +_ 7415 5,6LONGACRE 86 MPS 2 2 7 r - p ~  n2KO S 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

30 ± 20 BOLONKIN 88 SPEC 40 7r- p -- ~ K O n I 
148 -E 17 7 FALVARD 88 DM2 J/~, ~ qbK + K -  I 
184 4- 6 8 FALVARD 88 DM2 J/ th ~ ~ K  + K -  I 
160 4- 80 BLOOM 83 CBAL J / ~  ~ ~2T I 
200 4-100 BURKE 82 MRK2 J/~b ~ --f2p 
156.04- 60.0 FRANKLIN 82 MRK2 e + e -  ~ -~K + K -  

5 From a partial wave analysis of data using a K-matrix formalism with 5 poles. 
6 Fit with constrained inelasticity. 
7 F . . . . . . . .  lysis ignoring interfe . . . . . .  lth f~ (1525). i 

8 From an analysis including interference with f~(1525). I 

f2(1720) D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

F1 K ~  (38 +19 ) %  

F2 FITI (18.0 + 3.0 ) %  13.0 

0.20~ o/ F3 7r~ ( 3"90+ 2.40; /o 

['4 PP possibly seen 

[-5 "~'7 

f2(1720) r ( i ) r ( - m , ) / r ( t o t a l )  

r ( r ~ )  x r(~-y)/rtota, 
~/ALUE (keY) EL% OOCUMENT ID TECN COMMENT 

<0.11 95 9 BEHREND 89c CELL -,/~ ~ /~S KO 

,, • • We do not use the following data for averages, fits, limits, etc, • • • 

<0•28 95 9 ALTHOFF 85B TASS "7~' ~ KK~r 

9 Assuming helicity 2. 

rlrslr 

r ( T r ~ ) I r t o t a ,  r 3 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0 0  ~° +0"002 n 2 / ~  5 • ~ - 0 . 0 2 4  10,11 LONGACRE 86 MPS 227r-  p 

10 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. 
11 Fit with constrained inelasticity• 

f2(1720) REFERENCES 

ARMSTRONG 89D PL B227186 +Benayoun (ATHU, BARI, BIRM, CERN, CDEF) 
BEHREND 89C ZPHY C4391 +Criegee, Dainton+ (CELLO Collab.) 
AUGUSTIN 88 PRL 6 0 2 2 3 8  +Calcaterra+ (DM2 Collab.) 
BOLONKIN 88 NP B309426 +Bloshenko, GoUn+ (ITEP, SERP) 
FALVARD 88 PR D382706 +Ajaltouni+ (CLER, FRAS, LALO, PADO) 
AUGUSTIN 87 ZPHY C36369 +£osme+ (LALO, CLER, FRAS, PADO) 
BALTRUSAIT... 87 PR D352077 Baltcusaitls, ColTman, Dubois+ (Mark III Collab.) 
LONGACRE 86 PL B177223 +Etkin+ (BNL. BRAN. CUNY, DUKE, NDAM) 
ALTHOPF 85B ZPHY C29189 +Brauffschweig, KBschfink+ (TASSO Co)lab.) 
BLOOM 83 ARNS 33143 +Peck (SLAC, CIT) 
BURKE 82 PRL 49 632 +Trilling, Abcams, Alam. Blocker+ (LBL. SLAC) 
FRANKLIN 82 SLAC-254 (SLAC) 

- -  OTHER RELATED PAPERS - -  

BISELLO 89B PR D39701 Busetto+ (DM2 Collab.) 
ASTON 88D NP B301525 +Awaji, Bienz+ (SLAC, NAGO, CINC, TOKY) 
AKESSON 86 NP B264154 +Albrow, Almehed+ (Axial Field Spec. Collab.) 
ARMSTRONG 86B PL 1E7B 133 +Bloodworth, Cafney~ (ATHU, BARI, BIRM, CERN) 
BALTRUSAIT... 85G PR D331222 Baltrusaitis+ (CIT, UCSC, ILL, SLAC, WASH) 
ALTHOFF 83 PL 121B 216 +Brandelik, Boomer, Burkhardt+ (TASSO Collab.) 
BARNETT 83B PL 120B 455 +Blockus, Burka, Chien, Christian+ (JHU) 
ALTHOEF 82 ZPHY C1613 +Boerner, Burkhardt+ (TASSO Collab ) 
BARNES 82 PL 116B 365 +Close (RHE[) 
BARNES 82B NP B198360 +Close, Monaghan (RHEL, OXF) 
TANIMOTO 82 PL 116B 198 (BIEL) 

Ifo(1750) I ,G(:Pc) = 0+(0++) 
w a s  5(1730) I 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

0 0  Seen in phase-shift analysis of K 5 K 5 system and in ~1~1 mass distr ibut ion. 
We also include ALDE 86C here al though the quantum numbers are not 
certain. Needs confirmation. 

fo(1750) M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1720 -560 BOLONKIN 88 SPEC 40 ~ -  p ~ K0~ K0~ n 

1755.04- 8.0 ALDE 86C G A M 2 3 8 7 r -  p ~ n2r/ 
1742.04-15.0 WILLIAMS 84 MPSF 2007r N ~ 2K0~ X 

1730.04-10 4-20 1 ETKIN 82C MPS 237r- p ~ n2K~' 

1 From an amplitude analysis of the /~5 KO system• 

6 ( 1 7 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

350 1150 BOLONKIN 88 SPEC 4 0 7 r - - p ~  KO~KO~n 

50.0+ 8.0 ALDE 86C G A M 2 3 8 7 r -  p ~ n2r/ 
57.0J. 38.0 WILLIAMS 84 MPSF 200 ~r- N ~ 2KO~ X 

200.0+156100 2 ETKIN 82B MPS 23 ~- p ~ n 2 / ~  S 

2 From an amplitude analysis of the /~5 KO system. 

f0(1750) D E C A Y  M O D E S  

Mode 

r l  K K  

F2 71q 

f0(1750) R E F E R E N C E S  f2(1720)  B R A N C H I N G  R A T I O S  

r(K~)/rtota, rl/r 
VALUE DOCUMENT ID TECN COMMENT 

0.38 +0"09_0.19 10,11 LONGACRE 86 MPS 22 ~" p ~ n2K  0 

i " ( r f f l ) /F to ta l  r 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

018 +0.03 10,11 LONGACRE 86 MPS 22 • -  p ~ n 2 K g  
• --0.13 

BOLONKIN s8 NP B309426 
ALDE 86C PL B182105 
WILLIAMS 84 PR D30877 
ETKIN 82B PR D251786 
ETKIN 82C PR D252446 

+Bloshenko, Gorin+ (ITEP, SERP) 
+Binon, Bricman+ (SERP, BELG, LANL, LAPP) 
+Diamond+ (VAND, NDAM, TUFT, ARIZ, FNAL+) 
+Foley, Lai+ (BNL, CUNY, TUFT, VAND) JP 
+Foley, Lai+ (BNL. CUNY, TUFT, VAND) 



V11.58 

M e s o n  Fu l l  L i s t i n g s  

~ / ( 1 7 6 0 ) ,  ~ - ( 1 7 7 0 ) ,  f 2 ( 1 8 1 0 )  

1 O700) 1 : 
OMITTED FROM SUMMARY TABLE 

Seen at DCI in the 4~T system, Needs confirmation. 

F/(1760) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN 

17604-11 320 1 BISELLO 89B DM2 

1 Estimated by us from various fits. 

J/~/, -- 4~r'~ 

7/(1760) WIDTH 

VALUE (MeV I E V T S  DOCUMENT IO TEEN COMMENT 

60116 320 2 BISELLO 89B DM2 J/~'~ ~ 47r~f 

2 Estimated by us from various fits. 

~i(1760) REFERENCES 

BISELLO 89B PR D39 701 Busetto4 (DM2 Collab] 

OMITTED FROM SUMMARY TABLE 

Seen in part ia l -wave analysis of the di f f ract ively produced 3= system. Needs 

conf i rmat ion.  

'n-(1770) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN CHO COMMENT 

1770=I=30 1100 BELLINI 82 SPEC 40 ~T-- A -- 37rA 

~r(1770) WIDTH 

VALUE (MeV~ E V T 5  DOCUMENT ID TECN CHO COMMENT 

3104-50 1100  BELLINI 82 SPEC - 40 ~ -  A -- 37rA 

7r(1770) DECAY MODES 

Mode Fraction (P i /F)  

F 1 f 0 (1400 )  ~ dominant 

F2 p~T not seen 

OMITTED FROM SUMMARY TABLE 

From an ampl i tude  analysis of the K + K  system seen in ~T-- p ~ K + K n 
at 10 GeV/c .  Confirmed by LONGACRE 86. Seen also in = + =  ~ 27r 0 

ampl i tude  analysis (CASON 82), in the part ia l -wave analysis of the 71rl system 

(ALDE 86D) and in the 4zr 0 mass spectrum (ALDE 88). 

f2(1810) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1806 -510 1600 -5 100 ALDE 87 GAM4 100 ,~ p ~ 4~r 0 n 
1870 -540 1ALDE 86DGAM4 1 0 0 = - p ~  4~n 

18~R n + 18.0 2 LONGACRE 86 MPS Compilation . . . .  71.0 
1799.0±15.0 CASON 82 STRC 8 7 - - p ~  p~T--2~T 0 

+35  0 1 8 5 7 0  2410 3 COSTA... 80 OMEG 10 ~T-- p ~ K-- K-- n 

t Seen in only one solution. 
2 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. Includes 

compilation of several other experiments. 
3 Error increased by spread of two solutions. Included in LONGACRE 86 global analysis. 

f2(1810) WIDTH 

VALUE (MeV) E V T S  DOCUMENT tO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

190 ± 20 1600 ± 100 ALDE 87 GAM4 100 = p - -  4,'r 0 n 
250 ~+ 30 4ALDE 86DGAM4 100= p ~  4?,n 

15.0 5 LONGACRE 86 MPS Compilation 3880- -  210 

2800 ~ 420  CASON 82 STRC 8 =~ p -~ p - +  27r 0 
850  " 

+ 1020 6 COSTA... 80 OMEG 10 ~ p ~ K ~ K n 1850 1300 

4Seen in only one solution. 
5 From a partial-wave analysis of data using a K-matrix formalism with 5 poles. Includes 

compilation of several other experiments. 
6 Error increased by spread of two solutions. Included in LONGACRE 86 global analysis. 

f2(1810) DECAY MODES 

Mode Fraction ( F i / r )  

"K(1770) BRANCHING RATIOS 

r (f0(1400) ~T)/rtota, r l / r  
VALUE DOCUMENT ID TEEN CHO COMMENT 

dominant BELLINI 82 SPEC 40 Tr- A ~ 3~A 

F (p~T)/Ftotal r2 / r  
VALUE DOCUMENT ID TEEN CHO COMMENT 

not seen BELLINI 82 SPEC - 40 7r- A ~ 3=A 

7r(1770) REFERENCES 

BELLINI 82 PRL 48 £697 { Frabem, Ivanshin, LitMn~ {MILA, BGNA, JINR) 

rl  ~ (21o+ ]:o °)~o 
F2 ,/,/ ( 8o+2]: °)xlo 8 
F3 4~T 0 ( 6 4 1 2 ] i 0 ) × 1 0  3 

F4 K+K ( 30+1~:0)× 10 3 

f2(1810) BRANCHING RATIOS 

F (~r ~)/Ftota I F1/F 
VALUE DOCUMENT /0 TEEN COMMENT 

0.21+0:02 7 LONGACRE 86 MPS Compilation 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 4 4 ± 0 0 3  8CASON 82 STRC 8 =-  p ~ p=E27rO 

r(nn)/rtotal r2/r 
VALUE DOCUMENT ID TEON COMMENT 

0008_+0:8   7LO.GAC.E 88 MPS Compilation 

r0r 7r)/r(47r° ) rl/r3 
VALUE DOCUMENT iD TEEN COMMENT 

• • • We do not use the followin 6 data for averages, fits, limits, etc. • • • 

<0 75 ALDE 87 GAM4 100 = p ~ 4= 0 n 

r (4~0)/r (,j,/) r3/r2 
VALUE DOCUMENT ID TEEN COMMENT 

0.8-50.3 ALDE 87 GAM4 100 ~ p ~ 4~ 0 n 



See key on page I V. 1 

VII .59 

Meson Full Listings 
f2(1810), ¢3(1850), f2(1920), X(1920)  

F ( K  + K - ) / r t o t a  I F U r  
W~LUE DOCUMENT ID TEEN COMMENT 

0 t ~ + 0 . 0 1 9  7 LONGACRE 86 MPS Compilation . w ~  _ 0 .002  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen COSTA.,. 80 OMEG i0 7r- p ~ K + K n 

7 From a partial-wave analysis of data using a K-matrix formalism with 5 poles, includes 
compilation of several other experiments. 

8 Included in LONGACRE 86 global analysis. 

t'2 ( 1810 ) REFERENCES 

ALOE S8 PL B201 160 +Be,azini, Binon+ (SERP, BELG, LANL, LAPP, PISA) 
ALDE 87 PL B198 286 +Binon, Bricman+ (LANL, BRUX, SERP, LAPP) 
ALOE S6D NP B269 485 +Binon, Bricman+ (BELG, LAPP, SERP, CERN) 
LONGACRE 86 PL 8177 223 +Etkin+ (BNL, BRAN, CUNY, DUKE, NDAM) 
C~,SON 82 PRL 48 1316 +8iswas, 8aumbaugh, Bishop+ (NDAM, ANL) 
COSTA... 80 NP B175 402 Costa De Beauregard+ (BARI, BONN, CERN+) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

CASON 83 PR D2B 1586 +Cannata, 8aumbaugh, Bishop+ (NDAM, ANL) 
ETKIN 82B PR D25 1786 +Foley, Lai+ (BNL, CUNY, TUFT, VAND) 

C, (1850) 
was X(1850) 
w a s  ~ j ( 1 8 5 0 )  

IG(J  PC) = 0 (3 ) 

Seen in the K K  and K K T r  mass distributions• 

@ 3 ( 1 8 5 0 )  M A S S  

DOCUMENT IO TECN COMMENT 

I 920) I : 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen by ALDE 898 in ~ w  mass distr ibut ion. Needs confirmation. 

f2(1920) M A S S  

VALUE (MeV) EL% DOCUMENT ID TEDN COMMENT 

1924-1-14 2 SINGOVSKY 90 GAM2 38 7r- p ~ n ~  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1956±20 90 1 ALDE 898 GAM2 38 Tr p ~ n~J~ 

1Signal seen as superimposition of f2(1920) and f4 (2050). 

2 This result supersedes ALDE 898. 

f2(1920) W I D T H  

VALUE (MeV] CL% DOCUMENT ID TECN COMMENT 

91±50 4 SINGOVSKY 90 GAM2 38 ~- p ~ n~w 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

220±60 90 3ALDE 898 GAM2 3 8 ~ r - p ~  n ~  

3 Signal seen as superimposition of f2 (1920) and f4 (2050). 

4 This result supersedes ALDE 89B. 

f2(1920) D E C A Y  M O D E S  

Mode Fract ion (F i / r )  

F 1 ~ seen 

VALUE (MeV) EVTS 

1 8 5 4  :E 7 O U R  AVERAGE 
1855 ±10 ASTON 88E LASS 11 K - p  ~ K -  K + A ,  I 

K O K ± 7rT A r (~ w)/rtota , 
5 VALUE 

+30 0 1870.0 2010 430 ARMSTRONG 82 OMEG 18.5 K p ~ K -  K + A seen 

1850.0± 10.0 123 ALHARRAN 818 HBC 8.25 K -  p ~ K K A  

2"ALUE (MeV} EVT5 

87 +28 OUR AVERAGE Error includes scale factor of 1.2. - 23  

64 ±31 ASTON 88ELASS 1 1 K  p ~  K - K + A ,  I 
KOs K± ~ -  A 

+90 0 160.0_ 5010 430 ARMSTRONG 82 OMEG 18.5 K -  p ~ K -  K + A 

n n +40-0 123 ALHARRAN 818 HBC 8.25 K -  p ~ K K A  
~'~ 30.0 

( / ) 3 ( 1 8 5 0 )  W I D T H  SINGOVSKY 
ALDE 

DOCUMENT ID TECN COMMENT 

f2(1920) B R A N C H I N G  R A T I O S  

ri/r 
DOCUMENT ID TEEN COMMENT 

ALDE 89B GAM2 38 ~r- p ~ nw~ I 

f2(1920) REFERENCES 

90 Hadron 88 Conf. (SERP, BELG, LANL, LAPP, PISA, KEK) 
898 PL B216 451 ~8inon, Bricman+ (SERP, BELG, LANk LAPP, TBLI) IGJPC 

I x ( i 9 2 0 )  I : 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen by (ALDE 89) i in ~j71 mass distr ibut ion. Needs confirmation. 

~3(1850)  D E C A Y  M O D E S  

Mode Fraction ( r i / F )  

Fl K K  seen 
F2 K K * ( 8 9 2 )  + C.C. seen 

@3(1850) B R A N C H I N G  R A T I O S  

I"(KK*(892) + c.c . ) / r (K~)  r 2 / r l  
VALUE DOCUMENT ID TEEN COMMENT 

(]5 ~+0'85 ASTON 88E LASS 1 1 K - p ~  K - K + A ,  I 
• ~ -  0 .45  

K O K ± 7r -F A 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

C.8 20.4 ALHARRAN 818 HBC 8.25 K p ~ KK~rA 

@ 3 ( 1 8 5 0 )  R E F E R E N C E S  

/~,STON 88E PL 8208 324 +Awaji, Biewz+ (SLAC, NAGO, CINC, TOKY)IGJPC 
ARMSTRONG 82 PL 1108 77 +Bauhillier+ (8ARI, BIRM, CERN, MILA, LPNP+)JP 
ALHARRAN 818 PL 1018 357 +Amirzadeh+ (81RM, CERN, GLAS. MICH, LPNP) 

- -  O T H E R  R E L A T E D  PAPERS - -  

CORDIER 828 PL l l0B 335 +8isdlo, 8izot, 8uon, Oelcourt, Fayard+ (LALO) 
ASTON 808 eL 92B 219 (BONN, CERN, EPOL, GLAS, LANE, MCHS+) 

X ( 1 9 2 0 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1911=I=10 1 PROKOSHKIN 90 GAM2 38 ~T-- p ~ qd' n 

1These results supersede ALDE 89 and ALDE 86c. 

X ( 1 9 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

90:535 2pROKOSHKIN90 GAM2 3 8 ~ T - p ~  r /q ln  

2These results supersede ALDE 89 and ALDE 86c. 

Mode 

X ( 1 9 2 0 )  D E C A Y  M O D E S  

Fraction (Fi /F)  

Fi qTl' 
r 2 TiT/ 
r 3 ~TO~T 0 

X ( 1 9 2 0 )  B R A N C H I N G  R A T I O S  

DOCUMENT ID TEEN COMMENT 

rl/r 
I 

r(n,f)/rtota~ 
VALUE 

seen ALDE 89 GAM2 38~r p ~  nT?q I 



VI I .60 

Meson Full Listings 
X(1920) ,  f2(2010), a4(2040) 

r(~)/r(~n') r2/rl 
VALUE EL% DOCUMENT IO TEEN COMMENT 

<0.05 90 3 p R O W l I N g 0  GAM2 387r-p-- q~/n I 

3These results supersede ALOE 89 and ALDE 86c. i 

r(~%°)Ir(n¢) r3/q 
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.1 90 ALDE 89 GAM2 38= p ~ n t is /  i 

r(K ° K°)/r(v¢) rd r l  
VALUE CL~/o DOCUMENT ID TEEN COMMENT 

<0.066 90 BALOSHIN 86 SPEC 407rp- ~ 5 ~ 5 n  I 

X(1920) REFERENCES 

PROKOSHKIN 90 Hadron 89 Conf (SERP, BELG, LANL, LAPP, PISA, KEK) 
ALOE 89 PL B216 447 eBinon, Bficman. Oonskov+ (SERP, BELG, LANE, LAPP)IG 
ALDE 86C PL B182 105 tBinon, Bricman+ (SERP, BELG, LANL, LAPP) 
BALOSHIN 86 SJNP 43 959 +Barkov, Bolonkin, Vladimirskii, Grigoriev+ (ITEP) 

Translated from YAF 43 1487 

I5(J PC) = 0+(2 +~) 

See also the mini-review under non-q~ candidates. (See the index for the 
page number.) 

f2(2010) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

201]. + 62 1 ETK IN  88 MPS 22 Tr- p ~ ~ n  
- 76  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1980 ± 20 2 B O L O N K I N  88 SPEC 40 lr P ~ KO5 KS0 n 

2050.0 + 90.0 ETK IN  85 MPS 22 ~ p ~ 2~n  
50.0 

+ 200  2 ] 2 0 . 0  12010 L I N D E N B A U M  84 RVUE 

2160.0=- 50.0 ETKIN 82 MP5 16 ~ p ~ 2q~n 

1 Includes data of ETK IN  85. The percentage of the resonance going into ~ 2 ~ -  S 2 , 

D2, and D O is 98+~, 0+~, and 2+ 2, respectively. 

2 Statistically very weak, only 1.4 sigma. 

f2(2010) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

202 + 67 3 ETKIN 88 MPS 22 ~r p ~ @¢n 
- 62 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

145 ~: 50 4 BOLONKIN  88 SPEC 40 = P ~ KO S KO S n 

+ 1 6 0 0  200.0 5010 ETK IN  85 MPS 22 ~ p ~ 2@n 

+1500 3000__ 5010 L I N D E N B A U M  84 RVUE 

310.0J_ 70.0 ETKIN 82 MPS 16 7r p ~ 2~,n 

3 T Includes data of E KIN 85. 
4 Statistically very weak, only 1 4  sigma. 

f2(2010) DECAY MODES 

Mode Fraction (Fi / 'F)  

F1 <~ (~ seen 

I a (2040)1 : ,  
OMITTED FROM SUMMARY TABLE 

Seen in partial-wave analysis of the KK and ~T+Tr =0 systems. 
confirmation. 

Needs 

a4(2040) MASS 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 
2 0 3 7  ::1:26 O U R  A V E R A G E  

2040.0:}-300 1 CLELAND 828 SPEC a_ 50 7rp ~ K~  K ± p 

2030.0=-500 2 CORDEN 78C OMEG 0 15 7r p ~ 3~rn 
• • • We do not use the fol lowing data for averages, fits, Hmits, etc. • • • 

1 9 0 3 , 0 ± 1 0 0  3 BALDI  78 SPEC 10 ~r-np 
pKUs K 

1 From an ampl i tude analysis. 
2 j P  4 + is favored, though JP - 2 + cannot be excluded. 

3From a fit to the Y~8 moment .  Limited by phase space. 

a4(2040) WIDTH 

VALUE (MeV I DOCUMENT IO TEEN CHG COMMENT 
4 2 7  / : 1 2 0  O U R  A V E R A G E  

3800=I-150.0 4 CLELAND 828 SPEC -h 50 ~rp ~ K 0 K ± p 

510.0:L200.0 5 CORDEN 78C OMEG 0 15 =- p ~ 37rn 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

16601 43.0 6 BALDI 78 SPEC 10 ~r p 
pKO K 

4From an ampl i tude analysis. 

5 j P  _ 4 + is favored, though JP 2 + cannot be excluded. 

6 From a fit to the Y~8 moment.  Limited by phase space. 

a4(2040) DECAY MODES 

Mode Fraction ( F i / F )  

F 1 K K-  seen 
r2 ~ r -  IT, / r  0 seen 

a4(2040) BRANCHING RATIOS 

F(KK)/Ftota, 
VALUE DOCUMENT IO TEEN CNG 

seen BALDI 78 SPEC ± 

r(=+~ =O)/rtota, 
VALUE 

i seen 

rl/r 

1 0 = - p ~  
KOs K -  p 

F2/F 

CORDEN 78c OMEG 0 1 5 = - p ~  37rn 

CLELAND 
BALDI 
CORDEN 

DELFOSSE 

a4(2040) REFERENCES 

82B NP 8208 228 +Delfosse. Dorsaz. Grout (OURH. GEVA. LAUS. P~TT) 
78 eL 74B 413 +Bohringer. Dorsaz, Hungerbuhler+ (GEVA) Je 
7SO NP B136 77 +Dowell. Garvey+ (BIRM. RHEL. TELA. LOWC)JP 

- -  OTHER RELATED PAPERS - -  

81 NP 8188 349 +Guisan, Mart]n, Muhlemann, Weill- (GEVA, LAUS) 

f2(2010) REFERENCES 

BOLONKIN 88 NP B309 426 +Bloshenko, Gorin+ (ITEP SERP) 
ETKIN 88 eL B201 568 ~Foley, Lindenbaum-~ (BNL, CUNY) 
ETKIN 85 eL 165B 217 +Foley, Longacre, Lindenbaum+ (BNL, CUNY) 
LINDENBAUM 84 ENPP 13 285 (CUNY) 
ETKIN 82 PRL 49 1620 +Foley, Longacre, Lindenbaum~ (BNL, CUNY) 

Also 83 Brighton Coaf 351 Lindenbaum (BNL, CUNY) 

- -  OTHER RELATED PAPERS - -  

ARMSTRONG 89B PL 8221 221 +Senayoun+ (CEBN, CDEF, BIRM, BARI, ATHU, LPNP) 
GREEN 86 PRL 56 1639 ~Lai* (PNAL. ARIZ. FSU. NDAM. TUFT. VAND+) 
BOOTH 84 NP B242 51 .Ballance. Carroll Donald+ (LIVP, GLAS, CERN) 



,See key on page IV.1 

la3(2050) I ='-('++) 
was A(2050) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Formerly called A 4 or ~r. Needs conf i rmat ion.  

a3(2050 ) MASS 

VALUE (MeV} EVTS DOCUMENT 4D TEEN CHG COMMENT 

20804-40 208 KALELKAR 75 HBC + 15 ~r + p 

P ~r+ P3 
• • • We do not use the following data for averages, fits. limits, etc. • • • 

,~ 2100 ANTIPOV 77 CIBS 25 ~t- p 

p~r P3 
2214± 15 BALTAY 77 HBC 0 15 ~ ' -  p 

A + +  3~r 

a3(20S0 ) WIDTH 

VALUE (MeV} EVT5 DOCUMENT ID TEEN CHG COMMENT 

3 4 0 ± 8 0  208 KALELKAR 75 HBC + 15 ~+ p 

P~r+ P3 
. • • We do not use the following data for averages, fits, limits, etc. • • • 

,~ 500 ANTIPOV 77 CIBS 25 ~r- p 

p~r-- P3 
355±21  BALTAY 77 HBC 0 15 ~r- p 

A + +  3~r 

Vll.61 

Meson Full Listings 
a3(2050), f~(2050) 

a3(2050 ) DECAY MODES 

Mode Fraction ( r i / r )  

I-i 3~r 
I"2 P3(1690)~ r  dominant 

a3(2050) BRANCHING RATIOS 

I- (p3(1690) ~r)/r (3~r) 
VALUE DOCUMENT tO TEEN C HG COMMENT_ 

dominant KALELKAR 75 HBC + 15 ~+ p ~ p3~ 

I r,(2o5o) I 
was h(2030) I 

I G ( J  P C )  = 0 + ( 4  + +  ) 

f4(2050) MASS 

VALUE (MeV~ EVTS DOCUMENT ID TE_ CN COMMENT 
2049 4-10 OUR AVERAGE Error includes scale factor of 1.2. 
2060 :520 SINGOVSKY 90 GAM2 38 7r- p ~ n ~  
2038 ± 3 0  AUGUSTIN 87 DM2 J / O  ~ ?~r + ~r -  
2086 ± 15 BALTRUSAIT..~7 MRK3 J / ~  ~ "7~r + ~ : -  
2000.0±60.0 ALDE 86D GAM4 100 ~r- p ~ n2~/ 
2020.0±20.0 40k 1 BINON 84B GAM2 38 ~r- p ~ n2~ 0 
2015.0±28.0 1 CASON 82 STRC 8 ~r + p ~ p~r + 2~r 0 

2031.0-- +25  ETKiN 82B MPS 23 ~r p - -  n 2 / ~  S 

2020 ± 3 0  700 APEL 75 CNTR 4 0 ~ r - p ~  n2~r 0 
2050 ± 2 5  BLUM 75 ASPK 18.4 ~r-  p ~ n K  + K -  

r21rl 

a 3 ( 2 0 5 0  ) R E F E R E N C E S  

ANTIPOV 77 NP BII9 45 
BALTAY 77 PRL 39 591 
KALELKAR 75 Nevis 207 Thesis 

+Busnello, Damgaard, Kienzle+ (SERE GEVA) 
+Cautis. Kalelkar (COLU) JP 

(COW) 

- - O T H E R  RELATED P A P E R S - -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1978.04- 5.0 2 ALPER 80 CNTR 62 ~T- p ~ K + K -  n 
2040.04-10.0 2 ROZANSKA 80 SPRK 18 7r-  p ~ p ~ n  
1935.04-13.0 2CORDEN 79 OMEG 1 2 - 1 5 7 r - p ~  n2~r 
1988.04- 7.0 EVANGELISTA79B OMEG 10 7r- p ~ K + K -  n 
1922.04-14.0 3 ANTIPOV 77 ClBS 25 ~ p ~ p37r 

i From amplitude analysis of reaction 7r + ~T- ~ 2~T 0. 
2 I ( j P )  = 0(4 + )  from amplitude analysis assuming one-pion exchange, 

3Width  errors enlarged by us to 4 r / N 1 / 2 ;  see the note with the /<*(892) mass. 

f4(2050) WIDTH 

VALUE (MeV) EVTS DOCUMENT ID TEEN 
203 4- 12 OUR AVERAGE 
170 ± 60 SINGOVSKY 90 GAM2 
304 ± 80 AUGUSTIN 87 DM2 
210 ± 63 BALTRUSAIT..~7 MRK3 
400.0 J_ 100.0 ALDE 86D GAM4 
240.0:5 40.0 40k 4 BINON 84B GAM2 
190.0± 14.0 DENNEY 83 LASS 

186 0 4103"0 4 CASON 82 STRC " - 58,0 

30K 0 + 36 ETKIN 82B MPS ~" - 1 1 9  

180 ± 60 700 APEL 75 CNTR 

+120 BLUM 75 ASPK 225 
tU  

COMMENT 

38 7r-- p ~ n~J~ 
J / O  ~ ~ T ,+T r -  
J / ~  ~ ~ lr + ~ -  
100 7r- p ~ n27/ 
38 lr p ~ n27r 0 
10 7r + n / l r  + p 

8 7r t p ~ p = +  27r 0 

23 7r- p ~ n 2 / ~  5 

40 = -  p ~ n21r 0 

18.4 7r- p ~ n K + K  - 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

243,0± 16.0 5 ALPER 80 CNTR 82 7r p ~ K + K -  n 
140.04- 15.0 5 ROZANSKA 80 SPRK 18 ;,'r p ~ p # n  
263.0± 57.0 5 CORDEN 79 OMEG 12-15 7r- p ~ n2w 
100.04- 28.0 EVANGELISTA 79B OMEG 10 7r- p ~ K + K -  n 
107.0± 56.0 6 ANTIPOV 77 CIBS 25 lr p ~ p37r 

HARRIS 81 ZPHY C9 275 +Dunn, Lubatti, Moriyasu, Podolsky+ (SEAT, UCB) 
BALTAY 78 PR D17 52 +Cautis, Cohen, Csorna, Kalelkar+ (COLU, BING) 
CAUTtS 77 Nevis 221 Thesis (COLU) JP 
DEUTSCH.. 75 NP B99 397 Deutschmann, Kirk, Sixel. Boeckmann+(ABBCCHW Collab,) 
OREN 74 NP B7t 189 +Cooper. Fields, Rhines. Allison+ (ANL, OXF) 
BASTIEN 73 Uppsata Conf. 73 +Dunn, Harris, Lubatti, Bingham+ (SEAT, UCB) 
CLAYTON 72 NP B47 81 +Mason, Muirhead, Rigopoulos+ (LIVP, PATR) 
HARRISON 72 PRL 28 775 +Heyda, Johnson, Kim, Law, Mueller+ (HARV) 
SALZBERG 72 NP B41 397 +Harrison. Heyda, Johnson, Kim, Law+ (HARV) 
BEMPORAD 71 NP B33 397 +Beusch, Melissinos+ (CERN. ETH, LOIC, MILA) 
HUSON 68 PL 28B 205 +Lubatt]. Six. Veillet+ (ORSA, MILA, UCLA) 
DANYSZ 67B NC 51A 801 +French, Simak (CERN) 

4 From amplitude analysis of reaction 7r + 7r- ~ 27r 0. 

5 I ( j P )  = 0(4 + )  from amplitude analysis assuming one-pion exchange. 

6Width  errors enlarged by us to 4 r / N 1 / 2 ;  see the note with the K* (892) mass, 

f4(2050) DECAY MODES 

Mode Fraction ( r i / r )  

r l  , , ~  (25 4-6 ) % 

r 2 ~r~r (17.0±1.5)  % 

r3  K K  (6.8_+3:~)  x 10 - 3  

F 4 f i r /  ( 2 . 1 ± 0 . 8 )  x 10 - 3  

F5 47r 0 < 1.2 % 

F6 "y~ 

f4(2050) r(i)r(-y-y)/r(total) 

r(KK---) x r(~,-y)/rtota, 
VALUE (keV) CL~/~o DOCUMENT ID TEEN COMMENT 

• I * We do not use the following data for averages, fits, limits, etc. • • • 

<0.29 95 ALTHOFF 85B TASS ~f~/ ~ KKTr 

r(~)/r(..) 
~ L U E  

1.5±0.3 

f 4 ( 2 0 5 0 )  B R A N C H I N G  R A T I O S  

OOCUMENT ID TEEN COMMENT 

r3r6/r  

r l / r 2  

SINGOVSKY 90 GAM2 38 ~r- p ~ n~oJ I 



V11.62 

Meson Full Listings 
f4(2050), q(2100), Fr2(2100), f2(2150) 

r(Trlr)/rtotal 
VALUE 
0.170+0.015 OUR A V E R A G E  

0.18 ±0.03 7 B I N O N  

016 ± 0 . 0 3  7 C A S O N  

0.17 9 - 0 0 2  7 C O R D E N  

7 Assuming  one pion exchange, 

r(K~)/r(~=) 
VALUE 

0 r ~ + O . 0 2  
" ~ -  0.01 

F 07 tl) /Ftota I 
VALUE {units 10 3) 
2.1:k 0.8 

r ( 4 / r 0 ) / r t o t a l  

VALUE 

<0.012 

F2/F 

83C G A M 2  38 ~-  p ~ n 4 7  

82 S T R C  8 = + p ~  p x + 2 r r  0 

79 O M E G  12 15 ~T p ~ n2=  

r3/r2 
DOCUMENT ID TEEN COMMENT 

E T K I N  82B MPS 23 ~r p - -  n 2 ~  S 

r 4 / r  
DOCUMENT ID TEEN COMMENT 

A L D E  86D G A M 4  100 ~ p ~ n43, 

rs/r 
DOCUMENT ID TECN COMMENT 

A L D E  87 G A M 4  100 ~ p ~ 47r 0 n 

51NGOVSKY 90 
ALDE 87 
AUGUSTIN 87 
BALTRUSA~T . 87 
ALOE 86D 
ALTHOFF 8SB 
BINON 84B 
BINON 83C 

DENNEY 83 
CASON 82 
ETKIN 82B 
ALPER 80 
ROZANSKA 80 
CORDEN 79 
EVANGELISTA 798 
ANTIPOV 77 
APEL 75 
BLUM 75 

CASON 83 
GOTTESMAN 80 
WAGNER 74 

f4(2050) REFERENCES 

Had{on 89 Conf {SERP BELG, LANL, LAPP, PISA, KEK) 
PL 8198 286 +8inon, 8ricman- (LANE BRUX. SERP, LAPP) 
ZPHY ¢36 369 ~Cosme~ (LALO, CLER, FRAS, PADO) 
PR D35 2077 Baltrusaitis, Coffman. Dubois+ (Mark 18 Collab.) 
NP B269 485 +Binon, Bricman, (BELG, LAPP, SERP, CERN) 
ZPHY C29 189 +Braunschweig, Kirschfink~ (TASSO Collab) 
LNC 39 41 { Donskov, Duteil. Gouanere4 (SERP. BELG, LAPP) 
SJNP 38 723 +Gouanere, Donskov. Duteil+ (SERP, BRUX • ) 
Translated flora YAF 38 1199 
PR D28 2726 +Cranley, Firestone, Chapman~ (IOWA. MICH) 
PRL 48 1316 +Biswas, Baumbaugh Bishop+ (NDAM, ANL} 
PR 025 1786 +Foley, Lai~ (BNL, CUNY, TUFT, VAND) 
PL 948 422 +Becker+ (AMST, CERN. CRAC, MPIM, OXF÷) 
NP 8162 505 4Blum, Dietl, Grayer, Lorenz÷ (MPIM. CERN) 
NP 8157 250 +Dowell. Galvey± (BIRM, 8HEL. TELA, LOWC) JP 
NP 8154 381 ~ (BARI. BONN. CERN. DARE GLAS. LIMP+) 
NP B119 45 +Busnello. Damgaard. Kienzle. (SERP GEVA) 
PL 57B 398 * Augenstein+ (KARL. PISA SERP. WiEN, CERN)JP 
PL 57B 403 +Chabaud, Dietl, Garelick, Grayel ~ (CERN. MPIM)JP 

- -  OTHER RELATED PAPERS - -  

PR D28 1588 +Cannata. 8aumbaugh. Bishop. (NDAM. ANL} 
PR D22 1503 +Jacobs* (SYRA BRAN. BNL ClNC) 
London Conf 2 27 (MPIM 

l  (2 0031 = o+ o. 
i i 

OMITTED FROM SUMMARY TABLE 

Seen at DCI in the 4,'T system. Needs confirmation. 

r~(2100) MASS 

VALUE (MeV) EVTS DOCUMENT ID TEEN 

21034-50  586 1 B ISELLO 898 D M 2  

1 Est imated by us f ron l  var ious fits. 

J , "u  ~ 41r~ 

r/(2100) WIDTH 

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 

1879-75 586 2 B ISELLO 89B D M 2  J,,'~. - -  47r'~ 

2 Est imated by us f rom var ious fits. 

7/(2100) REFERENCES 

BISELLO 898 PR D39 701 Busetto* (DM2 Co,lab) 

was A ( 2 t 0 0 )  

OMITTED FROM SUMMARY TABLE 

Seen in the p~, f0(1400)~r, and f2(1270)7r JP = 2 waves of the diffractively 
produced 3x system. Needs confirmation. 

7r2(2100) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

21009-150  1 D A U M  818 C N T R  63,94 7r p ~ 3~ X 

1 F r o m  a two-resonance f i t  to four  2 0 -  waves. 

~2(2100) WIDTH 

VALUE (MeV] DOCUMENT IU TEEN COMMENT 

6519-50  2 D A U M  81B C N T R  63,94 ~-" p ~ 3~T X 

2 From a two resonance fit to four 2 -0  + waves. 

Mode 

7r2(2100 ) DECAY MODES 

Fract ion ( F i / F )  

rl 3~ seen 
F 2 p~ seen 
F3 f2(1270) 7r seen 
F4 fo(1400)~r seen 

• -2(2100) BRANCHING RATIOS 

F(pTr)/F(37r) F2/F 1 
VALUE DOCUMENT tO TEEN COMMENT 

0.199-0 .05  3 D A U M  816 C N T R  63,94 ~T-- p 

F (f2(1270) 7r)/F (37r) r3/r~ 
VALUE UOCUMENT ID TEEN COMMENT 

0.369-0 .09  3 D A U M  818 C N T R  63,94 7r- p 

F(f0(1400);r)/F (3;r) F4/F1 
VALUE DOCUMENT ~D TEEN COMMENT 

0.459-0 .07  3 D A U M  818 C N T R  63,94 = p 

D-wave/S-wave RATIO FOR 7r2(2100 ) ~ f2(1270)Tr 
VALUE DOCUMENT ID TEEN COMMENT 

0.399-0 .23  3 D A U M  818 C N T R  63,94 ~ p 

3 From a two resonance f i t  to four  2 0 + waves, 

zr2(2100 ) REFERENCES 

DAUM 8LB NP B182 269 • Hertzoerger. IAMST CERN, CRAC. MPIM OXF ) 

OMITTED FROM SUMMARY TABLE 

This entry was previously called T O . Contains results only from formation 
experiments. For production experiments see the NN(1100-36003 entry. See 
also p(2150), ;)3(2250), f4(2300), p5(2350). 

f2(2150) MASS 

p p  ~ ITFF 

VALUE (Me~) L)OCUMENT ID TEEN COMMENT 

• • • We do not use the fo l lowing data for averages, fits, l imi ts,  etc. • • • 

2 1 7 0 0  1 M A R T I N  808 R V U E  

2 1 5 0 0  i M A R T I N  80C R V U E  

2 1 5 0 0  2 D U L U D E  78B O S P K  1 2 p p  -~ :.O,rO 

I I ( J P )  0 ( 2 " ) f r o m s i m u i t a n e o u s a n a l y s i s o f p •  , 7r ~ + a n d T 0 ~  O. 

2 I G ( j P )  0 + ( 2  + )  f rom part ial wave amp l i t ude  analysis. 



See key on page IV.1 

5-CHANNEL ~ p  or N N  
VALUE (MeV I DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2190.0 3 C U T T S  78B C N T R  0.97-3 ~ p  
N N  

2155.0±15.0  3 ' 4 C O U P L A N O  77 C N T R  0 0.7 2 . 4 ~ p ~  ~ p  
2193 -i- 2 3,5 ALSPECTOR 73 C N T R  ~ p  5 channel 

3 Isospins 0 and 1 not separated. 
4 From a fit to the total  elastic cross section. 
5 Referred to as T or T region by ALSPECTOR 73. 

f2(2150) W I D T H  

~p ~ ~r~r 

W~LUE (MeV~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing clata for averages, fits, l imits, etc. • • • 

250.0 6 M A R T I N  80B RVUE 
250.0 6 M A R T I N  80C RVUE 
250.0 7 D U L U D E  78B OSPK 1-2 # p  ~ 7r 0 7r 0 

6 I ~ P )  = 0(2 + )  f rom simultaneous analysis of p #  ~ 7r ~T + and 7r 0 ~T 0, 
7 i ' a ( j P )  = 0 + ( 2  + )  f rom partial-wave ampl i tude analysis. 

5-CHANNEL ~p or N N  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

135.0±75.0 8,9 C O U P L A N D  77 C N T R  0 0 . 7 - 2 . 4 # p  ~ # p  
98 ± 8 9 ALSPECTOR 73 C N T R  # p  5 channel 

8 n From a fit to the total  elastic cross sectio . 
9 Isospins 0 and 1 not separated. 

f2(2150) DECAY MODES 

Mode 

El ~T 

f2(2150) REFERENCES 

MARTIN 80B NP B176 355 +Morgan (LOUC, RHEL)JP 
MARTIN 80C NP Blg9 216 +Pennington {DURH) JP 
CUTTS 78B PR D17 16 +Good, Grannis, Green, Lee+ (STON, WlSC) 
DULUDE 78B PL 79B 335 +Lanou, Massimo, Peaslee~ (BROW, MIT, BARI)JP 
CC)UPLAND 77 PL 71B 46O +Eisenhandler. Gibson, Astbury+ (LOQM, RHEL) 
A_SPECTOR 73 PRL 3O 511 +Cohen. Cvijanovich+ (RUTG. UPNJ) 

- -  OTHER RELATED PAPERS - -  

BDWCOCK 80 LNC 28 21 +Hodgson (BIRM) 
MARTIN 79B PL 86B 93 +Pennington (DURH) 
DULUDE 78 PL 7913 329 +Lanou. Massimo. Peaslee- (BROW, MIT, BARI)JP 
GAY 76 NC 31A 593 +Jeanneret, Bogdanski+ (NEUC, LAUS, LIVP, LPNP) 
BACON 73 PR D7 577 ~Butterworth+ (RHEL, LIVP) 
DONALD 73 NP BEt 333 +Edwards, Gibbins, Briand, Duboc+ (LIVP, LPNP) 
NICHOLSON 73 PR D7 2572 ~Delorme, Carroll+ (CIT, ROCH. BNL) 
DONALD 72 PL 4OB 586 +Galletly. Edwards, DeBilly÷ (LIVP, LPNP) 
FIELDS 71 PRL 27 1749 -Cooper, Rhines, Allison (ANL, OXF) 
YOH 71 PRL 26 922 *Barish, Caroll, LobkOwicz+ (CIT, BNL, ROCH) 

D M I T T E D  F R O M  S U M M A R Y  TABLE 

This entry was previously called T1(2].90 ). Contains results only from for- 
mation experiments. For production experiments see the NN(1].00-3600) 
entry. See also f2(2].50), p3(2250), f4(2300), p5(2350). 

Our latest mini-review on this particle can be found in the ].984 edition. 

p(2150) MASS 

p p  ~ / r f f  
~qLUE (MeV) DOCUMENT tD TEEN 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2170.0 1 M A R T I N  80B RVUE 
2100.0 1 M A R T I N  80c RVUE 

SZCHANNEL N N  
~dLUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2190.0 2 C U T T S  78B C N T R  0.97-3 p p  
~ N  

2155.0±15.0  2,3 C O U P L A N D  77 C N T R  0 0 . 7 - 2 . 4 p p  ~ p p  
2193 ± 2 2,4 ALSPECTOR 73 C N T R  ~ p  5 channel 
2190 ± 10 5 A B R A M S  70 C N T R  5 channel ~ N  
1 P ~ . l ( J  ) = 1(1 ) f rom simultaneous analysis of p ~  ~ = +  and 7r 0 7r 0 
2 Isospins 0 and 1 not  separated. 
3 From a fit to the tota l  elastic cross section. 
4 Referred to as T or T region by ALSPECTOR 73. 
5Seen as bump in I 1 state. See also COOPER 68. PEASLEE 75 conf i rm p p  results 

of A B R A M S  70, no narrow structure. 

V11.63 
Meson Full Listings 

f2(2150), p(2150) ,  f2(2175) 

p(2150) W I D T H  

~p -~ ~rTr 

VALUE (MeV) DOCUMENT ID TEEN 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

250.0 6 M A R T I N  80B RVUE 
200.0 6 M A R T I N  80C RVUE 

5-CHANNEL N N  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

135.0±75.0  7,8 C O U P L A N O  77 C N T R  0 0.7-2.4 ~ p  ~ ~ p  
98 ± 8 8 ALSPECTOR 73 C N T R  ~ p  S channel 
85 9 A B R A M S  70 C N T R  S channel # N  

6 I ( j P )  = 1(1 ) f rom simultaneous analysis of p ~  - -  = ~T + and ~0 ~T0. 

7 From a f i t  to the total  elastic cross section. 
8 Isospins 0 and 1 not separated. 
9Seen as bump in I = 1 state, See also COOPER 68. PEASLEE 75 conf irm ~ p  results 

of A B R A M S  70, no narrow structure. 

,O(2150) REFERENCES 

MARTIN 80B NP B176 355 +Morgan (LOUC, RHEL} JP 
MARTIN 80C NP B169 216 +Pennin~con (DURH) JP 
CUTTS 78B PR D17 16 +Good, Grannis, Green, Lee+ (STON, WISE) 
EOUPLAND 77 RE 71B 460 +Eisenhandler, Gibson, Astbury+ (LOQM, RHEL) 
PEASLEE 75 PL 57B 189 +Oemarzo, Guerriero+ (CANB, BARI, BROW, MIT) 
ALSPECTOR 73 PRL 30 511 +Cohen, Cvijanovich+ (RUTG. URN J) 
ABRAMS 70 PR D1 1917 +Cool, Giacomelll, Kycia, Leontic, Li+ (BNL) 
COOPER 68 PRL 20 1959 +Hyman, Manner, Musgrave+ (ANL} 

- -  OTHER RELATED PAPERS - -  

MARTIN 79B PL 8EB 93 +Pennington (DURH) 
CARTER 78 NP B132 176 (LOQM) Je 
CARTER 78B NP B141 467 {LOQM) 
CARTER 77 PL 67B 117 +Coup~and, Eise~handler, Astbury# (LOQM, RHEL)JP 
CARTER 77B PL 67B i22 (LOQM) JP 
CARTER 77E NP B127 202 +Coup~and, Atkinson- (LOQM~ DARE, RHEL) 
JONES 77 NP 8119 476 +Piano (RUTG) 
MONTANET 77 Boston Conf 260 (CERN) 
GAY 76 NC 31A 593 +Jeanneret, Bogdanski+ (NEUC, LAUS, LIVP, LPNP) 
ZEMANY 70 NP B103 537 +MingMa, Mountz, Smith (MSU) 
DONNACHIE 75 NC 26A 317 +Thomas (MCHS) 
EISENHAND., 75 NP B96 109 Eisenhandler, Gibson+ (LOQM, LIVP, DARE, RHEL) 
HANDLER 75 NP B101 35 +Jacques, Jones, Pandoulas+ (RUTG, STEV, ALBA) 
HUESMAN 75 NC 25A 91 +ABton Gamjost, ROSS+ (LBL, BADO, PISA, TORI) 
BERTANZA 74 NC 23A 209 +Bigi, Casali, Ladccia+ (PISA, PADO, TORI) 
HYAMS 74 NP B73 202 ~Jones, Weilhammer, Blum+ (CERN, MPtM) 
BACON 73 PR D7 577 +Butterworth- (RHEL, UVP) 
BETTINI 73 NC 15A 563 +Alston Garnjost, Bigi+ (PADO, LBL, PISA, TORI) 
DONALD 73 NP B61 333 +Edwards, Gibbins, Briand, Duboc+ (LIVP, LPNP) 
NICHOLSON 73 PR D7 2572 *Delorme, Carroll+ (CIT, ROCH, BNL) 
ALEXANDER 72 NP B45 29 +Bar Nir, Benary, Dagan+ {TELA) 
DONALD 72 PL 40B 586 +GalleBy, Egwards, DeBilly+ (LIVP, LPNP) 
BACON 71 NP B32 66 +Butterworth, Miller, Phelan+ (RHEL, LIVP) 
FIELDS 71 PRL 27 1749 +Cooper, Rhines, Allison (ANL, OXF) 
YOH 71 PRL 26 922 +Barish, Caroll, Lobkowicz÷ (CIT, BNL, ROCH) 
BRICMAN 69 PL 29B 451 +Ferro-Luzzi, Bizard+ (CERN, CAEN, SACL) 
ABRAMS 67C PRL 18 1209 +Cool, Giacomelli. Kycia LeonEc. Li+ (BNL) 

I f (2175)1 : o+(2++) 
O M I T T E D  FROM S U M M A R Y  TABLE 

Seen in central production of qq system. 

f2(2175) MASS 

VALUE (MeV I DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2175-E20 PROKOSHKIN  90 G A M 4  300 7r p ~ ;T-- p7~71 

f2(2175) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

150J_35 PROKOSHKIN  90 G A M 4  300 ~r p ~ ~T p~t77 

f2(2175) DECAY MODES 

Mode Fraction ( F i / r )  

F1 Zl ~1 seen 

f2(2175) BRANCHING RATIOS 

r (nn)/Ftotal 
VALUE DOCUMENT ID 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

seen PROKOSHKIN  90 

rl/r 



Vl 1.64 

Meson Full Listings 
f2(2175), x(2200),  f4(2220), p3(2250) 

f2 (2175) REFERENCES 

PROKOSHKIN 90 Ha0ron 89 Conf (SERE BELG, LANE, LAPP, PtSA, KEK) 

I x (22oo)  I : 
OMITTED FROM SUMMARY TABLE 

0 0 Seen at DCI in the K 5 K  5 system. Not seen in 7" radiat ive decays 
(BARU 89). Needs conf i rmat ion.  

X(2200) MASS 

VALUE (MeV) DOCUMENT ID TEEN C HG COMMENT 

21974-17 AUGUSTIN 0O ~M2 0 ~ ' C  7 ~  I 

X(2200) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN C HG COMMENT 

2014-51 AUGUSTIN 88 DM2 0 ----J/~,~ ~KOsKO 5 I 

X(2200) REFERENCES 

BARU 89 ZPHY C42 505 +Bell}n, 81inov4 (NOVO) 
AUGUSTIN 88 PRL 60 2 2 3 8  +Calcaterra+ (DM2 Collab ) 

J f4(2220) J ,G(,.c) = o+(4-+) 
was ( ( 2 2 2 0 )  J 

OMITTED FROM SUMMARY TABLE 

This  state has been seen at SPEAR in the K K  systems ( K  + K and K O K O) 

produced in the radiat ive decay of J / O ( t 5 ) .  Seen in r l r /  ( A L D E  86B) and in 

K O K O (ASTON 88D). Needs conf i rmat ion.  Not seen in T radiat ive decays 

nor in B inclusive decay (BEHRENDS 84). Not seen in ~ p  - *  K + K 

format ion exper iment  (SCULLI  87). Not seen at DCI in e i ther  K + K -  or 

K 0 K O systems (AUGUSTIN  88). 

f4(2220) MASS 

VALUE (MeV) E VTS DOCUMENT ID TEEN COMMENT 
2225/:  6 OUR AVERAGE 

2 2 0 9 + ~ 7 ± 1 0  ASTON 88F LASS 11 K -  p ~ K + K A 

2230±20 BOLONKIN 88 SPEC 40 ~ p ~ KO~ K0~ n 

2220±10 41 ALDE 86B GAM4 38-100 x p  ~ n7/~ 
2230± 6=-14 93 BALTRUSAIT..,86D MRK3 e + e -  - -  - ,K + K 
2232± 7 ±  7 23 BALTRUSAIT..86D a R K 3  e + e ~ -~K0~ K0~ 

f4 (2220) REFERENCES 

ASTON 88D NP B301 525 +AwajL Bienz+ (5LAE, NAGO, CINC, TOKY) 
ASTON 88F PL B215 199 +Awaji+ (SLAC, NACO, CINC, TOKY)JP 
AUGUSTLN 88 PRL 60 2 2 3 8  +Calcaterra+ (DM2 Collab.) 
BOLONKIN 88 NP 8309 426 ~Bloshenko, Gorin+ 0TEP, SERP) 
SCULLI 87 PRL 58 1 7 1 5  +Chdstenson. Kreiter, Nernethy, Yarnin (NYU, BNL) 
ALDE 86B PL B177 L20 +Binon, Bricman+ (SERE BELG, LANE, LAPP) 
BALTRUSAIT 86D PRL 56 107 8altrusaitis (CIT, UCSC. ILL, SLAC, WASH) 
ALTHOFP 85B ZPHY C29 189 +Braunschweig, Kirschfink+ (TAS50 Collab.) 
BEHREND5 84 PL 1378 277 -Chadwich, Chauveau, Gentile+ (CLEO Coltab) 

- -  OTHER RELATED PAPERS - -  
BARDIN 87 PL B195 292 ~Burgun4 (SACL. FERR, EERN, PADO, TORt> 
YAOUANC 85 ZPHY C28 309 ~Oliver, Pene, Raynal, Ono (ORSA, TOKY) 
GODFREY 84 PL t41B 439 , Kokoski. Issur (TNTO) 
SHATZ 84 PL 138B 209 (CIT} 
WILEY 84 PRL 52 585 (PITT) 
EINSWEILER 83 Brighton Conf 348 (Mark I1[ Collab) 
HITLIN 83 Cornefl Conf 746 (ClTI 

OMITTED FROM SUMMARY TABLE 

Contains results only from format ion exper iments.  For product ion experi- 

ments see the N N ( 1 1 0 0 - 3 6 0 0 )  entry. See also p(2150),  f2(2150),  f4(2300),  

p5(2350) .  

p3(2250) MASS 

# p - ~  7rTrorKK 
VALUE (MeV) DOCUMENT IU TEEN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

22500 1 MARTIN 80B RVUE 
23000 1 MARTIN 80C RVUE 
21400 2 CARTER 788 CNTR 0 0.7-2.4 p p  

K - K  + 
~ 2 1 5 0 0  3CARTER 77 CNTR 0 0.7 2 . 4 D p -  

/r,'T 

1 I ( j P )  = 1(3 ) from simultaneous analysis of p#  ~ ~r 7r + and ~r 0 ~r 0. 

2 I = O, 1. JP = 3 from Barrelet-zero analysis. 
3 I ( j P )  = 1 ( 3 - )  from amplitude analysis. 

5-CHANNEL N N  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2190.0 4 CUTTS 78B CNTR 0.97-3 # p  
N N  

2155.0~-15.0 4,5 COUPLAND 77 CNTR 0 0 . 7 - 2 . 4 ~ p  ~ ~ p  
2193 ± 2 4.6 ALSPECTOR 73 CNTR # p  5 channet 
2190 ± 10 7 ABRAMS 70 CNTR 5 channel # N  

41sospins 0 and 1 not separated. 
5From a fit to the total elastic cross section. 
6Referred to as T or T region by ALSPECTOR 73. 
7Seen as bump in I = 1 state. See also COOPER 68. PEASLEE 75 confirm p p  results 

of ABRAMS 70, no narrow structure. 

VALUE (Me W EVT5 

38+ ~5 OUR AVERAGE 

80±  30 

26 + 120±17 93 

18 + 2~±i0 23 

f4(2220) WIDTH 

DOCUMENT ID TEEN COMMENT 

ASTON 88F LASS 11 K p ~ K + K A 

BOLONKIN 88 SPEC 40 7r" p -~ K~ K~ n 

BALTRUSAIT..~6D MRK3 e + e - -  2 K  + K -  

BALTRUSA4T..,SbD aRK3  e + e - -  "~/~5 /~S 

f4(2220) DECAY MODES 

Mode 

r 1 K K  

F2 ~ ?  

F 3 q ~ / ( 9 5 8 )  

f4(2220) r(i)r(,y~,)/r(total) 

r(K~) × r(~)/riotal 
VALUE (keV) EL% DOCUMENT 10 TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< ] . 0  95 1 ALTHOFF 85B TASS "r'7,, KKzr  

1 True for JP = 0 + and JP = 2 -+ . 

r i r 2 / r  

p3(2250) WIDTH 

~p ~ 7rTr or K K  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

250.0 8 MARTIN 80B RVUE 
200.0 8 MARTIN 80C RVUE 
150,0 9 CARTER 78B CNTR 0 0.7 2,4 ~ p  - -  

K K ÷  
200.0 10 CARTER 77 CNTR 0 0.7-2.4 ~ p  - -  

8 I ( j P )  = 1(3 ) from simultaneous analysis of p~ - .  7r- ~+ and 7r 0 7r 0. 
9 I = 0, 1. JP = 3 from Barrelet-zero analysis. 

10 I ( j P )  = 1 ( 3 - )  from amplitude analysis. 

S-CHANNEL N N  
VALUE (MeV I DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1 3 5 , 0 ± 7 5 0  l l , 1 2 C O U P L A N D  77 CNTR 0 0 . 7 - 2 . 4 ~ p ~  ~ p  
98 =c 8 12 ALSPECTOR 73 CNTR p p  5 channel 

~ 85 13 ABRAMS 70 CNTR 5 channel ~ N  

11 From a fit to the total elastic cross section. 
]21sospins 0 and 1 not separated. 
13Seen as bump in I = 1 state. See also COOPER 68. PEASLEE 75 confirm ~ p  results 

of ABRAMS 70, no narrow structure. 



See key on pace IV.1 

V I I . 6 5  

Meson Full Listings 
p~(2250), f2(2300), f~(2300) 

p3(2250) REFERENCES 

MARTIN 80B NP B176 355 +Morgan (LOUC, RHEL)JP 
MARTIN 80C NP B169 216 +Pennington (DURH) JP 
CARTER 78B NP B141 467 (I,OQM) 
CUTTS 78B PR D17 16 +Good, Grannis, Green, Lee+ (STON, WlSC) 
CARTER 77 PC 67B 117 +Coupland, Eisenhandler, Astbury+ (LOQM, RBEL) JP 
COUPLAND 77 PL 71B 460 +Eisenhandler, Gibson, Astbury+ (LOQM, RHEL) 
PEASLEE 75 PL 57B 189 +Demarzo, Guerriero+ (CANB, BARI, BROW, MIT) 
ALSPECTOR 73 PRL 30 511 +Cohen, Cvijanovich+ (RUTG, UPNJ) 
ABRAMS 70 PR D1 1917 +Cool, GiacomellL Kyc~a, l,eontic, Li+ (BNL) 
COOPER 68 PRL 2O 1059 +Hyman, Manner, MusErave+ (ANL) 

- -  OTHER RELATED PAPERS - -  

MARTIN 79B PL 86B 93 +Pennington (OURH) 
CARTER 78 NP B132 176 (LOQM) JP 
CARTER 77B PL 67B 122 (LOQM)JP 
CARTER 77C NP B127 202 +Coupland, Atkinson+ (LOQM, DARE, RHEL) 
MONTANET 77 Boston Conf. 260 (CERN) 
ZEMANY 76 NP B103 537 +MinsMa, Mountz, Smith (MSU) 
BERTANZA 74 NC 23A 209 +Bigi, Casali, Lariccia+ (RISA, PADO, TORI) 
BETTINI 73 NC lEA 563 +Alston-Garnjost, BiKi+ (PADO, LBL, PISA. TORI) 
DONNACHIE  73 I_NC 7 2B5 +Thomas (MCHS) 
NI£HOLSON 73 PR D7 2572 +Delorme, Carroll+ (CIT, ROCH, BNI_) 
FIELDS 71 PRL 27 1749 +Cooper, Rhines, Allison (ANL, OXF) 
YOH 71 PRL 26 922 +Barish, Caroll, Lobkowicz+ (CIT, BNI,, ROCH) 
ABRAMS 67C PRI, 18 1209 +Cool, Giacomelli, Kycia, l,eontic, Li+ (BNL) 

I f (2300) I 
was g~T(2300) 

See also the mini-review under non-q~ candidates. (See the index for the 
page number.) 

f2(2300) MASS 

ffALUE (MeV) DOCUMENT I0 TECN COMMENT 

2297 4-28 1 E T K I N  88 MPS 22 7r- p ~ ~ n  

• • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2220 ± 1 5  ± 2 0  WlSNIEWSKI  87 MRK3 J/V' ~ 2K + 2 K -  
:!206 ± 2 0  ± 2 5  WISNIEWSKI  87 MRK3 J / # J ~  2 K O K + K - ~  
2231,0±10.0  B O O T H  86 OMEG 85 ~ -  Be ~ 2@Be 

• ~ n  n + 9 0 . 0  L I N D E N B A U M  84 RVUE 
. . . . . .  20.0 
2320.0±40.0  ETK IN  82 MPS 16 ~r p ~ 2(~n 

1 Includes data of ETK IN  85. The percenta£e of the resonance going into q~q~ 2 + +  52 , 

. + 1 5  + 1 8  69+216, respectively. D 2, and D O is 6 _  5' 2 5 _  14' and _ 

f2(2300) WIDTH 

.VALUE (MeV I DOCUMENT ID TECN COMMENT 

149 ± 4 1  2 ETK IN  88 MPS 22 ~r- p ~ ~ n  

,B • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

114 ± 4 5  ± 3 5  WISNIEWSKI  87 MRK3 J/~b ~ 2K + 2 K -  "7 
150 ± 4 6  ± 3 5  WISNIEWSKI  87 MRK3 J / ~ b ~  2 K O K + K  "Y 
133.0±50.0 B O O T H  86 OMEG 85 ~r- Be ~ 2~Be 
200.0±50.0 L I N D E N B A U M  84 RVUE 
220.0±70.0 ETK IN  82 MPS 16 ~T- p ~ 2 ~ n  

2Includes data of ETK IN  85. 

f2(2300) DECAY MODES 

Mode Fraction ( F i / F )  

F 1 q~(~ seen 

ETKIN 8S 
WISNIEWSKI 87 
BOOTH 86 
ETKIN 85 
LINDENBAUM 84 
ETKIN 82 

Also 83 

f2 (2300) REFERENCES 

PL B201 568 +Foley, Lindenbaum+ 
CAI-T 6~1446 
NP B273 677 +Carroll, DonakJ, Edwards+ 
PL 165B 217 +Foley, Longacre, l,indenbaum+ 
CNPP 13 285 
PRL 49 1620 +Foley. Longacre, Lindenbaum+ 
Brighton Conf. 351 Lindenbaum 

- -  OTHER RELATED PAPERS - -  

ARMSTRONG B9B PL B221 221 
GREEN 86 PRL 56 1639 
BOOTH 84 NP B242 51 

(BNL, CUNY) 
(Mark III Collab.) 

(LIVP, GLAS, CERN) 
(BNI', CUNY) 

(CUNY) 
(BNL, CUNY) 
(BNL, CUNY) 

+Benayoun+ (CERN. CDEF, BIRM, BARI, ATHU, LPNP) 
+l,ai+ (FNAL, ARIZ, FSU, NDAM, TUFT, VANO+) 
+Ballance, Carroll, Donald+ (LIVP, GLAS, CERN) 

I f'(23°°) I : 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

This entry was previously called U0(2350 ). Contains results only from for- 
mation experiments. For production experiments see the NN(2200-3600) 
entry. See also p(2150), f2(2150), p3(2250), p5(2350). 

f4(2300) MASS 

~ p - - *  7rlr or K K  
VALUE (MeV) DOCUMENT I0 TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2300 1 M A R T I N  80B RVUE 
2300 1 M A R T I N  80C RVUE 
2340 2 CARTER 78B C N T R  0.7-2.4 ~ p  ~ K K + 

~2330 DULUDE 78BOSPK 1 - 2 ~ p ~  7r07r 0 
~2310 3CARTER 77 CNTR 0 . 7 - 2 . 4 ~ p ~  7r~ 

1 I ( jP )  = 0(4 +)  from simultaneous analysis of p~ ~ 7r 7r + and 7r 0 Ir 0. 

2 I(jP) = 0(4 + )  from Barrelet-zero analysis. 

3 I( jP) = 0(4 + )  from amplitude analysis. 

S-CHANNEL ~p or NN 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2380.0 4 C U T T S  788 C N T R  0.97-3 # p  ~ N N  
2345 ±15 .0  4 , E c o U P L A N D  77 C N T R  0 . 7 - 2 . 4 ~ p ~  # p  
2359 ± 2 4,6 ALSPECTOR 73 C N T R  # p  5 channel 
2375 :L10 A B R A M S  70 C N T R  5channe lNN 

4 Isospins 0 and 1 not separated. 
5 From a f i t  to the total  elastic cross section. 
6 Referred to as U or U re~;ion by ALSPECTOR 73. 

f4(2300) W I D T H  

~ p  ~ ~ or ~ K  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

200 7 M A R T I N  80C RVUE 
~ 1 5 0  8 C A R T E R  7 8 B C N T R  0 . 7 - 2 . 4 ~ p ~  K - K  + 
~ 2 1 0  9 C A R T E R  77 C N T R  0 . ? - 2 . 4 ~ p ~  7r~r 

7 I ( j P )  = 0(4 + )  f rom simultaneous analysis of p ~  ~ 7r- 7r + and 7r 0 ~0.  

8 I ( j P )  = 0(4 + )  f rom Barrelet-zero analysis. 

91(JP) = 0(4 + )  f rom ampl i tude analysis. 

S-CHANNEL ~p or N N  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

135 n+150 -0  10~11COUPLAND 77 C N T R  0 . 7 - 2 . 4 ~ p ~  ~ p  
. v _  65.0 

165 + 18 - 8 11 ALSPECTOR 73 CNTR ~p 5 channel 

190 ABRAMS 70 CNTR S channel N N  

10 From a fit to the total elastic CROSS section. 
11 Isospins 0 and 1 not separated. 

MARTIN BOB NP B176 355 
MARTIN 80C NP B169 216 
CARTER 78B NP B141 467 
CUTTS 78B PR D17 16 
DULUDE 78B PL 79B 335 
CARTER 77 PL 67B 117 
COUPLAND 77 PI, 71B 460 
AI,SPECTOR 73 PRL 30 511 
ABRAMS 70 PR D1 1917 

f4(2300) REFERENCES 

+Morgan (LOUC, RHEL) JP 
+Pennlngton (DURH) JP 

(I,OQM) 
+Good, GrannB, Green, Lee+ (STON, WISC) 
+Lanou, Massimo, Peaslee+ (BROW, MIT, BARI)JP 
+Coupland, Eisenhandler, Astbury* (LOQM, RHEL)JP 
*Eisenhandler, Gibson, Astbury+ (LOQM, RHEL) 
+Cohen, Cvijanovich+ (RtJTG, UPNJ) 
+Cool, Giacomelli, Rycia, Leontic, Li+ (BNL) 

- -  OTHER RELATED PAPERS - -  

BOWCOCK 80 LNC 28 21 
MARTIN 79B PL 86B 93 
CARTER 78 NP B132 176 
DULUDE 78 PL 79B 329 
CARTER 77B PL 67B 122 
CARTER 77£ NP B127 202 
MONTANET 77 Boston Conf. 260 
DONNACHIE 75 NC 26A 317 
EISENHAND... 75 NP B96 109 
HYAM5 74 NP B73 2D2 
MINGMA 74 NP B68 214 
DONNACHIE 73 LNC 7 285 
eASTMAN 73 NP B51 29 
NICHOLSON 73 PR D7 2572 
FIELDS 71 PRL 27 1749 
YOH 71 PRL 26 922 
BRICMAN 69 PL 29B 451 

+Hodgson (BIRM) 
+Pennington (OURR) 

(LOQM) JP 
+Lanou, Massimo, Peaslee+ (BROW, MIT, BARI)JP 

(LOQM) JP 
+Coupland, Atkinso~+ (LOQM, DARE, RHEI-) 

(CERN) 
+Thomas (MCHS) 

Eisenhandler, Gibson+ (LOQM, LIVP, DARE, RHEL) 
+Jones, Weilhammer, Blum+ (CERN, MPIM) 
÷Mountz, Zemany, Smith (MICH) 
+Thomas (MCH5) 
+MingMa, Oh, Parker, Smith. Sprafka (MSU) 
+Delorme, Carroll+ (CIT, ROCH, BNL) 
+Cooper, Rhines, Allison (ANI,, OXF) 
+Barish, Caroll, Lobkowicz+ (CIT, BNL, ROCH) 
+Ferrc~Luzzi, Bizard+ (CERN, CAEN, SACL) 



V11.66 

Meson Full Listings 
f~(2340), ps(2350), a6(2450) 

I f~(2340) I ,%pc) = o~<~-+) 
was g'~-(2340) 

See also the mini-review under non-q~ candidates• (See the index for the 
page number•) 

f2(2340) MASS 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

2339 ± 5 5  1 ETKIN 88 MPS 22 7r p ~ r#4>n 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2392.0±10.0 B O O T H  86 OMEG 85 ~T Be ~ 2q~Be 
2360,0±20.0 L I N D E N B A U M  84 RVUE 

1 Includes data of ETK IN  85. The percentage of the resonance going into ~s#~ 2 + +  S 2 , 

and D O is 37 ± 19, 4 i - lz,~ and 59 + 2 1 ,  D2, respectively. 

f2 (2340) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

319 + 81 2 ETKIN 88 MPS 22 ;T p ~ ¢ ~ n  
- 69  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1 9 8 0 ±  500  B O O T H  86 OMEG 85 ,-T Be ~ 2<5Be 
+ 150 0 

150.0 5010 L I N D E N B A U M  84 RVUE 

2Includes data of ETKIN 85. 

f2(2340) DECAY MODES 

Mode Fraction (F i /F )  

F1 ~)0 seen 

f2 (2340) REFERENCES 

ETKIN 88 PL 8201 568 ~Foley, Lindenbaunl+ (BNL. CUNY) 
BOOTH 86 NP B273 677 -Carroll, Donald, Edwards+ (LIVP. GLAS, CERN) 
ETKIN 85 PL 165B 2t7 ~Foley, Longacre. Lindenbaum+ (BNL CUNY) 
LINDENBAUM 84 CNPP 13 285 (CUNY) 

- -  OTHER RELATED PAPERS - -  

ARMSTRONG 898 PL B221 221 ÷Benayoun+ (CERN. CDEF, BIRM, BARI, ATHU LPNP) 
GREEN 86 PRL 56 1639 -Lai÷ (FNAL, ARIZ, FSU, NDAM, TUFT, VANDs) 
BOOTH 84 NP B242 51 -Ballance, Carroll, Donald~ (LIVE GLAS CERN) 

OMITTED FROM SUMMARY TABLE 

This entry was previously called U1(2400 ). Contains results only from for- 
mation experiments, For production experiments see the NN(1100-3600) 
entry. See also p(2150), f2(2150), p3(2250), f4(2300). 

p5(2350) MASS 

~ p ~  7rTr or K K  
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2300 1 M A R T I N  808 RMUE 
2250 1 M A R T I N  80C RVUE 
2500 2 CARTER 788 C N T R  0 0.7 2.4 # p  -~ 

K K + 
2480 3 CARTER 77 C N T R  0 0.7 2.4 # p  

1c~T 
1 I ( j P )  = 1(5 ) f rom simultaneous analysis of p #  - ,  ~ ~ "  and ~0 z0.  
21 = 0(1); JP = 5 -  f rom Barrelet-zero analysis. 
31 (JP )  1(5 ) f rom ampl i tude analysis. 

S-CHANNEL N N  
VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, limits, etc. • • • 

2380 4 C U T T S  78B C N T R  0.97 3 ~'p , 
~N 

2345.0-+15.0 4 ' 5 C O U P L A N D  77 C N T R  0 0.7 2 . 4 ~ p  -- # p  
2359 = 2 4,6 ALSPECTOR 73 CNTR p p  S channel 
2350 = 1 0  7 A B R A M S  70 C N T R  5 c h a n n e I N N  
2 3 6 0 0 ± 2 5 0  8 OH 70B HDBC 0 # ( p n ) ,  K*  K2~, 

41sospins 0 and 1 not separated. 
5 r F om a fit to the total  elastic cross section. 
6 Referred to as U or U region by ALSPECTOR 73. 
7For I = I N N .  
8 N o  evidence for this bump seen in the p p  data of C H A P M A N  718. Narrow state not 

confirmed by OH 73 wi th more data. 

p5(2350) WIDTH 

~p ~ 7r~r or K-K 
VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

250 9 M A R T I N  80B RVUE 
300 9 M A R T I N  80C RVUE 
150 10 CARTER 788 C N T R  0 0,7-2.4 ~ p  

K - K  ~ 
~210 IICARTER 77 CNTR 0 0.7 2 . 4 # p ~  

9 I ( j P )  = 1(5 ) f rom simultaneous analysis of p ~  ~ 7r- ~r + and ~0 7r 0. 
10 I = 0(1); JP = 5 f rom Barrelet zero analysis. 
1 1 / ( j P )  = 1(5 ) f rom ampl i tude analysis. 

S-CHANNEL N N  
VALUE {MeV) DOCUMENT ID TEEN EHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1~ ~ -  150.0 ~5.~ 650  1 2 ' 1 3 C O U P L A N D  77 C N T R  0 0 . 7 - 2 . 4 ~ p ~  p p  

165 + 18 13 ALSPECTOR 73 C N T R  # p  5 channel 8 

< 600 14 OH 70B HDBC - 0  # ( p n ) ,  K *  K 2 ~  
-~ 140 A B R A M S  67C C N T R  S channel ~ N  

12 From a fit to the total elastic cross section. 
13 Isospins 0 and 1 not separated. 
14No evidence for this bump seen in the ~ p  data of C H A P M A N  71B. Narrow state not 

confirmed by OH 73 wi th more data. 

p5(2350) REFERENCES 

MARTIN 8OB NP B176 355 +Morgan (LOUC, RHEL)JP 
MARTIN 8OC NP B169 216 *Pennington [DURH) JP 
CARTER 78B NP 8141 467 (LOQM) 
CUTTS 78B PR D17 16 +Good Grannis, Green. Lee- [STON WISE) 
CARTER 77 PL 67B 117 4Coupland, Eisenhandler, Astbur~- ILOQM, RHEL)JP 
COUPLAND 77 PL 71B 460 *Eisenhandler, Gibson, Astbury+ (LOQM, RHEL) 
ALSPECrOR 73 PRL 30 511 &Cohen, Cvijanovich~ (RUTG, UPNJ) 
OH 73 NP 851 57 •Eastman, MingMa, Parker, Smith+ (MSU) 
CHAPMAN 71B PR D4 ]275 -Green, Lys, Murphy, Ring* (MICH) 
ABRAMS 70 PR D1 1917 -Cool, Giacomelli, Kycia, Leonnc, Li- (BNL) 
OH 708 PRL 24 1257 -Parker. Eastman, Smith, Sprafka, Ma (MSU) 
ABRAMS 67C PRL 18 1209 • Cool, 6iacomedi, Kyda Leontic Li- BNL) 

- -  OTHER RELATED PAPERS - -  

BOWCOCK 80 LNC 28 21 +Hodgson (BIRM) 
MARTIN 79B PL 868 93 , Pennington (DURHI 
CARTER 78 NP B132 176 (LOQM)JP 
CARTER 77B PL 67B 122 (LOQM)JP 
CANTER 77C NP B127 202 ~ Eoupland Atkinson { {LOQM, DARE RHEL) 
MONTANET 77 Boston Conf 260 (CERN) 
DONNACHIE 75 NC 26A 317 {Thomas [MCHS/ 
EISENHAND 75 NP 896 109 Eisenhandler, Gibson+ (LOQM, LIVE DANE, RHEL) 
HYAMS 74 NP 873 202 +Jones, Weilhammer, Blum, (CERN MPIM) 
MINGMA 74 NP 868 214 ~Mountz, Zemany, Smith (MICH) 
EASTMAN 73 NP 851 29 +MingMa, Oh, Parker, Smith, Sprafka (MSU) 
MINGMA 73 NP 851 77 ~Eastrnan, Oh, Parke~, Smith Sprafka [MSU) 
NICHOLSON 73 PR D7 2572 +Delorme, Carroll+ (C[T, ROCH BNL/ 
OH 73 NP B51 57 -Eastman, MingMa, Parker, Smffh- (MSU} 
FIELDS 71 PRL 27 1749 -Cooper, Rhines, Allison rANL, OXF) 
YOH 7I PRL 26 922 -Barish, Enroll, Lobkowicz- (CIT, BNL, ROCH) 
CASO 70 LNC 3 707 +Conte, Tomasini+ (GENO, HAMB MILA, SACL',, 
BRICMAN 69 PL 298 451 • Ferro Luzzi Bizard + (CERN, CAEN SACL) 

ia6(2450)I = 1 (6--) 
OMITTED FROM SUMMARY TABLE 

Seen in partial-wave analysis of the KK system. Needs confirmation. 

a6(2450 ) MASS 

VALUE (MeV~ DOCUMENT /D TECN CHG COMMENT 

2450±130 i CLELAND 82B SPEC ± 50 ~p ~ /~S K• p 

1 From an ampl i tude analysis. 

a6(2450) WIDTH 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

4 0 0 ± 2 5 0  2 CLELAND 82B SPEC ± 50 7rp ~ /~S K ±  p 

2p rom an ampl i tude analysis. 

a6(2450) DECAY MODES 

Mode 

F1 K K  

a6(2450) REFERENCES 

CLELAND 82B NP B208 228 +Delfosse, Dorsaz, Gloor iDURH, GEVA, LAUS PITT) 



:See key on pace IV. 1 

V I I . 6 7  

Meson Full Listings 
f6(2510), X(3100), X(3250) 

If6(2510) I ,~(~c) = 0+(6++) 
w a s  r ( 2 5 1 0 )  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen in ~r0~r 0. Needs confirmation. 

f6(2510) M A S S  

VALUE (MeV) _ _  DOCUMENT ID TECN COMMENT 

2510.0=E30.0 BINON 84B GAM2 38 ~r- p ~ n2-~ 3 

4 - B O D Y  D E C A Y S  
VALUE (MeV~ CL~/~ DOCUMENT IO TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

30±10 KEKELIDZE 90 BIS2 X(3100) ~ A ~ r  + ~± I 
30±15 KEKELIDZE 90 BIS2 X(3100) ~ Ap~r-  ~r/- I <30 90 BOURQUIN 86 SPEC X(3100) ~ A # *  + ~r + 

<80 90 BOURQUIN 86 SPEC X(3100) ~ A~ r+~ r  - 

5 - B O D Y  D E C A Y S  
VALUE (MeV) C L ~  DOCUMENT ID TECN COMMENT 

• • • We do not use the followin6 data for averages, fits, limits, etc. • • • 

<30 90 8OURQUIN 86 SPEC x ( 3 1 0 0 ) ~  I 
A#~r + ~r + ~r 

f6(2510) W I D T H  

~LUE (MeV) - -  DOCUMENT ID TECN COMMENT 

240.0=1:60.0 BINON 84B GAM2 23 ~r- p ~ n2~ 0 

f6(2510) D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

F 1 / r / r  (6 .0± i .0 )  % 

f6(2510) B R A N C H I N G  R A T I O S  

r ( ~ ) / r t o t a l  
VALUE _ _  DOCUMENT ID TECN COMMENT 

0.06-t-0.01 1 BINON 83C GAM2 38 ~r p - -  n47 

1Assuming one pion exchange. 

h/r 

f6(2510) REFERENCES 

BINON 84B LNC 39 41 +Donskov, Duteil, Gouanere+ (SERP, BELG, LAPP)JP 
BINON S3C SJNP 38 723 ±Gouanere, Donskov, Duteil+ (SEEP, 8RUX+) 

Translated from YAF 38 ].199 

Mode 

X ( 3 1 0 0 )  D E C A Y  M O D E S  

r i  X ( 3 1 0 0 )  0 - *  A#~r + 

r2  x ( 3 1 0 0 )  ~ A # =  

F3 X ( 3 1 0 0 )  ~ A#~r +~r  

F4 X ( 3 1 0 0 ) 0 ~  A#7r +~r + 
F5 X(3100) ~ A ~ r  + ~r + ~r- 

KEKELIDZE 90 
BOURQUIN 86 

X ( 3 1 0 0 )  REFERENCES 

Hadron 89 Conf. ~Aleev+ (BIS 2 Collab.) 
PL B172 113 +Brown+ (GEVA, BAh HELD, LAUS, BRIS, CERN) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Narrow peak observed in several f inal states wi th  hidden strangeness (A~  K + ,  

A ~ K + T r / - ,  K O p e K ~ - ) .  See also under non-q~ candidates. (See the index 
for the page number.) 

I x (31o0)  1 = 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Narrow peak observed in several (A~  + pions) and ( A p  + pions) 
states. If due to strong decays, this state has exotic quantum numbers 
( B = O , Q - + I , 5 - -  t for A~Tr + 7r + and I > 3 /2  for A ~ r - ) .  See also under 
non-q~ candidates. (See the index for the page number.)  

X ( 3 1 0 0 )  M A S S  

3 - B O D Y  D E C A Y S  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3060±30 KEKELIDZE 90 BIS2 X(3200) ~ A#~r + 
3040±30 KEKELIDZE 90 BIS2 X(3100) ~ ApTr 
3070/_30 KEKELIOZE 90 BIS2 X(3100) ~ A~Tr 
3040+30 KEKELIDZE 90 B1$2 X(3100) ~ ApTr + 

4 - B O D Y  D E C A Y S  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3060/_25 KEKELIDZE 90 BI52 X(3100) ~ A~Tr + 7F + 
3045±25 KEKELIDZE 90 BIS2 X(3200) ~ ApTr-  ~ -  
3105±30 BOURQUIN 86 SPEC X(3100) ~ A~Tr + 7r + 
3115~30 BOURQUIN 86 SPEC X(3100) ~ Aplr  + 7r 

5 - B O D Y  D E C A Y S  
5ZALUE (Met/) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3095±30 BOURQUIN 86 SPEC X(3100) 
A~ + ~+ 

X ( 3 1 0 0 )  W I D T H  

3 - B O D Y  D E C A Y S  
VALUE (MeV) DOCUMENT IO TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

55±15 KEKELIDZE 90 BIS2 X(3100) ~ h # ~  + 
40±15 KEKELIDZE 90 81S2 X ( 3 1 0 0 ) -  ApTr 
70±25 KEKELLDZE 90 BIS2 X(3200) ~ A#~r- 
35±25 KEKELIDZE 90 BIS2 X(3200) ~ Ap~r + 

X ( 3 2 5 0 )  M A S S  

3 - B O D Y  D E C A Y S  
VALUE (MeV) _ _  DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3230±30 KEKELIDZE 90 SPEC X(3250) ~ A # K  + I 
3250±30 KEKELIDZE 90 SPEC X(3250) ~ A p K  I 
4 - B O D Y  D E C A Y S  
VALUE/Met/) _ _  DOCUMENT IO TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3240±30 KEKELIDZE 90 SPEC X(3250) ~ A # K  + 7r d- I 
3220±30 KEKELIDZE 90 SPEC X(3250) ~ A p K -  ",r ± I 3270±30 KEKELIDZE 90 SPEC X ( 3 2 5 0 ) ~  K O p e K  ± 

X ( 3 2 5 0 )  W I D T H  

3 - B O D Y  D E C A Y S  
VALUE (MeV) _ _  DOCUMENT IO TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

359-15 KEKELIDZE 90 SPEC X(3250) ~ A ~ K  ~ I 
20±10 KEKELIDZE 90 SPEC X(3250) ~ A p K  I 
4 - B O D Y  D E C A Y S  
VALUE (MeV) _ _  DOCUMENT ID TECNN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

25±10 KEKELIDZE 90 SPEC X ( 3 2 5 0 ) ~  A#K+Tr  ± | 
55120 KEKELIDZE 90 SPEC X(3250) ~ A p K -  ~r ± I 50±20 KEKELIDZE 90 SPEC X ( 3 2 5 0 } ~  K O p e K  ± 

X ( 3 2 5 0 )  D E C A Y  M O D E S  

Mode 

r I A R K  + 
r 2 A # K + ~ r  ± 

I- 3 K O P E K  ± 

X ( 3 2 5 0 )  REFERENCES 

KBKELIDZE 90 Hadron 89 C o n f  +Aleev+ (BlS 2 CoHab.) 



See key on pace IV. 1 

_VALUE (Me W DOCUMENT ID TEEN CHG COMMENT 

3535.0±20.0 BAUD 70 MMS - 14-15.5 7r- p 
30.0 BAUD 70 MMS - 14-15.5 ~r- p 

1Seen in J 2 wave in one of the two ambiguous solutions. 
2Seen in J = 0 wave in one of the two ambiguous solutions. 
3 Seen in p - * +  7r- (~ and r/ antiselected in 4~r system). 
4Dominant decay into p 0 p 0 ~ + .  BALTAY 78 finds confirmation in 21r + * -  2"it 0 events 

which contain p "  p0 7r0 and 2 p "  7r . 
5 Seen in (K K 7r ~r) mass distribution, 

X(1900-3600) REFERENCES 

ARMSTRONG 89E PL B228 536 +Benayoun (ATHU, BARI, BIRM, CERN, CDEE, LPNP) 
A/KINSON 88 ZPHY C38 535 +A×on+ (BONN, CERN, GLAS, LANE, MCHS, LPNP) 
ALOE 86D NP B269 485 +Binon, Bricman+ (BELG, LAPP, SERP, CERN) 
GREEN 86 PRL 56 1639 +Lai+ (FNAL ARIZ, FSU, NDAM, TUFT, VAND+) 
ATKINSON 85 ZPHY C29 333 + (BONN, CERN, GLAS, LANE, MCHS, IPNP+) 
A[KINSON 84F NP B239 1 + (BONN, CERN, GLAS, LANE, MCHS, IPNP+) 
DENNEY 83 PR D28 2726 +Cranley, Firestone, Chapman+ (iOWA, MICH) J 
CHLIAPNIK... 80 ZPHY C3 285 Chliapn]kov, Gerdyukov+ (SERP, BRUX, MONS) 
BALTAY 78 PR D17 52 +Cautis, Cohen, Csorna, Kalelkar+ (COLU, BING) 
BALTAY 75 PRL 35 891 +Cautis, Cohen, Kalelkar, nisello+ (COLU, BING) 
THOMPSON 74 NP a69 220 ~Gaidos, Mcllwain, Miller, Mulera+ (PURD) 
TA, KAHASHI 72 PR D6 1266 +Barish+ (TOHO, PENN, NDAM, ANL) 
S~,BAU 71 LNC ] 514 +Uretsky (BUCH, ANL) 
BAUD 70 PL 31B 549 +Benz+ (CERN Boson Spectrometer Collab) 
CASO 70 LNC 3 707 +Conte, Tomasini+ (GENO. HAMB, MILA, SACL) 
ANDERSON 69 PRL 22 1390 +Collins+ (BNL, CMU) 
BAUD 69 PL 3OB 129 +aenz+ (CERN aoson Spectrometer CoHab) 
BOESEBECK 68 NP B4 501 +Deutschmann+ (AACH, BErth, CERN) 
CLAYTON 67 Heidelberg Conf. 57 +Mason, Muirhead, Filippas~ (LIVP, ATHU) 
FOCACCl 66 PRL 17 890 +Kienzle, Levrat, Maglich, Martin (CERN) 

- -  OTHER RELATED PAPERS - -  

BALTAY 78 PR DI7 52 ~Cautis. Cohen. Csorna. Kalelhar+ (COLU. BING) 
ANTIPOV 72 PL 40 147 +Kienzle. Landsberg+ (SERP) 
CHIKOVANI 66 PL 22 233 ~Kienzle. Maglich+ (SERP) 

STRANGE MESONS II 
(5---- 4-1, C =  B =  0) 

K + = u ~ , K  ° = d ~ , ~ ° = d s , K  = ~ s ,  similarly fo rK* 's  

r ~  i ( J  P)  = ½(0-) 

K "  M A S S  

VALUE (MeV) DOCUMENT ID TEEN CH6 COMMENT 
493.6416=1=0.009 OUR FIT 
493.646+0.009 OUR AVERAGE 
493.636±0.011 GALL 88 CNTR - Kaonic atoms 
493.640-i-0.054 LUM 81 CNTR Kaoni¢ atoms 
493.670±0.029 BARKOV 79 EMUL ± e-- e -  

K + K  
493,657..0.020 CHENG 75 CNTR - Kaonic atoms 
493.691±0.040 BACKENSTO,..73 CNTR Kaonic atoms 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

493.662±0.19 KUNSELMAN 74 CNTR - Kaonic atoms 
493.78 ..0.17 GREINER 65 EMUL + 
4937 --0.3 BARKAS 63 EMUL 
493.9 --0.2 COHEN 57 RVUE . .  

K + - K -  MASS D I F F E R E N C E  

Test of CPT, 

~'ALUE (MeV) EVT5 DOCUMENT ID TECN CHG 
--0.032=I=0.090 1,SM 1 FORD 72 ASPK ± 

1FORD 72 uses mOr+) -m(Tr  ) = +28 . .  70 keV. 

K "  M E A N  LIFE 

_VALUE (lO 8 s) EVTS DOCUMENT ID TEEN CH6 COMMENT 
1.23"/1+0.0029 OUR FIT Error ] n c l ~ f a - c t o r  of 2.2. 
1.2369+0.0032 OUR AVERAGE Error includes scale factor of 2.4. See the ideogram 

below. 
1.2380±0.0016 3M OTT 71 CNTR + Stopping K 
1.2272..0.0036 LOBKOWICZ 69 CNTR + K in fl ight 
1.221 ,,0.011 FORD 67 CNTR . .  
1.2443±0.0038 FITCH 65B CNTR + K at rest 
1.231 ..0.011 BOYARSKI 62 CNTR + 

V11.71 

Meson Full Listings 
X(1900-3600), K ± 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.25 +0.22 2 BARKAS 61 EMUL 
0.17 

1.27 +0.36 51 2 BHOWMIK 61 EMUL -0 .23 
1.31 ±0.08 293 NORDIN 61 HBC 
1.24 ±0.07 NORDIN 61 RVUE - 
1.38 --0.24 33 2 FREDEN 60B EMUL 
1.21 ±0.06 BURROWES 59 CNTR 
1.60 ±0.3 52 2 EISENBERG 58 EMUL 

0.95 +0.36 2 ILOFF 56 EMUL 
0.25 

2 Old experiments with large errors excluded from averaging. 

WEIGHTED AVERAGE 
1.2369 ± 0 . 0 0 3 2  (Error scaled by  2.4) 

" " " ~ ' - - l - -  Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our "best"  values, 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 

X 2 

. . . . . .  OTT 71 CNTR 
• - - I ' - -  . ~ . ~  . . . . .  LOBKOWICZ 69 CNTR 7.3 

I ~]~//| . . . . .  FORD 67 CNTR 2.1 
A ~ ~ I • • FITCH 65B CNTR 3.8 

• ~ . % ;  ~ , • BOYARSKI 62 CNTR 0 . 3  

~ ~ ,  ` C O n f i d e n c e L e v e . : 1 . % 9 8 , -  

1.20 1.21 1.22 1.23 1.24 1.25 1.26 1.27 

K ± mean life (10 8 s) 

(K + - K - )  / AVERAGE, MEAN LIFE DIFFERENCE 

This quantity is a measure of CPT invariance in weak interactions. 

VALUE ~/o) DOCUMENT ID TECN 
0.11 ±0.09 OUR AVERAGE Error includes scale factor of 1.2. 
0.090,,0.078 LOBKOWICZ 69 CNTR 
0.47 --0.30 FORD 67 CNTR 

K + D E C A Y  M O D E S  

K modes are charge conjugates of the modes below. 

Mode Fraction ( r i / r )  
Scale factor/ 

Confidence level 

r l  # +  ~ 

r2  e+  ~'e 
F3 ;T+ ;T O 

r 4 ;T÷ ;T+ ;T- 
F5 ;T+ ;TO ;TO 

F6 ;TO # + t/u 
Called K~  3. 

F7 ;TO e + re 
Called Ke3. 

r8 7r°;T°e+ ue 
r9 ;T+;T e + ~ e  

r i o  ;T+ ;T - /~+ i / i z  

E l l  7r+'y~ t 

r12 ;T+37 

F13 e+ ~ e ~  
F14 ~+ ~/~ ~ 

F16 e + v e e +  e - 

F17 # +  u~zH+/z - 

F18 /~+ uu ~ 
F19 p ,+b~ '7  (SD + )  

r20 , u + b . J y  ( S D + I N T )  

r21 p,+c~.c7 (SD + SD I N T )  

r22 e+ue7 (SD +) 

F23 e + v e 7  ( S D - )  

(63.51-F0.19) % 

(1.55:c0.07) × i0 5 

(21.17±0.16) % 

5.59-~0.05) % 

1.73±0.04) % 

3.15:-&08) % 

4.82±0.06) % 

( 2.1 ±0.4 ) × 10 - 5  

(3 .91. .0 .17)  x 10 - 5  

( 1.4 --0.9 ) x  10 5 

[a] < 8.4 x 10 - 6  

[a] < 1,0 x 10 - 4  

< 6 x10 5 
< 6.0 x 10 -6  

(1.06±0.32) x 10 -6  

( 21 +~J )×1o-7 
< 4.1 × i 0 - 7  

[a,b] (5.4610.28) × 10 -3 

[c,d] < 3.0 x 10 - 5  

[c,d] < 2.7 x 10 - 5  

[c,d] < 2.6 x i0 4 

[c,d] (1.52±0.23) × 10 -5 

[c,d] < 1.6 × 10 -4 

S=1.2 

S-1.1 

S-2.0 

S-1.2 

S 1.6 

S=1.3 

CL-90% 

CL 90% 

CL=90% 

CL-90% 

CL=90% 

CL=90% 

CL=90% 

CL=90% 

EL=90% 
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Meson Full Listings 
K ± 

F24 ;r+ ~rO 7 

F25 ~r+~r0? (DE)  

F26 ~r + Tr + ~r- "7 

F27 7r+ ~r° 7r°'Y 

F28 ~ O # + u # ' ~  

r29 ~r° e+ ~e ~ 
r30 ~ r 0 e * ~ e 7  (SD)  

[a,b] (2 .75±0.15)  x 10 - 4  

[a,e] ( 1.8 ±0.4 ) x 10 5 

[a,b] ( 1.0 9-0.4 ) × 10 4 

[a,b] ( 7.4 _+5:5 ) x  10 - 6  

[a,b] < 6.1 × 10 - 5  CL-90% 

[a,b] (2 .72±0.19)  x 10 - 4  

[c,d] < 5.3 × 10 - 5  CL-90% 

A S  = A Q  (SQ) ,  Lepton n u m b e r  (L ) ,  Lepton Fami ly  n u m b e r  ( L F )  v io la t i ng  

r(~+ ~+ ~-) 
VALUE (106 s 1] E V T S  DOCUMENT ID TEEN 
4.529:0.04 OUR FIT Error includes scale factor of 1.9. 
4.511±0.024 3 FORD 70 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.529/-0.032 3.2M 3 FORD 70 ASPK 
4.496/-0.030 3 FORD 67 CNTR ± 

3 First FORD 70 value is second FORD 70 combined with FORD 67. 

modes or Flavor-Changing neutral current (FC) modes 
r31 7r +Tr +e-~e 

r32 7r+Tr+# ~# 

F33 Ir + e ± e -  

1-34 7r* tz  + t  z 

F35 ~ r + u ~  

F36 # u e +  e + 

F37 # +  ~e 
r38 ~T + # + e -  

r39 ~r± t , ~  e + 

r40 ~r- e + e + 
r41 # +  ~e 
F42 = ° e + ~  e 

F43 ~r+?  

F44 ~r + e + t z -  

SQ < 1.2 x 10 - 8  CL 90% 

SQ < 3.0 x 1 0 6  CL-95% 

FC ( 2.7 ±0.5 ) x 10 - 7  

FC < 2.3 × 1 0 7  CL 90% 

FC < 3.4 × 1 0 8  CL-90% 

LF < 2.0 × 1 0 8  EL-90% 

LF < 4 × 10 - 3  EL-90% 

LF < 2,1 x i0 i0 CL-90% 

LF, L [f] < 7 x 10 9 CL:90% 

L < 1.0 x 10 - 8  CL 90% 

L < 3.3 x 10 3 CL-90% 

L < 3 × 10 - 3  EL=90% 

r4  

[a] See the  List ings be low for the  energy l imi ts  used in th is  measurement .  

[b] Most  of  th is  radiat ive mode,  the  l o w - m o m e n t u m  ~' part ,  is also inc luded 

in the  parent  mode l isted w i t h o u t  7 's.  

[c] S t ruc tu re -dependen t  part  w i t h  posit ive (SD + )  and negat ive ( S D )  pho ton  

helicity. Interference terms between s t ruc tu re -dependent  parts and inner 

b r e m s s t r a h l u n g ( S D + l N T  and SD INT ) .  

[ d ]See  the  Note on 7r ± ~ t ± u ' ~  and K ± ~ ~ ± u ~  Form Factors in the  

7r ± Ful l  List ings for def in i t ions and detai ls.  

[e] Direct-emission branch ing f ract ion.  

i f ]  Va lue is for the  sum of  the  charge states indicated.  

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall f i t  to the mean life, 2 partial widths, and 20 branching 
ratios uses 59 measurements and one constraint to determine 8 
parameters. The overall f i t  has a X 2 = 74.9 for 52 degrees of 
freedom. 

The fol lowing off -d iagonal  array elements are the correlation coefficients 

( S p i g p j } / ( ( ~ p i . g p j ) ,  in from the f i t  to including the branch- percent, parameters Pi, 
ing fractions, x i ~ I - i / r to ta  I. The f i t  constrains the x~ whose labels appear in this 

of K ± ~ 7r9- 27r 0 rate difference. 

K + ~ 7r+Tr07r ° R A T E  D I F F E R E N C E  
Test of CP conservation. 

VALUE (%] EVT5 DOCUMENT ID TEEN CHG 
0.0 ±0.6 OUR AVERAGE 
0089-0.58 SMITH 73 ASPK ± 
1 1 9 - 1 . 8  1802 HERZO 69 OSPK 

K + ~ 7r+Tr ° R A T E  D I F F E R E N C E  
Test of CPT conservation. 

VALUE (%] DOCUMENT ID TEEN 

0.89:1.2 HERZO 69 OSPK 

K + ~ ~r+~r03' R A T E  D I F F E R E N C E  
Test of CP conservation. 

VALUE (%) EVTS DOCUMENT ID TEEN CHG 
0 . 9 i  3.3 OUR AVERAGE 
0.8± 5.8 2461 SMITH 
1 0 ±  4.0 4000 ABRAMS 
0.0 .L 240 24 EDWARDS 

76 WIRE 9- E= 55-90 MeV 
73B ASPK 9- E= 51-100 MeV 
72 OSPK E= 58-90 MeV 

COMMENT 

r ( #  + u # ) / r t o t a l  r l / r  

K + B R A N C H I N G  RATIOS 

array to sum to one. 

x 3 63 

x 4 36 15 

x 5 24 5 21 

x 6 43 20 13 0 

x 7 44 19 35 5 

x 8 - 3  -i 2 0 

r 7 3 20 4 

x! x 3 x 4 X 5 

Mode 

40 

2 6 

- 3  7 0 

x 6 x7 x 8 

Rate(10 8 s 1) 

r l  # + u  t, 
r 3 ~r + ~T 0 

r4  7r+ ~T+ 7r - 
r 5 ~T+ 7r07r 0 

r 6 ~ O # + v #  
Called K#3. 

r 7 7 r0e+~e 
Called Kes. 

r 8 =°Tr°  e+ z/e 

0.5134 ±0.0020 

0.1711 ±0.0013 

0.0452 ± 0 0 0 0 4  

0.01400 ± 0.00032 

0.0257 ±0.0007 

0.0390 ± 0.0005 

(1.70 + 0 3 4  ) x 10 - 5  
0.29 

r(~+..) 
VALUE (IO 6 s 1) 
51.34±0.20 OUR FIT 
51.2 9:0.8 

K ± D E C A Y  RATES 

DOCUMENT ID TEEN CHU 
Error includes scale factor of 1.4. 

FORD 67 CNTR ± 

Scale factor 

1.4 

1.1 

1.9 

1.2 

1.6 

1.3 

F1 

VALUE (units 102) E V T 5  DOCUMENT ID TEEN CHG COMMENT 
63.51±0.19 OUR FIT Error includes scale factor of 1.2. 
63.24±0.44 62k CHIANG 72 OSPK + 1.84 GeV/c K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

56.9 ± 2 6  6 ALEXANDER 57 EMUL 9- 
58 .59 -30  6 BIRGE 56 EMUL 

6 Old experiments not included in averaging. 

r ( .+~) /r (~+~+~ ) r l l r4 
VALUE E V T 5  DOCUMENT ID TEEN EHU 
11.369:O.12 OUR FIT Error includes scale factor of 1.8. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

10.389-082 427 7 YOUNG 65 EMUL 

7 Deleted from overall fit because YOUNG 85 constrains his results to add up to 1. Only 
YOUNG 65 measured (#u)  directly. 

r(e+ ~e)/rtotal r2/r 
VALUE (units 105]  EL% EVT5 DOCUMENT I0 TEeN CHG 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.1+1813 4 BOWEN 87B OSPK + 

<160.0 95 BORREANI 64 HBC + 

r(e+ ~e)/r (.+ ~.) r2/r l  
VALUE (unit~ 105) E V T 5  DOCUMENT ID TEEN CHG 
2.459:0.11 OUR AVERAGE 
2519-0.15 404 HEINTZE 76 SPEC + 
2.37±0.17 534 HEARD 75B SPEC + 
2.42±0.42 112 CLARK 72 OSPK + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

18 +0.8 -0 .6  8 MACEK 69 ASPK + 

19 +0.7 0.5 10 BOTTERILL 67 ASPK + 

(r(K+) - r(K-)) / r(K) 

K + ~ , u + u #  R A T E  D I F F E R E N C E  
Test of CPT conservation. 

VALUE (%) DOCUMENT ID TEEN 

0.549:0.41 FORD 67 CNTR 

K + ~ ~'+~T+~r - R A T E  D I F F E R E N C E  
Test of CP conservation. 

VALUE (%] EVT5 DOCUMENT IO TEEN EH6 
0.07±0.12 OUR AVERAGE 
0.08±0.12 4 FORD 70 ASPK 
0.50±0.90 FLETCHER 67 OSPK 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.02±0.16 5 SMITH 73 ASPK ± 
0.10±0.14 3.2M 4 FORD 70 ASPK 
0.049-0.21 4 FORD 67 CNTR 

4First FORD 70 value is second FORD 70 combined with FORD 67. 
5 SMITH 73 value of K ± ~ 7r ± 7r + ~ rate difference is derived from SMITH 73 value 



See key on page IV. 1 

l-(~%r°)/rtotai 
VALUE (units 10 -2 ) EVT5 DOCUMENT ID TECN CHG COMMENT 
21.174-0.18 OUR FIT Error includes scale factor of 1.1. 

r31r 

21.184-0.28 16k CHIANG 72 OSPK + 1.84 GeV/c K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

21.0 ±0.6 CALLAHAN 65 HLBC See r (~  + = 0 ) /  

V11.73 

Meson Full Listings 
K± 

r ( ~ + ~ + ~ - )  
21.6 ±0.6 TRILLING 658 RVUE 
23.2 ±2.2 8ALEXANDER 57 EMUL + 
27.7 ±2.7 8 BIRGE 56 EMUL + 

8 Earlier experiments not averaged. 

r (~+~0)/r(~+~.) r3/r l  
~LUE EVT5 DOCUMENT ID TECN CHG 
0.33334-0.0032 OUR FIT Error i n c l ~ f ~ c t o r  of 1."~. 
0.331 =t=0.005 OUR AVERAGE Error includes scale factor of 1.2. 
0.3355±0.0057 9 WEISSENBE... 76 SPEC + 
0.305 ±0.018 1600 ZELLER 69 ASPK + 
0.3277±0.0065 4517 10 AUERBACH 67 OSPK + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.328 ±0.005 25k 9 WEISSENBE... 74 STRC + 

9WEISSENBERG 76 revises WEISSENBERG 74. 
10AUERBACH 67 changed from 0.3253 ± 0.0065. See comment with ratio r(-lr 0 #+ ~L~) / 

r(#+ . . )  . 

r ( ~ + ~ ° ) / r ( ~ + = + , ~ - )  r3/r4 
VALUE EVT5 DOCUMENT ID TECN CHG 
3.794-0.05 OUR FIT Error includes scale factor of 1.5. 
3.844-0.27 OUR AVERAGE Error includes scale factor of 1.9. 
3.96±0.15 1045 CALLAHAN 66 FBC + 
3.24±0.34 134 YOUNG 65 EMUL + 

r (~+ =+ ~-)/rtota I r4/r 
.VALUE (units 10 -2) EVT5 DOCUMENT ID TECN CHG COMMENT 
539+0.05  OUR FIT Error includes scale factor of 2.0. 
5.524-0.10 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 
5.34±0.21 693 11 PANDOULAS 70 EMUL + 
5.71±0.15 DEMARCO 65 HBC 
6.0 ±0.4 44 YOUNG 65 EMUL + 
5.54±0.12 2332 CALLAHAN 64 HLBC + 
5.1 ±0.2 540 SHAKLEE 64 HLBC + 
5.7 ±0,3 ROE 61 HLBC + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

5.56±0.20 2330 12 CHIANG 72 OSPK + 1.84 GeV/c K + 
5.2 ±0.3 13 TAYLOR 59 EMUL + 
6.8 ±0.4 13ALEXANDER 57 EMUL + 
5.6 ±0.4 13 BIRGE 56 EMUL + 

11 Includes events of TAYLOR 59. 
12Value is not independent of CHIANG 72 F ( # + v # ) / r t o t a  I, r ( I r+~0) /F to ta  I, 

r ( ~ +  Iro ~0) / r to ta l ,  r (~r0#+ ~#) / r to ta  I, and r ( T r O e + v e ) / r t o t a  I. 
13 Earlier experiments not averaged. 

WEIGHTED AVERAGE 
5.52 ± 0.10 (Error scaled by  1.3) 

" ~ ' ~ " ~ ' ~ - ' 1 -  Values above of weighted average, error, 

J 
4.5 5.O 5.5 

and scale factor are baaed upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  values, 
obtained from s least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 

. . . . . . . . .  PANDOULAS 70 EMUL - ~ 
-~ . . . . . . .  DEMARCO 65 HBC 1.8 

• • • YOUNG 65 EMUL 1.4 
. ~ . . . . . . . .  CALLAHAN 64 HLBC 0.0 

. I[ . . . . . . .  SHAKLEE 64 HLBC 4.4 
• ~ . . . . . .  ROE 61 HLBC 0.3 

i ~ % , , ~ . . . ~  8.6 , (Con! idence Level = 0.127) 

6 .0  6.5 7.0 7.5 

r(-+~+~ )/rtota, (units 10 -2) 

r (~+ ~%o)/rtota I r u r  
VALUE (units t0 2 ) EVTS DOCUMENT ID TECN CHG COMMENT 
1.734-0.04 OUR FIT Error includes scale factor of 1.2. 
1.77+0.07 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 
1.84±0.06 1307 CHIANG 72 OSPK + 1.84 GeV/c K + 
1.53±0.11 198 14 PANDOULAS 70 EMUL + 
1.8 ±0.2 108 SHAKLEE 64 HLBC + 
1.7 ±0.2 ROE 61 HLBC + 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.5 ±0.2 15TAYLOR 59 EMUL + 
2.2 4-0.4 15 ALEXANDER 57 EMUL + 
2.1 ±0.5 15 BIRGE 56 EMUL + 

14 Includes events of TAYLOR 59. 
15 Earlier experiments not averaged. 

WEIGHTED AVERAGE 
1.77 ± 0 .07  (Error scaled by  1.4) 

" ~ " " " " " ~ - - I - "  Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  values, 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 

~ . . . . . . . . .  CHIANG 
. . . . . . . .  PANDOULAS 

. . . . . . .  SHAKLEE 
. . . . . . . .  ROE 

, i i 

2 
x 

72 0SPK 1.5 
70 EMUL 4.6 
64 HLBC 0.0 
61 HLBC 0.1 

6.3 
(Conf idence Level = 0.100) 

1.O 1.5 2.0 

r(~ ÷ ~r0~r0)/rtota I (units 10 - 2 )  

r ( ~ + ~ o ~ ° ) / r ( ~ + ~  0) rslr3 
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 

0.08194-0.0020 OUR FIT ~rror i n c l ~ f ~ ' c t o r  of 1.2. 
0.081 -I-0.005 574 16 LUCAS 738 HBC Dalitz pairs only 

16LUCAS 73B gives N(Tr2~ 0) = 574 ± 5.9%, N(2~) = 3564 =: 3.1%, We quote 
0.5N(Tr27r0)/N(21r) where 0.5 is because only Dalitz pair 7r0's were used. 

r (,~+ ~°~r°)/r (~r+,~+ ~ - ) re/r4 
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
0.3104-0.007 OUR FIT Error includes scale factor of 1.2. 
0.304+0.009 OUR AVERAGE 
0.303 ± 0.009 2027 BISI 65 BC + HBC+HLBC 
0.3934-0.099 17 YOUNG 65 EMUL + 

r (~0 ~+ v#)/rtota~ rb/r 
VALUE (units la -2 ) EVT5 DOCUMENT ID TECN CHG COMMENT 
3.184-0.08 OUR FIT Error includes scale factor of 1.6. 
3.334-0.16 2345 CHIANG 72 OSPK + 1,84 GeV/c K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.8 ±0.4 17 TAYLOR 59 EMUL + 
5 .9 :51 .3  17ALEXANDER 57 EMUL + 
2.8 ±1.0 17BIRGE 56 EMUL + 

17 Earlier experiments not averaged. 

r Or°/~+ ~.)/r (~+.#) rb/rl 
VALUE EVT5 DOCUMENT ID TECN CHG 
0.05014-0.0014 OUR FIT Error i n c l ~ f ~ c t o r  of 1"~. 
0.04.884-0.0026 OUR AVERAGE 
0.054 ±0.009 240 ZELLER 69 ASPK + 
0.0480±0.0037 424 18 GARLAND 68 OSPK + 
0.04864-0.0040 307 19 AUERBACH 67 OSPK + 

18 GARLAND 68 changed from 0.055 + 0.004 in agreement with #-spectrum calculation 
of GAILLARD 70 appendix B. L.G.Pondrom, (private communication 73). 

19AUERBACH 67 changed from 0.0602 ± 0.0046 by erratum which brings the #-spectrum 
calculation into agreement with GAILLARD 70 appendix B. 

r 0r ° ~+ v . ) / r  (~+ ~+ ~r-) rb/r4 
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
0.5694-0.015 OUR FIT Error includes scale factor of 1.6. 
0.5174-0.032 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below. 
0.503±0.019 1505 20 HAIDT 71 HLBC + 
0.63 ±0.07 2845 21 BISI 65B BC + HBC+HLBC 
0.90 ±0.16 38 YOUNG 65 EMUL + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.510±0.017 1505 20 EICHTEN 68 HLBC + 

20HAIDT 71 is a reanalysis of EICHTEN 68. 
21 Error enlarged for background problems. See GAILLARD 70. 

2.5 3 .0  
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Meson Full Listings 
K:L 

WEIGHTED AVERAGE 
O.517 ± O.O32 (Error scaled by  1.8) 

Values above of weighted average, error, 
and scale factor ere based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  values. 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 
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~ - ~ ,  I I (Conf idence Level = O.O12) 
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r(~°e+ ~e)/r(~+=°) rT/r3 
VALUE EVT5 DOCUMENT ID TEEN EHG COMMENT 
0.2:28+0.004 OUR FIT Error includes scale factor of 1.3- 
0.2214-0.012 786 30 LUCAS 73B HBC - Dalitz pairs only 

30LUCAS 73B gives N(Ke3 ) = 786 ± 3.1%, N(2Tr) = 3564 ± 3.1%. We divide. 

r (~r ° e + ~e)/r (~+ ~+ ~-) rT/r4 
VALUE EVTS DQCUMENT ID TEEN CH6 
0.8634-0.011 OUR FIT Error includes scale factor of 1.3. 
0.8604-0.014 OUR AVERAGE 
0.867±0.027 2768 BARMIN 87 XEBC + 
0.856±0.040 2827 BRAUN 75 HLBC + 
0.850±0.019 4385 31 HAIDT 71 HLBC + 
0.94 ±0.09 854 BELLOTTI 678 HLBC 
090 ±0.06 230 8ORREANI 64 HBC + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.846±0.021 4385 31 EICHTEN 68 HLBC + 
0.90 ±0.16 37 YOUNG 65 EMUL + 

31 HAIDT 71 is a reanalysis of EICHTEN 68. 

r(~0~+~el / [r ( .+. . )  + r(~+~0)] 
VALUE (units 10 -2) EVTS DOCUMENT tO TECN CHG 
5.69=1:0.08 OUR FIT Error i n c l u d e s ~ o f  1.4. 
6.01 4-0.15 OUR AVERAGE 
5.92±0.65 32 WEISSENBE... ?6 SPEC + 

r( .° .+~.) / r (~°e+~e) r61r7 
VALUE EVT5 DOCUMENT ID TECN CH6 COMMENT 
0.6604-0.016 OUR FIT Error includes scale factor of 1,5. 
0.6804-0.013 OUR AVERAGE 
0.705±0.063 554 22 LUCAS 738 HBC - ba~itz pairs only 
0.698±0.025 3480 23 CHIANG 72 OSPK + 1.84 GeV/c K + 
0.667±0.017 5601 BOTTERILL 688 ASPK + 
0.703±0.056 1509 24 CALLAHAN 668 HLBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.670±0.014 25 HEINTZE 77 SPEC + 
0.67 ±0.12 WEISSENBE... 76 SPEC + 
0.608±0.014 1585 26 BRAUN 75 HLBC + 
0.596±0.025 27 HAIDT 71 HLBC + 
0.604±0.022 1398 27 EICHTEN 68 HLBC 

rT/(rl+r3) 

22LUCAS 738 gives N(K#3 ) = 554 ± 7.6%, N(Ke3 ) = 786 J- 3.1%. We divide. 

23CHIANG 72 r ( ~ O / ~ + v # ) / r ( T r O e + u e )  is statistically independent of CHIANG 72 

r(Tr0# + v#) /Ftota I and r(~r 0 e + ~,e)/rtota I, 
24 From CALLAHAN 668 we use only the K # 3 / K e 3  ratio and do not include in the fit the 

ratios K#3/ (~Tr+TrO ) and Ke3/ (~Tr+~rO) ,  since they show large disagreements with 
the rest of the data. 

25HEINTZE 77 value from fit to ~0" Assumes p.-e universality, 
26BRAUN 75 value is from form factor fit. Assumes #-e universality. 
27HAIDT 7]` is a reanalysis of EICHTEN 68. Only individual ratios included in fit (see 

r(~°~,~,p.) /r(~+~+~ ) and r(~Oe+ve)/r(~+~+~ - )  ). 

[r(~+~ °) + r(~°.+~)]/rtota, (r3+rG)/r 
We combine these two modes for experiments measuring them in xenon bubble chain- 

r(~°~°e+~e)/rtotal 
VALUE (units 10 5) EVTS DOCUMENT ID TECN CHG 
2.1 :50 .4  OUR FIT 
2.544-0.89 10 BARMIN 88B HLBC + 

r ( ~ +  ~ -  e + . e ) / r  ( ~ +  ~ +  ~ - ) 

VALUE (units 10 -4) EVT5 DOCUMENT ID TEEN CHG 
6.994-0.30 OUR AVERAGE Error includes scale factor of 1.2. 
7.21±0.32 30k ROSSELET 77 SPEC + 
?.36 ±0.68 500 BOURQUIN 71 ASPK 
7.0 ±0.9 106 SCHWEINB... 71 HLBC + 
5.83±0.63 269 ELY 69 HLBC + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

ber because of difficulties of separating them there. 
VALUE (unit5 I0 2) EVTS DOCUMENT ID TEEN CHG 
24.355-0.16 OUR FIT Error includes scale factor of 1.1. 
24.6:1:1.0 OUR AVERAGE Error includes scale factor of 1.4. 
25.4 i 0 . 9  886 SHAKLEE 64 HLBC + 
23.4 ±1.1 ROE 61 HLBC + 

r ( I r 0  e+  Ue ) / r t o t a l  r T / r  

VALUE (units 10 2) EVT5 DOCUMENT ID TECN CHG COMMENT 
4.82:E0.06 OUR FIT Error includes scale factor of 1.3. 
4.854-0.09 OUR AVERAGE 
4.86±0.10 3516 CHIANG 72 OSPK + 1.84 GeV/c K + 
4.7 ±0.3 429 SHAKLEE 64 HLBC + 
5.0 ;0.5 ROE 61 HLBC ÷ 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

5.1 ±1.3 28ALEXANDER 57 EMUL + 
3.2 ± 1 3  28 BIRGE 56 EMUL + 

28 Earlier experiments not averaged. 

r(~%+~e)Ir (~+ ~.) rTlr l  
VALUE EVT5 DOCUMENT ID TEEN CHG 
0.0759:1:O.(}Oll OUR FI1- Error includes scale factor of 1.4. 
0.07524-0.0024 OUR AVERAGE 
0.069 ±0.006 350 ZELLER 69 ASPK + 
0.0775±0.0033 960 BOTTERILL 68C ASPK + 
0.069 ±0.006 561 GARLAND 68 OSPK + 
0.0791±0.0054 295 29 AUERBACH 67 OSPK + 

29AUERBACH 67 changed from 0.0797 ± 0.0054. See comment with ratio r (~ 0 IL + ~TJ) / 
r ( /~+u#)  . The value 0.0785 ± 0.0025 given in AUERBACH 67 is an average of 

AUERBACH 67 r (T rOe+ue ) / r ( #+u# )  and CESTER 66 r ( ~ ° e + u e ) / [ r ( # + v # )  + 
L 

r(~+ ~o)I . 

6.7 ±1.5 69 BIRGE 65 FBC ± 

r (?r + 'n'- p.+ u#)  / r to ta I E l0  / r 

VALUE (units lO 5) EVT5 DOCUMENT 10 TECN EHO 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

0 T7+0.54 ' " 0.50 1 CLINE 65 FBC 

r (~+ ~- ~,+ ~.)/r (~+ ~+ ~-) rl0/r4 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN CHG 

2.57±1.55 7 BI51 67 DBC + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.5 1 GREINER 64 EMUL + 

r ( 7 r+ ' ) ' I ' ) / r t o t a ,  r l l / r  
All values given here assume a phase space pion energy spectrum. 

VALUE (units 10 4) EL% EVTS DOCUMENT ID TECN CHG COMMENT 

< 0.084 90 0 ASANO 82 CNTR + T= 117 127 MeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0 .42 =1_0.52 0 ABRAMS 77 SPEC + T= <92 MeV 
< 0.35 90 0 LJUNG 73 HLBC + 6-102,114-127 

MeV 
< 0.5 90 0 KLEMS 71 OSPK + T~T <117 MeV 

-0 .1  ±0.6 CHEN 68 OSPK + T~T 60-90 MeV 

r(~+ 31')/rtotal r12/r 
Values given here assume a phase space pion energy spectrum. 

VALUE (units 10 4) EL% DOCUMENT ID TEEN CHG COMMENT 

<1.0 90 ASANO 82 CNTR + T(Tr) 1].7-127 
MeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.0 90 KLEM5 71 OSPK + T(Tr) >117 MeV 

rB/r 

rg/r4 

6.16±0.22 5110 ESCHSTRUTH 68 OSPK + 
5.89±0.21 1679 CESTER 66 OSPK + 
32Value calculated from WEISSENBERG 76 (Tr 0 eu), (#u), and (~TTr 0 ) values to eliminate 

dependence on our 1974 (~r27r 0) and (TrTr+ Ir ) fractions, 

r (~%° e+ ~e)Ir(~°e+ Ue) r8/r7 
VALUE (units 10 4) CL% EVT5 DOCUMENT ID TEEN CHG 

4.3_+o? OUR F,T 

4.1_%? OUR AVERAGE 

4.2+110 25 BOLOTOV 86B CALO - 

3.8+5:0 2 LJUNG 73 HLBC ~- 

• • • We do not use the following data for avera£es, fits, limits, etc. • • • 

<37.0 90 0 ROMANO 71 HLBC + 



See key on page IV.1 

VII.75 

Meson Full Listings 
K ± 

r(~+ . . .~ ) / r  (~+ We) r13/r2 
VALUE C ~  EVT5 DOCUMENT ID TECN CHG 

<3.8 90 0 HEINTZE 79 SPEC + 

r ( # +  u# v ~ ) / r t o t a l  Q41r 
VALUE (units 10 6) EL% EVT5 DOCUMENT ID TEEN CHG 

<6.0 90 0 33 PANG 73 CNTR + 

33pANG 73 assumes /~ spectrum from v-~, interaction of BARDIN 70. 

r ( .+ . .e+e- ) / r (~+~-  e+~e) rls/r9 
VALUE (units 1o 3) EVTS DOCUMENT tO TEEN CHG COMMENT 

27. ±8 .  14 34 DIAMANT-... 76 SPEC + Extrapolated BR 
• = • We do not use the following data for averages, fits, limits, etc. • • • 

33±0 .9  14 34 DIAMANT-... 76 SPEC + m ( e e )  >140 

34DIAMANT-BERGER 76 quotes this result times our 1975 ~r + ~r- e~ BR ratio. The first 
DIAMANT-BERGER 76 value is the second value extrapolated to 0 to include low mass 
e pairs. 

r ( e +  ~ ,ee+  e - ) / r O r + ~ r - e +  v e )  r 1 6 / r 9  

VALUE (units 10 2) EVTS DOCUMENT IO TEEN EHG 

+0.54 4 DIAMANT-... -/6 SPEC + 0"54_0.27 

r (~+ ~ ~+ ~-) /rtota~ r 17/r 
VALUE (units 10 -7) EL% DOCUMENT ID TEEN CH6 

<4.1 90 ATIYA 89 CNTR + I 

r ( # +  ~ # 3 , ) / r t o t a l  r18/r 
VALUE (units 10- 3 ) EVT5 DOCUMENT ID TEEN CHG COMMENT 

5.46+0.28 OUR AVERAGE 
6.0 ±0.9 BARMIN 88 HLBC + P(/~) <231.5 I 

MeV/c 
5.4 ±0.3 35 AKIBA 85 SPEC P(/~) <231.5 

MeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3.2 ±0.5 57 36 BARMIN 88 HLBC + E(7) >20 MeV I 
5.8 ±3.5 12 WEISSENBE... 74 STRC + E(~f) >9 MeV 

35Assumes #-e universality and uses constraints from K ~ e~% 
36Not independent of above BARMIN 88 value. Cuts differ. I 

r ( #  + ~,/,,~ ( S D + ) ) / r t o t a l  r l g / r  
Structure-dependent part with +'7 helicity (SD + term). See the "Note on ~r ± 
~ ± ~  and K ± ~ £ ± u ?  Form Factors" in the ~±  section of the Full Data Listings 
above. 

VALUE (units lO 5) EL% DOCUMENT ID TEEN 

<3.0 90 AKIBA 85 SPEC 

r ( #  + ~/, '7 ( S D + l N T ) ) / r t o t a l  r 2 0 / r  
Interference term between internal Bremsstrahlung and SD + term. See the "Note on 
~±  ~ ~± ~'7 and K ± - -  £± ~*f Form Factors" in the 7r ± section of the Full Data 
Listings above. 

VALUE (units 1O 5) CL% DOCUMENT IO TEEN 

<2.7 90 AKIBA 85 SPEC 

r ( #  + ~'#7 ( S D -  + S D - I N T ) ) / r t o t a l  r 2 1 / r  
Sum of structure-dependent part with ~r helicity (SD term) and interference term 
between internal Bremsstrablung and SD term. See the "Note on ~ ~ E J- ~--f 
and K ± ~ ~± u", Form Factors" in the ~r ± section of the Full Data Listings above. 

VALUE (units lO 4) EL% DOCUMENT ID TEEN 

<2.6 90 37 AKIBA 85 SPEC 

37Assumes # e universality and uses constraints from K ~ eu% 

r ( e +  ~e~f ( S D + ) ) / r t o t a l  r 2 2 / r  
Structure dependent part with +3 helicity (SD + term). See the "Note on ~r ± - -  
£±z,-~ and K ± ~ f±  ~'C' Form Factors" in the ~±  section of the Full Data Listings 
above. 

VALUE (units lO 5) EL% DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7.1 90 MACEK 70 OSPK + P(e) 234-247 

r ( e + ~ e ~  ( S D + ) ) I r  ( # +  ~#)  r 2 2 / r 1  
Structure-dependent part with +3' helicity (SD + term). See the "Note on ?r ± 
~ ± ~ 7  and K ± ~ ~ ± ~ q  Form Factors" in the ~± section of the Full Data Listings 
above. 

VALUE (units 10 5) EVT5 DOCUMENT ID TEEN CHG 

2.40±0.36 107 38 HEINTZE 79 SPEC + 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

2.33±0.42 51 38 HEINTZE 79 SPEC + 

38First HEINTZE 79 result is second combined with HEARD 75 result from section 
r ( e + ~ e ~  ( S D + ) ) / r ( e + ~ e )  below. 

r(e+ve~ (SD+))/r(e+~e) r22/r2 
Structure-dependent part with +.~ helicity (SD + term). See the "Note on ?r ± 
~:J-~'7 and K ± ~ ~± ~,~ Form Factors" in the ~± section of the Full Data Listings 

above. 
VALUE EVT5 DOCUMENT tD TEEN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.25 56 39 HEARD 75 SPEC + P(e) 236-247 1-05_0.30 

39 This value is included in the first HEINTZE -/9 value in the section on r(e + ue "~ (S D+ )) / 

r (#  + v#) above. 

l - (e  + Ve~f ( S D - ) ) / r t o t a l  r 2 3 / r  
Structure-dependent part with ? helicity (SD-  term). See the "Note on 7r ± 
e ± v ?  and K ± ~ t-E~.y Form Factors" in the 7r ± section of the Full Data Listings 
above. 

VALUE (units 10 4) EL% DOCUMENT ID TEEN CHG 

<1.6 90 40 HEINTZE 79 SPEC + 

40 Implies (axial vector/vector) amplitude ratio outside range from -1 .8  to -0.54. 

r(~+~°~)/rtota, r24/r 
VALUE (units lo 4) CL% EVT5 DOCUMENT ID TEEN CHG COMMENT 

2.75=1=0.15 OUR AVERAGE 
2,71±0.45 140 BOLOTOV 87 WIRE - TTr 55 90 MeV 
2.87±0.32 2461 SMITH 76 WIRE ± TTr ± 55-90 MeV 
2.71±0.19 2100 ABRAMS 72 ASPK ± TTr + 55-90 MeV 

• . = We do not use the following data for averages, fits, limits, etc. = * = 

1.5 +1.1 41 HUNG 73 HLBC + T~ + 55-80 MeV 
-0 .6  

2.6 +1.5 41 LJUNG 73 HLBC + T~r + 55-90 MeV 
-1 .1  

6.8 +3.7 17 41 HUNG 73 HLBC + T~ + 55-102 MeV 
-2 .1  

2.4 ±0.8 24 EDWARDS -/2 OSPK TTr + 58-90 MeV 
<1.0 0 42 MALTSEV 70 HLBC + TTr + <55 MeV 
<1.9 90 0 EMMERSON 69 OSPK T~r + 58-80 MeV 

2.2 ±0.7 18 CLINE 64 FBC ~ T?r + 55-80 MeV 

41The HUNG 73 values are not independent. 
42 MALTSEV 70 selects low ?r + energy to enhance direct emission contribution. 

r (T r+  ?r0? ( D E ) ) / r t o t a  I r28/r 
Direct emission part of r (~ + 7r 0 7 ) / r to ta  I. 

VALUE (units 10 5) DOCUMENT ID TEEN CHG COMMENT 

1.8 =t:0.4 OUR AVERAGE 
2 + 0  39 .05±0.46 0123 BOLOTOV 87 WIRE - T ~ -  55-90 MeV 

2.3 ±3.2 SMITH 76 WIRE ± T~ J- 55-90 MeV 
1.56±0.35±0.5 ABRAMS 72 ASPK ± T:r::  55-90 MeV 

r 0 + ~+ ~- ~)/rtotal r26tr 
VAL UE (units lO 4) DOCUMENT ID TEEN CH6 COMMENT 

1.0-t-0.4 STAMER 65 EMUL ± E(?) >11 MeV 

r ( ~ +  ~ o ~ o ~ ) / r  0 + ~ %  0 ) r 271 r5  

VALUE (units 10 4) DOCUMENT 10 TEEN CHQ COMMENT 

4 ~+3.2 BOLOTOV 85 SPEC - E(?) > 10 MeV 
"~-1 .7  

r (?r 0/~+ v# ~f) / r t o t a l  r 2 8 / r  

VALUE (units I0 5) EL% EVTS DOCUMENT ID TEEN CHG COMMENT 

<6.1 90 0 HUNG 73 HLBC + E(?) >30 MeV 

r ( ~ ° e +  ~ e ~ ) I r  ( ~ ° e +  ~e ) r 2 9 / r - /  

VALUE (units lo 2) EVT5 DOCUMENT ID TEEN CHG COMMENT 
0.56+0.04 OUR AVERAGE 
0.5640.04 192 43 BOLOTOV 86B CALO - E(3) >10 MeV 
0.76±0.28 13 44 ROMANO 71 HLBC E('~) >10 MeV 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

0.48±0.20 16 45 LJUNG 73 HLBC ~ E(?) >30 MeV 

0o.~+0.15 45 LJUNG 73 HLBC + E(~) >30 MeV 
" '~ 0. i0 

0.53±0.22 44 ROMANO 71 HLBC + E(~f) >30 MeV 
1.2 +0.8 BELLOTTI 67 HLBC + E(7 ) >30 MeV 

43 cod)(e~) between 0.6 and 0.9. 
44Both ROMANO 71 values are for cos0(eT) between 0.6 and 0.9. Second value is for 

comparison with second HUNG 73 value. We use lowest E(--f) cut for Summary Table 
value. See ROMANO 71 for E-~ dependence. 

45 First LJUNG 73 value is for cos0(eq) <0.9, second value is for cos8(e~) between 0.6 
and 0.9 for comparison with ROMANO 71. 

r (Tr°  e+  ~e7  ( S D ) ) / r t o t a  I r 3 o / r  
Structure-dependent part. 

VALUE (units 10 5) EL% DOCUMENT ID TEEN CHG 

<5.3 90 BOLOTOV 86B CALO - 



VI1.76 

Meson Full Listings 
K ± 

r (~r + ~r + e -  ~e)/Ftotal r31/r 
Test of AS = A Q  rule. 

VALUE (unit~ 10 7) CL ~/~ EVT5 DOCUMENT ID TEEN EHG 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 9.0 95 0 SCHWEINB... 71 HLBC + 
< 6 9  95 0 ELY 69 HLBC 
< 2 0  95 BIRGE 65 FBC 

r(~+~4" ~ ~e)/r(~+~- ea',,,) rs~/r9 
Test of AS = A Q  rule. 

VALUE (units 10 a) CL% EVT5 DOCUMENT tO TEEN 

< 3 90 3 46 BLOCH 76 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<130  95 0 BOURQUIN 71 ASPK 

46BLOCH 76 quotes 3.6 x 10 4 at CL = 95%, we convert. 

F(~r+ ~r+ # ~ # ) / r t o t a l  r 3 2 / r  
Test of ZXS = A Q  ru~e. 

VALUE (units 10 6) EL% EVT5 DOCUMENT ID TEEN CHG 

<3.0 95 0 BIRGE 65 FBC + 

r(,~+ e+ e- ) / r to ta  I r33/r 
Test for &S = 1 weak neutral current. Allowed by combined first order weak and 
electromagnetic interactions. 

VALUE (unit~ lO 6) EL% EVT5 DOEUMENT ID TEEN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 1.7 90 CENCE 74 ASPK + Three track evts 
< 0.27 90 CENCE 74 ASPK + Two track events 
<32.0 90 BEIEB 72 OSPK =L 
< 4.4 90 BISI 67 DBC + 
< 0.88 90 CLINE 67B FBC + 
< 2.45 90 1 CAMEBINI 64 FBC + 

r ( -+  e+ e - ) / r  ( -+  ~r- e+ ~'e) r33/r9 
Test for AS - 1 weak neutral current. Allowed by higher order electroweak interac 
tions. 

VALUE (unit~ lO 3 ~ EVT5 DOCUMENT ID TEEN CHG 

7.0±1.3  41 47 BLOCH 75 SPEC + 

47 BLOCH 75 quotes this result multiplied by our 1974 lr ÷ 7r e~ BR fraction. 

r (Tr + #+ #- ) /rtota I rs~/r 
Test for AS 1 weak neutral current. Allowed by higher-order electroweak interae 
tions. 

VALUE (units 10 7) EL ~/~ DOCUMENT tO TEEN EH~  

< 2.3 90 ATIYA 89 CNTR + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<24 90 BISI 67 DBC + 
<30 90 CAMERINI 65 FBC + 

r ( ~ +  v ~ ) / F t o t a  I rss/r 
Test for A5  1 weak neutral current. Allowed by higher order electroweak interac- 
tions. 

VALUE (units l0 8~ gL~'o EVT5 DOCUMENT ID TEEN CHG COMMENT 

< 3.4 90 ATIYA 90 CNTR + 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 1 4  9 0  A S A N O  8 1 B  C N T R  + T ( ~ )  1 1 6 - 1 2 7  
M e V  

< 94 90 48 CABLE 73 CNTR -f T(Tr) 60-105 MeV 
< 56 90 48 CABLE 73 CNTR - T(Tr) 60-127 MeV 
<5700 90 0 49 LJUNG 73 HLBC ± 
< 140 90 48 KLEMS 71 OSPK + T(~) 117-127 

MeV 
48KLEMS 71 and CABLE 73 assume n spectrum same as Ke3 decay. Second CABLE 73 

limit combines CABLE 73 and KLEMS 71 data for vector interaction. 
49 LJUNG 73 assumes vector interaction. 

r ( , -  .e4" e+)/r (~+.~- e + . 4  rsdr9 
Test of lepton family number conservation. 

VALUE (units lO s) EL% EVT5 DOCUMENT ID TEEN EHG 

<0.5 90 0 50 DIAMANT ._ 76 SPEC 

50DIAMANT BERGER 76 quotes this resuJt times our 1975 ~+ ~ e~, BR ratio. 

r ( ~ +  Ue)/I-tota I r37/r 
Forbidden by lepton family number conservation. 

VALUE EL% EVT5 DOCUMENT ID TEEN CHG COMMENT 

<0.004 90 0 LYONS 81 HLBC O 200 GeV K + nar 
row band v 
beam 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0,012 90 COOPER 82 HLBC Wideband v beam 

r (~r + . +  e )/rtota~ rsg/r 
Test of lepton family numbe[ conservation. 

VALUE (units 10 10) EL% EVTS DOCUMENT ID TEEN EHG COMMENT 

< 2.1 90 0 LEE 90 SPEC + I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<11 90 0 CAMPAGNARI 88 SPEC + In LEE 90 I 
<48 90 0 DIAMANT ... 76 SPEC + 

r (lr +/~- e + ) /rtota I F39 / r 
VALUE (~nits 10 -8)  EL% DOCUMENT ID TEEN EH6 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 2 . 8  9 0  BEIER 72 OSPK 4. 

r(~± ~* ~+)/r (.4".- e+.e) r39/r9 
Test of lepton family number or total lepton number conservation. 
Sum of Tr+# e + and 7 r - / ~+e  + modes. 

VAL UE (units lO 4) CL O/~ EVT5 DOCUMENT ID TEEN CH6 

<1.9 90 0 51 DIAMANT-.. .  76 SPEC 

51DIAMANT_BERGER 76 quotes this result times our 1975 ~+ 7r e~ BR ratio. 

r(~+ e + ~ )/rtota~ r . / r  
VALUE (units 10 8 ~ CL ~/~ DOCUMENT IO TEEN CH6 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.4 90 BEIER 72 OSPK J_ 

r (~- e+ e+)/rtotal ra0/r 
Test of total lepton number conservation. 

VALUE (umts 10 5) DOCUMENT ID TEEN CHG 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 1 5  CHANG 68 HBC 

r (~- e+ e+)/r (,~4" ~- e+ ~e) r.0/r9 
Test of total lepton number conservation. 

VALUE (units 10 4) EL% EVT5 DOCUMENT IO TEEN CHG 

<2.5 90 0 52 DIAMANT-.. .  76 SPEC + 

52DIAMANT BERGER 76 quotes this result times our 1975 BR ratio. 

r (l, + Pe) / rtota, ra~/r 
Forbidden by total lepton number conservation. 

VALUE (units 10 3) EL°/o  DOCUMENT ID TEEN COMMENT 

<3.3 90 COOPER 82 HLBC Wideband z, beam 

r (,~0 e+ ~e)/rtota, F 4 2 / r  
Forbidden by total lepton number conservation. 

VALUE ~ DOCUMENT tO TEEN COMMENT 

<0.003 90 COOPER 82 HLBC Wideband ~ beam 

r(~+~)/rtota I r43/r 
Violates angular momentum conservation. Not listed in Summary Table. 

VALUE (units 10 6) EL% DOCUMENT tO TEEN CHg 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.4 90 ASANO 82 CNTR + 
<4.0 90 53 KLEMS 71 OSPK + 

53Test of model of Selleri, NC 60A, 291(1969). 

K + LONGITUDINAL POLARIZATION OF EMITTED/ ,+ 

K + u. + ~, 

Tests for right-handed currents in strangeness-changing decay. 
VALUE DOCUMENT ID TEEN CHG 

0.97 =1:0.04 OUR AVERAGE 
--0.970J_0.047 YAMANAKA 86 SPEC + 

- 1 0  ±0.1  CUTTS 69 SPRK + 
096  ±0.12 COOMBES 57 CNTR 

N O T E  O N  D A L I T Z  P L O T  P A R A M E T E R S  F O R  

K ----* 37r D E C A Y S  

The  Dal i tz  p lo t  d i s t r i bu t i on  for K ± -~ ~±Tr=Tr ~, K ± 

rr°rr°rr =, and  K~ ~ 7r+Tr rr ° can be p a r a m e t e r i z e d  by a series 

expans ion  such as t h a t  i n t roduced  by Weinberg .  1 We use the  

f o r l l l  

rn~+ L nLr+ J 

+ 3  (,52 - - 8 1 )  r 8 2  "~112 
.,~+ +a" L . ,2+ j + ,  (*) 

where  rn2+ has been in t roduced  to  m a k e  the  coefficients h, g, 

j ,  and  k d in lens ionless ,  and  

si = ( P K  - p~)2 = ( i n k  rni) 2 -- 2 r n K T i  , i = 1,2, 3, 

1 



See key on page IV. I 

Here the P~ are four-vectors, m~ and Ti are the mass and 

kinetic energy of the i th pion, and the index 3 is used for the 

odd pion. 

The coefficient g is a measure of the slope in the variable s3 

(or :£3) of the Dalitz plot, while h and k measure the quadratic 

dependence on s3 and (s2 - Sl), respectively. The coefficient j 

is related to the asymmetry of the plot and must be zero if 

C P  invariance holds. Note also that  if C P  is good, g, h, and k 

must be the same for K +--+Tr+Tr+Tr - as for K ~ r  ~r +. 

Since different experiments use different forms for M ~r, in 

Drder to compare the experiments we have converted to g, h, j ,  

a.nd k whatever coefficients have been measured. Where such 

conversions have been done, the measured coefficient ay, at, 

au, or av is given in the comment at the right. For definitions 

of these coefficients, details of this conversion, and discussion 

of the data, see the April 1982 version of this no te?  

See also the review of Devlin and Dickey, 3 which contains 

an analysis of K ~ 27r and K --+ 37r data in terms of transition 

amplitudes with appropriate energy dependence. 

R e f e r e n c e s  

1. S. Weinberg, Phys. Rev. Lett. 4, 87 (1960). 

2. Particle Data Group, Phys. Lett. l l l B ,  69 (1982). 

3. T.J. Devlin and J.O. Dickey, Rev. Mod. Phys. 51, 237 
(1979). 

ENERGY DEPENDENCE OF K ± DALITZ PLOT 

Imatrix elementl2 = 1 4- gu + hu 2 4- k ~  

where u = (s 3 - 5(3 ) / rn2(~r) and v = (s I s2) / m2(~r) 

L INEAR COEFFIC IENT gr+ FOR K + --* r + lr + ~r- 
Some experiments use Dalitz variables x and y. In the comments we give ,~. = 
coefficient of y term. See note above on "Dalitz Plot Parameters for K ~ 3r  
Decays." For discussion of the conversion of ay to g, see the earlier version of the 
same note in the 1982 edition of this Review published in Physics Letters 111B, 70 
(April 1982). 

VALUE E V T 5  DOCUMENT ID TECN CHG COMMENT 
--0.2154-1-0.0035 OUR AVERAGE Error includes scale factor of 1.4. S~e t~e i~eogram 

below. 
--0.22214-0.0065 225k DEVAUX 77 SPEC + ay=.2814 4- .0082 
-0.2157+0.0028 750k FORD 72 ASPK 4- ~, =.2734 4- .0035 
-0.200 :I_0.009 39819 54 HOFFMASTER72 HLBC + 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

--0.196 4-0.012 17898 55 GRAUMAN 70 HLBC + ay=0.228 4- 0.030 
--0.218 ±0.016 9994 56 BUTLER 68 HBC + ay=0.277 4- 0.020 
--0.22 4-0.024 5428 56,57 ZINCHENKO 67 HBC + ay =0.28 :E 0.03 

54 HOFFMASTER 72 includes GRAUMAN 70 data. 
55 Emulsion data added - -  all events included by HOFFMASTER 72 
56 Experiments with large errors not included in average. 
57 Also includes DBC events. 

VII.77 

Meson Full Listings 
K± 

WEIGHTED AVERAGE 
-0.2154 + 0 . 0 0 3 5  (Error scaled by 1.4) 

I 

X 2 

. . . . . . . . . . .  DEVAUX 77 SPEC ~ "  
/ "~--N~z-)~/ t . . . . . . . . . . .  FORD 72 ASPK 0.0 

j X ~ /  ~ . .  ) HOFFMASTER 72 HLBC 2.9 

~ x ~  - -  ~ " . ~ , ~ i d e n c e  Level = 0.135) 

-0 .23  

Linear energy dependence for K + ~ ~+  7r + ~ -  

Q U A D R A T I C  COEFFIC IENT  h FOR K + --* ~r + Ir + 1r- 
VALUE E V T 5  DOCUMENT ID TECN CHG 

0 . 0 1 2  + 0 . 0 0 8  OUR AVERAGE Error includes scale factor of 1.4. See the ideogram 
below. 

0.0006±0.0143 225k DEVAUX 77 SPEC + 
0.01874-0.0062 750k FORD 72 ASPK + 

-0.009 +0.014 39819 HOFFMASTER72 HLBC + 

WEIGHTED AVERAGE 
0.012 + 0 . 0 0 5  (Error scaled by 1.4) 

| 

- 0 . 0 4  -0 .02  O.OO 0.02 

Quadratic coefficient h for K + ~ 7r + ~r + 7r- 

Q U A D R A T I C  COEFFIC IENT  k FOR K + --* ~r + ~r + 7r- 
VALUE EVT5  DOCUMENT ID TECN CHO 
--0.0101-t-0.0034 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram 

below. 
-0.02054-0.0039 225k DEVAUX 77 SPEC + 
-0.0075t0.0019 750k FORD 72 ASPK + 
-0.01054-0.0045 39819 HOFFMASTER72 HLBC + 

X2 

' • DEVAUX 77 SPEC ~'~.~ 
~ • FORD 72 ASPK 11 
• ~.HOFFMASTER 72 HLBC 2.3 

4.2 
(Confidence Level = 0.123) 

0 . 0 4  0 .06  
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Meson Full Listings 
K + 

i 

- 0 . 0 3  - 0 . 0 2  

WEIGHTED AVERAGE 
-0.0101 = 0 . 0 0 3 4  (Error scaled by  2.1) 

-0 .01 0 . 0 0  

Quadratic coefficient k for K + ~ rr + rr + ~r- 

2 
X 

~. DEVAUX 77 SPEC 7.2 
FORD 72 ASPK 1.8 
HOFFMASTER 72 HLBC 0.0 

5-5 
~ , a  {Conf idence Level = 0.011) 

L I N E A R  C O E F F I C I E N T  g r  FOR K -  --~ ~r ~r 7r + 
Some experiments use Dalitz variables x and y. In the comments we give ay = 
coefficient of y term. See note above on "Dalitz Plot Parameters for K ~ 3~r 
Decays." For discussion of the conversion of ay to g, see the earlier version of the 
same note in the 1982 edition of this Review published in Physics Letters l l l B ,  70 
(April 1982). 

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
-B.217 4-0.007 OUR AVERAGE Error includes scale factor of 2.5. 

0.2186±0.0028 750k FORD 72 ASPK ay=.2770 ± .0035 
0.193 ±0.010 50919 MAST 69 HBC ay =0.244 ± 0.013 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.199 ±0.008 81k 58 LUCAS 73 HBC a y = 0 . 2 5 2  ± 0.011 
0.190 J_0.023 5778 59,60 MOSCOSO 68 HBC ay=0.242 ± 0.029 

-0.220 ±0.035 1347 61 FERRO-LUZZI 61 HBC ay=0.28 ± 0045 
58 dependence is required by K0 L experiments. For comparison we average only Quadratic 

those K ± experiments which quote quadratic fit values. 
59 Experiments with large errors not included in average. 
60Also includes DBC events. 
61 No radiative corrections included. 

QUADRATIC  COEFFICIENT h FOR K ~ ~r ~r ~r + 
VALUE EVTS DOCUMENT tD TEEN CHG 

O.010:1:0.006 OUR AVERAGE 
0.0125±0.0062 750k FORD 72 ASPK - 

-0.001 ±0.012 50919 MAST 69 HBC 

QUADRATIC  COEFFICIENT k FOR K -  -~ = lr 7r + 
VALUE EVT5 DOCUMENT ID TEEN CHG 
-0.00844-0.0019 OUR AVERAGE 

0.0083±0.0019 750k FORD 72 ASPK 
-0.014 ±0.012 50919 MAST 69 HBE 

(g.+ - g~ ) / (g.+ + g,.-) 
A nonzero value for this quantity indicates CP violation. 

VALUE (%) EVTS DOCUMENT ID TECN 

-0 .70±0.53  3.2M FORD 70 ASPK 

L I N E A R  C O E F F I C I E N T  g FOR K ± ~ ~ +  ~r 0 W 0 
Unless otherwise stated, all experiments include terms quadratic 
in (s 3 SO) / m2(Tr+). See mini-review above. 

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0.594=1:0.019 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 
0.582±0.021 43k BOLOTOV 86 E A L O  

0.670±0.054 3263 BRAUN 76B HLBC + 
0.630±0038 5635 SHEAFF 75 HLBC + 
0.510±0060 27k SMITH 75 WIRE + 
0.67 ± 0 0 6  1365 AUBERT 72 HLBC 4 
0.544±0.048 4048 DAVlSON 69 HLBQ + Also emulsion 
• . • We do not use the following data for averages, fits, limits, etc. • • * 

0.806±0220 4639 62 BERTRAND 76 EMUL ± 
0,484±0.084 574 63 LUCAS 73B HBC Dalitz pairs only 
0.527+0.102 198 62 PANDOULAS 70 EMUL 
0,586±0.098 1874 63 BISI 85 HLBC + Also HBE 
0.48 ± 0 0 4  1792 63 KALMUS 64 HLBC + 

62 Experiments with large errors not included in average, 
63 Authors give linear fit only. 

WEIGHTED AVERAGE 
0 .594  ± O.O19 (Error scaled by  1.3) 

X2 
. . . . .  BOLOTOV 86 CAL0 0"~ 

"~, _ " ~  . . . .  BRAUN 76B HLBC 2.0 
~ v v - - I - ~  . . . . . .  SHEAFF 75 HLBC 0.9 

~ . . . . .  SMITH 75 WIRE 2.0 
. . . .  AUBER7 72 HLBC 1.6 

" ~ '  ~,~ . . . .  DAVISON 89 HLBC 1J. 

' ~ ' -  I (Conf idence Level = ~  0.164) 

0 .3  0 .4  0 .5  0.6 0.7 0 .8  0.9 1.0 

Linear energy dependence for K J- ~ 7r =l- 7r0~T 0 

Q U A D R A T I C  C O E F F I C I E N T  h FOR K "/- --4 "15t: 710 "n 0 
See mini-review above. 

VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
0.035:EO.O15 OUR AVERAGE 
0.037±0.024 43k BOLOTOV 86 CALO - 
0.152±0.082 3283 BRAUN 76B HLBC ÷ 
0.041±0030 5635 SHEAFF 75 HLBE 
0.009±0.040 27k SMITH 75 WIRE + 
0.01 ±0.08 1365 AUBERT 72 HLBC + 
0.026±0.050 4048 DAVlSON 69 HLBE ± Also emulsion 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 164±0.121 4639 64 BERTRAND 76 EMUL ± 
0.018±0.124 198 64 PANDOULAS 70 EMUL + 

64 Experiments with large errors not included in average. 

N O T E  O N  K ~  A N D  Kt°3 F O R M  F A C T O R S  

Assunling that  only the vector current contributes to 

K ~ 7r[u decays, we write the nlatrix element as 

M ~x f+( t )  [(PK + P,~),,?~,l,( 1 ~- ";"5)'] 

+ f  (t) [me[ ' (1 .  ")'s)u] , (1) 

where PK and P~ are the four-momenta of the K and 7r mesons, 
rn~ is the lepton mass. and f+ and f are dimensionless form 

factors which can depend only on t - ( P K -  p~)2 the 

square of the four-nlomentum transfer to the leptons. If titne- 

reversal invarianee holds, f+ and f are relatively real. Kl~ 3 

experiments measure f .  and f , while Ke3 experiments are 

sensitive only to f+ because the small electron mass makes the 

f term negligible. 

(a)K~,j ezperiments. Analyses of K~3 data frequently as- 

sume a linear dependence of f+ and f on t. i.e., 

f±(t) f±(0) [ 1 - A ± ( t / m ~ ) ]  . (2) 

Most Ki,3 data are adequately described by Eq. (2) for f_  

and a constant f (i.e., A = 0). There are two equivalent 

parametrizations commonly used in these analyses: 

(1) A+,~c(0) parametrization. Analyses of K~a data often 

introduce the ratio of the two form factors 

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

The Ki, a decay distribution is then described by the two 

parameters A+ and ~(0) (assuming time reversal invariance 



See key on page IV. 1 

and A_ = 0). These parameters can be determined 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.1): 

p(E~, E.)  c(f2+(t) [A + B{(t) + CsC(t) 2] , 

where 

(1 z, ) A = m K  (2E, Ev - rnKE;) + m** \ 4  ~ - E v  , 

( 2 Eu- B = m ,  2 ~] ' 

E" = E :  ' ax  - E,~ : (rn~( + m~ - m~) ~2inK - E . .  

Here E~, E**, and Eu 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 A+, ((0), and their 

correlation. 

Method B. By measuring the K~a/Ke3 branching ratio 

and comparing it with the theoretical ratio (see, e.g., Fearing 

et al. 2) as given in terms of A+ and ((0), assuming #-e 

universality: 

C(K2a)/r(Kk) = 0.6457 + 1.4115A+ + 0.1264{(0) 

+0.0192~(0) 2 + 0.0080A+{(0) , 

F(K°a)/F(K°3) = 0.6452 + 1.3162A+ + 0.1264~(0) 

+0.0186~(0) 2 + 0.0064A+[(0) . 

This cannot determine A+ and ~(0) simultaneously but simply 

:fixes a relationship between them. 

Method C. By measuring the muon polarization in K~a 

decay. In the rest frame of the K, the # is expected to be 

polarized in the direction A with P = A /  A , where A is 

.given (Cabibbo and Maksymowicz a) by 

A - al(~)p~ 

L m/~ 2 # 

+mKIm{(t)(pu x Pl,) " 

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) A+,Ao parametrization. Most of the more recent K~,3 

analyses have parameterized in terms of the form factors f+ 

and f0 which are associated with vector and scalar exchange, 

respectively, to the lepton pair. f0 is related to f+ and f by 

fo(t) = f+(t) + [t/(m~K - rn~)] Z-(t) • 

Meson Full 
V I I . 7 9  

Listings 
K ± 

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 f0 linear in t: 

f0(t) = f0(0) [1 + Ao(t/m~)] . 

With  the assumption that  f0(0) = f+(0), the two parametriza- 

tions, (A+,{(0)) and (A+,A0) are equivalent as long as corre- 

lation information is retained. (A+, A0) correlations tend to be 

less strong than (A+,{(0)) correlations. 

The experimental results for {(0) and its correlation with 

A+ are listed in the K ± and K ° sections of the Full Listings 

in section {A, {B, or {C depending on whether method A, B, 

or C discussed above was used. The corresponding values of 

A+ are also listed. 

Because recent experiments tend to use the (A+,A0) 

parametrization, we include a subsection for A 0 results. Wher- 

ever possible we have converted {(0) results into A0 results and 

vice versa. 

See the 1982 version of this note 4 for additional discussion 

of the K°3 parameters,  correlations, and conversion between 

parametrizations, and also for a comparison of the experimental 

results. 

(b) K~3 experiments. Analysis of Ke3 data  is simpler 

than that  of K#3 because the second term of the matrix 

element assuming a pure vector current [Eq. (1) above] can be 

neglected. Here f+ is usually assumed to be linear in t, and 

the linear coefficient A+ of Eq. (2) is determined. 

If we remove the assumption of a pure vector current, then 

the matrix element for the decay, in addition to the terms in 

Eq. (2), would contain 

+2inK fs  g(1 + 75)u 

+(2/r/mK)(s~<)~(P. L ~(I + ~)~ , 

where fs 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+I and 
IfT/f+l. 

R e f e r e n c e s  

1. L.M. Chounet, J.M. Galliard, and M.K. Gaillard, Phys. 
Rep. 4C, 199 (1972). 

2. H.W. Fearing, E. Fischbach, and J. Smith, Phys. Rev. D2, 
542 (1970). 

3. N. Cabibbo and A. Maksymowicz, Phys. Lett. 9, 352 
(1964). 

4. Particle Data Group, Phys. Lett. 111B, 73 (1982). 

K + F O R M  F A C T O R S  

In the form factor comments, the following symbols are used. 
f+ and f_ are form factors for the vector matrix element. 

fs and fT refer to the scalar and tensor term. 

fo = f+ + L t / ( r n 2 ( K )  - m20r))  • 

A+,  A_ ,  and A 0 are the linear expansion coefficients of f+ ,  f_,  and f0" 

A+ refers to the K/~ 3 value except in the Ke3 sectlons. 

d((O)/dA+ is the correlation between ( (0)  and A+ in /(#3. 

dAo/dA + is the correlation between A 0 and A+ in K/~ 3. 

t = momentum transfer to the x in units of  m20r) .  

DP --  Dalitz plot analysis. 
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Meson Full Listings 

K ± 

Pl = 7r spectrum analysis. 

MU = # spectrum analysis. 

POL= /~ polarization analysis. 

BR = K#3/Ke3 branching ratio analysis. 

E = positron or electron spectrum analysis. 

RC = radiative corrections. 

~A = f -  / f+  ( d e t e r m i n e d  f r om spec t ra )  
The parameter f is redundant with A 0 below and is not put into the Meson Summary 
Table. 

VALUE d~(O)/dA± EVT5 DOCUMENT IO TEEN CH6 COMMENT 
- -0 .35±0.15  OUR EVALUATION From a fit discussed in note on K~3 form factors in 

1982 edition, PL 1118 (April 1982). 

0 .27±0.25 - 1 7  3973 WHITMAN 80 SPEC + DP 
0.8 J-0.8 - 2 0  490 65ARNOLD 74 HLBC + DP 

- 0 . 5 7 ± 0 . 2 4  9 6527 66 MERLAN 74 ASPK ~ DP 
- 0 3 6 ± 0 . 4 0  19 1897 67 BRAUN 73C HLBC + DP 
- 0 6 2 ± 0 . 2 8  12 4025 68 ANKENBRA... 72 ASPK + PI 
+0 .45±0 .28  - 15 3480 69 CHIANG 72 OSPK + DP 

1.1 ±0.56 29 3240 70 HAIDT 71 HLBC ÷ DP 
0.5 ±0 .8  - 2 6  2041 71 KIJEWSKI 69 OSPK ~ PI 

+0 .72±0 .93  17 444 CALLAHAN 668 FBC + PI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

I I 1 We do not use the following data for averages, fits, limits, etc. • • • 

0 .64±0.27 40k 80 MERLAN 74 ASPK + POL, d4(O)/dX + 
= +1.7  

1.4 ~-1.8 397 81 CALLAHAN 66B FBC + Total pol. 

0.7 +0.9  2950 81 CALLAHAN 66B FBC + Long. pol. 
3.3 

+1 .2  +2.4  2100 81 BORREANI 65 HLBC + Polarization - 1.8 
- 4 0  to +1 .7  500 81 CUTTS 65 OSPK ÷ Long. poh 

77 BRAUN 75 df(O)/d)` + = i f  = 0.25×4.2 = 1.0. 

78 CUTTS 69 t = 4.0 was calculated from figure 8. d f (O) /d .~  = i t  = - 0 . 9 5 × 4  = -3 .8 .  

79 BETTELS 68 df(O)/dA+ = i t  = 1.0x4.9 = 4.9, 

80MERLAN 74 polarization result (figure 5) not possible. See discussion of polarization 
experiments in note on "Kf3 Form Factors" in the 1982 edition of this Review [Physics 

Letters 111B (April 1982)]. 

81 t value not given. 

IMAGINARY PART OF 
Test of T reversal invariance. 

VALUE EVTS 
- -  0.017 ± 0.025 OUR AVERAGE 

0.016±0.025 20M 

- 0 3  +0.3  3133 
0.4 

0.1 ---03 6000 
0.5 ±0 .9  none 78 EISLER 68 HLBC + PI, A+ =0 

0.0 +1.1 2648 72 CALLAHAN 66B FBC + #, A + = 0  
- 0 . 9  

+0.7 ±0 .5  87 GIACOMELLI 64 EMUL + MU+BR, ) `+=O 
0.08±0.7  73 JENSEN 64 XEBC + DP+BR 

+1.8 ±0 ,6  76 BROWN 62B XEBC + DP+BR, 
)`+=0 

65ARNOLD 74 figure 4 was used to obtairl ~A and d4(O)/dA~ . 

66MERLAN 74 figure 5 was used to obtain d4(O)/dX~, 

67BRAUN 73C gives f ( t )  = - 0 . 3 4  ± 0.20, d4(t ) /dA+ = - 1 4  for )W = 0.027, t = 6.6. 
We calculate above f (0 )  and df(O)/dA + for their )`+ = 0.025 ± 0.017. 

68ANKENBRANDT 72 figure 3 was used to obtain d4(O)/dX + . 
69CHIANG 72 figure 10 was used to obtain df(O)/dX+.  Fit had ~ = ~F but would not 

change for A = 0. L.Pondrom, (private communication 74). 

CAMPBELL 81 CNTR + Pol. 

CUTTS 69 OSPK + Total pol. fig.7 

BETTELS 68 HLBC + Total poh 
CALLAHAN 66B FBC + MU 
CALLAHAN 66B FBC + Total pol. 

CALLAHAN 66B FBC + Long. poI. 

70 HAIDT 71 table 8 (Dalitz plot analysis) gives df(O)/dA + ( 11+0 .5 ) / (0 .050  0.029) 
29, error raised from 0.50 to agree with d4(O) - 0.20 for fixed A+.  

71KIJEWSKI 69 figure 17 was used to obtain d~(O)/dA% and errors. 

72 CALLAHAN 66 table 1 (Tr analysis) gives d~(O)/d)`+ = (0.72 0.05) / (0-0.04)  - - 1 7 ,  
error raised from 0.80 to agree with d4(0) - 0.37 for fixed ~ _ .  t unknown. 

73 JENSEN 64 gives )`/~ = A j  e = 0.020 ± 0.027. d~(O)/dX+ unknown. Includes SHAK- 

LEE 64 f B ( K # 3 / K e 3 ) .  

~B = f - / f +  ( d e t e r m i n e d  f r om K # 3 / K e 3 )  

0.0 =i.0 2648 
+I 6 ±1.3 397 

+ 1.4 2950 0.5 - 0 . 5  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 0 1 0 ± 0 . 0 1 9  32M 82 BLATT 83 CNTR Polarization 

82 Combined result of MORSE 80 (K03 )  and CAMPBELL 81 (K+3) .  

A+ (LINEAR ENERGY DEPENDENCE OF f+ IN K#3 DECAY) 
See also the corresponding entries and footnotes in sections 4A, fC,  and ~0- For 
radiative correction of KI~ 3 Dalitz plot, see GINSBERG 70 and BECHERRAWY 70. 

VALUE E V T 5  DOCUMENT ID TE~N CH~ COMMENT 
0.033±0.008 OUR EVALUATION F~om a ~ discussed in note on K~3 form factors in 

1982 edition, PL 111B (April 1982). 

The K#3/Ke3 branching ratio fixes a relationship between I (0 )  and A+. We quote the 
author's 4(0) and associated )`+ but do not average because the A+ values differ. The 
fit result and scale factor given below are not obtained from these 4B values. Instead 

they are obtained directly from the fitted K#3/Ke3 ratio F(Tr 0 #+  ~/~)/F(Tr 0 e + ue) , 
with the exception of HEINTZE 77. The parameter 4 is redundant with A 0 below and 
is not put into the Meson Summary Table. 

VALUE EVT5 DOCUMENT tO TECN CHG COMMENT 
--0.35:50.15 OUR EVALUATION From a fit discussed in note on Kt3 form factors in 

1982 edition, PL 111B (April 1982). 

0 .12±0.12 55k 74 HEINTZE 77 CNTR + )`+ =0.029 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0 .050±0.013  3973 WHITMAN 80 SPEC + DP 
0.025±0.030 490 ARNOLD 74 HLBC + DP 
0 0 2 7 ± 0 . 0 1 9  6527 MERLAN 74 ASPK + DP 
0.025±0.017 1897 BRAUN 73c HLBC + DP 
0 024±0.019 4025 83 ANKENBRA... 72 ASPK + PI 
0.006±0.015 3480 CHIANG 72 OSPK + DP 
0 0 5 0 ± 0 . 0 1 8  3240 HAIDT 71 HLBC + DP 
0.009±0.026 2041 KIJEWSKI 69 OSPK + PI 
O0 ± 0 0 5  444 CALLAHAN 66B FBC + PI 

83ANKENBRANDT 72 )`+ from figure 3 to match df(O)/dA + . Text gives 0.024 ± 0022.  

AO (LINEAR ENERGY DEPENDENCE OF ~ IN /<#3 DECAY) 
Wherever possible, we have converted the above values of 4(0) into values of )`0 using 

the associated )`~ and d~/dA . 
VALUE dAfl/dA ~ E V T 5  DOCUMENT ID TECN CH6 COMMENT 

0.004:t:0.007 OUR EVALUATION From a fit discussed in note on K~3 form factors in 
1982 edition, PL 111B (April 1982), 

~ 0 . 0 2 9 ± 0 0 1 1  037  3973 WHITMAN 80 SPEC + 
+0 .019±0.010  + 0 0 3  55k 84 HEINTZE 77 SPEC + 
+0 .008±0.097  + 0 9 2  1585 85 BRAUN 75 HLBC + 

0.0 ±0.15 5825 CHIANG 72 OSPK + )`+ 0.03, f ig. lO 
0.81±0.27 1505 75 HAIDT 71 HLBC + ) ,+ -0 .028 ,  fig.8 
0.38±0.22 76 BOTTERILL 70 OSPK + )`+ =0,045 ± 0.015 

+0 .91±0 .82  ZELLER 69 ASPK + ) `+ -0 .023  
- 0 . 0 8 ± 0 . 1 5  5601 76 BOTTERILL 68B ASPK + A + - 0 . 0 2 3 ± 0 . 0 0 8  

0 . 6 0 ± 0 2 0  1398 75 EICHTEN 68 HLBC + See note 
+1.0  ±0 .6  986 GARLAND 68 OSPK + ) ` + - 0  
+ 0 . 7 5 ± 0 5 0  306 AUERBACH 67 OSPK + )`+ 0 
+0.4 ± 0 4  636 CALLAHAN 66B FBC + ) ` + - 0  
+0.6  ±0 .5  B151 65B HBC + ) `+ . -0  
+0,8  ±0 .6  500 CUTTS 65 OSPK + ) ` + - 0  

+0.75 SHAKLEE 64 XEBC + ) ` + = 0  0.17 0.99 

74Calculated by us from )`0 and )`+ given below. 

DP 
BR 
POL 

-0 .040±0 .040  062  490 ARNOLD 74 HLBC + DP 
0.019±0.015 + 0 2 7  6527 86 MERLAN 74 ASPK - DP 
0.008±0.020 0.53 1897 87 BRAUN 73£ HLBC 4- DP 
0 .026±0013  +0.03 4025 88 ANKENBRA... 72 ASPK + PI 

+ 0 . 0 3 0 ± 0 0 1 4  0.21 3480 88 CHIANG 72 OSPK + DP 
0.039~+0.029 1.34 3240 88 HAIDT 71 HLBC + DP 
0.056±0.024 + 0 6 9  3133 85 CUTTS 69 OSPK ~ POL 
0.031±0.045 1.10 2041 88 KIJEWSK] 69 OSPK + PI 
0.063±0.024 +0.60 6000 85 BETTELS 68 HLBC + POL 

+0 .058±0.036  0.37 444 88 CALLAHAN 66B FBC + PI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .017±0011  89 BRAUN 74 HLBC + 

75EICHTEN 68 has )`+ 0.023 ± 0.008, t - 4, independent of ~ .  Replaced by 
HAIDT 71. 

76 BOTTERILL 70 is re evaluation of BOTTERILL 688 with different )`+. 

(C = f - / f +  (determined from # polarization in K1~1 ) 
The/~ polarization is a measure of ~(t). No assumptions on A+ necessary, t (weighted 
by sensitivity to 4( t ) )  should be specified. In ) `+,  f (0 )  parametrization this is ~(0) 
for A+=0 .  d~/dA = f t .  For radiative correction to muon polarization in K 3 see 

put Into the GINSBERG 71. The parameter f is redundant with A 0 below and is not /~ ' 
Meson Summary Table. 

VALUE E V T 5  DOCUMENT I D T_ECN C HG COMMENT 
- -0 .35±0.15  OUR EVALUATION From a fit discussed in note on ~ 3  form factors in 

1982 edition, PL 111B (April 1982). 

- 0 2 5 i 1 . 2 0  1585 77 BRAUN 75 HLBC + POL, t = 4 2  
- 0 . 9 5 i 0 . 3  3133 78 CUTTS 69 OSPK + Total pol. t - 4 . 0  
- 1 . 0  ±0 .3  6000 79 BETTELS 68 HLBC + Total pol. t=4.9 

K~3/Ke3 
vs. t 

84HEINTZE 77 uses A+ 0.029 ± 0.003. dAo/dA + estimated by us. 

85)` 0 value is for )`+ - 0.03 calculated by us from I (0 )  and d4(0)/dA + . 

86 MERLAN 74 A 0 and dAo/d)` + were calculated by us from IA ,  )`~-, and d4(O)/d)~_. 
Their figure 6 gives )`0 - - 0 . 0 2 5  d_ 0.012 and no d)`o/dX+.. 

87This value and error are taken from BRAUN 75 but correspond to the BRAUN 73C )`~# 

result, d)`0/d)` + is from BRAUN 73c d~(O)/d)`+ in ~A above. 

88)` 0 calculated by us from ~(0), )`/~, and df(O)/d)`+.  

89 BRAUN 74 is a combined KIL 3 Ke3 result. It is not independent of BRAUN 73c (KI~ 3) 
and BRAUN 73B (Ke3) form factor results. 



See key on page IV. 1 

A+ (LINEAR ENERGY DEPENDENCE OF f+ IN Ke3 DECAY) 
For radiative correction of  Ke3 Dal i tz  plot,  see GINSBERG 67 and BECHERRAWY 70. 

VALUE EVTS DOCUMENT ID TEEN CH6 COMMENT 
0 .028±0 .004  OUR AVERAGE 
0.027±0.008 90 B R A U N  73B HLBC + DP, no RC 
0.029±0.011 4017 CHIANG 72 OSPK + DP, RC negligble 
0.027:L0.010 2707 STEINER 71 HLBC + DP, uses RC 
0 .045±0,015 1458 B O T T E R I L L  70 OSPK PI, uses RC 
0.08 ±0 .04  960 B O T T E R I L L  68c A S P K  + e + ,  uses RC 

-0.02 +0 .08  90 EISLER 68 HLBC + PI, uses RC 
- 0 . 1 2  

0 04 ~+0"017  854 B E L L O T T I  67B FBC + DP, uses RC 
" " - 0 . 0 1 8  

+0 .016±0 .016  1393 IMLAY 67 OSPK + DP, no RC 

E0 0 ~ + 0 ' 0 1 3  515 K A L M U S  67 FBC + e + ,  PI, no RC 
- " ~ - 0 . 0 1 4  
- -0.04 ±0 .05  230 BORREANI  64 HBC + e + ,  no RC 
--0.010:10.029 407 JENSEN 64 XEBC + PI, no RC 
~-0.036:1-0.045 217 BROWN 62B XEBC + PI, no RC 

i, • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .025±0.007 91 B R A U N  74 HLBC + K#3/Ke3 vs. t 

90 BRAUN 73B states that  radiative corrections of GINSBERG 67 would lower A~. by 0.002 

but  that  radiative corrections of BECHERRAWY 70 disagrees and would raise A~  by 

0.005• 
9 1 B R A U N  74 is a combined K/~3-Ke3 result• It is not independent of BRAUN 73C ( / (#3)  

and BRAUN 73B (Ke3)  form factor results. 

Ifs/f+l F O R  Ke3 D E C A Y  
Ratio of scalar to f+  couplings. 

VALUE C£~ E V T 5  DOCUMENT ID TEEN CHG COMMENT 

0 1 ~+0"04 n .o  • " -0 .05  ~ "  AVERAGE ErroF includes scale factor of 1.3. 

0.00-I-0.10 2827 BRAUN 75 HLBC + 

0 1 ~ + 0 . 0 3  2707 STEINER 71 H L B £  + ~ + '  fs '  fT,  ~ f i t  
" ~ - 0 . 0 4  

,i • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.13 90 4017 CHIANG 72 OSPK + 
<0•23 90 B O T T E R I L L  68c ASPK 
<0.18 90 B E L L O T T I  67B HLBC 
<0.30 95 K A L M U S  67 HLBC + 

If~/f+l F O R  Ke3 D E C A Y  
Ratio of tensor to  f+ couplings. 

,VALUE EL% E V T S  DDCUMENT ID TECN CHG COMMENT 

0 2 ~+0 "15  OUR AVERAGE 
• "-- 0.13 

0.07±0.37 2827 BRAUN 75 HLBC + 

0 ~ A + 0 . 1 6  2707 STEINER 71 HLBC + A+,  fs,  fT,  ~P f i t  
" ~  0.14 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0,75 90 4017 E H I A N G  72 OSPK + 
<0.58 90 B O T T E R I L L  68c ASPK 
<0.58 90 B E L L O T T I  67B HLBC 
<1.1 95 K A L M U S  67 HLBC + 

fT/f+ FOR K#3 DECAY 
Ratio of tensor to f+  couplings. 

VALUE E V T 5  DOCUMENT ID TEEN 

0.02±0.12 1585 B R A U N  75 HLBC 

VII.81 

Meson Full Listings 
K + 

BLATT 83 PR D27 1056 +Adair, Black, Campbell+ (YALE, BNL) 
ASANO 82 PL 113B 195 +Kikutani, Kurokawa, Miyachi+ (KEK, TOKY, OSAK) 
COOPER 82 PL 1128 97 +Guy, Michette, Tyndel, Venus (RL) 
ASANO 818 Pl- 107B 159 +Kikutani, Kurokawa, Miyachi+ (KEK. TOKY, OSAK) 
CAMPBELl- 81 PRL 47 1032 +B~ack, Blatt, Kasha, Schmidt+ (YALE, BNL) 

Also 83 PR D27 1056 Blatt, Adair, Black, Campbell+ (YALE. BNL) 
LUM 81 PR D23 2522 +Wiegand, Kessler, Deslattes, Seki+ (LBL, NBS+) 
LYONS 81 ZPHY C10 215 +Albajar, Myatt (OXF) 
MORSE 80 PR D21 1750 +Leipuner, Larsen, Schmidt, Blatt+ (BNL, YALE) 
WHITMAN 80 PR D21 652 +Abrams, Carroll, Kycia. Li+ (ILLC, BNL, ILL) 
BARKOV 79 NP 8148 53 +Vasserman, Zolotorev, Krupin+ (NOVO, KIAE) 
HEINTZE 79 NP B149 365 +Heinzelmann, IgmKemenes+ (HELD, CERN) 
ABRAMS 77 PR D15 22 +Carroll, Kycia, Li, Michael, Mockett+ (BNL) 
DEVAUX 77 NP B12E 11 +Bloch, Diamant Berger, Maillard+ (SACL, GEVA) 
HEINTZE 77 PL 70B 482 +Heinzelmann. Igc-Kemenes+ (HELD, CERN) 
ROSSELET 77 PR D15 574 +Extermann, Fischer, Guisan+ (GEVA, SACL) 
BERTRAND 76 NP B114 387 +Sacton+ (BRUX, UBEL. DUUC, LOUC, WARS) 
BLOCH 76 PL 608 393 +Bunco, Devaux, Diamant-Berger+ (GEVA, SACL) 
BRAUN 768 LNC 17 521 +Martyn, Erriquez+ (AACH, BARI, BELG, CERN) 
OIAMANT .. 76 PL 62B 485 Diamant Berger, Bloch, Devaux+ (SACL, GEVA) 
HEINTZB 76 PL 60B 3O2 +Heinzelmann, Igc-Kemenes, Mundhenke+ (HELD) 
SMITH 76 NP B109 173 +Booth, Renshall, Jones+ (GLAS, LWP, OXF, RHEL) 
WEISSENBE.,. 76 NP B115 55 Weissenberg, Egorov, Mine~na+ (ITEP, l-EBD) 
BLOCH 75 PL 56B 201 +Brehin, Bunce, Devaux+ (SACL, GEVA) 
BRAUN 75 NP B89 210 +Corne~ssen+ (AACH, BARI, BRUX, CERN) 
CHENG 75 NP A254 381 +Asano, Chen. Dugan, Hu, Wu+ (COLU, YALE) 
HEARD 75 PL 55B 324 +Heintze, Heinzelmann+ (CERN, HELD) 
HEARD 75B PL 55B 327 +Heintze, Heinzelmann+ (CERN, HELD) 
SHEAFF 75 PR D12 2570 (WISE) 
SMITH 75 NP B91 45 +Booth, Renshall, Jones+ (GLAS, LWP, OXF, RHEL) 
ARNOLD 74 PR D9 1221 +Roe. Sinclair (MICH) 
BRAUN 74 PL 51B 393 +Cornelssen, Martyn+ (AACH, BARI, BRUX, CERN) 
CENCE 74 PR DI0 776 +Harris, Jones, Morsado+ (HAWA, LBL, WISE) 

Also 73 Thesis unpub. Clarke (WISE) 
KUNSELMAN 74 PR C9 2469 (WYOM) 
MERCAN 74 PR D9 107 +Kasha, Wanderer, Adair+ (YALE, BNL, LASL) 
WEiSSENBE.. 74 PL 48B 474 Weissenberg, Egorov, Minervina+ (ITEP. LEBD) 
ABRAMS 738 PRL 30 500 +Carroll, Kycia, Li, Menes, Michael+ (BNL) 
BACKENSTO-, 73 PL 43B 431 Backenstoss+ (CERN, KARL, HELD, STOH) 
BEIER 73 PRL 30 399 +Buchholz, Mann, Parker, Roberts (PENN) 
BRAUN 738 PL 47B 185 +Comelssen (AAEH, BARI, BRUX, CERN) 

Also 75 NP B89 210 Braun, Cornelssen+ (AACH. BARI, BRUX, CERN) 
BRAUN 73C PL 47B 182 +Cornelssen (AACH, BARI. BRUX, CERN) 

Also 75 NP B89 210 Braun, £ornelssen+ (AACH, BARI, BRUX, CERN) 
CABLE 73 PR D8 3 8 0 7  +Hildebrand, PanE. Stiening (EFI. I,BL) 
HUNG 73 PR D8 1307 +Cline (WISE) 

Also 72 PRL 28 523 Ljung (WISC) 
Also 72 PRL 28 1287 Cline, Ljun S (WiSC) 
Also 69 PRL 23 326 £amerini, Ljung, Sheaff, Cline (WISC) 

LUCAS 73 PR D8 719 +Taft. Willis (YALE) 
LUCAS 738 PR D8 727 +Taft, Willis (YALE) 
PANG 73 PR D8 1 9 8 9  +Hildebrand, Cable, Stiening (EFL ARIZ, LBL) 

ABo 72 PL 408 699 Cable, Hildebrand, Pang, Stienin S (EPI, LBL) 
SMITH 73 NP 860 411 +Booth, Renshall, Jones+ (GLAS, LIVP, OXF, RHEL) 
ABRAMS 72 PRE 29 1118 +Carroll, Kycia. Li, Menes, Michael+ (BNL) 
ANKENBRA- 72 PRL 28 1472 Ankenbrandt, Larsen+ (BNL, LASL, FNAL YALE) 
AUBERT 72 NC 12A 509 +Heusse, Pascaud, Vialle+ (ORSA, BRUX, EPOL) 
BEIER 72 PRL 29 678 +Buchholz, Mann, Parker (PENN) 
CHANG 72 PR D6 1254 +Rosen, Shapiro, Handler, Olsen+ (ROCH, WrSC) 
CLARK 72 PRL 29 1274 +Cork, Elioff, Kertb, McReynolds. Newton+ (LBL) 
EDWARDS 72 PR D5 2720 +Beier, Bertram, Herzo, Koester+ (ILL) 
FORD 72 Pl, 38B 335 +Piroue, Remmel. Smith. Souder (PRIN) 
HOFFMASTER 72 NP B36 1 +Koller, Taylor+ (STEV, SETO, LEHI) 
BASILE 71C PL 368 619 +Brehin, Diamant-Berger, Kunz+ (SACL, GEVA) 
BOURQUIN 91 PL 368 615 +Boymond, Extermann. Marasco+ (GEVA. SACL) 
GINSBERG 71 PR 04 2893 (MIT) 
HAIDT 71 PR D3 10 (AACH, BARI. CERN, EPOL, NIJM+) 

Also 69 PL 29B 691 Haidt+ (AACH, BARI, CERN. EPOL. NIJM, ORSA+) 
KEEMS 71 PR D4 66 +Hildebrand, Stiening (CHIC, LRL) 

Also 70 PRL 24 1086 Klems, Hildebrand, Stiening (LRL, CHIC) 
Also 708 PRL 25 473 Klems, Hildebrand, SEenin{ (LRL, CHIC) 

OTT 71 PR D3 52 +Pritchard (LOQM) 
ROMANO 71 PL 36B 525 +Renton, Aubert, Burban-Lutz (BARI, CERN, ORSA) 
SCHWEINB... 71 PL 36B 246 Schweinberger (AACH, BELG, EERN, NIJM+) 
STEINER 71 PL 3613 521 (AACH, BARI, CERN, EPOL, ORSA, NIJM, PADDy) 
BARDIN 70 PL 32B 121 +Bilenky, Ponteco~o (JINR) 
BECHERRAW'Y 70 PR 01 1452 (ROCH) 
BOTTERILL 70 PL 31B 325 +Brown, Clegg, Corbett, Culligan+ (OXF) 
FORD 70 PRL 25 1370 +Piroue, Remmel, Smith, Souder (PRIN) 
GAILLARD 70 CERN 70-14 +Chounet (CERN, ORSA) 
GINSBERG 70 PR D1 229 (HALF) 
GRAUMAN 70 PR D1 1277 +Koller, Taylor, Pandoulas+ (STEV, 5ETO, LEHI) 

Also 69 PRL 23 737 Grauman, Roller, Taylor+ (STEV, SETO, LEHI) 
MAEEK 70 PR D1 1249 +Mann, McFarlane, Roberts (PENN) 
MALTSEV 70 SJNP 10 678 +Pestova, Solodovnikova, Fadeev+ (JINR) 

Translated from YAP 10 1195. 
PANDOULAS 70 PR D2 1205 +Taylor, Koller. Grauman+ (STEV, SETO) 
CUTTS 69 PR 184 1380 +SBening, Wiegand, Deutsch (LRL MIT) 

Also 68 PRL 20 955 Cutts, Stienins, Wiegand, Deutsch (LRL, MIT) 
DAVISON 69 PR 180 1333 +Bacastow, Barkas, Evans, Funs, Porter+ (UCR) 
ELY 69 PR 180 1319 +Gidal, Hagopian, Kalmus+ (LOUC, WISE, LRL) 
EMMERSON 69 PRL 23 393 +Quirk (OXP) 
HERZO 69 PR 186 1403 +Banner, Beier, Bertram, Edwards+ (ILL) 
KIJEWSKI 69 UCRL 18433 Thesis (LBL) 
LOBKOWlCZ 69 PR 185 1 6 7 6  +Melissinos, Nagashima, Tewksbury+ (ROCH, BNL) 

Also 66 PRL 17 548 Lobkowicz, Melissinos, Nasashima+ (ROCH, BNL) 
MACEK 69 PRL 22 32 +Mann, McFarlane, Roberts+ (PENN, TEMP) 
MAST 69 PR 183 1200 +Gershwin, Alston-Garnjost, Bangerter+ (LRL) 
ZELLER 69 PR 182 1420 +Haddock, Helland, Pahl+ (UCLA, LRL) 
BETTELS 68 NC 56A 1106 (AACH, BARI, BERG, CERN. EPOL, NIJM, ORSA+) 

Also 71 PR D3 10 Ha]dr (AACH, BARI, CERN, EPOE, NIJM+) 
BOTTERILL 688 PRE 21 766 +Brown, Clogs, Corbett+ (OXP) 
BOTTERILL 68C PR 174 1661 +Brown, CleF.g. Corbett+ (OXF) 
BUTLER 68 UCRL 18420 +Bland. Goldhaber, Goldhaber, H]rata+ (LRL) 
CHANG 68 PRL 20 510 +Yodh, Ehrlich, Piano+ (UMD, RUTG) 
CHEN 68 PRL 20 73 +Cutts, Kijewski, Stienins+ (I,RL. MIT) 
EICHTEN 68 Pl, 27B 586 (AACH, BARI, CERN, EPOL, ORBA, PADO, VALE) 
EISLER 68 PR 169 1090 
ESCHSTRUTH 68 PR 165 1487 
GARLAND 68 PR 167 1225 
MOSCOSO 68 Thesis 
AUERBACH 67 PR 155 1505 

Also 74 PR D9 3216 
Erratum. 

BELI,OTTI 67 Heidelberg Cone 
BELLOTTI 67B NC 52A 1287 

Also 6EB PL 20 690 
BISI 67 PE 258 572 
BOTTERILL E7 PRL 19 982 

Also 68 PR 171 1402 

DECAY FORM FACTORS FOR/d: --~ lr + i t -  e t: v 
Given in ROSSELET 77, BEIER 73, and BASILE 71c. 

DECAY FORM FACTOR FOR K ± --* "lr07rOe±u 
Given in B O L O T O V  868 and B A R M I N  888. 

REFERENCES FOR K- 

ATIYA 90 PRL 64 21 +Cbiang, Frank. Haggerty+ (BNL, LANE, PRIN, TRIU) 
LEE 90 PRL 64 165 +Alliegro. Campagnari+ (BNL, FNAL, PSI. WASH, YALE) 
ATIYA 89 PRL 63 2177 +Chiang, Frank, Haggerty+ (BNL, LANL, PRIN, TRIU) 
BARMIN 88 SJNP 47 643 +Barylov. Davidenko, Demidov, Dolsolenko+ (ITEP) 

Translated from YAF 47 1011. 
BARMIN 888 SJNP 48 1032 +Barylov. Davidenko, Demidov, Dolgolenko+ (ITEP) 

Translated from YAF 48 1719. 
¢AMPAGNARI 88 PRL 61 2062 +Alliegro, Chaloupka+ (BNL, PNAL, PSI, WASH. YALE) 
GALL 88 PRL 60 186 +Austin+ (BOST, MIT. WILL, CIT, EMU, WYOM) 
BARMIN 87 SJNP 45 62 +Barylov, Davidenko, Demidov+ (ITEP) 

Translated from YAF 45 97. 
BOI-OTOV 87 SJNP 45 1 0 2 3  +Gninenko, Dzhilkibaev. Isakov, Klubakov+ (INRM) 

Translated from YAF 45 1652. 
BOLOTOV 86 SJNP 44 73 +Gninenko, Dzhilkibaev, Isahov+ (INRM) 

Translated from YAF 44 117. 
BOLOTOV 86B SJNP 44 68 +Gninenko, Dzbilkibaev, Isakov+ (INRM) 

Translated from YAP 44 108. 
YAMANAKA 86 PR D34 85 +Hayano, Taniguchi, Ishlkawa+ (KEK, TOKY) 

Also 84 PRL 52 329 Hayano, Yamanaka, Taniguchi+ (TOKY, KEK) 
AKIBA 85 PR D32 2911 +lshikawa, Iwasaki+ (TOKY, TINT, TSUK, KEK) 
BOLOTOV 85 JETPL 42 481 +Gninenko, Dzhilkibaev, Isakov+ (INRM) 

Translated from ZETFP 42 390. 

+Funs, Marateck, Meyer, Piano (RUTG) 
+Franklin, Hughes+ (PRIN. PENN) 
+Tsipis. Devons, Rosen+ (COLU, RUTG, WISC) 

(ORSA) 
+Dobbs, Mann+ (PENN, PRIN) 

Auerbach 

+Pullia (MILA) 
+ Fiorini, Pullia (MILA) 

BeBotE, Fionnl, Pullia+ (MILA) 
+Cester, Chiesa, Vigone (TORI) 
+Brown. Corbett, CuIligan+ (OXF) 

Botterilh Brown, Clegg, Corbett* (OXF) 
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Meson Full Listings 
K + , K °, K ° 

BOWEN 67B PR 154 1314 +Mann, McFarlane, Hughes+ (PPA) 
CLINE 67B Herceg Novi Tbl. 4 

Proc International School on Elementary Particle Physics. 
FLETCHER 67 PRL 19 98 +Be±or, Edwards+ (ILL) 
FORD 67 PRL L5 1214 +Lemonick, Nauenberg, Paoue {PRIN) 
GINSBERG 67 PR 162 1570 (MASB) 
IM/AY 67 PR 160 1 2 0 3  +Eschstruth, Franklin+ (PRIN) 
KALMUS 67 PR 159 1187 +Kernan (LRL) 
ZINCHENKO 67 Rutsers Thesis (RUTG) 
CALLAHAN 66 NC 44A 90 (WISE) 
CALLAHAN 66B PR 150 1153 ~Carnerinit (WISE, LRL, UCR, 8ARI) 
EESTER 66 PL 21 343 +Eschstruth, One]ll+ (PPA) 

See footnote t in AUERBACH 67 
Also 67 PR 155 1505 Auerbach, Dobbs, Mann+ (PENN, PRIN) 

B4RGE 65 PR 1398 1600 +E~y, Gidal, Camerini, Cllne+ (LRL, WlSC) 
B~SI 65 NC 35 768 +Borreani, Coster, Ferrarot (TORI) 
BISI 65B PR 130B 1068 +Borreani, Marzari-Chiesa, Rinaudo+ (TORI) 
BORREANI 65 PR 140B 1686 +Gidal, Rinaudo, Cafodo+ (BARI. TORI} 
CALLAHAN 65 PRL 15 L29 +Cline (WISC) 
CAMERINI 65 NC 37 1795 +Cline, Gidal, Kalmus, Kernan (WISC, LRL) 
CLINE 65 PL 15 293 +Fry (WISC) 
CUTTS 65 PR 138B 969 +El±off, Stienin 6 (LnL) 
DEMARCO 65 PR 140B 1430 +Grosso, Rinaudo (TOnl, CERN) 
FITCH 65B PR 1408 1080 +Quarles, Wilh~ns (PRIN. MTHO) 
GREINER 65 ARNS 15 67 (LRL) 
STAMER 65 PR 138B 44O +Huetter, Koller, Taylor, Grauman (STEV) 
TRILLING 65B UCRL 16473 (LRL) 

Updated from 1965 Argonne Conference, page 5 
YOUNG 65 UCRL 16362 Thesis (LRL) 

Also 67 PR 156 1464 Young, Osborne, Barkas (LRL) 
BORREANI 64 PL t2 120 +Rinaudo, Werbrouck (TORI) 
CALLAHAN 64 PR 136B 1463 +March, Stark (WISE) 
CAMERINI 64 PRL 13 310 +Cline, Fry, Powell (WISC, LRL) 
CLINE 64 PRL 13 101 +Fry (WISC) 
GIACOMELLI 64 NC 34 1134 +Monti, Quareni+ (BGNA. MUNI) 
GREINER e4 PRL 13 284 +Osborne, Barkas (LRL) 
JENSEN 64 PR 136B 1431 +Shaklee, Roe, Sindair {MICH) 
KALMUS 64 PRL 13 99 +Korean, Pu, Powed, Dowd (LRL, WISC) 
SHAKLEE 64 PR 1368 1423 +Jensen, Roe. Sinclair (MICH) 
BARKAS 63 PRL 11 26 +Dyer, Heckrnan {LRL) 
BOYARSKI 62 PR 128 2398 +Lob, Niemela, Ritson (MIT) 
BROWN 62B PRL 8 450 +Kadyk, T01fing, Roe- {LRL. MICH) 
BARKAS 61 PR 124 1209 *Dyeq Mason, Norris, Nickols, Smit (LRL) 
BHOWMIK 61 NC 20 557 +Jain, Mathur (DELH) 
FERRO LUZZI 61 NC 22 1087 +Miller, Murray, Rosenfeld+ (LRL) 
NORDIN 61 PR 125 2166 (LRL) 
ROE 61 PRL 7 346 +Sinclair, Brown, Glaser- (MICH, LRL) 
FREDEN 60B PR 118 564 +Gilbert, White (LRL) 
BURROWES 59 PRL 2 117 +Caldwell, Frisch, Hill+ (MIT) 
TAYLOR 59 PR 114 359 +Harris, Orear, Lee, aaumel (COLU) 
EIS£NBERG 58 NC 8 663 +Koch, Lohrmann, Nikolic± (BERN) 
ALEXANDER 57 NC h 478 +Johnston, OceallaiBh (DUUC) 
COHEN 57 Fund. Cons. Phys. +Crowe, Dumond (NAAS, LRL, CIT) 
COOMBES 57 PR 108 1345 +Cork. Galbraith, Lambertson, Wenzel (LBL) 
BIRGE 56 NC 4 834 4 Perkins, Peterson, Stork, Whitehead (LRL) 
ILOPF 56 PR 102 927 +Goldhaber, LannutR, Gilbert+ (LRL} 

- -  O T H E R  R E L A T E D  PAPERS - -  

CHOUNET 72 PRPL 4C 199 4 Gaillard, Galliard (ORSA, CERN) 
FEARING 70 PR 02 542 +Fischbach, Smith (STON, BOHR) 
HAIDT 69B PL 29B 696 - (AACH, BARI, CERN, EPOL, NIJM, ORSA+) 
CRONIN 60B Vienna Conf. 241 (PRIN) 

Rapporteur talk. 
WILLIS 67 Heidelberg Conf 273 (YALE) 

Rapporteur talk 
CABIBBO 66 Berkeley Conf 33 (CERN) 
ADAIR 64 PL 12 67 +Leipuner (YALE, BNL) 
CABIBBO 64 PL 9 352 *Maksymowicz (CERN) 

Also 64B nL 11 360 Cabibbo, Maksymowicz (CERN) 
Also 65 PL 14 72 Cabibbo, Maksymowicz (EERN) 

BIRGE 63 PRL 11 35 +Ely, Gidal, Career±hi+ (LRL, WISC, 8ARI) 
BLOCK 628 CERN Conf 371 +Lendinara, Monad (NWES, aGNA) 
BRENE 61 NP 22 553 +Egardt, Qvist (NORD) 

R E F E R E N C E S  FOR K O 

BARKOV 87B SJNP 46 630 +Vasserman, Vorobev, Ivanov+ (NOVO) 
Translated from YAF 46 1058. 

BARKOV 858 JETPL 42 138 +Blinov Vasserman+ (NOVO) 
Translated rein ZETFP 42 113 

HILL 68B PR 168 1534 +Robinson, Sakitt, Canter (BNL, CMU) 
FITCH 67 PR 164 1711 ~Roth, Russ, Vernon (PRIN) 
BALTAY 66 PR 142 932 +Sandwe~ss, 5tonedill- (YALE, BNL) 
BURNSTEIN 65 PR 138B 895 +Rubin (UMD) 
RIM 65B PR 140B 1334 +Kirsch, Miller (COLU) 
CHRISTENSON 64 PRL 13 138 -Cronin, Fitch. Turlay (PRIN) 
GRAWFORD 59 PRL 2 t12 +Cresti. Good, Stevenson, Ticho (LRL) 
ROSENFELD 59 PRL 2 110 +5o[mitz, Tripp {LRL) 

r ~  4 / )  = ½(0-) 

K O M E A N  LIFE 

For earlier measurements, beginning with BOLDT 58B, see our our 1986 edition, 
Physics Letters 170B, 130 (1986). 

VALUE (1O 10 s~ EVT5 DOCUMENT ID TEEN COMMENT 
0.8922=t=O.0020 OUR AVERAGE 
0.8920+0.0044 214k GROSSMAN 87 SPEC E=100-350 GeV 
0.881 ±0.009 26k ARONSON 76 SPEC 
0.8913±0.0032 1 CARITHERS 75 SPEC 
0.8937±0.0048 6M GEWENIGER 74B ASPK 
0.8958±0.0045 50k 2 SKJEGGEST... 72 HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.905 ±0.007 3 ARONSON 82B SPEC E=30-110 GeV 
0.867 ±0.024 2173 4 FACKLER 73 OSPK 
0.856 ±0.008 19994 5 DONALD 68B HBC 
0.872 ±0.009 20000 5,6 HILL 68 DBC 
0.866 ±0.016 5 ALFF-... 66B OSPK 
0.843 +0013 5000 5 KIRSCH 66 HBC 

1 K 0 K~ mass difference A i m  ) = 0.5348 ± 0.0021. The CARITHERS 75 value is for 

A(m)  dependence of the total decay rate (inverse mean life) is F(~5)  = i(1.122 : 

0.004)+0.16(A(m) 0 5348)/A(m)]  10i0/S. Value would not change with our current 
A(m)  = 0.5349 3. 0.0022. 

2 H L L  68 has been changed by the authors from the published value (0.865 ± 0.009) 
because of a correction in the shift due to q + _ .  SKJEGGESTAD 72 and HILL 68 give 
detailed discussions of systematics encountered in this type of experiment. 

3ARONSON 82 find that K~ mean life may depend on the kaon energy. 

r ~  /(J P) = ½(0 ) 

K ° M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TECN COMMENT 
497.671/=0.031 OUR FIT 
497.676:E0.030 OUR AVERAGE 
497.6613.0.033 3713 BARKOV 87B CMD e ~ e ~ /~, K~ 

497.742±0.085 780 BARKOV 858 CMD e ~ e @ 

497.44 3.0.50 FITCH 67 OSPK 
498.9 ±0.5 4500 BALTAY 66 HBC K 0 from ~ p  
497.44 ±0.33 2223 KIM 65s HBC K O f r o m ~ p  
498.1 ±0.4 CHRISTENSON64 OSPK 

K ° - K + M A S S  D I F F E R E N C E  

VALUE (MeV) EVT5 
4.024:EO.032 OUR FIT 
3.92 9=0.14 OUR AVERAGE 
395 ± 0 2 1  417 
3.90 ±O.25 9 

3.71 -0 .35  7 
5.4 ± 1 . i  
3.9 ±0.6 

DOCUMENT ID TEEN EH6 COMMENT 

HILL 68B DBC + K + d ~ KO p p  
BURNSTEIN 65 HBC 

KIM 65B HBC K p ~ nK  0 
CRAWFORD 59 H[3C + 
ROSENFELD 59 HBC 

4 FACKLER 73 does not include systematic errors. 
5 Pro-1971 experiments are excluded from the average because of disagreement with later 

more precise experiments. 
6HILL 68 has been changed by the authors from the published value (0.865 d_ 0.009) 

because of a correction in the shift due to q + _ .  SKJEGGESTAD 72 and HILL 68 give 
detailed discussions of systematics encountered in this type of experiment. 

K O D E C A Y  M O D E S  

Scale factor/ 
Mode Fraction (F i /£)  Confidence level 

fr+fr (68.61±0.28) % 5--1.2 

~OfrO (31.39~-0.28) % S 1.2 

frff ,~ ~ [a,b] ( 1 8 5 ± 0 . 1 0 )  x 10 3 

"?~, ( 2.4 ±1.2 ) x  i0 -6 

~--  fr frO < 4.9 x 10 - 5  CL 90% 

3fr ° < 37 x i0 5 CL-90% 

F lavor -Chang ing  neutra l  cur ren t  ( F C )  modes 

FC < 3.2 × 10 7 CL-90% 

FC < 1.0 x 10 - 5  CL 90% 

FC < 4.5 ~, 10 5 CL-90% 

El 

F2 

F3 

[-4 

F5 

F6 

F7 H + H -  
r- 8 e t e 

I- 9 fr o e + e - 

[at See the List ings below for the energy l imi ts  used in th is  measurement .  

[b] Mos t  o f  this radiative mode,  the l o w - m o m e n t u m  3 part, is also inc luded 

in the parent mode listed w i t h o u t  ry's. 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to 3 branching ratios uses 17 measurements and one 

constraint to determine 2 parameters. The overall fit has a X 2 - 

16.5 for 16 degrees of freedom. 

The fol lowing of f -d iagonal  array elements are the correlation coefficients 

1 6 x ~ t ~ x i l / ( g x i . b x l ) ,  in percent, from the fit to the branching fractions, x i - 

ru 'Ftota k The fit constrains the x i whose labels appear in this array to sum to 
one. 

x 2 100 

Xl 



See key on page IV.1 
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K 0 BRANCHING RATIOS 

f (lr+ 7r-)/rtotal 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.6861-1-0.0028 OUR FIT Error inclu-~es sc~-e f~ctor of 
0.671 4-0.010 OUR AVERAGE 
0.670 =1:0.010 3447 7 DOYLE 69 HBC 
0.70 ±0.08 COLUMBIA 60B HBC 
0.68 +0 .04  CRAWFORD 59B HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

C,.740 ±0.024 7 ANDERSON 628 HBC 

7 Anderson result not published, events added to Doyle sample. 

r(~+~-)/r(~% °) 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
2.186:1:0.028 OUR FIT Error includes scale factor of 1.2. 

~-p~ AK 0 

2.19"/=t=0.026 OUR AVERAGE 
2.11 ±0 .09  1315 EVERHART 76 WIRE I t -  p ~ AK O 
2.169±0.094 16k COWELL 74 OSPK , r - p ~  AK O 
2.16 ±0 .08  4799 HILL 73 DBC K + d ~  K O p p  
2.22 ±0 .10  3068 8 A L I T T I  72 HBC K + p ~  x + p K  0 

;!.22 ±0 .08  6380 MORSE 72B DBC K + n ~ K O p 
2.10 4-0.11 701 9NAGY 72 HLBC K+n~ KOp 
2.22 J-0.095 6150 10 BALTAY 71 HBC K p  -- K 0 neutrals 
2.2824-0.043 7944 11 MOFFETT 70 OSPK K + n ~ K 0 p 
2.10 ±0 .06  3700 MORFIN 69 HLBC K + n ~ K 0 p 

etc. • • • ,, • • We do not use the following data for averages, fits, limits, 

2.12 4-0.17 267 9 BOZOKI 69 HLBC 
2.285±0.055 3016 11 GOBBI 69 OSPK K + n ~ K 0 p 

8The directly measured quant i ty is K O ~ 7r + 7 t - / a l l  K 0 = 0.345 ± 0.005. 

9NAGY 72 is a final result which includes BOZOKI 69. 
lOThe directly measured quant i ty is K O ~ Ir + ~r /a l l  K ~ = 0.345 ± 0.005. 

11 MOFFETT 70 is a final result which includes GOBBI 69. 

I- ( ~ r % 0 ) / r t o t a i  
VALUE EVT5 DOCUMENT ID TEEN 
0.3139:l:0.0028 OUR FIT Error includes scale factor of 1.2. 
0.316 =1:0.014 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram 

below. 
0.335 ±0.014 1066 BROWN 63 HLBC 
0.288 4-0.021 198 CHRETIEN 63 HLBC 
0.30 ±0.035 BROWN 61 HLBC 
0.26 4-0.06 BAGLIN 60 HLBC 
0.27 ±0.11 CRAWFORD 59B HBC 

WEIGHTED AVERAGE 
O.316 = O.014 (Error sca led  by  1.3) 

O.1 0 .2  0 . 3  

r l / r  

r l / r2  

r2/r 

Values above of we ighted average, error, 
and scale factor are based upon the data in 
th is ideogram only. They are not neces- 
sarily the same as our  "bes t "  va lues,  
obtained from a least-squares constrained f i t 
u t i l iz ing measurements  of other  (related) 
quanti t ies as additional information. 

2 
X 

. . . . . . .  BROWN 63 HLBC 1.8 

. . . . . . .  CHRETIEN 63 HLBC 1.8 

. . . . . . .  BROWN 61 HLBC 0.2 

. . . . . . .  BAGLIN 60 HLBC 0.9 
. . . . . .  CRAWFORD 59B HBC 0.2 

4 .9  
( C o n f i d e n c e  Leve l  = 0 . 3 0 0 1  

| n 

0 . 4  O.5 0 . 6  

r ( ~ )  Irtota, r41r 
VALUE (units 10 -3 )  CL% EVT5 DOCUMENT ID TECN COMMENT 

0.0024=E0.0012 19 BURKHARDT 87 CALO 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 0.013 90 BALATS 89 SPEC 
< 0.133 90 BARMIN 86B XEBC 
< 0.2 90 VASSERMAN 86 CALO (~ ~ ~ s K ~  

< 0.4 90 0 BARMIN 73B HLBC 
< 0.71 90 0 15 BANNER 72B OSPK 
< 2.0 90 0 MORSE 72B DBC 
< 2.2 90 0 15 REPELLIN 71 OSPK 
<21.0 90 0 15 BANNER 69 OSPK 

15These limits are for maximum interference in /~5-K 0 to 2"/'s 

r ( l r % r  - l r ° ) / r t o t a l  F u r  

VALUE (units 1O 4) CL% DOCUMENT ID TECN COMMENT 

<0.49 90 BARMIN 85 HLBC K + 850 MeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.85 90 METCALF 72 ASPK 

F ( 3 1 r 0 ) / r t o t a l  F 6 / F  

VALUE (units 10 -4 )  C L ~  DOCUMENT ID TECN 

<0.37 90 BARMIN 83 HLBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<4.3 90 BARMIN 73 HLBC 

r (frO rrO)/Ftotal 

r (~+~-~) / r (~+~- )  r3/rl 
VALUE (units 10 -3)  EVT5 DOCUMENT ID TEEN COMMENT 
2.704-0,14 OUR AVERAGE 
2.68±0.15 12 TAUREG 76 SPEC I~  >50 MeV/c  
2.8 ±0 .6  13 BURGUN 73 HBC p~ >50 MeV/c  
3.3 -}-1.2 10 WEBBER 70 HBC I~ >50 MeV/c  
no ratio given 27 BELLOTTI 66 HBC I~ >50 MeV/c  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3.0 ,10.6 29 14 BOBISUT 74 HLBC p-/ >40 MeV/c  

12 ,r TAUREG 76 find d" ect emission contribution <0.06, CL = 90%. 
13BURGUN 73 estimates that  direct emission contr ibution is 0.3 4- 0.6. 
14 BOBISUT 74 not included in average because p-f cut differs. Estimates direct emission 

contribution to be 0,5 or less, CL = 95%. 

r (~%-) / r ( .+~-)  rT/rl 
Test for AS = 1 weak neutral current. Allowed by first-order weak interaction combined 
with electromagnetic interaction. 

VALUE (unirs lO 5) CL% DOCUMENT ID TECN 

< 0.047 90 GJESDAL 73 ASPK 
• • ! We do not use the following data for averages, fits, limits, etc. • • * 

<20.0 90 BOHM 69 OSPK 
< 1.07 90 HYAMS 69e OSPK 
<32.6 90 16 STUTZKE 69 OSPK 
<10.0 90 BOTT-.. .  67 OSPK 

16Value calculated by us, using 2.3 instead of 1 event, 90% CL. 

r(e+ e- ) / r  (~+ ~ - )  re/r1 
Test for A5  = 1 weak neutral current, Allowed by first-order weak interaction combined 
with electromagnetic interaction. 

VALUE (units lO 5) CL % DOCUMENT ID TEEN 

< 1.5 90 BARMIN 86 XEBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<16.0 90 17 B[TSADZE 86 CALO 
<50.0 90 BOHM 69 OSPK 

17Use B( l r+  7r - )  = 0.6861. 

r (~0 e+ e-) / rtotal F 9 / r  
Test for AS = 1 weak neutral current. Allowed by first-order weak interaction combined 
with electromagnetic interaction. 

VALUE (units l0 5) CL% DOCUMENT ID TECN 

<4.5 90 GIBBONS 88 SPEC 

N O T E  O N  C P  V I O L A T I O N  I N  K s  ° ---+ 37r 

For K ° --~ 37r, the  quan t i t i e s  which  m e a s u r e  C P  viola t ion 

are the  ra t ios  of a m p l i t u d e s  

A s ( K s  ~ ~+r~-~ °) 
~+-0 = A L ( K L  --+ rr+Tr-Tr O) ' 

A s ( K s  --+ rr°rr°rr °) 
qooo = AL(KL --* 7r0rr0rr °) " 

If one a s s u m e s  t h a t  C P T  invar iance  holds  and  t h a t  the re  are 

no t r ans i t i ons  to I = 3 s ta tes ,  t h e n  Re0?+_o ) and  Re(r/coo ) can  

be  neglected ,  and  C P  viola t ion would be observed  as nonzero  

values  of I m ( q + - o )  and  Im(qooo). We list t he  relat ive ra tes  

F( K s  --+ 7r+ ~r-Tr °) 
( I m q + - ° ) 2  = F ( K L  --+ 7r+rr-~r °) 

F ( K s  ~ ~r°rrOrr °) 
(Iraqi°°°)2 = F(KL --+ ~ro~o~o) 

ob ta ined  u n d e r  the  above  a s s u m p t i o n s .  
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In the above expressions the three pions are restricted to 

the dominant symmetric [ = 1 state, a C P  = - 1  state which 

couples to K s  only if C P  is violated. The decay K s  ~ 7r+Tr-7c ° 

also has CP-allowed amplitudes to I - 0 and I = 2 states of 

the three pions. The angular momenta in these states cannot 

be S wave so they are strongly suppressed by centrifugal 

barrier effects, and, for the [ = 2 state, by the A I  = 1/2 rule 

as well. 

CP-VIOLATION PARAMETERS IN ~ DECAY 

Im(~/+-o) 2 
where ,7+ 0 = A(  KO ~ l r + l r  ;r0, CPv io la t ing)  / A ( K  0 - -  7 r+Tr - ; rO) .  C P T  

assumed valid (i.e. Re(T/+ 0)  = 0). 

VALUE EL% EVTS DOCUMENT ID TEEN COMMENT 

<0.12 90 384 M E T C A L F  72 ASPK 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.23 90 601 18 B A R M I N  85 HLBC K + 850 MeV 
<1.2 90 192 BALDO-. . .  75 HLBC 
<0.71 90 148 M A L L A R Y  73 OSPK R e ( A ) -  0.05 ± 017  
<0.66 90 180 JAMES 72 HBC 
<1.2 90 99 JONES 72 OSPK 
<1.2 90 99 CHO 71 DBC 

<1.0 90 98 JAMES 71 HBC Incl. in JAMES 72 
<1.2 95 50 19 MEISNER 71 HBC C L - 9 0 %  not avail. 
<0.8 90 71 WEBBER 70 HBC 
<0.45 90 BEHR 66 HLBC 
<3.8 90 18 ANDERSON 65 HBC Incl. in WEBBER 70 

1 8 B A R M I N  85 f ind Re(T/+_O) = (0.05 ± 0.17) and Im(~+  O) = (0.15 ± 0.33). Includes 
events of BALDO-CEOLIN 75. 

19These authors f ind Re(A) = 2.75 ± 0.65, above value at Re(A) = 0. 

I m ( n 0 0 0 )  2 

where ~1000 = A(  KO ~ 37r0) / A (  K0  ~ 3n0)  • See text header for section 

" l m ( q + _ O ) 2 "  above. This l imit  determines branching ratio F(3zr O) /F to ta  I above. 

VALUE ~ EVTS DOCUMENT ID TEEN COMMENT 

<0.1 90 632 20 B A R M I N  83 HLBC 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 0 2 8  90 21 GJESDAL 74B SPEC Indirect meas. 
< 1 2  90 22 B A R M I N  73 HLBC 

20 BARMIN  83 f ind Re(~1000) = ( 0 .08±0 .18)  and Im(~/O00) = ( 0 .05±0.27) .  Assuming 
CPT invariance they obtain the l imit  quoted above. 

21GJESDAL 74B uses K2~r, KI~3, and Ke3 decay results, unitarity, and CPT. Calculates 

i(77000)1 = 0.26 ± 0.20. We convert to upper l imit .  

BALATS 89 

GIBBONS 88 
BURKHARDT 87 
GROSBMAN 87 
8ARMIN 86 

BARMIN 86B 
BITSADZE 86 
VASSERMAN 86 

BARMIN 85 
A~SO 858 

BARMIN 
Nso 

ARONSON 
ARONSON 

Also 
A~so 
Also 

ARONSON 
EVERHART 
TAUREG 
BALDO ... 
CARITHERS 
BOBISUT 
COWELL 
GEWENICER 
GJESDAL 
BARMIN 
BARMIN 
BURGUN 
FACKLER 
GJESDAL 
HILL 
MALLARY 
ALITTI 
BANNER 
JAMES 
JONES 
METCALF 
MORSE 

REFERENCES FOR 

SJNP 49 828 +Berezin, 8ogdanov, Vishnevskii, Vishnyakov+ (ITEP) 
Translated from YAF 49 1332 
PRL 6f 2 6 6 1  +Rapadimitriou+ (EFI, ELMT, FNAL, PRIN, SACL) 
PL 8199 139 + (CERN, DORT, EDIN, MANZ, ORSA, PISA, SIEG) 
PRL 59 18 +Holler, James, Shupe+ (MINN, MICH, RUTG) 
SJNP 44 622 +Barylov, Davidenko, Demidov+ (ITEP) 
Translated from YAF 44 965 
NC 96A 159 +Barylov, Chistyakova, Chuvilo+ (ITEP, PADO) 
PL 167B 138 +Budagov (BRAT, SOFI, SEBP, TBLI, JINR. BAKU+) 
JETPL 43 588 +Golubev, Gluskin, Druzhinin+ (NOVO) 
Translated from ZETFP 43 457 
NC 85A 67 +BaryIov, Ch]styakova, Chuviloa (ITEP, PADO) 
SJNP 41 759 Barmin, Barylov, Volkov+ (ITEP) 
Translated from YAF 41 1187 

83 PL 128B 129 +8arylov, Chistyakova, Chuvilo+ (ITEP, PADO) 
84 5JNP 39 269 8armin, Barylov, Golubchikov+ (ITEP, PADO) 

Translated from YAF 39 428 
82 PRL 48 1 0 7 8  +Bernstein+ (aNL, CHIC, STAN, WISE) 
828 PRL 46 1306 +Beck, Cheng, Fischbach (BNL. CHIC, PURD) 
82B PL 116B 73 Fischbach, Chen¢+ (PURD, 8NL, CHIC) 
83 PR D28 476 Aronson, Bock, Cheng+ (8NL, CHIC, PURD) 
838 PR D28 495 Aronson, Book, Cheng+ (BNL, CHIC, PURD) 
78 NC 32A 236 +Mclntyre, Roehrig+ (WlSC, EFI, UCSD, ILLC) 
76 PR D14 661 +Kraus, Lande, Long, Lowenstein~ (PENN) 
76 PL 65B 92 +Zech, Dydak, Navarria- (HEID, CERN, DORT) 
75 NC 25A 688 Baido-Ceolin. Bobisut. Caliman~ * (PADO. WISC) 
75 PRL 34 1244 +Mod]s. Nygren. Pun+ (COLU. NYU) 
74 LNC 11 646 +Huzita. Mattioli. Puglierin (PADO) 
74 PR D10 2083 +Lee Franzini, Orcutt. Pranzini+ (STON, COLU) 
74B PL 48B 487 +Gjesdal. Presser~ (CERN. HELD) 
74B PL 52B 119 +Presser. Steffen+ (CERN. HELD) 
73 PL 46B 465 +Barylov. Davidenko. Demidov+ (ITEP) 
73B PL 4ZB 463 +Barylov. Davidenko. Demidov+ (ITEP) 
73 PL 46B 481 +Bertranet. Lesquoy. Muller. Pauli~ (SACL. CERN) 
73 PRL 31 847 ~Frisch, Martin, Smoot, Sompayrac (MIT) 
73 PL 44B 217 *Presser, Steffen, Steinberger ~ (CERN, HELD) 
73 PR D8 1290 +Sakitt, Samios, Burris. Eng~er* (BNL, CMU) 
73 PR D7 1955 +Binnie, Gallivan, Gomez, Peek. Sciulli+ CELT) 
72 PL 39B 568 +Lesquoy. Muller (SACL) 
72B RRL 29 237 +Cronin. Noffman. Knapp. Shochet (RRIN) 
72 NP B49 1 ~Montanet. Paul. Saetre+ (CERN. SACL. OSLO) 
72 NC 9A 151 +APashian, Graham, Mantsch, Orr, Smith+ (ILL) 
72 PL 408 703 +Neuhofer, Niebergall+ (CERN, IPN. WlEN) 
728 PRL 28 388 +Nauenberg. Bierman. SaBer+ (COLO. PRIN. UMD) 

NAGY 72 NP B47 94 +Telbisz, Vestergombi (8UDA) 
Also 69 PL 308 498 Bozoki, Fenyves, Gombosi, Nagy* (8UDA) 

SKJEGGEST 72 NP B48 343 SkjeBgestad, James+ (OSLO, CERN, SACL) 
8ALTAY 71 PRL 27 1 6 7 8  +Bridaewater, Cooper, Gershwin, Habibi~ (COLU) 

Also 71 Nevis 187 Thesis Cooper (COLU) 
CHO 71 PR D3 1557 +Draile, Canter, EnBler, F~sk+ (CMU1 BNL. CASE) 
JAMES 71 PL 35B 265 +Montanet, Paul, Paul±+ (CERN, SACL, OSLO) 
MEISNER 71 PR D3 59 +Mann, Hertzbach, Kofler+ (MASA, BNL, YALE) 
REPELLIN 71 PL 36B 6O3 +Wolff, Chollet, Galliard, Jane+ (ORSA, £ERN) 
MOFFETT 70 gAPS 15 512 +Gobbi, Green, HakeL RoSen (ROCH) 
WEBBER 70 PR DL 1967 +Solmitz, Crawford, Alston-Garnjost (LRL) 

Also 69 UCRL 19226 Thesis Webber (LRL) 
8ANNER 69 PR 188 2033 +Cronin, Uu, Pilcher (PRIN) 
8OHM 69 Thesis (AACH) 
8OZOKI 69 PL 308 498 ~Renyves, Gombosi, Nagy+ (BUDA) 
DOYLE 69 UCRL 18139 Thesis (LRL) 
GOBBI 59 PRL 22 682 +Green, Hakel, Moffett, Rosen+ (ROCH) 
HYAMS 69B PL 298 521 +Koch, Potter, VonLindern, Lorenz+ (CERN, MPIM) 
MORFIN 69 PRL 23 660 +Sinclair (MICH) 
5TUTZKE 69 PR 177 2009 +Abashian, Jones, Mantsch, Orr, Smith (ILL) 
DONALD 08B PL 27B 58 +Edwards, Nisar+ (LWP, CERN, EPNP, CDEF) 
HILL 68 PR 171 1418 +Robinson, Sakitt+ (BNL, CMU) 
BOTT- .. 67 PL 248 194 Bott-Bodenhausen, DeBouard, Cassel+ (CERN) 
ALFF 66B PL 21 595 AIffSteinberger, Heuer, Kleinknecht+ (CERN) 
BEHR 66 PL 22 540 +8risson, Petiau+ (EPOL, MILA, PADO, ORSA) 
BELLOTTI 66 NC 45A 737 +Pullia, Baldc-Ceolin+ (MILA, PADO) 
KIRSCH 66 PR 147 939 +Schmidt (COLU) 
ANDERSON 65 PRL 14 475 +Crawford, Golden, Stern, B~nford+ (LRL, WISE) 
BROWN 63 PR 130 769 +Kadyk, Trilling, Roe+ (LRL, MICH) 
CHRETIEN 53 PB 131 2208 + (BRAN, BROW, HARV, MIT) 
ANDERSON 62B CERN Conf. 836 +Crawford+ (LRL) 
BROWN 61 NC 19 1155 +Bryant, 8urnstein, Glaser, Kadyk+ (MICH) 
BAGLIN 60 NC 18 1043 +Bloch, Bdsson, Hennessy+ (EPOL) 
COLUMBIA 608 Rochester Conf 727 Schwartz+ (COLU) 
CRAWFORD 59B PRL 2 266 ~Cresti, Douglass, Good, T~cho+ (LRL) 
BOLDT 58B PRL 1 150 +Caldwell, Pal (MIT) 

- -  OTHER RELATED PAPERS - -  

TRILLING 65B UCRL 16473 (LRL} 
Updated from 1965 Argonne Conference, page 115 

CRAWFORD 62 CERN Conf. 827 (LRL) 
FITCH 61 NC 22 1160 -Piro~e, Perkins (PRIN, LASL) 
GOOD 61 PR 124 1223 +Matsen, MuJler, Piccioni- (LRL) 
81RGE 60 Rochester Conf 601 +Ely+ (LRL, WISC) 
MULLER 60 PRL 4 418 ~Birge, Fowler, Good, Piccioni~ (LRL, BNL) 

/(J p) = ½(0 ) 

m(K O) - m(K O) 

For earlier measurements, beginning wi th GOOD 61 and FITCH 61, see our our 
1986 edition, Physics Letters 170B, 132 (1986). 

VALUE (1010 h s 1) DOCUMENT /D TEEN COMMENT 
0_5351:E0.0024 OUR AVERAGE 
0.5340±0.00255J_0.0015 1 GEWENIGER 74C SPEC Gap method 
0.5334±0.0040 ±0.0015 1 GJESDAL 74 SPEC Charge asymmetry 
0,542 ±0 .006  CULLEN 70 C N T R  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.482 ± 0 0 1 4  2 A R O N S O N  82B SPEC E 30-110 GeV 
0.534 J:0.007 3 CARNEGIE 71 ASPK Gap method 
0.542 ±0 .006  3 A R O N S O N  70 ASPK Gap method 

1These two experiments have a common systematic error due to the uncertainty in the | 
momen tum scale, as pointed out  in WAHL 89. I 

2 A R O N S O N  82 f ind that  A ( m )  may depend on the kaon energy. 

3 A R O N S O N  70 and CARNEGIE 71 use K O mean life = (0.862 ± 0.006) × 10 - 1 0  s. We 

have not a t tempted to adjust these values for the subsequent change in the /~S mean 
life or in ~l+ • 

K ° MEAN LIFE 

VALUE (10 8 s) EVT5 DOCUMENT ID TEEN 
5.11 ±0 .04  OUR FIT  
5.15 :CO.04 OUR AVERAGE 
5.154 d- 0.044 0.4M VOSBURGH 72 C N T R  
5.15 -{-014 DEVLIN 67 C N T R  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

5.0 ±0 .5  4 LOWYS 67 HLBC 

6 1  +1 ,5  1700 A S T B U R Y  65c C N T R  1.2 
5.3 ±0 .6  FUJII 64 OSPK 

5.1 + 2 . 4  15 D A R M O N  62 FBC 
1.3 

8 1 +3 .2  34 B A R D O N  58 C N T R  2.4 

4Sum of partial decay rates. 
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VII.85 

Meson Full Listings 
K 0 

Mode 

K 0 DECAY MODES 

Fraction ( r i / r )  
Scale factor/ 

Confidence level 

r l  3~ ° 
r2  ~r+ 7r- ~r ° 
r3 ~r+#:F u 

Called K~3. 

r4  ~ - / ~ +  u# 

[5  ~ r + # - ~ #  
r6 = ± e T a  

Called Ke3. 
r7 ~r- e + u e 

r8 ~+  e -  ~e 

r9 27 

['i0 ~r°27 
r n  ~TOfr± e=F P 

['12 ('fr# a tom) 

['13 = ±  eT ue'7 

(21.6 ± 0 8  ) % 
(12.384-0.21) % 
(27.0 4-0.4 )% 

[a] (38.7 4-0.5 )% 

(5.704-0.27) x I0 -4 

< 2.7 x i0 -6 

[a] ( 6.2 4-2.0 ) x 10 - 5  
(1 .05±0.11)  x 10 - 7  

[b,c] ( 1.3 ±0.8 )% 
[b,c] (4.414-0.32) x 10 -5 

S=I.S 

5=1.5 
S=1.3 

S=1.4 

['14 /r+ TF- ~( 

Charge conjugation x Parity (CP) or Lepton Family number (LF) 
violating modes, or Flavor-Changing neutral current (FC) modes 

['15 11 .+ / r  CP 
['16 7r0 ~rO CP 

[-17 e ± #  :F LF 

[-18 # +  # -  FC 

l'19 /~+ # "7 FC 
1-20 ~0 # +  # -  FC 

1-21 e + e FC 

1"22 e + e -  ~ FC 
1-23 =0e  + e -  FC 

F24 7r+ l r -  e + e  FC 

[-25 # + # -  e+ e -  FC 

1"26 e + e e + e -  FC 

S=1.9 

CL=90% 

(2,03±0.04) x 10 -3 

(9.094-0.35) x 10 -4 
[a] 2.2 x 10 -10  

( 6.3 3-1.1 x 10 . 9  
( 2.8 ±2.8 x 10 - 7  

1.2 x i0 -6  
3.2 x 10 10 

1.7 ±0.9 x i0  - 5  
4 x 10 - 8  

2.5 x 10 - 6  
4.9 x 10 - 6  

2.6 x 10 - 6  

5=1.2 

S:I.8 

CL=90% 

CL=90% 

CL=90% 

CL-90% 
CL=90% 
CL--90% 

CL=90% 

[a] Value is for the sum of the charge states indicated. 

[b] Most  of  this radiative mode, the low-momentum 7 part, is also included 

in the parent mode listed wi thout  ff's. 

[c] See the Listings below for the energy l imits used in this measurement. 

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall f i t  to the mean life, 4 partial widths, and 12 branching 
ratios uses 53 measurements and one constraint to determine 8 
parameters. The overall f i t  has a X 2 = 54.8 for 46 degrees of 
freedom. 

The following off-diagonal array elements are the correlation coefficients 
( g p ~ g p j l / ( g p £ g p j ) ,  in percent, from the fit to parameters Pi, including the branch- 

:ing fractions, x~ _- FJI-tota I. The fit constrains the x i whose labels appear in this 
array to sum to one. 

x 2 - 3 5  

x 3 - 7 8  6 

x 6 86 7 46 

x 9 - 1  12 - 3  3 

x15 - 2 8  44 13 15 33 

x16 - 7  19 1 1 76 45 

r 2 -4  0 0 -1  -2  -1  

Xl x2 x 3 x 6 x 9 Xl S x16 

Mode Rate (108 S-1)  Scale factor 

r l  3= ° 0.04193-0.0016 1.4 
r 2 7r+ ~ -  7r 0 0.02393-0.0004 1.4 

F3 Cal~d K#3. [a] 0.05223-0.0008 1.2 

r 6 ~4-e~:u [a] 0.07494-0.0011 1.3 
Called Ke3. 

F9 27 (1.10 4-0.05 ) x 10 4 1.9 
rls 7r+Tr - (3.92 ±0.08 ) x 10 -4 1.2 

r16 ~r 01r0 (1.76 ±0.07 ) x 10 -4 1.7 

K~LDECAY RATES 

r(3,~o) rl 
VALUE (106 s- 1 ) EVTS DOCUMENT IO TECN COMMENT 
4.194-0.16 OUR FIT Error includes scale factor of 1.4. 

5~,~+1.03 54 BEHR 66 HLBC Assumes CP 
" ~ -  0.84 

I - (~+  ~ -  7r 0 ) r2  

VALUE (106 s 11 EVTS DOCUMENT tO TECN COMMENT 
2.394-0.04 OUR FIT Error includes scale factor of 1.4. 
2.384-0.09 OUR AVERAGE 
2 ~ + 0 . 1 3  192 BALDO-,,, 75 HLBC Assumes CP 

~ - 0 . 1 5  
2.354-0.20 180 5 JAMES 72 HBC Assumes CP 
2.71±0.28 99 CHO 71 DBC Assumes CP 
2.124-0.33 50 MEISNER 71 HBC Assumes CP 
2.20±0.35 53 WEBBER 70 HBC Assumes CP 

2 ~ + 0 . 2 8  136 BEHR 86 HLBC Assumes CP 
" ~ -  0.27 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.5 4-0.3 98 5 JAMES 71 HBC Assumes CP 
3.264-0.77 18 ANDERSON 65 HBC 
1.4 ±0.4 14 FRANZlNI 65 HBC 

In the fit this rate is well determined by the mean life and the branching ratio 
r ( , + , - ~ O ) / [ r ( ~ + , - ~  O) + r ( ~ ± v T u )  + r ( , * e = , ) ]  . For thl . . . . . . .  the 

discrepancy between the r(Tr + ~T ~r 0) measurements does not affect the scale factor 
of the overall fit. 

5 JAMES 72 is a final measurement and includes JAMES 71, 

r(~± ~.) r3 
VALUE (106 s-1) E V T 5  DOCUMENT ID TECN 
5.224-0.08 OUR FIT Error includes scale factor of 1.2. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 + 1.24 19 LOWYS 67 HLBC 4.5 1.08 

r(~± e* . )  r6 
VALUE(tO 6 s- l ~ EVTS DOCUMENT ID TECN COMMENT 
7.494-0.11 OUR FIT Error includes scale factor of 1.3. 
7.7 4-0.5 OUR AVERAGE 
7.814-0,56 620 CHAN 71 HBC 

7 ~ + 0 . 8 5  AUBERT 65 HLBC A S : A Q ,  CP assumed 
" ~  0.72 

r (~+~-~ °) + r(~4-~;~) + r(Tr±e:Fu) (r2+r3+rs) 
K 0 ~ charged. 

VALUE (IO 6 S 1~ E V T 5  DOCUMENT ID TECN 
15.10±0.19 OUR FIT Error includes scale factor of 1.3. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

15.1 ±1.9 98 AUERBAEH 66B OSPK 

r(lr4-,JFu) + r(Tr±e~.) (r3+rg) 
VALUE (IO 6 s -1) EVTS DOCUMENT ID TECN COMMENT 
12.'/04-0.18 OUR FIT Error includes scale factor of 1.3. 
11.9 4-0.6 OUR AVERAGE Error includes scale factor of 1.2. 
12.4 ±0.7 410 6 BURGUN 72 HBC K + p ~ K 0 pTr + 
13.1 ±1.3 252 6WEBBER 71 HBC K - - p ~  nK  0 
11.6 4-0.9 393 6'7CHO 70 DBC K + n ~  KOp 

9 R=+I'15 109 6 FRANZlNI 65 HBC "~'--1.05 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

8.47±1.69 126 6MANN 72 HBC K - p ~  nK  0 
10.3 ±0.8 335 7HILL 67 DBC K + n ~  KOp 

6Assumes Z~5 = AQ rule. 
7CHO 70 includes events of HILL 67. 

K ° B R A N C H I N G  RATIOS 

r (3~ °) / r (~+ ~- ~0) rl/r2 
VALUE E V T 5  DOCUMENT ID TECN COMMENT 
1.754-0.08 OUR FIT Er r~ r  includes ~ factor~f 1,4. 
1.814-0.13 OUR AVERAGE 
1.804-0.13 1010 BU DAGOV 68 HLBC 
2.0 ±0.6 188 ALEKSANYAN 648 FBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.654-0.07 883 BARMIN 72B HLBC Error statistical only 

r(37ro)/[r(~+~-Tr °) + r(~4-/~=Fu) + r(=±e~=.)] rl/(r2+r3+re) 
VALUE E V T 5  DOCUMENT ID T_ECN COMMENT 
0.2"/74-0.013 OUR FIT Error i n c l u d ~ c ~ - o r  of l.S. 
0.2604-0.011 OUR AVERAGE 
0.2514-0.014 549 BUDAGOV 68 HLBC ORSAY measur. 
0.2774-0.021 444 BUDAGOV 68 HLBC Ecole polytec.meas 

0.31 +0.07 29 KULYUKINA 68 CC 0.06 
0.24 4-0.08 24 ANIKINA 64 CC 



VI1.86 

Meson Full 
KO 

Listings 

FOr+  ",'r - ~ 0 ) / r t o t a  I 
VALUE DOCUMENT ID 
0.].238+0.0021 OUR FIT Error includes scale factor of 1.5. 

r (~+~-~°) / [ r (~+~-~ °) + r(~+~,T~) + r(~r4-eT~,)] 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.15864-0.8026 OUR FIT Error includes scale factor of 1.6. 
0.1588-1-0.8024 OUR AVEPJI~GE Error includes scale factor of 1.4. See the ideogram 

below. 

r(,,~*.)/[r(~+,,-~o) + r(~±#T~,) + r(~±~*.)] rg/(r2+r3+r6) 
VALUE EVTS DOCUMENT ID TEEN 
0.49~8-1-0.0032 OUR FIT Error includes scale factor of 1.1. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.498 ±0.052 S0O KULYUKINA 68 CC 

0.163 .:-0.003 6499 CHO 77 HBC 
0.16053.0.0038 1590 ALEXANDER 73B HBC 
0.146 ±0.004 3200 BRANDENB... 73 HBC 
0.159 ±0.010 558 EVANS 73 HLB¢ 
0.167 ±0.016 1402 KULYUKINA 68 CC 
0.161 ±0.005 HOPKINS 67 HBC 
0.162 ±0.015 126 HAWKINS 66 HBC 
0.159 3.0.015 326 ASTBURY 658 CC 
0.178 ±0017  566 GUIDONI 65 HBC 
• * • We do not use the following data for averages, fits, limits, etc. • • • 

0.15 +0.03 0.04 66 ASTBURY 65 CC 

0.144 ±0.004 1729 HOPKINS 65 HBC See HOPKINS 67 
0.151 ±0.020 79 ADAIR 64 HBC 

0.157 +0.83 75 LUERS 64 HBC 0.04 
0.185 ±0.038 59 ASTIER 6I CC 

WEIGHTED AVERAGE 
0.1588 ± 0.OO24 (Error scaled by  1.4) 

0.48 ± 0 1 1  24 NYAGU 61 CC 

r(=±eT-)/[r(~±.T~) + r(~±eT~)] r6/(r3+r6) 
VALUE EVTS DOCUMENT ID TEEN 
0.5893~E0.0033 OUR FIT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

o.415 ±o.120 320 AS~,ER 61 cc 

[r ( ~ ± , T  ~,) + r(~± eT.)]/rtota I (r3+ro)/r 
VALUE DOCUMENT ID 
0.6564-0.007 OUR FIT Error includes scale factor of 1.5. 

r(2,7)/rtota, r9/r 
VALUE (units IO 4) EVTS DOCUMENT ID TEEN COMMENT 

5.704-0.27 OUR FIT Error includes scale factor of 1.9. 
4.9 4-0.5 OUR AVERAGE 
4.54±0.84 11 BANNER 72B OSPK 
45 ±1.0 23 ENSTROM 71 OSPK K 0 1.5-9 GeV/c 
5.5 ± 1.] 90 KUNZ 68 OSPK Norm.to 3 7r(C+N) " " • " •  

- I -  Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not naces- 

~ ' j l |  sari ly the same as our "best"  values, 
.~. I obtained from a least-squares constrained fit 

[ ut i l izing measurements of other (related) 
~1~1 quantities as additional information. 

. . . . . . . . .  CHO 77 HBC 2.0 
~ - -  I . . . . . . . . .  ALEXANDER 73B HBC 0.2 

- t - -  . )~ .  '1 . . . . . . . . .  BRANDENB... 73 HBC 10.2 
. . . . . . . .  EVANS 73 HLBC 0.O 

I ~  I KULYUKINA 68 CC 0.3 
_ f,-,~4-- I . . . . . . . .  HOPKINS 67 HBC 0.2 

/ \  / . v : :  ~ . . . . .  HAWKINS 06 HBC 0.1 
/ ~ "  ~ ~ . . . . . .  ASTBURY 65R CC 0.0 

/ ~ /  ~ : > GUIDONI 65 HBC 1.3 

/ v k .  14.-7- 
J V ~ _  (Conf idence Level = 0.077) 

l ",4' I ~ I 

6.7 ± 2 2  32 TODOROFF 67 OSPK Repl. CRIEGEE 66 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

5.0 ± 1 0  12REPELLIN 71 OSPK 
7.4 ~ 1 6  33 13CRONIN 67 OSPK 
1.3 ±0.6 14 CRIEGEE 66 OSPK 

11Thisvalueuses(~100/Tl+ ) 2 = 1 0 5 ± 0 . 1 4 .  IngeneraI, F(2~)/Ftota I = [ ( 4 . 3 2 = 0 . 5 5 ) ×  

10 4] [0100/ '1+- 12!. 
12Assumes regeneration amplitude in copper at 2 GeV is 22 rob. To evaluate for a given 

regeneration amplitude and error, multiply by (regeneration amplitude/22mb) 2. 
13CRONIN 67 replaced by KUNZ 68. 
14CRIEGEE 66 replaced by TODOROPF 67. 

r(2~)/r(3~ °) r g / r l  
VALUE (units 10 3) EVTS DOCUMENT I ~  TEEN COMMENT 

2.64+0.16 OUR FIT Error includes scale factor of 1.7. 
2.24±0.22 OUR AVERAGE 
2.13±0.43 28 BARMIN 71 HLBC 
2.24±028 115 BANNER 69 OSPK 
2 5 ± 0 7  16 ARNOLD 68B HLBC Vacuum decay 

0.12 O.14 0.16 0.18 0 .20  0.22 

r (~:~.T.)/r (~± e =F . )  
VALUE EVTS DOCUMENT tO TEEN COMMENT 
0.697:1:0.010 OUR FIT 
0.697+0.010 OUR AVERAGE 
0.702±0.011 33k CliO 80 HBC 
0.662±0037 1Ok WILLIAMS 74 ASPK 
0.741±0.044 6700 BRANDENB... 73 HBC 
0.862±0.030 1309 EVANS 73 HLBC 
071 ±0.05 770 BUDAGOV 68 HLBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.68 ±0.08 3548 BASILE 70 OSPK 
0.71 ±0.04 569 8 BEILLIERE 69 HLBC 
0.648±0.030 1309 EVANS 69 HLBC 
067 ±0.13 9 KULYUKINA 68 CC 
0.82 ±0.10 DEBOUARD 67 OSPK 
0.7 ±0.2 273 HAWKINS 67 HBC 
0.81 ±0.08 HOPKINS 67 HBC 
0.81 ±0.19 ADAIR 64 HBC 

Repl. by EVANS 73 

r31r6 

r(2,7)/r(,~ono) r9/r18 
VALUE EVT5 DOCUMENT ID TEEN 
0.6279=0.0].9 OUR FIT Error includes scale factor of 2.2. 
0.g32~o.~o.~ 110k BURKHARD~ 87 CALO 

F (Tr 0 2"7) / Ftotal Q0/r 
VALUE (umts 10 6) EL% EVTS DOCUMENT ID TEEN 

< 2.7 90 PAPADIMITR...89 CALO 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<.230 90 0 BANNER 69 OSPK 

F (/r 0 / r  ± e q- ~,) /Ftota I r 1 1 / r  

VALUE(unitstO 3) ELO/o EVT5 DOEUMENTID TEEN 

0.062±0.020 16 CARROLL 80C SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 2 2  90 15 DONALDSON 74 SPEC 

15DONALDSON 74 uses K 0 -- ~+,~ ~0/'(all K 0) decays = 0.126. 

r ( ( ~ #  a tom)  zJ)/F (Tr ± # T  z~) r 1 2 / r 3  

VALUE (umts ]0 7.) EVT5 TEEN 

8 BEILLIERE 69 is a scanninl~ experiment using same exposure as BUDAGOV 68. 
9KULYUKINA 68 F ( = ± t L ~ ) / F ( T r ± e T t ~ )  is not measured independenBy from 

r ( ~ + ~  ~ o ) / [ r ( ~ +  ~ ,0 )  ~ F ( ~ ± , T , , )  + r ( ~ ± e T ~ ) ]  and r ( ~ ± e T , , ) /  

r ( ~ ± # = F . ) / [ r ( T r + ~ - T r  ° )  + r ( ~ ± ~ T . )  + r ( T r ± e T ~ ) ]  r 3 t ( r 2 + r g + r g )  
VALUE EVTS DOCUMENT ID TEEN 
0.34564-0.0030 OUR FIT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.335 ±0055 330 10 KULYUKINA 68 CC 

039 + 0 0 8  t72 10 ASTBURY 65 CC - 0 1 0  
0.356 ± 0  07 251 10 LUERS 64 HBC 

10This mode not measured independently from F(~+ ~ = 0 ) / i F ( = +  ~ =0) + 

r ( ~ - ~ , ; ~ )  + r ( ~ Z e T , , ) ]  and r(~±e~F,,)/[r(.+~ .o} + r{~%,T~) 
r ( .  ± e T z,)] . 

DOCUMENT ID 

3.90±0.39 155 16 ARONSON 88 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen i8 COOMBES 76 WIRE 

16ARONSON 86 quote theoretical value of (4.3] = 0.08) x 10 - 7  , 

r (~± eT~e,7)/r(~+ aT . )  
VALUE (units 10 2) EVTS DOCUMENT ID TEEN COMMENT 

3.3±2.0 10 PEACH 71 HLBC 3 KE >15 MeV 

r13/r8 

r2/r 

r2/(r2+ra+rg) 

0.46 +0.08 202 ASTBURY 65 CC 010 
0.487 ±0.05 153 LUERS 64 HB£ 
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VII.87 

Listings 
K 0 

r (~+ ~ -  ~)Irtota, r141r 
VALUE (units 10 -3) EL% EVTS DOCUMENT ID TEEN COMMENT 

0.0441=I=0.0032 1062 17 CARROLL 80B SPEC F.~ >20 MeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0152±0.0016 516 18 CARROLL 80e SPEC E-.f >20 MeV 
0.0289±0.0028 546 19 CARROLL 80e SPEC 

<: 3.2 90 BOBISUT 74 HLBC E.~ >40 MeV 
0.062 -50.021 24 20 DONALDSON 74C SPEC 

< 0.46 90 WOO 74 SPEC 
<: 0.4 90 THATCHER 68 OSPK E..f 20-170 MeV 
< 5.0 0 BELLOTTI 66 HLBC E--f 40-130 MeV 
< 3.0 1 NEFKENS 66 OSPK E~, 120 MeV 
<15.0 ANIKINA 65 CC 
17 Both comp . . . .  ts. Uses ~ ~ ~+ ~- ~0/(a, K0) decays = 0.1239. 

18 Internal Bremsstrahlung component only. 
19 Direct ? emission component only. 
20Uses K 0 - -  ~+~r-7rU/(a l l  KOL) decays = 0.126. 

r(~+~-)/rtota, r l s / r  
Violates CP conservation. 

VALUE (units 10 -3 ) DOCUMENT ID 
203 4-0.04 OUR FIT Error includes scale factor of 1.2. 
2.1014,0.065 21 ETAFIT 90 

21This ETAFIT value is computed from fitted values ofl,~ + I, the K~L and /~5 lifetimes, 

and the K 0 - -  ~T+~r branching fraction. See the discussion in the "Note on CP 

violation in K 0 decay." 

r(~+ ~-) / r0r  + ~- ~o) rlslr2 
Violates CP conservation. 

~ L U E  (units 10 - 2  ) EVTS DOCUMENT IO TEEN COMMENT 
1.6394"0.032 OUR FIT Error includes scale factor of 1.1. 
1.64 -50.04 4200 MESSNER 73 ASPK 71+_ = 2.23 

r (~+ ~ - ) I  iF (~4, ~:F.) + r(=4" eT ~)] rlsl(r3+r6) 
Violates CP conservation. 

V_aLUE (units 10 3) EVT5 DOCUMENT IO TEEN COMMENT 
3.094-0.06 OUR FIT Error includes scale factor of 1.2. 
3.09±0.].0 OUR AVERAGE 
3.13-50.14 1687 COUPAL 85 SPEC 71-5 =2.28 4. 0.06 
3.04±0.14 2703 DEVOE 77 SPEC 77+_ =2.25 ± 0.05 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.51±0.23 309 22 DEBOUARD 67 OSPK ~/+_=2.00 ± 0.09 
2.35±0.19 525 22 FITCH 67 OSPK q + _ = 1 . 9 4  4, 0.08 

22 Old experiments excluded from fit. See subsection on q + _  in section on "PARAMETERS 
FOR K 0 ~ 2~r DECAY" below for average T/-5 of these experiments and for note on 
discrepancy. 

r (~+~- ) l [ r (~+~-~  °) + F(~±~,:F~) + r(~4"e:~)] rlsl(r2+r3+r6) 
Violates CP conservation. 

V_ALDE (units 10 - 3  ) EVTS DOCUMENT ID TEEN COMMENT 
2.60 4-0.05 OUR FIT Error includes scale factor of 1.1. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.60 -50.07 4200 23 MESSNER 73 ASPK T/+ = 2.23 ± 0.05 
1.93 ±0.26 24 BASILE 66 OSPK q + _  = 1.92 4. 0.13 
1.993±0.080 24 BUTT ... 66 OSPK ~1+- = 1.95 4, 0.04 
2.08 ±0.35 54 24 GALBRAITH 65 OSPK ~ l+-  = 1.99 ± 0.16 
2.0 -50.4 45 24 CHRISTENSON64 OSPK T/+_ = 1.95 ± 0.20 

23 From same data as r (~  + ~r ) / r (~r + ~r- ~r 0) MESSNER 73, but with different normal- 
ization. 

24Oid experiments excluded from fit. See subsection on q+ in section on "PARAMETERS 

FOR K 0 ~ 2~ DECAY" below for average q+ of these experiments and for note on 
discrepancy. 

r(~r%0)/Ftota, r16/r 
Violates CP conservation. 

_VALUE (units 10 3 ) EVT5 DOCUMENT ID TECN COMMENT 
0.9094-0.035 OUR FIT Error includes scale factor of 1.8. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.5 ±0.8 189 25 GAILLARD 69 OSPK ~00=3.6 ± 0.6 

1.2 + 1.5 7 26 CRIEGEE 66 OSPK -1 .2  

25 Latest result of this experiment given by FAISSNER 70 F(x 0 ~r 0)/F(3~r 0) . 
26 CRIEGEE 66 experiment not designed to measure 2~r 0 decay mode. 

r-(~0 ~o)/r (3= °) r16/rl 
Violates CP conservation. 

VAL UE (units lO 2) EVTS DOCUMENT ID TEEN COMMENT 
CL420:EO.023 OUR FIT Error includes scale factor of 1.6. 
Cl.44 ±0.09 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below. 
1.21 ±0.30 150 27 REY 76 OSPK ~/00=3.8 -5 0.5 
0.37 -I-008 29 BARMIN 70 HLBC ~/00=2.02 ± 0.23 
0.32 -50.15 30 BUDAGOV 70 HLBC ~/00=1.9 ± 0.5 
0.90 ±0.30 172 28 FAISSNER 70 OSPK ~00=3.2 ± 0.5 
0.46 ± O . l l  57 BANNER 69 OSPK zi00=2.2 -5 0.3 
not seen BARTLETT 68 OSPK See 7/00 below 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.31 4,0.31 133 27 CENCE 69 OSPK ~i00=3.7 4- 0.5 
1.89 4,0.31 109 29CRONIN 67 OSPK TI00=4.9 4, 0.5 
1.36 ±0.18 29 CRONIN 67B OSPK ~700=3.92 ± 0.3 

27 CENCE 69 events are included in REY 76. 
28 FAISSNER 70 contains same 2~r 0 events as GAILLARD 69 F(~r 0 "~r 0) / l ' to ta  I . 

29CRONIN 67B is further analysis of CRONIN 67, now both withdrawn. 

WEIGHTED AVERAGE 
0 . 4 4  ± 0 . 0 9  (Error scaled by  1.6) 

"at"" Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best "  values, 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (related) 
quantities as additional information. 

X 2 

l ~ . . . .  BEY 76 0SPK 
| . . . . . . . . . . . . . . . .  BARMIN 70 HLBC 0.7 

. . . . . . . . . . . . . . .  BUDAGOV 70 HLBC 0.8 
. . . . . . . .  FAISSNER 70 OSPK 2.4 

• ~ . . . . . . . . . . . . .  BANNER 69 0SPK 0.0 

10.4 
, ~ , (Confi ldence Level = 0.O35) 

0 .5  1.0 1.5 2.O 2.5 0 .0  

) (ani,a 

r ( ~ % ° ) / r ( ~ + ~  - )  
Violates CP conservation. 

VALUE DOCUMENT ID 
0.448 =1=0.015 OUR FIT Error includes scale factor of 2.4. 
0.4518=t=0.0066 30 ETAFIT 90 

r16/rls 

30This ETAFIT value is computed from fitted values of I~00 / T/+_ I and the r ( ~  s 
7r+~ - )  / F(K~ ~ ~0~T0) branching fraction. See the discussion in the "Note on CP 

violation in K 0 decay." 

r ( e  ± # T ) / F t o t a  I r17/r 
Test of lepton family number conservation. 

VALUE (units 10 -10 ) EL% DOCUMENT ID TEEN COMMENT 

< 2.2 90 MATHIAZHA...89 SPEC J 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 4.3 90 INAGAKI 89 SPEC I 

I < 19 90 SCHAFFNER 89 SPEC 
<110 90 COUSINS 88 SPEC 
< 67 90 GREENLEE 88 SPEC Repl. by 

SCHAFFNER 89 
< 157 90 31 CLARK 71 ASPK 
31 • Possnble (but unknown) systematic errors. See note on CLARK 71 F(/~+ # - ) / F ( ~  + l r - )  

entry. 

r ( e + ~ ) / [ r ( ~ + ~ - ~  °) + r (~4".~)  + r(~4"e~)] rlT/(r2+r3+r6) 
Test of lepton family number conservation. 

VALUE (units 10 4) EL% DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 0.1 90 BUTT-... 67 OSPK 
< 0.08 90 FITCH 67 OSPK 
< 1.0 90 CARPENTER 66 OSPK 
<10.0 ANIKINA 65 CC 

r ( . + . - ) / [ r ( ~ + ~ - ~  °) + r ( ~ ± . ~ )  + r ( ~ ± e ~ ) ]  rlg/(r2+r3+r6) 
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units lO 6) EL% DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 2.0 90 BUTT-... 67 OSPK 
< 35.0 90 FITCH 67 OSPK 
<250.0 90 ALFF-... 66B OSPK 
<100.o AN,K,NA 6~ CC 

r ( . + . - ) / r ( ~ + ~ - )  r18/r18 
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units 10 -6 ) CL~ EVTS DOCUMENT ID TEEN COMMENT 
3.1 ±0.5 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram 

below. 
2.8 +0.3 ±0.2 87 MATHIAZHA...89B SPEC I 

i 

4.0 + 1.4 -0 .9  15 SHOCHET 79 SPEC 

4.2 +5.1 3 32 FUKUSHIMA 76 SPEC 2.6 

5.8 +2.3 9 33 CARITHERS 73 SPEC -1 .5  
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• • • We do not use the follewing data for averages, fits, limits, etc. • • • 

4,12-50.54 90 54 INAGAKI 89 SPEC Stat. error only 
< 1,53 90 0 34 CLARK 71 SPEC 
< 18. 90 0 DARRIULAT 70 SPEC 
<140, 90 0 FOETH 69 SPEC 

32FUKUSHIMA 76 errors are at CL = 90%. 
33CARITHERS 73 errors are at CL = 68%, W.Carithers, (private communication 79). 
34CLARK 71 l imit raised from 1.2 x 10 - 6  by FIELD 74 reanalysis. Not in agreement with 

subsequent experiments. So not averaged. 

WEIGHTED AVERAGE 
3.1 + 0 .5  (Error sca led  by  1.6) 

v 

2 
X 

- '  " - M A T H I A Z H A . . .  89BSPEC 0.8 .'c I . . . . . . . - .  SHOCHET 79 SPEC 1.0 
FUKUSHIMA 76 SPEC 0.1 
CARITHERS 73 SPEC 3.2 

5.1 
( C o n f i d e n c e  Leve l  = O.168) 

J I I 

O 2 4 6 8 10 12 14 

F ( # + #  ) / I - ( l r + =  ) ( u n i t s  10 - 6 )  

r ( ~ + . -  ~)/Ftota I r l g / r  
Test for Z&5 = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units 10 6~ EL % EVTS DOCUMENT ID TEEN CHG 

0.284-0.28 1 35 CARROLL 80D SPEC ±0  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7.81 90 36 DONALDSON 74 SPEC 

35Uses K i ~ ~÷Tr -T r0 / (a l l  K~)  decays = 0.1239. 

36Uses K ~+Tr ~0 / (a l l  K~)  decays 0.126. 

r (~r ° # +  # - ) / r t o t a a  r 2 0 / r  
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units 10 5) EL% EVTS DOCUMENT tD TEEN 

<0.12 90 0 37 CARROLL 80D SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5.66 90 38 DONALDSON 74 SPEC 

37 Uses K 0 ~ 7r+~T 7r0/(al l  K~)  decays = 0.1239. 

38Uses K~ ~r+~ ,~0/(all K~) decays 0.126. 

r(e + e-)/rtotal r21/r 
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units 10 lO) EL% EVTS DOCUMENT l e  TEEN COMMENT 

< 3.2 90 MATHIAZHA.. .89 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 5.6 90 INAGAKI 89 SPEC 
< 110 90 COUSINS 88 SPEC 
< 45 90 GREENLEE 88 SPEC Repl. by JASTRZEMB 

SKI 88 
< 12 90 JASTRZEM... 88 SPEC 
< 15.7 90 39 CLARK 71 ASPK 
<1500 90 0 FOETH 69 ASPK 

39 Possible (but unknown) systematic errors. See note on CLARK 71 F(#+ # ) / r (T r  ~ ~ ) 
entry. 

r ( e + e - ) / [ r ( = + ~ - = o )  + r (= -5#T . )  + r ( l r±eTv) ]  r21/(r2+r3+r6) 
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units i0 -6 ) CL~_% DOCUMENT IO TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 23.0 90 BOTT ... 67 OSPK 
< 200.0 90 ALFF-... 668 OSPK 
<t000.0 ANIKINA 65 CC 

r ( e +  e - - r ) / r t o t a l  F 2 2 / F  
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units 10 5] EL% EVT5 DOCUMENT I D TEEN CHG 

1.74-50.87 4 40 CARROLL 80D SPEC ± 0  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.7 90 0 41 BARMIN 72 HLBC 

40Uses K 0 ~ 7r+Tr - 7rO/(all KLO ) decays = 0.1239. 

41 Uses K 0 3~r0/total = 0.214. 

r ( #  e + e - ) / r t o t a l  r 2 3 / r  
Test for A 5  = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units lO ~6 ) EL% EVTS DOEUMENT ID TEEN 

<0.04 90 BARR 88 SPEC 
<0.04 90 GIBBONS 88 SPEC 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 0 3 2  90 JASTRZEM... 88 SPEC 
<2.3 90 0 42 CARROLL 80D SPEC 

42 Uses K 0 ~ 7r + 7r- ~r0/(all K 0) decays = 0,1239. 

F(Tr + T r -  e + e ) / F t o t a  I r 2 4 / r  
Test for /kS = i weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE (units ]0 6) EL% EVT5 DOCUMENT ID TEEN 

< 2.5 90 0 BALATS 83 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 8.81 90 43 DONALDSON 76 SPEC 
<30 ANIKINA 73 STRC 

43Uses K0 -- ~+~ ~0/(a,, K0) decays = o.126. 

r ( #  + # -  e + e- ) /Ftota  I r2s/r 
Test for A 5  = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VAL UE (units I0 6 ) CL °/~ DOCUMENT ID TEEN 

<4.9 90 BALATS 83 SPEC 

r - (e  + e -  e + e - ) / F t o t a  I r 2 6 / r  
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction. 

VALUE(units 10 6) CL% DOEUMENT ID TEEN 

<2.6 90 BALATS 83 SPEC 

E N E R G Y  D E P E N D E N C E  O F  K~L D A L I T Z  P L O T  

For discussion, see note on Dalitz plot parameters in the K-5 section of the Full 
Listings above. For definitions of av, a t ,  au,  and ay, see the earlier version of the 
same note in the 1982 edition of this Review published in Physics Letters 111B, 70 
(April 1982). 

Imatrix element[ 2 = 1 + gu + hu 2 + i v  + kv  2 

where u = (s 3 - SO) / m2(Tr) and v = (s 1 s2) / m2(~r) 

L I N E A R  C O E F F I C I E N T  g F O R  K~L ~ ~r + 7r- ~r 0 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0 . 6 7 0 i 0 . 0 1 4  OUR AVERAGE Error includes sc~e factor of 1.6. See the ideogram below. 

0.6819. 0.024 6499 CHO 77 HBC 
0.620-50023 4709 PEACH 77 HBC 
0.6779.0.010 509k MESSNER 74 ASPK ay = - 0 .917  ± 0.013 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.69 9-007 192 44 BALDO ... 75 HLBC 
0.5909-0.022 56k 44 BUCHANAN 75 SPEC au = 0.277 9. 0.010 
0.619±0.027 20k 44,45 BISI 74 ASPK a t = - 0 . 2 8 2  -5 0.011 
0.612±0.032 44 ALEXANDER 73B HBC 
0.73 -5004 3200 44 BRANDENB... 73 HBC 
0.50 ±0.11 180 44 JAMES 72 HBC 
0 6089-0.043 1486 44 KRENZ 72 HLBC a t = - 0 . 2 7 7  9. 0.018 
0.688±0.074 384 44 METCALF 72 ASPK a t = 0.31 ± 0.03 
0.650,10.012 29k 44 ALBROW 70 ASPK ay = - 0 . 8 5 8  -5 0.015 
0.593±0.022 36k 44,46 BUCHANAN 70 SPEC au = - 0 ,278  9- 0.010 
0 6 6 4 ± 0 . 0 5 6  4400 44 SMITH 70 OSPK a t = 0.306 ± 0.024 

| 0.400±0.045 2446 44 BASILE 688 OSPK a t = - 0 , 1 8 8  ± 0.020 
0.649±0,044 1350 44 HOPKINS 67 HBC a t = 0.294 9. 0.018 

I 0.428-50.055 1198 44 NEFKENS 67 OSPK au = - 0 . 2 0 4  ± 0.025 

0.64 -50.17 280 44 ANIKINA 66 CC av = -8,2_1.3+0'9 

070  ±0 .12  126 44 HAWKINS 66 HBC av = - 8 . 6  ± 0.7 
032  ±0.13 66 44 ASTBURY 65 CC av = 5.5 ± 1.5 

-~ ~ + 0 6  051  -50.09 310 44 ASTBURY 65B CC av . . . .  - 0 . 8  

055  9-0.23 79 44 ADAIR 64 HBC av = 76  9. 1.7 
0.51 9-0.20 77 44 LUERS 64 HBC av = - 7 . 3  ± 1.6 

44Quadratic dependence required by some experiments. (See sections on "QUADRATIC 
COEFFICIENT h" and "QUADRATIC COEFFICIENT k" below.) Correlations prevent 
us from averaging results of fits not including @, h, and k terms. 

45 BISI 74 value comes from quadratic fit with quad. term consistent with zero. g error is 
thus larger than if linear fit were used. 

46BUCHANAN 70 result revised by BUCHANAN 75 to include radiative correlations and 
m 0 to use ore reliable K L momentum spectrum of second experiment (had same beam). 



See key on page IV. 1 

WEIGHTED AVERAGE 
0 .670  ± O.O14 (Error scaled by  1.6) 

v 

2 

1-- . . . .  CHO 77 HBC 0.2 
~ . . . . .  PEACH 77 HBC 4.7 

k ' ' '  'MESSNER 74 ASPK 0.6 

, ~ . ~ ,  (Conf idence Level = 0 .066 )  
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-0 .11±0 .07  - 1 7  1.6M 51 DONALDSON 74B SPEC DP 
-1 .00±0 .45  - 2 0  1385 52 PEACH 73 HLBC DP 
-1 .5  ±0.7 - 2 8  9086 53 ALBROW 72 ASPK DP 
+1.2 ±0.8 - 1 8  1341 54 CARPENTER 66 OSPK DP 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.504-0.61 unknown 16k 55 DALLY 72 ASPK DP 
-3 .9  ±0.4 3140 56 BASILE 70 OSPK DP, indep of A+ 

n A~+0.12 - 2 6  16k 55 CHIEN 70 ASPK DP - ~ ' ~ -  0.20 

48 BIRULEV 81 error, d~(O)/dA+ calculated by us from >'0, X4-. dXo/dX4- = 0 used. 
49HILL 79 and CHO 80 calculated by us from A O, A+,  and dAo/dA + .  
50 BUCHANAN 75 is calculated by us from ~0, A+ and dAo/dA + because their appendix 

A value -0 .20  4- 22 assumes ~(t) constant, i.e. ),_ = X+.  

51 DONALDSON 74B gives ~ = -0 .11 :5  0.02 not including systematics. Above error and 
d~(O)/d.k+ were calculated by us from >'0 and A+ errors (which include systematics) 
and dAo/dA + . 

52 PEACH 73 gives ~(0) = -0 .95  :c 0.45 for ~+ = A_ - 0.025 . The above value is for 
= 0. K.Peach, private communication (1974). 

53ALBROW 72 fit has .X_ free, gets A_ = -0 .030 :5  0.060 or A = ~ n  ~ + 0 . 1 7  . . . . .  - 0 . i i '  
54CARPENTER 66 ~(0) is for A+ = 0. d~(O)/dA+ is from figure 9. 

55 CHIEN 70 errors are statistical only. d~(O)/dA:5 from figure 4. DALLY 72 is a reanalysis 
of CHIEN 70. The DALLY 72 result is not compatible with assumption ~ = 0 so not 
included in our fit. The nonzero ,k_ value and the relatively large X+ value found by 
DALLY 72 come mainly from a single low t bin (figures 1,2). The (f+,~) correlation was 
ignored. We estimate from figure 2 that fixing A_ = 0 would give ~(0) = - 1.4 ± 0.3 
and would add 10 to X 2. d~(0)/d,~+ is not given. 

56BASILE 70 is incompatible with all other results. Authors suggest that efficiency esti- 
mates might be responsible. 

0 .55  0 . 6 0  0 .65  0.70 0.75 0 . 8 0  

Linear coeff, g for K O ~ ~ +  ; r -  ~r 0 matr ix  element squared 

QUADRATIC COEFFICIENT h FOR K~L --, ~ +  ~r- x ° 
VALUE EVT5 DOCUMENT ID TEEN 

0.079=1=0.007 OUR AVERAGE 
0.095±0.032 6499 CHO 77 HBC 
0.048::I:0.036 4709 PEACH 77 HBC 
0.079±0.007 509k MESSNER 74 ASPK 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.011:50.018 29k 47 ALBROW 70 ASPK 
0.0434-0.052 4400 47 SMITH 70 OSPK 

See notes in section "LINEAR COEFFICIENT E FOR K~L ~ ~r + I t -7 r  0 IMATRIX 

ELEMENTI2"  above. 

47Quadratic coefficients h and k required by some experiments. (See section on 
"QUADRATIC COEFFICIENT k" below.) Correlations prevent us from averaging 
results of fits not including g, h, and k terms. 

qUADRATIC COEFFICIENT k FOR I~ t  -- ,  ~r + ~-- 
VALUE EVT5 DOCUMENT IO TECN 

0.OO9~-1-0.l]O18 OUR AVERAGE 
0.024 ±0.010 6499 CHO 77 HBC 

-0.008 ±0.012 4709 PEACH 77 HBC 
0.0097:50.0018 509k MESSNER 74 ASPK 

UNEAR COEFFICIENTj FOR K ° --* ~ r+~r -~r  0 ( C P - V I O L A T I N G  TERM) 
Listed in CP-violation section below. 

K 0 F O R M  F A C T O R S  

For discussion, see note on form factors in the K ~ section of the Full Listings 
above. 

In the form factor comments, the following symbols are used. 
f+ and f_ are form factors for the vector matrix element. 

fs and fT  refer to the scalar and tensor term. 

fo - f+ + ~ t / ( m 2 ( K )  - m2(~)) • 

A+,  A_,  and ,k 0 are the linear expansion coefficients of f+,  f_,  and ~). 

.k+ refers to the K/~ 3 value except in the Ke3 sections. 

d~(O)/dA+ is the correlation between ~(0) and A+ in K/~ 3 . 

d,ko/d~ + is the correlation between A O and ,k+ in K#3. 

t momentum transfer to the 7r in units of m 2 (Tr). 

DP -- Dalitz plot analysis. 

PI = 7r spectrum analysis. 

MU = # spectrum analysis. 

POL- ,u polarization analysis. 

BR - K#3/Ke3  branching ratio analysis. 

E positron or electron spectrum analysis. 
RC -- radiative corrections. 

~a = f - / f +  ( de te rm inded  f rom spect ra)  
The parameter ~ is redundant with A O below and is not put into the Meson Summary 
Table. 

VALUE d~(O}/d~.- i- EVT5 DOCUMENT IO TEEN COMMENT 
--0.11±0.09 OUR EVALUATION From a f~  ~ i n  note on K~3 form factors in 

1982 edition, PL 111B (April 1982). 
-0.10:50.09 - 1 2  150k 48 BIRULEV 81 SPEC DP 
+0.26±0.16 - 13 14k 49 CHO 80 HBC DP 
+0.1340.23 - 2 0  16k 49 HILL 79 STRC DP 
-0 .25±0 .22  -5 .9  32k 50 BUCHANAN 75 SPEE DP 

~b = f - / f +  (de te rmined  f rom K # 3 / K e 3  ) 
The K#3/Ke3  branching ratio fixes a relationship between ~(0) and ) ,+.  We quote 
the author's ~(0) and associated )~+ but do not average because the A+ values differ. 
The fit result and scale factor given below are not obtained from these ~b values. 
Instead they are obtained directly from the authors K#3/Ke3 branching ratio via the 

fitted Kt~3/Ke3 ratio (r(~± ~T ~)/F(~± eT u) ). The parameter ~ is redundant with 
)'0 below and is not put into the Meson Summary Table. 

VALUE EVT5 DOCUMENT ID TECN COMMENT 
--0.11~0.09 OUR EVALUATION From a fit discussed in "~oote o~ ~ f~-rm factors in 

1982 edition, PL l l l B  (April 1982). 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

6700 BRANDENB... 73 HBE BR, .k+ =0.019:5 0.013 0.5 ±0.4 
-0 .08±0 .25  1309 57 EVANS 73 HLBC BR, A+=0.02 

0.5 ±0.5 3548 BASILE 70 OSPK BR, ~,+ =0.02 
+0.45±0.28 569 BEILLIERE 69 HLBC BR, )L~ =0 
-0.22:50.30 1309 57 EVANS 69 HLBC 

+0.2 +0.8 KULYUKINA 68 CC BR, A + = 0  - 1.2 
+ 1 . 1 : 5 1 . 1  389 ADAIR 64 HBC BR, A ~ = 0  

0 ~ + 0 . 9  • VV_ l .  3 LUERS 64 HBC BR, A~_=0 

57EVANS 73 replaces EVANS 69. 

~c = f - / f +  (determined from/~ polarization in K~3 ) 
The/~ polarization is a measure of ~(t). No assumptions on X+_  necessary, t (weighted 
by sensitivity to ~(t)) should be specified. In A+,  ~(0) parametrization this is ~(0) 
for A+ = 0. d~/d,~ = ~t. For radiative correction to /~ polarization in K 3, see 
GINSBERG 73. The parameter ~ is redundant with ~0 below and is not put ~ t o  the 
Meson Summary Table. 

VALUE EVT5 DOCUMENT ID TECN COMMENT 
-0.11 4-0.09 OUR EVALUATION F~om ~ s c u s s e d ~ n n o t e ~ o n  ~33 form factors in 

1982 edition, PL 111B (April 1982). 
+0.178±0.105 207k 58 CLARK 77 SPEC POL, 

d~(O)/d)~+ = +  0.68 
0.385±0.105 2.2M 59 SANDWEISS 73 CNTR POL, d((O)/dX+ = - 6  

-1.81 +0.50 60LONGO 69 CNTR POL, t=3.3 -0 .26  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 1.6 d_0.5 638 61 ABRAMS 68B OSPK Polarization 
1.2 ±0.5 2608 61 AUERBACH 66B OSPK Polarization 

58CLARK 77 t = +3.80, d~(O)/dA+ = ~( t ) t  = 0.178x3.80 = +0.68. 
59SANDWEISS 73 is for A+ = 0 and t = 0. 

60 LONGO 69 t = 3.3 calculated from d~(O)/d.X+ = - 6.0 (table 1) divided by ( = 1.81. 
61 t value not given. 

I M A G I N A R Y  P A R T  O F  
Test of T reversal invariance. 

VALUE EVT5 DOCUMENT ID TECN COMMENT 
--0.007+0.026 OUR AVERAGE 

0.009±0.030 12M MORSE 80 CNTR Polarization 
0.35 ±0.30 207k 62 CLARK 77 SPEC POL, t=0 

-0.085J:0.064 2.2M 63 SANDWEISS 73 CNTR POL, t=0 
-0 .02 :50 .08  LONGO 69 CNTR POL, t=3.3 
-0 .2  ±0.6 ABRAMS 68B OSPK Polarization 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.012±0.026 SCHMIDT 79 CNTR Repl. by MORSE 80 

62CLARK 77 value has additional ~(0) dependence +0.21ReE~(0)]. 
63SANDWEISS 73 value corrected from value quoted in their paper due to new value of 

Re(~). See footnote 4 of SCHMIDT 79. 
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A+ (LINEAR ENERGY DEPENDENCE OF f+ IN K~,3 DECAY) 
See also the corresponding entries and notes in section "~A = f - / f + "  above and 
section "A 0 (LINEAR ENERGY DEPENDENCE OF f0 IN K/~ 3 DECAY)" below. For 
radiative correction of K/~ 3 Dalitz plot see GINSBERG 70 and BECHERRAWY 70. 

VALUE E V T $  DOCUME_NT IQ T TE£N COMMENT 
0.034:1=0.005 OUR EVALUATION From a fit discussed in note~on ~ 3  T'orm factors in 

1982 edition, PL 111B (April 1982). 

0.0427±0.0044 150k BIRULEV 81 SPEC DP 
0.028 ±0.010 14k CHO 80 HBC De 
0.028 ±0.011 16k HILL 79 STRC DP 
0.046 ±0.030 32k BUCHANAN 75 SPEC DP 
0.030 ±0.003 1.6M DONALDSON 74B SPEC DP 
0.085 ±0.015 9086 ALBROW 72 ASPK DP 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0337±0.0033 129k DZHORD... 77 SPEC RepL by BIRULEV 81 
0.046 ±0.008 82k ALBRECHT 74 WIRE Repl. by BIRDLEV 81 
0.11 ±0 .04  16k DALLY 72 ASPK DP 
0.07 ±0.02 16k CHIEN 70 ASPK Reph by DALLY 72 

A 0 (LINEAR ENERGY DEPENDENCE OF f0 IN K#3 DECAY) 
Wherever possible, we have converted the above values of ~(0) into values of A 0 using 
the associated ,k~ and d{(O)/dA+. 

VALUE d,~{~/d~% E V T 5  DOCUMENT ID TECN COMMENT 
0.025 ±0.006 OUR EVALUATION From a fit discussed in note on K~3 form factors 

in 1982 edition, PL l l l B  (April 1982). 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.029 ±0.805 19k 74 CHO 80 HBC DP 
0.0286±0.0049 26k BIRULEV 79 SPEC Repl. by BIRULEV 81 
0.032 ±0.0042 48k BIRULEV 76 SPEC Repl. by BIRULEV 81 

74ENGLER 788 uses an unique Ke3 subset of CHO 80 events and is less subject to sys- 
tematic effects. 

] f s / f + }  FOR Ke3 D E C A Y  
Ratio of scalar to f+ couplings. 

0 .0341±00067 unknown 150k 64 BIRULEV 81 SPEC De 
+0.050 ±0.008 - 0 . i i  14k CHO 80 HBC DP 
+0.039 m0010 0.67 16k HILL 79 STRC DP 
+0.047 ±0.009 1,06 207k 65 CLARK 77 SPEC POL 
+0.025 ±0.019 + 0 5  32k 66 BUCHANAN 75 SPEC De 
+0.019 ±0.004 0.47 1.6M 67 DONALDSON 74B SPEC DP 
-0 .060  ±0.038 -0 .71  1385 68 PEACH 73 HLBC DP 
-0 .018  ±0.009 40 .49  2.2M 65 SANDWEISS 73 CNTR POL 

0.043 ±0.052 139 9086 69 ALBROW 72 ASPK DP 

-0 .140  40.043 65 LONGO 69 CNTR POL -0 .022  40 .49  

+ 0 0 8  ±0.07 - 0 5 4  1371 65 CARPENTER 66 OSPK DP 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.041 ±0.008 14k 70 CHO 80 HBC DR, A+ =0.028 
+ 0  0485±0.0076 47k DZHORD... 77 SPEC In BIRULEV 81 
40.024 ±0.011 82k ALBRECHT 74 WIRE In BIRULEV 81 
+0.06 ±0 .03  6700 71 BRANDENB... 73 HBC DR, 

A+ =0.019 ± 
0013 

-0 .067  ±0.227 unknown 16k 72 DALLY 72 ASPK DP 
0.333 ±0.034 +1 .  3140 73 BASILE 70 OSPK DP 

64 BIRULEV 81 gives dAo/dA + = 1.5, giving an unreasonably narrow error ellipse which 

VALUE EL% E V T 5  DOCUMENT ID TECN COMMENT 

<0.04 68 25k BLUMENTHAL75 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.095 95 18k HILL 78 STRC 
<0.07 68 48k BIRULEV 76 SPEC See also BIRULEV 81 
<0.19 95 5600 ALBROW 73 ASPK 
<0.15 68 KULYUKINA 67 CC 

J f T / f + l  F O R  Ke3 D E C A Y  
Ratio of tensor to f+ couplings. 

VALUE CL% E V T 5  DOCUMENT ID TEEN COMMENT 
<0.23 68 25k BLUMENTHAL75 SPEC 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.40 95 18k HiLL 78 STRC 
<0.34 68 48k BIRULEV 76 SPEC See also BIRULEV 81 

dominates all other results. We use dAo/dA + -- O. 
65A 0 value is for A+ 0.03 calculated by us from ~(0) and d((O)/d~+. 

66BUCHANAN 75 value is from their appendix A and uses only K#3 data. dXo/dA + was 
obtained by private communication, &Buchanan, 1976. 

67DONALDSON 74B dAo/dA + obtained from figure 18. 

68pEACH 73 assumes A+ 0.025. Calculated by us from ~(O) and d((O)/dA~. 

69ALBROW 72 A 0 is calculated by us from CA, A+ and d((O)/dA+. They give A 0 - 
-0 .043  4- 0.039 for ~ -- 0. We use our larger calculated error. 

70CHO 80 BR result not independent of their Dalitz plot result. 
71 Fit for A 0 does not include this value but instead includes the K/~ 3 /Ke3 result from this 

experiment. 
72 DALLY 72 gives f0 - 1.20 ± 0.35, X 0 0.080 ± 0.272, A0 t 0.006 ± 0.045, but 

with a different definition of A0" Our quoted X 0 is his A o / f  O. We cannot calculate true 
A 0 error without his (Ao,f0) correlations. See also note on DALLY 72 in section CA. 

<l.O 95 5600 ALBROW 73 ASPK 
<lO 68 KULYUKINA 67 CC 

le/e+l FOR K,3 D E C A Y  
Ratio of tensor to f+ couplings. 

VALUE DOCUMENT ID TECN 
0.12±0.12 BIRULEV 81 SPEC 

N O T E  O N  C P  V I O L A T I O N  I N  K r  ° D E C A Y  

(by L. Wolfenstein, Carnegie-Mellon University and 

T. Trippe, LBL) 

E x p e r i m e n t a l l y  M e a s u r e d  P a r a m e t e r s  

C P  violation has been observed in the semi-leptonic decay's 

K ° ~ ~-~±l~ and in the nonleptonic decay" K ° -~ 2rr. The 

experimental  numbers  tha t  have been measured are 1 

73 BASILE 70 A 0 is for A+ = 0. Calculated by us from 4A with d{(O)/dk+ = 0. BASILE 70 
is incompatible with all other results. Authors suggest that  efficiency estimates might be 
responsible. 

A+ (LINEAR ENERGY DEPENDENCE OF f+ IN Ken DECAY) 
For radiative correction of Ke3 DP, see GINSBERG 67 and BECHERRAWY 70. 

VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
0.8300±0.0016 ODR ,AVERAGE Error includes scale factor of 1.2. 

= F ( K ~  -+ ~ , - ~ % )  - F ( K  ° ~ ; + g  . )  

IT/+ I c i ~ ' -  

,oo = A( K ° ~ ~ o ;: ,~ ) / A ( K  s ~ 7r% °) 

= I,oo] eiGe° 

00306±0.0034  74k BIRULEV 81 SPEC DP 
0.025 ±0.005 12k 74 ENGLER 788 HBC DP 
0.0348±0.0044 18k HILL 78 STRC DP 
0.0312±0.0025 500k GJESDAL 76 SPEC DP 
0.0270±0.0028 25k BLUMENTHAL75 SPEC DP 
0.044 ± 0 0 0 6  24k BUCHANAN 75 SPEC DP 
0.040 ±0.012 2171 WANG 74 OSPK DP 
0.045 ±0.014 5600 ALBROW 73 ASPK DP 
0.019 ±0.013 1871 BRANDENB... 73 HBC PI transv. 
0.022 ±0.014 1910 NEUHOFER 72 ASPK PI 
0023 ±0.005 42k BISI 71 ASPK DP 
0.05 ± 0 0 1  16k CHIEN 71 ASPK DP, no RC 
0.02 ± 0 0 1 3  1000 ARONSON 68 OSPK PI 

+0.023 ± 0 0 1 2  4800 BASIEE 68 OSPK DP, no RC 
001 ± 0 0 2  762 FIRESTONE 67 HBC DP, no RC 

40.01 ± 0 0 1 5  531 KADYK 67 HBC e,PI, no RC 

+0.08 +0.10 240 LOWYS 67 FBC PI 
0.08 

+0.15 ±0 .08  577 FISHER 65 OSPK DP, no RC 
+0.07 ±0 .06  153 LUERS 64 HBC De, no RC 

(1) 

( l b )  

(lc) 

Thus  there are five real numbers ,  three magni tudes  

and two phases. "We list 6(F ) for /(o ___+ 7r/lu and 6(e) for 

K ° ---+ ,'reu separately' and a weighted average c ~. Experimen- 

tally, for the K ° ~ ;r°rr ° decay the quanti t ies directly' measured 

(and also of greatest  theoretical interest) are [rloo/71+ [ and 

o00 - 0+ - 

A n a l y s i s  B a s e d  on  C P T  I n v a r i a n e e  2 

C P  violation can occur either in the K ° K ° nlixing or 

in the decay anlplitudes. The mixing is described by: 

i K >  i ( 1 -  i 

/ [2(1 + 1 ~  I~)] 1/~ (2a) 

I : [/1 + i >  ilv >] 
/ [2(1 + ] e  12)] L/2 (2b) 



See key on page IV.1 

where ~ measures  the  C P  violation. The  decay ampli tudes  are 

wri t ten 

< I = o I T I K°)  = ei~°Ao (34) 

( I = 2 1 T I K °) = ei~:A2 (3b) 

where 5I are the  ~r~r scat ter ing phase  shifts at the  K ° 

mass  and I is the  isospin of the  final state.  C P  violation is 

measured by ( ImAI /ReAI ) .  Only two of the  three quanti t ies 

e, ( ImAI /ReAI )  are meaningful  because of the  ambigui ty  in 

defining the  phase of K °. The  s tandard  phase convention due 

to Wu and Yang 3 sets ImA0 = 0. One can then  write 

~+_ = e + e  ~ (4a) 
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rl00 = ~ - 2e' (4b) 

M o d e l s  

In the  superweak model 6 C P  violation is restricted to the  

mass  mixing so tha t  to a high degree of accuracy one expects 

e ~ = 0. The phase ¢(e) is given in this  model exactly by Eq. (6a) 

so tha t  this  has somet imes been referred to as the  superweak 

phase; however, as noted above, all C P T  invariant models give 

Eq. (6a) as a very good approximation.  In the  Standard Model 

C P  violation is entirely due to the  phase in the  Cabibbo- 

Kobayashi-Maskawa mixing mat r ix  7 (q.v.). Since C P  violation 

occurs in first order in decay ampli tudes  and in second order in 

mass -mat r ix  mixing, one expects a significant non-zero value 

of ~. The calculation is uncer ta in  part ly because mt and Vtd 

where 

i ei(~_6o ) ~'= ~ Im(A2/Ao) 

are not well known and primarily because of the  difficulty of 

es t imat ing hadronic matr ix  elements, s The  theoretical results 

for ~/~ in the  s tandard  model are generally in the range 

3 x 10 4 to 5 X 10 -3. 

neglecting small  corrections of order c ~ t imes Re(A2/Ao). 

A nonzero value of ~r provides definite evidence for C P  violation 

in the decay ampl i tudes  independent  of phase convention. 

By applying C P T  invariance and uni tar i ty  it is possible to 

relate 6 to ~ and to determine the  phases of c and ~'. If one 

assumes the  A S  = AQ rule (see below "Note on the  AS  = AQ 

rule in K ° Decay") the  expression for 6 becomes 

6 = 2 R e E / ( I +  I¢12 ) ~ 2 R e E  (5) 

This  quant i ty  is independent  of phase convention and is seen 

from Eq. (2) to equal (K  ° I K ° )  • The  phases of c and E' are 

given by 

0(~) ~ t an  1 (2Am%) _ 43.67 + 0.13 ° (6a) 
h 
7~ 5o ¢(c') = 52 - 50 + ~ ~ 47 + (6b) 

The  approximat ion in Eq. (6a) depends  on the  neglect 

of C P  violation in decays other  than  K ° --* 27r and is 

known to be good to a few tenths  of a degree. Eq. (64) is 

evaluated using the  values of the  K ° - K  ° mass  difference 

dxm = (0.5349 + 0.0022) x 101°hs -1 and the  K ° mean  life 

~-~ = (0.8922 4-0.0020) x 10-1°s from the current  edition. The  

value of the  ~mr phase shifts used in Eq. (6b) is taken from the 

tit given by Devlin and Dickey 4. However, Kleinknecht 1 uses 

¢(e ~) = 37 4- 5 ° and Wahl  5 uses ¢(c ~) = 45 ° 4- 15 °" The  most  

impor tan t  point for the  analysis is tha t  cos[¢(e ~) - ¢(c)] ~_ 1. 

The  consequence of this analysis is tha t  only two real quanti t ies  

need be measured,  the  magni tude  of c and the  value of (c~/c) 

including its sign. The  measured  quant i ty  )/00/r/+ 12 which is 

very close to unity, is given to a good approximat ion by 

1 , 0 0 / , + _  12 ~ 1 - 6Re (~'/~) 

= 1 - 6 ( ~ ' / ~ )  cos [¢(~') - ¢ ( ~ ) ]  ( 7 )  

Since the  cos in Eq. (7) is expected theoretically to be very 

(:lose to uni ty  it is cus tomary  to say tha t  1~]00/71+ 12 determines 
(I/~. 

It is possible to use the  values of the  0 + -  and ¢00 - 0 + -  to 

set limits on C P T  violation. [See Tests  of Conservat ion Laws.] 

F i t t i n g  p r o c e d u r e s  

We list measurements  of 17/+_1, 17/001, and I~/00#/+_1. 

Independent  information on 17/+_L and 17]ool can be obtained 

from measurements  of the K ° and K~ lifetimes (T) and 

branching ratios (B) to ~Tr, using the relations 

5( o) ]1/2 

:(Ko) ] 1, 
1,0ol = i 7(x  B(Ko 

We approximate  a global fit to these independent  sources 

by first performing two independent  fits: 1) BRFIT,  a fit to 

the  KL ° branching ratios, rates, and mean  life, and 2) ETAFIT,  

a fit to the  It/+ I, Ir]001, and I~+ /r/001 measurements .  Tire 

results from fit 1, 

T(K  °) = (5.17 4- 0.04) x 10 - s  s , 

B(KL ° - ~ r + ~ r  ) = ( 2 . 0 4 4 - 0 . 0 5 ) ×  10 -3 (S* = 1 . 2 )  , 

B ( K  O ---* 7r°Tr 0) = ( 7 . 9 q - 0 . 6 )  × 10 -4  (S* = 1.2) , 

along with the  K ° values from this edition are used to compute  

the values 

I~+-I BRFIT = (2.265 + 0.030) x 10 3 , 

Irl001BRFIT = (2.084 + 0.080) x 10 .3 . 

These values are included as measurements  in the It/001 

and Ir/+_l sections with a document  ID of BRFIT  90. The 

fit to I~+ I, It/001, and Irl+_,/r/ool is then  redone to include 

the  BRFIT  90 information. Thus  the  fit values given in this 

edition, 

W+-I = (2.268 + 0.023) x 10 3 (S* = 1.1) , 

W001 = (2.253 + 0.024) x 10 -3 (s* = 1.1) , 

include both  the  direct measurements  and the  results from the 

branching ratio fit. 
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The process is reversed in order to include the direct I~1 
measurements in tile branching ratio fit. The results flom fit 2 

above (before including BRFIT 90 values), 

Irl+ 1=(2 .299+0 .034)  x 1 0  3 , 

Irloo/q+ I = 0.9938 ± 0.0035 (S* 1.4) , 

are used along with the K ° and K} mean lives and the 

K~ ---+ 7rTr branching fractions to compute the K ° branching 

ratios 

B(K ° ---+ 7r+rr )ETAerr = (2.101 ± 0.065) x 10 -a 

B ( K  ~ ~%r°) ] 
B(K~ Z . + . ~ ) j  m H ~  = 0.4518 ± 0.0066. 

Iqoo/~7+ I is used because it is precisely determined and almost 

uncorrelated with Iq+-I whereas Iqool is highly (orrelated with 

I'#+ I because of the precise measurenlents of I,loo/,l+ I. 

These branching ratio values are included as measure- 

ments in the branching ratio sections F(K} ). -+ 7r+Tr-)/P(total) 

and F(KD ° ---+ 7r%r°)/F(K ° --+ 7r+~r ) with a document ID of 

ETAFIT 90. Thus the K ° branching ratio fit results in this 

edition include the results of direct measurements of 17/--I, 
I,ool, and I,Joo/,s+ I. 

Note the large scale factor (S* - 1.4) on I~/00/,/+ I. This 

arises from the discrepancy between the e~/e result from tile 

Chicago experiment (PATTERSON 90) which is consistent 

with zero and the CERN experiment (BURKARDT 88) whieti 

is three sigma above zero. Our fitted value is 

f! 
- = ( 2 . 1 +  1 .2)  x 10 3 (S*  = 1 .4 )  . 

A separate constrained tit is done to combine measurements 

of the phases 0+ and 0oo, and their  difference 0(10 0 + - .  

The phase difference is now rattler precisely determined by the 

CERN result (CAROSI 90) so that our evaluation. 0 0 0 - 0 + -  = 

2.5 ± 4.5 (S* = 1.8), is consistent with zero, i.e., not suggesting 

C P T  violation. 

F o o t n o t e s  a n d  R e f e r e n c e s  

* The S values in parentheses are scale factors by which the 
errors have been increased to account for discrepancies in the 
data. 

1. K. Kleinknecht in C P  Violation (ed. C. Jarlskog), World 
Scientific, (1989), p. 41. 

2. V. Barmin, et al., Nuch Phys. B247, 293 (1984); and 
L. Wolfenstein, Ann. Roy. Nuc. Sci. 36, 137 (1986). 

3. T.T. Wu and C.N. Yang, Phys. Rev. Lett. 13, 380 (1964). 

4. T.J. Devlin and J.D. Dickey, Rev. Mod. Phys. 51, 237 
(1979). 

5. H. Wahl, Cisatlantic Rare Kaon Decays. Talk given at 
Rare Decay Symposium, Vancouver, Canada, December 
1988, CERN-EP/89-86 (July 1989). 

6. L. Wolfenstein, Phys. Rev. Lett. 13, 562 (1964). 

7. M. Kobayashi and T. Maskawa, Prog. Ttteor. Phys. 49, 
6<59 (1973). 

8. J.F. Donoghue eL al., Ptlys. Reports 131, 320 (1986). 

C P - V I O L A T I O N  P A R A M E T E R S  IN K~L DECAYS 

- -  CHARGE A S Y M M E T R Y  IN L E P T O N I C  DECAYS - -  

Such asymmetry violates CP. It is related to Re(e). 

~(~) = [ r ( ~ - . +  ~.)  - r ( ~ + . - ~ . ) ] / [ r ( ~ - . + ~ . )  + r ( ~ + . - ~ . ) ]  
(r4 - rs) / (r4+rs) 

Only the combined value below is put into the Meson Summary Table. 
VALUE (%) EVT5 DOCUMENT ID TEEN 
0.304:t:0.025 OUR AVERAGE 
0.313±0.029 15M GEWENIGER 74 ASPK 
0.2783_0.051 7.7M PICCIONI 72 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.60 ±0.14 4,1M MCCARTHY 73 CNTR 
0.57 3_0.17 1M 75 PACIOTTI 69 OSPK 
0.403~0.134 IM 75 DORFAN 67 OSPK 

75 PACIOTTI 69 is a reanalys]s of DORFAN 67 and is corrected for ~+ # -  range difference 
in MCCARTHY 72, 

d e )  = [r ( , r  e + . e )  - r ( . + e - ~ e ) ] / [ r ( . - e + . e )  + r ( ~ + e - ~ e ) ]  
(r7 - r B ) / ( r 7 + r g )  

Only the combined value below is put into the Meson Summary Table. 
VALUE (%) EVTS DOCUMENT ID TECN 
0.333~0.014 OUR AVERAGE 
0.341±0.018 34M GEWENIGER 74 ASPK 
0.318±0.038 40M FITCH 73 ASPK 
0.346±0.033 IOM MARX 70 CNTR 
0.246±0.059 10M 76 SAAL 69 CNTR 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.36 ±0.18 600k ASHFORD 72 ASPK 
0.224±0.036 10M 76 BENNETT 67 CNTR 

76SAAL 69 is a reanalysis of BENNETT 67. 

= weighted average of 5(#)  and 6(e) 
(Combination of the above two sections.) 

VALUE (%~ E V T 5  DOCUMENT ID TEEN COMMENT 
0.327 ±0.012 OUR AVERAGE 
0313±0.029 15M GEWENIGER 74 ASPK #(#3 

0341±0.018 34M GEWENIGER 74 ASPK Ke3 
0318±0.038 40M FITCH 73 ASPK Ke3 
0333~+0.050 33M WILLIAMS 73 ASPK K#3 + Ke3 
0.278±0.05] 7.7M PICCIONI 72 ASPK K#3 

0.346±0033 I0M MARX 70 CNTR Ke3 
0246~-0.059 tOM SAAL 69 CNTR Ke3 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

060 ±0.14 4,1M MCCARTHY 73 CNTR KI~ 3 

0.36 ±0.18 600k ASHFORD 72 ASPK Ke3 
0.57 =0.17 1M PACIOTTI 69 OSPK K#3 

- -  PARAMETERS FOR K~L --, 27r DECAY - -  

,~_ =A(K0  ~ < . - ) l A C K  ° ~ - + ~  ) 
'~00 = A(K0 ~ . % 0 ) i  A(KO ~ ~,%0) 

The fitted values of 177+ I and i 9001 given below are the resuits of a fit to I T/+_ I, 
i,~o01, I,~oo/,7+ I, and Re(/~e).  Independent information on I*~+-I and ~001 
can be obtained from the fitted values of the /~L ~ ~ 7r and /~S ~ ~ ~r branching 

ratios and the K 0 and K~ lifetimes. This information is included as data in the 

i~1±_ and 17/00i sections with a Document ID "BRFIT." See the "Note on CP 

Violation in K 0 Decay" above for details. 

I,Jool = lACK° -* 2~o1 / A(KO ~ 2~o11 
VALUE(umtsIO 3) EVTS D OEUMENTID TEEN COMMENT 
2.253:1:O.O24 OUR FIT Error includes scale factor of 1.1. 
2.12 40.09 OUR AVERAGE Error includes scale factor of 1.2. 
2 084i0 .080 77 BRFIT 90 
233 ±0 . ] 8  CHRISTENSON79 ASPK 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

271 ±0.37 56 78 WOLFF 71 OSPK Cu reg., 4~/s 
2.95 ±0.63 78 CHOLLET 70 OSPK Cu reg., 4-~'s 

77This BRFIT value is computed from fitted values of the K~L and /~5 lifetimes and 

branching fractions to ~T~. gee the discussion in the "Note on CP violation in K~L 
decay." 

78CHOLLET 70 gives Irl00 = (123 ± O.24)x(regeneration amplitude, 2 GeV/c 
Cu)/lO000mb. WOLFF 71 gives iqo01 = (113 ± O.12)x(regeneration amplitude, 2 
GeV/c Cu)/10000mb. We compute both 7;O0 j values for (regeneration amplitude, 2 
GeV/c Cu) = 24 ± 2mb. This regeneration amphtude results from averag ng over FA SS- 
NER 69, extrapolated using optical-model calculations of Bohm et at, Phys. Lett. 27B, 
594 (1968) and the data of BALATS 71. (From H. Faissner, private communication). 
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I '~÷-I = IA( K° -~ ~+~-) / A(K° - -  ~±~-)1 
_VALUE (units 10-3~ --EVT5 DOCUMENT ID TECN COMMENT 
2,268+0.023 OUR FIT Error includes scale factor of 1.1. 
2.279:b0.022 OUR AVERAGE 
2.265±0.030 79 BRFIT 90 I 
2.27 4-0.12 CHRISTENSON79B ASPK 
2.30 ±0.035 GEWENIGER 74B ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.28 ±0.06 1687 80 COUPAL 85 SpFC P (K )=70  GeV/c 
2.09 ±0.02 8 I  ARONSON 82B SPEC E=30-110 GeV 

79This 8RFIT value is computed from fitted values of the K~L and /~5 lifetimes and 

fractions to ~rTr. See the discussion in the "Note on CP violation in K~/ branching 

decay." " i 
80 COU PAL 85 concludes: no energy dependence of I T /+-  I, because their value "s consistent 

with above values which occur at lower energies. Not independent of COUPAL 85 
r(Tr + ~r ) / r (Tr£u) measurement. Enters IT/+_I via BRFIT value. In editions prior to I 
1990, this measurement was erroneously also included in our I r /+_ I average and fit. We I 
thank H. Wahl (WAHL 89) for informing us. 

81ARONSON 82B find that PT/+-I may depend on the kaon energy. 

I,,,oo/~+-I 
VALUE EVT5 DOCUMENT ID TECN 
0.9935=1=0.0032 OUR FIT Error includes scale factor of  1.3. 
0.9907+0.0030 OUR AVERAGE 
0.9899±0.0020±0.0025 82 BURKHARDT 88 CALO 
0.9904±0.0084±0.0036 83 WOODS 88 SPEC 
1.014 ±0.016 ±0.007 3152 BERNSTEIN 85B SPEC 
0.995 ±0.025 1122 BLACK 85 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.00 ±0.09 84 CHRISTENSON79 ASPK 
1.03 ±0.07 124 BANNER 72 OSPK 
1,00 ±0,06 167 HOLDER "12 ASPK 

g2This is the square root of the ratio R given by BURKHARDT 88. 
83We calculate IT/00/~/+_I = 1-3(~I/e) from WOODS 88 (#'/e) value. 
84Not independent of IT/+-I and iT/001 values which are included in fit. 

i / ~  ,,~ Re( t /~ )  = (l_lv00/T/÷_l)/3, See "Note on CP violation in K~L decay." 

V ALUE(unitslO 3] DOCUMENTID TECN 
2.2±  1.1 OUR FIT Error includes scale factor of 1.3. 

-0.4±1.4±0.6 PATTERSON 90 SPEC I 
• .~ • We do not use the following data for averages, fits, limits, etc. • • • 

3.3±1.1 85 BURKHARDT 88 CALO 
3 .2±2 .8±1 .2  85 WOODS 88 SPEC 

85These values are derived from IT/00/T/+-] measurements and enter the f i t  via the 
I ' ~ 0 0 / ' I + -  I section. 

¢ ± _ ,  P H A S E  o f  T/+_ 
The dependence of the phase on the ~ - ~ mass difference is given for each 

experiment in the comments below, where DM is (mass difference/5) in units 1010 
s - 1 .  We have evaluated these mass dependences using our April 1990 value, DM = 
0.5351 ± 0.0024 to obtain the values and average quoted below. We also give the 
regeneration phase Cf in the comments below. 

V A~LUE (~) DOCUMENT ID TECN COMMENT 
46.0± 1.2 OUR EVALUATION 
46,0± 1.2 OUR AVERAGE 
46.9± 1.4±1.7 86 CAROSI 90 CALO 
41.7± 3.5 CHRISTENSON79B ASPK 
45.6± 2.9 87 CARITHERS 75 SPEC 
46.6± 1.7 88 GEWENIGER 74B ASPK 
• 4, • We do not use the following data for averages, fits, limits, 

89 ARONSON 82B SPEC 35.3± 3.9 
36.2± 6.1 
37.2 -5 12.0 
40.7± 4.2 
34.2± i0.0 
45.4± 12.0 
45.2± 7.4 
51.3±11.0 
70.'3±21.0 
25:3 ± 35.0 
30.0±45.0 
45.0± 50.0 

90 CARNEGIE 72 ASPK 
91 BALATS 71 OSPK 
92 JENSEN 70 ASPK 
93 BENNETT 69 CNTR 
94 BOHM 69B OSPK 
95 FAISSNER 69 ASPK 
96 BENNETT 68B CNTR 
97 BOTT-., .  67B OSPK 

I 
C regenerator 
Vacuum regen. 
etc. • • • 

E=30-110 GeV 
Cu regenerator 
Cu regenerator 
Vacuum regen. 
Cu regenerator 
Vacuum regen. 
Cu regenerator 
Cu reg. uses 
C regenerator 
Cu regenerator 97 MISCHKE 67 OSPK 

97 FIRESTONE 66 HBC 
97 FITCH 65 OSPK Be regenerator 

86s I ystematic error is quadratic sum of experimental systematic errors (±0 .7  ° ) and the 
systematic errors due to the current uncertainties in vs (±0 .6  ° ) and A m  ( ± 1 . 4  ° ). 

8?CARITHERS 75 ¢ + _  = (45.5 ± 2.8)+224[A(m)--0.5348]  ° . Cf = 40.9 ± 2.6 ° .  
88GEWENIGER 74B ~ + _  = (49.4 ± 1 .0 )+565 [~ (m) -0 .540 ]  ° .  
89ARONSON 82 find that ¢ + _  may depend on the kaon energy. 
90CARNEGIE 72 ¢ + _  is insensitive to A(m) .  Cf -- --56.2 ± 5.2 ° .  
91BALATS 71 ¢ + _  = (39.0 ± 12 .0 )+198[ ,~ (m) -0 .544] ° .  d~f - - 43 .0  ± 4.00. 
92JENSEN 70 ¢ + _  = (42.4 ± 4 .0)+576[A(m)- -0 .538]  ° .  
93 BENNETT 69 uses measurement of  ( ¢ + _ ) - ( ¢ f )  of  ALFF-STEINBERGER 66B. BEN- 

NETT 69 ¢+  = (34.9 ± 10.0)+69[Z~(m)-0.5481 ° .  ¢ f  = - 49 .9  ± 5.4 ° . 
94BOHM 69B ¢ + _  = (41.0 ± 12.0)+479(A(m)- -0 .526)  ° .  
95FAISSNER 69 error enlarged to include error in regenerator phase. FAISSNER 69 ¢ + _  

= (493  ± 7 .4)+205[A(m)- -0 .555]  ° . Cf = --42.7 ± 5.0 ° . 
96 BENNETT 69 is a re-evaluation of BENNETT 68B. 
97 Old experiments with large errors not included in average. 

¢o0, PHASE OF ~/oo 
VALUE (o) EVT5 DOCUMENT ID TECN COMMENT 
48.5-1- 3.1 OUR EVALUATION Error includes scale factor of  1.3. 
48.7=1= 3.3 OUR AVERAGE Error includes scale factor of  1.3. 
47.1± 2.14-1.8 98 CAROSI 90 CALO I 
5 5 . 7 i  5.8 CHRISTENSON79 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

38.0±25.0 56 99 WOLFF 71 OSPK Cu reg., 4*f's 
51.0±30.0 100 CHOLLET 70 OSPK Cu reg., 4~f's 
first quadrant preferred GOBBI 69B OSPK 

98Systematic error is quadratic sum of experimental systematic errors (±1 .0  ° )  and the I 
systematic errors due to the current uncertainties in ~ (:t:0.50 ) and A m  ( ±  1.4 ° ). I 

99WOLFF 71 uses regenerator phase (5f = - 48 .2  ± 3.5 ° .  
IOOCHOLLET 70 uses regenerator phase Cf = - 46 .5  ± 4.4 ° .  

PHASE DIFFERENCE ¢oo - @+- 
Test of CPT. 

VALUE (o) DOCUMENT ID TECN 
2.5+  4.5 OUR EVALUATION Error includes scale factor of 1.8. 
2 ± 5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below. 
0 .2± 2 .6±1.2  101 CAROSI 90 CALO I 

12.6± 6.2 101 CHRISTENSON?9 ASPK 
7.6±18.0 102 8ARBIELLINI 73 ASPK 

101Not independent of  (#+_ and ¢00 values. This is taken into account in our evaluation, I 
which consists of a special f i t  to include correlations, with the errors scaled by the same l 
factors as found for the averages. 

102independent of regenerator mechanism, A(m),  and lifetimes. 

WEIGHTED AVERAGE 
2 ± 5 (Error sca led by 1.8) 

I Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces. 
sar i ly the same as our "best"  values, 
obtained from a least-squares constrained fit 
utiJizing measurements of other (releted) 
quantities as additional information. 

?<2 
. . . . . . . . . . . . . .  CAROSI g0 CALO 0.6 ~ 'CHRISTENSON 79 ASPK 2.7 

~ /  ~ ' BARBIELUNI 73 ASPK 0.1 

3 .4  
(Con f idence  Level  = O.185) 

I I 
- 1 0  O 10 20 30 40 50 

Phase difference ¢00 - ¢ + -  (o)  

- -  C H A R G E  A S Y M M E T R Y  IN  ¢ +  x -  x ° D E C A Y S  - -  

C P - V l O L A T I O N  C O E F F I C I E N T  j F O R / ~ L  --* ~ +  ~r-  x ° 

Defined at beginning of section "LINEAR COEFFICIENT g FOR K~L ~ ~r + ~r- x 0 

above. See aiso note on Daltitz plot parameters in K ± section and note on CP 
violation in K 0 decay above. 

VALUE EVT5 DOCUMENT ID TECN 
0.0011 =I=0.0(}06 OUR AVERAGE 
0.001 ±0.011 6499 CHO 77 

- 0,001 :±0.003 4709 PEACH 77 
0.0013±0.0009 3M SCRIBANO 70 
0.0 ± 0.017 4400 SMITH 70 OSPK 
0.001 ±0.004 238k BLANPIED 68 

N O T E  ON ~ S  = A Q  I N  K ° D E C A Y S  

The relative amount of /kS ~ /XQ component present is 
measured by the parameter x, defined as 

x = A ( - K  ° ~ l r - ~ + u ) / A ( K  ° ~ 7 r - t + ~ )  . 

We list Re{x} and Im{x} for Ke3 and K~,3 combined. 
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Meson Full Listings 
K o 

x = ( A S  = - A Q  A M P L I T U D E )  / ( A S  = + A Q  A M P L I T U D E )  

R E A L  P A R T  O F  x 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

O.O06:J:O.O18 O U R  A V E R A G E  Error includes scale factor of 1.3. See the ideogram 
below. 

0,10 +0.18 79 S M I T H  75B WIRE ~T p ~ KOA 0.19 
0.04 ±0 .03  4724 NIEBERGALL 74 ASPK K + p ~ K 0 pTr + 

- 0 . 0 0 8 ± 0 . 0 4 4  1757 FACKLER 73 OSPK Ke3 f rom K 0 
0.03 ±0.07 1367 H A R T  73 OSPK Ke3 f rom KOA 

- 0 . 0 7 0 ± 0 . 0 3 6  1079 M A L L A R Y  73 OSPK Ke3 f rom K 0 A X 
0.03 =-0.06 410 1 0 3 B U R G U N  72 HBC K + p ~  KOp=+  

- 0 . 0 5  ±0.09 442 I 0 4 G R A H A M  72 OSPK = - p ~  KOA 

0.26 +0.10 126 M A N N  72 HBC K p ~ n ~  
- 0 1 4  

0•25 +0•07 252 WEBBER 71 HBC K p ~ n ~  
- 0 0 9  

0.12 ±0 .09  215 105GHO 70 DBC K + d ~  KOpp 
0.020±0.025 106 B E N N E T T  69 C N T R  Charge asym+ Cu regen. 

0,09 + 0 1 4  686 L ITTENBERG 69 DSPK K + n  ~ KOp 
016  

0.09 +0.07 121 JAMES 68 HBC # p  
0.09 

0.17 + 0 1 6  116 F E L D M A N  67B OSPK ~r p ~ K 0 A  
0•35 

+ 0  11 0.035 0:13 196 A U B E R T  65 HLBC K + charge exchange 

0.06 ~ 0 1 8  152 107 BALDO ... 65 HLBC K +  charge exchange 
- 0 4 4  

0.08 ~0 .16  109 108 FRANZ lN I  65 HBC # p  
0.28 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0,04 +0 '10  100 104 G R A H A M  72 OSPK KI~ 3 f rom K 0 A 
013  

- 0 . 1 3  ±0.11 342 104 M A N T S C H  72 OSPK Ke3 f rom KOA 

0.04 +0.07 222 103 BURGUN 71 HBC K + p  ~ KOp,'r + 
- 0 . 0 8  

003  ±0.03 106 B E N N E T T  68 CNTR 

0.17 ±0.10 335 105HILL  67 DBC K + d  ~ KOpp 

103BURGUN 72 is a final result which includes BURGUN 71. 
104First G R A H A M  72 value is second G R A H A M  72 value combined wi th M A N T S C H  72. 
105CHO 70 is analysis of unambiguous events in new data and HILL 67. 
106 B E N N E T T  69 is a reanalysis of B E N N E T T  68. 
107BALDO GEOLIN 65 gives x and e converted by us to Re(x) and Im(x).  

108FRANZ lN I  65 gives x and 0 for Re(x) and Ira(x). See S C H M I D T  67. 

W E I G H T E D  A V E R A G E  
0 . 0 0 6  = O.O18 (Error  s c a l e d  b y  1.3) 

~t-' I , . SMITH 75B WIRE 
. . . . . . . .  NIEBERGALL 74 ASPK 

, , FACKLER 73 OSPK 
• HART 73 OSPK 

- , MALLARY 73 OSPK 
BURGUN 72 HBC 

- -  GRAHAM 72 OSPK 
I ) MANN 72 HBC 

, ' S I I  WEBBER 71 HBC 
'CHO 70 DBC 

. . . . . . .  BENNETT 69 CNTR 
. LITTENBERG 69 OSPK 

. . . . .  JAMES 68 HBC 

- 0 . 4  

X 2 

0 3  
1.3 
0,1 
0.3 
4.4 
0.2 
0.4 
3.3 
7.4 
1.6 
1.1 

0.3 
0.9 

E E L D M A N  67BOSPK 0.3 
/ h v ~ - ~ l  ' .  . . . . .  AUBERT 65 HLBC 0.1 

' ' 8ALDO- . . .  65 HLBC 
I I ': ~%. ..... FRANZINI 65 HBC 0.2 

/ ,~ ~ 2£"5 
. . j r  v v ~ ( C o n f i d e n c e  Leve l  = O.107) 

4 I( I ~ i 

- 0 2  O O  0 .2  0 . 4  0 . 6  

Re(x)  ( A S  = A Q  a m p l i t u d e )  

I M A G I N A R Y  P A R T  O F  x 
Assumes m( K O) m( K 0 ) positive. See Listings above. 

VALUE EVT5 
- 0 . 0 0 3 : 1 : 0 . 0 2 6  O U R  A V E R A G E  

- 0 , 1 0  + 0 1 6  79 
- 0 . 1 9  

- 0 . 0 6  ± 0 0 5  4724 NIEBERGALL 74 
0.017 ± 0.060 1757 FACKLER 73 
0.09 ± 0 0 7  1367 H A R T  73 

+0.092 1079 M A L L A R Y  73 0.107_0.074 

0.07 + 0 0 6  410 109 BURGUN 72 
-0 •07  

0 0 5 : 0 . 1 3  442 110 G R A H A M  72 

021 +0.15 126 M A N N  72 
012  

DOCUMENT ID TECN COMMENT 
Error includes scale factor of I . ~ -  

SMITH 75e WIRE z-  p ~ K 0 A  

ASPK K E p  ~ KOp~, ! 
OSPK Ke3 f rom K 0 
OSPK Ke3 f rom K 0 A 

OSPK Ke3 f rom K 0 A X 

HBC K ~ p ~  KOp= ' 

OSPK ~ p ~ K 0 A 

HBC K p ~ nK  0 

0.0 =0.08 252 WEBBER 71 HBC K -  p ~ nt~ 0 
- 0 . 0 8  ±0.07 215 l l l c H O  70 DBC K + d ~  KOpp 

011  t 0 . 1 0  686 L ITTENBERG 69 OSPK K + n ~ KOp 
- 0 . 1 1  

+ 0 2 2  +0.37 121 JAMES 68 HBC ~ p  
- 0 . 2 9  

0.0 ±0,25 116 F E L D M A N  678 OSPK = p ~ KOA 

0 21 +0.11 196 A U B E R T  65 HLBC K + charge exchange 
0.15 

0 44 +0 .32  152 112 B A L D O  ... 65 HLBC K + charge exchange 
0.19 

+ 0  24 +0 .40  109 113 FRANZ lN I  65 HBC ~ p  
0.30 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 1 2  +0.17 100 110 G R A H A M  72 OSPK K#3 f rom K 0 A  
0.16 

0.04 ±0 .16  342 110 M A N T S C H  72 OSPK Ke3 f rom KOA 

0.12 +0.08 222 109 BURGUN 71 HBC K + p  ~ KOp~ + 
- 0.09 

0.20 ±0 .10  335 111HILL  67 DBC K + d ~  KOpp 

109 BURGUN 72 is a final result which includes BURGUN 71. 
110First G R A H A M  72 value is second G R A H A M  72 value combined wi th M A N T S C H  72. 
111 Footnote 10 of HILL 67 should read +0.58,  not 0.58 (private communicat ion)  CHO 70 

is analysis of unambiguous events in new data and HILL 67. 
112 BALDO-CEOLIN 65 gives x and 8 converted by us to Re(x) and Ira(x). 
113FRANZ lN I  65 gives x and 8 for Re(x) and Ira(x). See S C H M I D T  87. 

BEFIT 90 
CAROSI 90 
ETAFIT 90 
PATTERSON 90 
INAGAKI 89 
MATHIAZHA 89 
MATHIAZHA 89B 
PAPADIMtTR . 89 
SCHAEFNER 89 
WAHL 89 
BARR 88 
BURKHARDT 88 
COUSINS 88 
GIBBONS 88 
GREENLEE 88 
JASTRZEM 88 
WOODS 88 
BURKHARDT 87 
ARONSON 86 

Also 82 
BERNSTEIN 85B 
BLACK 85 
COUPAL 85 
BALATS 83 

ARONSON 82 
ARONSON 82B 

Also 82B 
Also 83 
ABo 83B 

BIRULEV 81 
Also 80 

CARROLL 80B 
CARROLL 8OC 
CARROLL 8013 
CHO 80 
MORSE 80 
BIRULEV 79 

CHRISTENSON 79 
CHRISTENSON 79e 
HILL 79 
SCHMIDT 79 
SHOCHET 79 

Also 77 
ENGLER 78e 
HILL 78 
CHO 77 
CLARK 77 

Also 75 
DEVOE 77 
DZHORD 77 

PEACH 77 
BIRU[EV 76 

COOMBES 76 
DONALDSON 76 

Also 74 
FUKUSHIMA 76 
GJESDAL 76 
REY 76 

Also 69 
BALDO 75 
BLUMENTHAL 75 
BUCHANAN 75 
CARITHER8 75 
SMITH 758 
ALBRECHT 74 
BIS~ 74 
BOBISUT 74 
DONALDSON 74 

Also 76 
DONALDSON 

Also 
DONALDSON 

Al~o 
Aiso 

FIELD 
CEWENIGER 

Also 
GEWENIGER 

Also 
GEWENIGER 

R E F E R E N C E S  F O R  K~L 

PL B237 303 ~Clarke~ ICERN, EDIN, MANZ ORSA, RIGA, SIEG) 
RPP 
PRL (to be pub ) tBarker~ (EEl, ELMT, CHIC, ENAL, PRIN, 8ACL) 
PR D4O 1712 + KobayashL Sato, Shinkawa+ (KEK, TOKY, KYOT) 
PRL 63 2 1 8 1  Mathiazhagan- (UCI, UCLA, LANL, PENN, STAN~) 
PRL 63 2 1 8 5  Mathiazhagan- (UCI, UCLA, LANL, PENN, STAN+) 
ee l  63 28 Papadimitdou, Gibbons+(EFI, ELMT, FNAL, PRIN, SACL) 
PR D39 990 ~Greenlee, Kasha, Mannegi, Ohl+ (YALE, BNL) 
CERN EP,'89 86, H Wahl Rare Decay Symposium, Vancouver (CERN) 
PL B214 303 +Clarke+ (CERN, EDIN. MANZ. ORSA. PISA SIEG) 
PL e206 169 + (CERN, DORT, EDIN. MANZ, ORSA, PISA, SIEG) 
PR D38 2914 , Konigsberg+ (UCLA, LASL, PENN, STAN, TEMP, WILL) 
PRL 61 2 6 6 1  ePapadimitriou+ (EFI, ELMT, FNAL, PRIN, SACL) 
PRL 60 890 +Kasha, MannellL Mannelli+ (YALE, BNL) 
PRL 61 2300 Jastrzembski, Larsen Leipuner, Morse- (BNL, YALE) 
PRL 60 1 6 9 5  +Nishikawa~ (EFI, CHIC, FNAL, PRIN, SACL) 
PL B199 139 + (CERN, DORT, EOIN, MANZ, ORSA, PISA, 51EG) 
PR D33 3180 +Bernstein+ Cock+ (BNL. CHIC, 8TAN, WlSC) 
PRL 48 1078 Aronson, Bernstein+ {BNL, CHIC, STAN, WISC) 
PRL 54 1631 +Book, Cadsmith, Coupal+ (CHIC SACL) 
PRL 54 1828 ~ Blatt, Campbell+ Kasha, Mannelli+ (BNL, YALE) 
PRL 55 566 + Bernstein. Sock. Cadsmith+ (CHIC. SACL) 
SJNP 38 556 -Berezin, Bogdanov, Vishnevsky+ (ITEP) 
Translated from YAF 38 927 
PRL 48 [078 *eernstein- (eNL, CHIC, 8TAN, WISC) 
PRL 48 1306 *Buck. Cherts, Fischbach (BNL, CHIC, PURD) 
PL 116B 73 Fischbach, Cheng+ (PURD, BNL, CHIC) 
PR D28 476 Aronson, Buck, Cheng+ (BNL, CHIC, PURD) 
PR D28 495 Aronson, Book, Cheng+ (BNL, CHIC, PURD) 
NP B182 1 +Ozhordzhadze, Genchev. Grigalashvifi ~ (JINR} 
5JNP 11 622 Bbulev. Vestergombi, Genchev~ {JINR] 
Translated from YAF 31 1204 
PRL 44 529 ~Chian 6, Kycia, Li, Littenberg, Marx+ (BNL, ROCH} 
PL 96B 407 ~Chian 6, Kycia, U, Littenberg, Marx+ (BNL, ROCH) 
PRL 44 525 eChian 6, Kycia, Li, Littenberg, Marx+ (BNL, ROCH) 
PR D22 2688 +Derrick, Miller, Schlereth, Engier+ (ANL, CMU) 
PR D2J 1750 ÷Leipuner, Larsen, Schmidt, Blatt~ (BNL. YALE) 
8JNP 29 778 +Vestergombi, Gvakhariya, GenchevT [JINR) 
Translated eom YAF 29 1516. 
PRL 40 1209 4Goldman, Hummel, Ruth+ ,NYD) 
PRL 43 1212 +Goldman, Hummel, Ruth- (NYU) 
NP B153 39 +Sakitt, Shape, Stevens+ (BNL, SLAC SBER) 
PRL 43 556 +Blatt, Campbell, Grannan~ (YALE, BNL) 
PR D19 [965 +Linsay, Grosso-Pilcher, Erisch~ (EFI, ANL) 
PRL 39 59 Shochet, Linsay, Grosso Pi~cher+ [EEl, ANL} 
PR D18 523 +Keyes, Kraemer, Tanaka, Cho- (CMU ANL) 
PL 73e 483 fSakdt, Snape, Stevens~ (BNL, SLAC SEER) 
PR D15 587 +Derrick, LBsauer, Miller, Eng~er~ (ANL, CMU) 
PR D]5 553 +Field, Holley, Johnson• KeGh, Sah, Shell (LBL) 
LBL 4275 Thesis 5hen (LBL) 
PR D16 565 +Cronin. Frisch. Gross~Pilcher+ (EFI. ANL) 
8JNP 26 478 Dzhordzhadze, Kekelidze, Kdvokhizhin+ [JINR) 
Translated from YAF 26 910 
NP Bt27 399 ,Cameron+ (BGNA. EDIN, GLAS, PISA, RHEL) 
SJNP 24 ]78 -Vestergombi Vovenko, Votruba+ (JINR) 
Translated from YAF 24 340 
PRL 37 249 +Fle×er, Hall, Kennelly, Hirkby+ ISTAN, NYU 
PR D14 2839 +Hitlin, Kennelly, Kirkby, Liu+ (8LAC) 
SLAC 184 Thesis Donaldson (8LAC) 
PRL 36 348 - Jensen, Surko Thaler, (PRIN, MASA) 
NP B109 118 • Kamae, Presser, 8teffen + (CERN, HELD) 
PR D13 1161 -Cence, Jones Parker+ (NDAM, HAWA, LBL) 
PRL 22 1210 Eence, Jones, Peterson, Stenger+ (HAWA LRL) 
NC 25A 688 ealdo Ceolin BobisuC Calimani+ (PADO, wIgc) 
PRL 34 164 +Frankel, Nagy+ (PENN, CHIC, TEMP) 
PR D11 457 + Dfickey, Pepper, Rudnick+ (UCLA, SLAC, JHU) 
PRL 34 1244 +Modis, Nygren, Pun+ (COLU, NYU) 
UCSD TheSis unpub (UCSD) 
PL 48B 393 IJINR, BEBL BUDA, PRAG, SERP, SOFt) 
PL 50B 504 + Ferreru (TORI) 
LNE 11 646 +Huzita. MatBoli PugHedn (PADO) 
SLAC 184 Thesis (SLAC) 
PR D14 2839 Donaldson, Hitlin Kermel~y Kirkby, Liu+ (SLAC) 

74e PR D9 2960 + Pryberger, HiBin, Uu ~ (SLAC, UCSC) 
73B PR[ 31 337 Donaldson, Fryberger, Hitlin Liu~ (SLAC, UCSC) 
74C PRL 38 554 +HiBin, Kennelly, Kirkby+ (8LAC) 
74 SLAC 184 Thesis Donaldson (SLAC) 
7~ PR D]4 2839 Donaldson HitHn Kennelly Kirkby, Lib+ (8LAC) 
74 SLAC PUB 1498 unpub (SLAC) 
74 PL 488 483 ~ Gjesdal, Karnae, Presser- (CERN, HELD) 
74 CERN int 74 4 Thesis Luth (HELD) 
74B PL 48B 487 +Gjesdal, Presser+ (CERN, HELD) 
74B PL 52B 119 Gjesdal. Presser, Steffen* (CERN, HELD) 
74C PL 52B 108 ~Gjesdal, Presse~ (CERN. HEIDI 



See key on page IV.1 

GJESDAL 74 
MESSNER 74 
NIEBERGALL 74 
WANG 74 
WILLIAMS 74 
WOO 74 
ALBROW 73 
ALEXANDER 73B 
ANIKINA 73 
BARBIELLINI 73 
BRANDENB... 73 
CARITHERS 73 

AlSO 73B 
EVANS 73 

Also 69 
FACKLER 73 
FITCH 73 

AlSO 72 
EINSBERG 73 
P~ART 73 
MALLARY 73 

Also 70 
MCCARTHY 73 

Also 72 
Also 71 

MESSNER 73 
FEACH 73 
SANDWEISS 73 
WILLIAMS 73 
~LBROW 72 
ASHFORD 72 
E:ANNER 72 
BANNER 728 
E;ARMIN 72 

EARMIN 72B 

BURGUN 72 
CARNEGIE 72 
DALLY 72 

Also 70 
Also 71 

GRAHAM 72 
HOLDER 72 
JAMES 72 
hRENZ 72 
MANN 72 
MANTSCH 72 
MCCARTHY 72 
METCALF 70 
NEUHOEER 72 
PICCIONI 72 

Also 74 
VOSBURGH 72 

AlSO 71 
BALATS 71 

BARMIN 71 
EdSl dl 
BURGUN 71 
CARNEGIE 71 
tHAN 71 
CHIEN 71 

Also 72 
EHO 71 
CLARK 71 

Also 70 
Also 71 
Also 74 

E NSTROM 71 
Also 70 

JAMES 71 
MEISNER 71 
PEACH 71 
REPELLIN 71 
WEBBER 71 

Also 68 
Also 69 

WOLFF 71 
ALBROW 70 
ARONSON 70 
DARMIN 70 
BASILE 70 
BECHERRAWY 70 
BUCHANAN 70 

Also 71 
BUDAGOV 70 

Also 68B 
CHIEN 70 

Also 71 
CHO 70 

Also 67 
CHOLLET 70 
CULLEN 70 
DARRIULAT 70 
.~AISSNER 70 
GINSRERG 70 
JENSEN 70 

Also 69 
MARX 70 

Also 70B 
RCRIBANO 70 
SMITH 70 
WEBBER 70 

Also 69 
BANNER 69 

Also 68 
Also 68 

BEILLIERE 69 
BENNETT 69 
BOHM 69B 

Also 68 
CENCE 69 
EVANS 69 
FAISSNER 69 
FOETH 69 
GAILLARD 69 

Also 67 
GOBBI 69B 
1 ITTENBERG 69 
LONGO 69 

PL 528 113 +Presser, Kamae, Steffen+ (CERN, HEID) 
PRL 33 1458 +Franklin, Morse+ (COLd, SLAC, UCSC) 
PE 49B 103 +Regler. SEer+ (CERN. ORSA, VIEN) 
PR D9 540 +Smith, Whatley, Zorn, Hornbostel (UMD, BNL) 
PRL 33 240 +Larsen, Leipuner, Sapp, Sessoms+ (BNL, YALE) 
LNC 10 38 +Buchanan, Pepper (UCLA) 
NP B58 22 +Aston. Barber, Bird, Ellison+ (MCHS, DARE) 
NP BE5 301 +Benary, Borowitz, Lande+ (TELA, HELD) 
31NR P3 7539 +Balashov. Bannik+ (JINR) 
PL 43B 529 +Darriulat, FainberB+ (CERN) 
PR D8 1978 BrandenburB, Johnson, Leith, Loos~ (SLAG) 
PRL 31 1025 +Nygren. Gordon+ (COLU, BNL. CERN) 
PRL 30 1336 Carithers, Modis, Nygren+ (COLU, CERN. NYU) 
PR D7 36 +Muir, Peach, Budagov+ (EDIN, CERN) 
PRL 23 427 Evans, Golden, Muir. Peach+ (EDIN, CERN) 
PRL 31 847 +Frisch, Martin, Srnoot, Sompayrac (MIT) 
PRL 31 1524 +Hepp, Jensen, Strovink, Webb (PRIN) 
COO-3072-13 Thesis Webb (PRIN) 
PR D8 3887 +Smith (MIT, STON) 
NP B66 317 +Hutton, Field, Sharp, 81ackmore+ (CAVE, RHEL) 
PR D7 1953 +Binnie, Gallivan, Gomez, Peck, Sciulli+ (CIT) 
PRt 25 1214 Sciulli, GalBvan, Binnie, Gornez+ (CIT) 
PR D7 687 +Brewer, Budnitz, Entis, Graven, Miller+ (LBL) 
PL 42B 291 McCarthy, Brewer. Budnitz, Entis, Graven+ (LBL) 
LBL 550 Thesis McCarthy (LBL) 
PRL 30 876 +Morse, Nauenberg. Hitlin+ (COLd, SLAC, UCSC) 
PL 43B 441 ~Evans, Muir, Hopkins, Krenz (EDIN, tERN, AACH) 
PRL 30 1 0 0 2  +Sunderland, Turner, Willis, Keller (YALE, ANL) 
PRL 31 1521 +Larsen, Leipuner, Sapp, Sessorns~ (BNL, YALE) 
NP B44 1 +Aston, Barber, Bird, Ellison+ (MCHS, DARE) 
PL 38B 47 +Brown, Masek, Maung, Miller, Ruderman+ (UCSD) 
PRL 28 1597 +Cronin, Hoffman, Knapp, Shochet (PRIN) 
PRL 29 237 +Cronin, Hoffman, Knapp, Shochet (PRIN) 
SJNP 15 636 +Davidenko, Demidov, Dolgolenko+ (ITEP) 
Translated from YAP 15 1149, 
SJNP 15 638 +Barylov, Davidenko, Demidov+ (ITEP) 
Translated from YAF 15 1152. 
NP BS0 194 ~Lesquoy, Muller, Pauli+ (SACL, CERN, OSLO) 
PR D6 2335 +Coster, Fitch, Strovink, Sulak (PRIN) 
PL 41B 647 +lnnocenti, Seppi+ (SLAC, JHU, UELA) 
PL 33B 627 Chien, Cox, Ett8nger- (JHU, SLAG, UCLA) 
PL 35B 261 Chien, Cox, EtUinger+ (3HU, SLAG, UCLA) 
NC 9A 166 +Abashian, Jones, Mantsch, Orr+ (ILL, NEAS) 
PL 40B 141 +Radermacher, Staude+ (AACH, CERN, TORI) 
NP B49 1 +Montanet, Paul, Saetre+ (CERN, SACL, OSLO) 
LNC 4 213 +Hopkins, Evans, Muir, Peach (AACH, CERN, EDIN) 
PR D6 137 +Kofler. Meisner, Hertzbach+ (MASA, BNL, YALE) 
NC 9A 160 +Abashian, Graham, Jones. Orr+ (ILL, NEAS) 
PL 42B 29t +Brewer, Budnitz, Entis, Graven+ (LBL) 
PL 40B 703 +Neuhofer, Niebergall+ (CERN, IPN. WlEN) 
PL 41B 642 +Niebergall, Regler, Stier+ (CERN. ORSA, VIEN) 
PRL 29 1412 +Coombes. Donaldson, Dorfan. Fryberger+ (SLAG) 
PR D9 2939 Picdoni. Donaldson+ (SLAC, UCSC, COLD) 
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PACIOTTI 69 UCRL 19446 Thesis (LRL) 
SAAL 69 Thesis (COLU) 
ABRAMS 68B PR 176 1603 +Abashian, Mischke, Nefkens, Smith+ (ILL) 
ARNOLD 68B PL 28B 56 +Budagov, Cuffdy, Aubert+ (CERN, ORSA) 
ARONSON 68 PRL 20 287 +Chen (PRIN) 

Also 69 PR 175 1708 Atonson, Chen (PRIN) 
BARTLETT 68 PRL 21 558 +Carnegie, Fitch+ (PRIN) 
BASILE 68 PL 26B 542 +Cronln. Thevenet, Turlay+ (SACL) 
BASILE 68B PL 28B 58 +C¢onin, Thevenet, Turlay, Zylberajch+ (SACL) 
BENNETT 68 PL 27B 244 +Nygren, Steinberger+ (COLU, CERN) 
BENNETT 68B PL 27B 248 +Nygren, Steinberger+ (COLU, CERN) 
BLANPIED 68 PRL 21 1650 +Levit, Engels+ (CASE, HARV, MCGI) 
BUDAGOV 68 NC 57A 182 +B~rmeister, Cundy+ (CERN, ORSA, IRNP) 

Also 68B PL 28B 215 Budagov, Cundy, Myatt+ (CERN, ORSA, EPOL) 
JAMES 68 NP B8 365 +Briand (IPNP, CERN) 

Also 68 PRL 21 257 He,and, LonBo, Young (UCLA, MICH) 
KULYUKINA 68 JETP 26 20 +Mestvir~shvili, NyaBu+ (JINR) 

Translated from ZETF 53 29. 
KUNZ 68 PU 48 Thesis (PRIN) 
THATCHER 68 PR 174 1674 +Abashian, Abrams, Carpenter+ (ILL) 
BENNETT 87 PRL 19 993 +NyBren, Saal, Steinberger+ (COLU) 
BOTT .. 67 PL 24B 194 Bott Bodenhausen, DeBouard, Cassel+ (CERN) 
BOTT ... 67B PL 24B 438 Bott Bodenhausen, Debouard, Dekkers+ (CERN) 

Also 66B PL 20 212 Bott 8odenhausen, Debouard, Cassel+ (CERN) 
Also 66 PL 23 277 Bott-Bodenhausen, DeBouard, Cassel+ (CERN) 

CRONIN 67 PRL 18 25 +Kunz, Risk, Wheeler (PRIN) 
CRONIN 67B Princeton 11/67 +Kunz, Risk, Wheeler (PRIN) 
DEBOUARD 67 NC 52A 662 +Oekkers, Jordan, Mermod+ (CERN) 

Also E5 PL 15 58 DeBouard, Dekkers, Scharff+ (CERN, ORSA, MPIM) 
DEVLIN 67 PRL 18 54 +Solomon, Shepard, Beall+ (PRIN, UMD) 

Also 68 PR 169 I045 Sayer, Beall, Devlln, Shephard+ (UMD, PPA, PRIN) 
DORFAN 67 PRL 19 987 +Enstrom. Raymond, Schwartz+ {SLAC, LRL) 
FELDMAN 678 PR 155 1611 +Frankel, Highland, Sloan (PENN) 
FIRESTONE 67 PRL 18 176 +Kim, Lach, Sandweiss+ (YALE, BNL) 
FITCH 67 PR 164 1711 +Roth, Russ. Vernon (PRIN) 
GINSBERG 67 PR 162 1570 (MASB) 
HAWKINS 67 PR 156 1444 (YALE) 
HILL 67 PRL 19 688 +Luers, Robinson, Sakitt+ (BNL, CMU) 
HOPKINS 67 PRL 19 185 *Bacon, Eisler (BNL) 
KADYK 67 PRL 19 597 +Chan, Drijard, Oren, Sheldon (LRL) 
KULYUKINA 67 Prepdnt + Mestvlrishvili, Nyagu* (JINR) 
LOWYS 67 PL 24B 75 ~Aubert, Chounet, Pascaud+ (EPOL, ORSA) 
MISCHKE 67 PRL 38 138 +Abashian, Abrams+ (ILL) 
NEFKENS 67 PR 157 1233 +Abashian, Abrams, Carpenter, Fisher+ (ILL) 
SCHMIDT 67 Nevis 160 Thesis (COLU) 
TODOROFF 67 Thesis (ILL) 
ALFF .. 66B PL 21 595 AlffSteinberger, Heuer, Kleinknecht+ (CERN) 
ANIKINA 66 SJNP 2 339 +Vardenga, Zhuravleva+ (JINR) 

Translated from YAF 2 471. 
AUERBACH 6EB PRL t7 980 +Mann, McFarlane, Sdulli (PENN) 
BASILE 66 Balaton Conf. +Cronin, Thevenet+ (SACL) 
BEHR 66 PL 22 540 +Brisson, Petiau+ (EPOL, MILA, PADO, ORSA) 
BELLOTTI 66 NC 45A 737 +Pullia, Baldc-Ceolin+ (MILA, PADO) 

PR D6 1834 +Devlin, Esterdng, Goz, Bryman+ (RUTG, MASA) 
PRL 26 866 Vosburgh, Devlin, Estedin 8, Goz+ (RUTG, MASA) 
SJNP 13 53 +Berezin, Vishnevsky, Galanina+ (ITEP) 
Translated from YAF 13 93. 
PL 35B 604 +Barybv, Veselovsky, Davidenko+ (ITEP) 
PL 36B 533 +Darriulat, Ferrero, Rubbia+ (AACH, CERN, TORI) 
LNC 2 1169 +Lesquoy, Muller, Pau8+ (SACL, CERN, OSLO) 
PR D4 1 +Cester, Fitch, 5trovink, Sulak (PRIN) 
LBL 350 Thesis (LBL) 
PL 35B 261 +Cox, Ettllnger+ (JHU, SLAC, UCLA) 
PL 41B 647 Dally, Innocenti, Seppi+ (SLAC, JHU, UCLA) 
PR D3 1557 +Dralle, Canter, Engler, Risk+ (CMU, BNL, CASE) 
PRL 26 1667 +Elioff, Field, Frisch, Johnson, Kerth+ (LRL) 
UCRL 19709 Thesis Johnson (LRL) 
UCRL 20264 Thesis Fdsch (LRL) 
SLAC PUB 1498 unpub Field (SLAG) 
PR D4 2629 +Akavia, Coombes, Dorfan+ (SLAG, STAN) 
SLAC-125 Thesis Enstrom (5TAN) 
PL 35B 265 +Montanet Paul, Pauli+ (CERN, SACL, OSLO) 
PR D3 59 +Mann, Hertzbach, Kofler+ (MASA, BNL, YALE) 
PL 35B 351 +Evans, Muir. Budagov. Hopkins+ (EDIN. CERN) 
PL 36B 603 +Wolff, ChoBet GaiBard, Jane+ (ORSA, CERN) 
PR D3 64 +Solmitz, Crawford. Alston-Garn]ost (LRL) 
PRL 21 498 Webber. Solmitz. Crawford. Alston Garnjost (LRL) 
UCRL 19226 Thesis Webber (LRL) 
PL 36B 517 +Chollet. Repel8n, Gaillard+ (ORSA, CERN) 
PL 33B 516 +Aston, Barber, Bird, Ellison+ (MCHS, DARE) 
PRL 25 1057 +Ehrlich, Hofer, Jonson+ (EFh ILLC, SLAG) 
PL 33B 377 +Barylov, Borisov, Bysheva+ (ITEP, JINR) 
PR D2 78 +Cronin, Thevent, Turlay, Zylberajch+ (SAEL) 
PR O1 1452 (ROCH) 
PL 33B 623 +Drickey, Rudnick, Shepard~ (SLAG, 3HU, UCLA) 
Private Comm. Cox 
PR D2 815 +Cundy. Myatt, Nezrick+ (CERN. ORSA, EPOL 1 
PL 28B 215 Budagov, Cundy, Myatt+ (CERN. ORSA, EPOL) 
PL 33B 627 +Cox, Ettlinger+ (3HU, SLAE. UCLA) 
Private Comm. Cox 
PR D1 3031 +DraHe, Canter, Engler, Fisk+ (EMU. BNL, CASE) 
PRL 19 668 Hilt Luers, Robinson. Sakitt+ (BNL, CMU) 
PL 31B 658 +Gaillard, Jane, Ratcliffe, Repellin* (CERN) 
PL 32B 523 +Darriulat. Deutsch. Foeth+ (AACH. CERN, TORI) 
PL 33B 249 +Ferrero, Grosso, Holder+ (AACH. CERN, TORI) 
NC 70A 57 ~Reithler, Thome, Galliard+ (AACH. CERN, RHEL) 
PR D1 289 (HAlf)  
Thesis (EFI) 
PRL 23 615 Jensen, Aronson, Ehrlich, Fryberger+ (EFI, ILL) 
PL 32B 219 +Nygren. Peoples+ (EOLU, HARV, EERN) 
Nevis 179 Thesis Marx (COLU) 
PL 32B 224 +Mannellh P]erazz]ni, Marx+ (PISA, COLU, HARV) 
PL 32B 133 +Wang, Whatley, Zorn, Hornbostel (UMD, BNL) 
PR D1 1967 +5olmitz, Crawford, Alston Garnjost (LRL) 
UCRL 19226 Thesis Webber (LRL) 
PR 188 2033 +Cronin, Liu, Pilche[ (PRIN) 
PRL 21 1103 Banner, Cronin, Liu, Pilcher (PRIN) 
PRL 21 1107 Eronin, Liu, Pilcher (PRIN) 
PL 3OB 202 +Boutang, Lirnon (EPOL) 
PL 29B 317 +Nygren. Saal, SteinberBer+ (COLU, BNL) 
NP B9 6O5 +Darriulat. Grosso. Kaftanov+ (CERN) 
PL 27B 321 Bohm, Darriulat, Grosso, Kaftanov (EERN} 
PRL 22 1210 +Jones, Peterson, Stenger+ (HAWA, LRL) 
PRL 23 427 +Go,den, Muir, Peach+ (EDIN, CERN) 
PL 30B 204 +Foeth. Staude, Tittel+ (AACH, CERN. TORI) 
PL 30B 882 +Holder, Radermacher+ (AACH, CERN, TORI) 
NC 59A 453 +Galbraith, Hussd, Jane+ (CERN, RHEL, AACH) 
PRL 18 20 Galliard, Krienen, Galbra]th+ (CERN, RHEL, AACH) 
PRL 22 b85 +Green, Hakel, Moffett, Rosen, Goz+ (ROCH, RUTG) 
PRt 22 654 +Field, Piccioni, Mehlhop+ (UCSD) 
PR 181 1808 +Young. Holland (MICH, UCLA) 

BOTT-. 66 PL 23 277 Bott Bodenhausen, DeBouard, Cassel+ (CERN) 
CARPENTER 66 PR 142 871 +Abashian, Abrams. Fisher (ILL) 
CRIEGEE 66 PRL 17 150 +Fox, Frauenfelder, Hanson, Moscat+ (ILL) 
FIRESTONE 68 PRL 16 556 +Kim, Lach, Sandweiss+ (YALE, BNL) 
HAWKINS 66 PL 21 238 (YALE) 

Also 67 PR 156 1444 Hawkins (YALE) 
NEFKENS 66 PL 19 706 +Abashian, Abrams, Carpenter+ (ILL) 
ANDERSON 65 PRL 14 475 +Crawford, Golden, Stern, Binford+ (LRL, WISC) 
ANIKINA 65 JINR P 2488 +Vardenga, Zhuravleva, Kotlya+ (JINR) 
ASTBURY 65 PL 16 80 +Finocchiaro, Beusch+ (CERN, ZURI) 

Also 65 HPA 39 523 Pepin 
ASTBURY 65B PL 18 175 +Michelini, Beusch+ (CERN, ZURI) 
ASTBURY 65C PL 18 178 +Michelini, Beusch+ (CERN, ZURI) 
AUBERT 65 PL 17 59 +Behr, Canavan, Chounet+ (EPOL, ORSA) 

Also 67 PL 04B 75 Lowys, Aubert, Chounet, Pascaud4- (EPOL, ORSA) 
B A L D O .  65 NC 38 684 Baldo-Ceolin, Calimani, Ciampolillo+ (PADO) 
FISHER 65 ANL 7130 83 +Abashian, Abrams, Carpenter+ (ILL) 
FITCH 65 PRL 15 73 +Roth, Russ, Vernon (PRIN) 
FRANZINI 65 PR 140B 127 +Kirsch, Piano+ (COLU, RUTG) 
GALBRAITH 68 PRL 14 383 +Manning, Jones+ (AERE, BRIS, RHEL) 
GUIDONI 65 Argonne Conf. 49 +Barnes, Foelsche, FerbeL Firestone+ (BNL, YALE) 
HOPKINS 65 Argonne Conf. 67 +Bacon, Eisler (VAND, RUTG) 
ADAIR 64 PL 12 67 +Leipuner (YALE, BNL) 
ALEKSANYAN 64B Dubna Conf, 2 102 +Alikhanyan, Vartazaryan~ (YERE) 

Also 64 3ETP 19 1 0 1 9  Aleksanyan+ (LEBD, MPEI, YERE) 
Translated from ZETF 46 1504 

ANIKINA 64 JETP 19 42 +Zhuravleva+ (GEOR, JINR) 
Translated from ZETF 46 59. 

CHRISTENSON 64 PRL 13 108 +Cronin, Fitch, Turlay (PRIN) 
FUJH 64 Dubna Conf. 2 146 +Jovanovich, Turkot+ (BNL, UMD, MIT) 
LUERS 84 PR 133B 1276 +Mittra, Willis, Yamamoto (BNL) 
DARMON 62 PL 3 57 +Rousset, Six (EPOL) 
ASTIER 61 Aix Conf 1 227 +Blaskovic, Rivet, Siaud+ (EPOL) 
FITCH 61 NC 22 1160 +P~roue, Perkins (PRIN, LASL) 
GOOD 61 PR 124 1223 +Matsen, Muller, Piccioni+ (LRL) 
NYAGU 61 PRL 6 552 +Okenov, Petrov, Rosanova, Rusakov (JINR) 

Also 61B JETP 13 1138 Nyagu, Okonov, Petrov, Rozanova+ (JINR) 
Translated from ZETF 40 1618 

BARDON 58 ANP 5 156 +Lande, Lederman (EOLU, BNL) 

- -  OTHER RELATED PAPERS - -  

KLEINKNECHT 76 ARNS 26 1 (DORT) 
GINSBERG 73 PR D8 3887 +Smith (MIT, STON) 
GINSBERG 70 PR D1 229 (HAlf)  
HEUSSE 70 LNC 3 449 +Aubert, Pascaud. Vblle (ORSA) 
CRONIN 68C Vienna Cone 281 (PRIN) 
RUBBIA 67 PL 24B 531 +Steinberger (CERN, COLU) 

Also 66C PL 23 167 Rubbia, Steinberger (CERN, COLU) 
Also 66C PL 20 207 Alff-Steinberger, Heuer, Kleinknecht+ (CERN) 
Also 66B PL 21 595 Alff StBnberger, Heuer. Kleinknecht+ (CERN) 

AUERBACH 66 PR I49 1052 +Dobbs, Lande, Mann, Sciuld+ (PENN) 
Also 65 PRL 14 192 Auerbach, Lande, Mann, Sciulli, Uto+ (PENN) 

FIRESTONE 66B PRL 17 116 +Kim, Laeh, SandweBs+ (YALE, BNL) 
BEHR 65 Argonne Conf. 59 ÷Brisson, Bellotti+ (EPOL, MILA, PADO) 
MESTVIRISH 65 JINR P 2449 Mestvirishv]li, Nyagu, Petrov, Rusakov+ (JINR) 
TRILLING 65B UCRL 16473 (LRL) 

Updated from 1965 Argonne Conference. page 115 
JOVANOV... 63 BNL Conf. 42 Jovanovich, Fischer, Burris+ (BNL, UMD) 
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Meson Full Listings 
K*(892) 

IK*(892)1 

K * ( 8 9 2 )  M A S S  

C H A R G E D  O N L Y  
This is what appears in the Meson Summary Table. 

VALUE (MeV~ EVTS DOCUMENT ID TECN CHG COMMENT 
891.83±0.24 OUR AVERAGE 
890.4 ± 2  ± 5  79709 ± 801 1 BIRD 89 LASS 11 K -  p 

892.6 ± 0 5  5840 BAUBILLIER 846 HBC 8.25 K p 

~ / r - p  
888.0 ±3.0  NAPIER 84 SPEC + 2 0 0 7 r - p ~  

2K O X 

891.0 ± 1 0  NAPIER 84 SPEC - 2 0 0 ~ T - - p ~  
2K.~ X 

891.7 ± 2 1  3700 BARTH 83 HBC + 70 K + p 
KO~ + X 

891.0 ±1 ,0  4100 TOAFF 81 HBC 6.5 K -  p 
~ p 

892.8 ± 1.6 AJINENKO 80 HBC + 32 K + p 
K O r  + X 

890.7 ±0 .9  1800 AGUILAR-... 788 HBC ± 0 . 7 6 ~ p  
KzF K 0 = ±  

886.6 ±2 .4  1225 BALAND 78 HBC ± 1 2 ~ p ~  (K,~) ± 
X 

891.7 ±0 .6  6706 COOPER 78 HBC ± 0 . 7 6 ~ p  
(K,~) ± x 

891.9 ±0 .7  9000 2 PALER 75 HBC 14.3 K p 
(K=)  x 

892.2 ±1 .5  4404 AGUILAR .., 716 HBC 3.9,4.6 K -  p - -  
(Er r )  p 

891.0 ± 2 0  I000 CRENNELL 69D DBC - 3.9K~ N - -  
K u ~ X 7r 

894 ±1 .0  2886 3 FRIEDMAN 69 HBC - 2.1 K -  p - -  
~ 0  ~T p 

892 ± 2  728 FRIEDMAN 69 HBC 2.45 K -  p 
~ 0  - p  

892 ±1 .0  3229 FRIEDMAN 69 HBC - 2.6 K -  p 
~ 0  ~ p 

892 ±1 .6  1027 FRIEDMAN 69 HBC - 2.7 K -  p . -  
~ 0  - p  

890 5.3.0 720 BARLOW 67 HBC ± 1.2 ~ p  
(KOTr) ± K T  

889 ±3 .0  600 BARLOW 67 HBC ± 1.2 ~ p  
(K07r) ~ K~  

891 ±2 .3  620 3 DEBAERE 676 HBC + 3.5 K # p 
K O ~ + p  

891.0 ±1.2  1700 4 WOJCICKI 64 HBC 1.7 K p 
~ O = - p  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

890.0 ±2.3  800 3.4 CLELAND 82 SPEC + 30 K + p - -  
K~ ~T~ p 

896.0 ± 1.1 3200 3.4 CLELAND 82 SPEC + 50 K + p  
K O T r - p  

893.0 ± 1.0 3600 3.4 CLELAND 82 SPEC 50 K + p 
KO ~-  

896.0 ± 1.9 380 DELFOSSE 81 SPEC + 50 K & p 
K ±  TrO p 

886.0 ±2 .3  187 DELFOSSE 81 SPEC - 50 K ± p 
K±~rOp 

894.2 ±2 .0  765 3 CLARK 73 HBC 3113 K p 
~ 0  = p 

894.3 ± 1.5 1150 3,4 CLARK 73 HBC 3,3 K -  p 

~ T r - p  
888 ± 2 5  540 3 DEWIT 68 HBC 3 K n 

~ 0 7 r -  n 
892.0 ±2 .6  341 3 SCHWEING... 68 HBC 5.5 K p 

~ r  p 

N E U T R A L  O N L Y  
VALUE (MeV) E V T 5  DOCUMENT ID TECN CHG COMMENT 
896.104-0.28 OUR AVERAGE Error includes scale factor of 1.4. See t~ee ~ m  below. 

895.9 5.0.5 &0.2 ASTON 88 LASS 0 11 K - p  
K ~ + n  

894.52±0.63 25k 2 ATKINSON 86 OMEG 20 70 ~p  
894.63±0.76 20k 2 ATKINSON 86 OMEG 20-70 3p  
897 .L1 28k EVANGELISTA 80 OMEG 0 10 = p 

K t ~  (A,~') 
8984 ±1 .4  1180 AGUILAR ... 78a HBC 0 0 . 7 6 ~ p  

K m K O ~r ± 

8949 ±1 .6  WICKLUND 78 ASPK 0 3.4,6 K ± N 
( K r )  0 N 

8976 ±0 .9  BOWLER 77 DBC 0 5,4 K + d - 
K ± ~r pp  

895.5 ±1 .0  3600 MCCUBBIN 75 HBC 0 3.6 K p 
K ~r + n 

897.1 ±0.7  22k 2 PALER 75 HBC 0 14.3 K -  p 
( K ~ )  0 X 

896.0 ±0 .6  lOk FOX 74 RVUE 0 2 K -  p 
K / r ~ n  

896.0 5.0.6 FOX 74 RVUE 0 2 K + n 
K - T r  p 

896 ± 2  5 MATISON 74 HBC 0 12 K + p 

896.0 ± 1 0  3186 LEWIS 73 HBC 0 2.1'--'2.7"KT~p 
K ~T Tr p 

894.0 ± 1 3  5 LINGLIN 73 HBC 0 2-13 K + p 
K + ~r ~T~ p 

898.4 ± 13  1700 3 BUCHNER 72 DBC 0 4.6 K ~ n 
K +  Tr p 

897.9 = 1 1  2934 3 AGUILAR-... 71B HBC 0 3.9,4.6 K p 
K ~ + n  

898.0 ±0 .7  5362 3 AGUILAR-... 716 HBC 0 3,9,4.6 K -  p 
K ~+~r p 

895.0 ± 1 0  4300 4 HABER 70 DBC 0 3 K N 
K - ~  + X 

893.7 ±2 .0  10k DAVIS 69 HBC 0 12 K ÷  p 
K + ~T ~T-- p 

8947 ± 1.4 1040 3 DAUBER 676 HBC 0 2.0 K p 
K ~r~= p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

900 7 ±1 .1  5900 BARTH 83 HBC 0 70 K + p 
K + ~  X 

WEIGHTED AVERAGE 
896 .10  ± 0 . 2 8  (Error sca led  by  1.4) 

+ 

.__t__-~.~ " . . . . . . . . . . .  ASTON 
. . . . . . . . .  ATKINSON 

- - I - -  W . . . . . . . . . . . . . .  ATKINSON 

8 9 0  8 9 5  

K * ( 8 9 2 )  0 mass (MeV)  

1 From a partial wave amplitude analysis. 
2 Inclusive reaction. Complicated background and phase-space effects. 

3Mass errors enlarged by us to F /N  1/2.  See note. 
4 Number of events in peak reevaluated by us. 
5 From pole extrapolation. 

2 
X 

88 LASS 0.1 
86 OMEG 6.3 
86 OMEG 3.8 

I . . . . . . . . . .  EVANGELISTA 80 OMEG 0,8 
I . . . . . . .  AGUlLAR-... 78B HBC 2.7 

. . . . . . . . . . . . .  WICKLUND 78 ASPK 0.6 
. . . . . . . . .  BOWLER 77 DBC 2.8 

. . . . . . . . . . . . .  MCCUBBIN 75 HBC 0.4 
l -  . . . . . . . . . . .  PALER 75 HBC 2.0 

. . . . . . . . . . .  FOX 74 RVUE 0.0 

. . . . . . . . . . . .  FOX 74 RVUE 0.0 
. . . . . . . . . .  MATISON 74 HBC 0.0 

. . . . . . . . . . .  LEWIS 73 HBC 0.0 

. . . . . . . . . . .  LINGLIN 73 HBC 2.6 
. . . . . . .  BUCHNER 72 DBC 3A 

~ r "  . . . . . .  AGUILAB-... 71B HaC 2.} 
- ~  . . . . . . .  AGUiLAR .... 718 HBC 7.3 
.~ . . . . . . . . .  HABEB 70 DBC 1 2  
,~ . . . . . . . . .  DAVIS 69 HBC 1.4 
• ~ . . . . . . . .  DAUBER 676 HBC 1.0 

, ( C o n f i d e n c e  Leve l  = 0 . 0 0 5 )  

9 0 0  9 0 5  910 

N O T E  ON K*(892)  M A S S E S  A N D  M A S S  

D I F F E R E N C E S  

Unrealistically small errors are reported by some experi- 

tnents. We use simple "realistic" tests for the minimum errors 

on the determination of mass and width from a sample of N 

events: 

£ F 
(~min(/7~,)  = ~ ,  (Smin(r) : 4 ~  . 

(For a detailed discussion, see the 1971 edition of this note.) 

\Ve consistently increase unrealistic errors before averaging. 

K * ( 8 9 2 )  0 - K * ( 8 9 2 )  ± M A S S  D I F F E R E N C E  

VALUE (MeV) E V T 5  DOCUMENT ID TECN CHG COMMENT 
6.7 :E 2.2 OUR AVERAGE 
7 .7±1 .7  2980 AGUILAR-... 788 HBC ~-0 0.76 ~ p  

K T K 0 :r ± 

5 . 7 ± 1 7  7338 AGUILAR-... 71B HBC - 0  3.9,4.6 K p 
6 .3±4.1  283 6 BARASH 67B HBC 0 . 0 ~ p  

6 Number of events in peak reevaluated by us. 
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VII.97 

Meson Full Listings 
K*(892) 

K*(892) RANGE PARAMETER 

VALUE (Ge~ 1 ) DOCUMENT IO TEEN CHG COMMENT 
3.64-0.7 OUR AVERAGE 

12.14-3.24-3.0 7BIRD 89 LASS + 1 1 K - p ~  

3.4±0.7 ASTON 88 LASS 0 11 K -  p 
K - ~ r +  n 

7 From a partial wave amplitude analysis. 

K*(892) WIDTH 

C H A R G E D  ONLY 
This is what appears in the Meson Summary Table. 

DOCUMENT 10 TEEN CHG COMMENT ~_/ALUE (MeV} EVT5 
49.84-0.8 OUR FIT 
49,84-0.8 OUR AVERAGE 
45.2±1 ±2  79709 4- 801 8 BIRD 89 LASS 

49.0± 2.0 5840 BAUBILLIER 848 HBC - 

56.04-4.0 NAPIER 84 SPEC - 

51.0±2.0 4100 TOAFF 81 HBC - 

50.5+5.6 AJINENKO 80 HBC + 

45.8±3.6 1800 AGUILAR ... 78B HBC ± 

52.0±2.5 6706 9 COOPER 78 HBC ± 

52.1±2,2 9000 i0 PALER 75 HBC - 

46 .3±67  765 9 CLARK 73 HBC - 

,18.2±5.7 1150 9,11 CLARK 78 HBC 

54.34,3.3 4404 9 AGUILAR-... 71B HBC 

53 4,4.0 2886 9 FRIEDMAN 69 HBC 

,$9 ±7.3 728 9 FRIEDMAN 69 HBC - 

,$6 4-3.2 3229 9 FRIEDMAN 69 HBC 

49 ±6.1 1027 9 FRIEDMAN 69 HBC - 

46.0±5.0 1700 9,11 WOJCICKI 64 HBC 

62.0±4.4 

55.0±4.0 

62.6 ± 3.8 

!50.5±3.9 

NEUTRAL ONLY 
.VALUE (MeV) 

l l K - p ~  
~ i r - p  

8.25 K -  p 
~ f r - p  

200 lr p ~ 
2KO S X 

6 . 5 K - p ~  
~ T r - p  

32 K + p 
KO~: + X 

0.76~p  
K zF K 0 7r4- 

. 76~p  
(K~) ± x 

14.3 K -  p 
( K ~ ) -  X 

3.13 K -  p 
~ / r - p  

3 . S K - p ~  
~ p 

3.9,4.6 K p ~ 
(K,~)- p 

2 . 1 K - p ~  

2.45 K -  p ~ 
~ r r - p  

2.6K p ~  
~ r - p  

2 . 7 K - p ~  
~ f r - p  

1.7 K - p ~  
~ T r - p  

,m • • We do not use the following data for averages, fits, limits, etc. • • • 

42.8±7.1 3700 BARTH 83 HBC + 70 K + p 
KOlr + X 

84.04-9.2 800 9,11 CLELAND 82 SPEC + 30 K + p 
K 0 7r + 5 P 

3200 9,11 CLELAND 82 SPEC + 50 K + p  
K O ~ +  p 

3600 9,11 CLELAND 82 SPEC - 50 K + p  
K ~ -  p 

380 DELFOSSE 81 SPEC + 50 K = p 
K4- ~O p 

187 DELFOSSE 81 SPEC - 50 K J" p 
K ± TrO p 

EVT5 DOCUMENT ID TECN CHG COMMENT 
50.54-0.6 OUR FIT Error includes scale factor of 1.1. 
50.54-0.6 OUR AVERAGE Error includes scale factor of 1.1. 
50.84-0.8±0.9 ASTON 88 LASS 0 11 K -  p 

K - T r +  n 
46.5±4.3 5900 BARTH 83 HBC 0 70 K + p 

K+~r  - X 
54 ± 2  28k EVANGELISTA 80 OMEG 0 10 ~r- p 

K+~-(A,Z) 
¢5.9±4.8 1180 AGUILAR-... 78B HBC 0 0.76 ~p 

K:F K 0 7r ± 

51.2±1.7 WlCKLUND 78 ASPK 0 3 ,4 ,6K±N--  
(K~r) 0 N 

¢8.9±2.5 BOWLER 77 DBC 0 5.4 K + d 
K +  T r - p p  

¢8 + 3  3600 MCCUBBIN 75 HBC 0 3.6 K -  p 2 
K - ~ + n  

50.6±2.5 22k 10 PALER 75 HBC 0 14.3 K -  p 
(KTr) 0 X 

~,7 ± 2  10k FOX 74 RVUE 0 2 K - p ~  
K - ~ + n  

51 4-2 FOX 74 RVUE 0 2 K + n 
K + 7 r - p  

46.0±3.3 3186 9 LEWIS 73 HBC 0 2.1-2.7 K~-p 
KTr~p 

I 51.4±5.0 1700 9 BUCHNER 72 DBC 0 4.6K+~T_pK + n 

~ + 4  2 9 5.v_314 2934 AGUILAR-... 71B HBC 0 3.9,4.6 K p 
K~Tr+  n 

48.5±2.7 5362 AGUILAR-... 718 HBC 0 3.9,4.6 K -  p 
I K - T r + ~ T - P  

54.0±3.8 4300 9,11 HABER 70 DBC 0 3 K -  N 
K - ~ r  + X 

53.24-2.1 10k 9 DAVIS 69 HBC 0 12 K ± p 
K+ Tr-Tr+ p 

44 4-5.5 1040 9 DAUBER 678 HBC 0 2.0 K-  p 
K-Tr+Tr-p 

8 From a partial wave amplitude analysis. 
9 Width errors enlarged by us to 4x  r /N1 /2 ;  see note. 

10inclusive reaction. Complicated background and phase-space effects. 
I 11Number of events in peak reevaluated by us. 

K*(892) DECAY MODES 

Mode Fraction ( r i / r )  Confidence level 

r l  KTr ~ i00 % 

r2 (KTr )  ± (99.899+0.009) % 

F3 (KTr )  0 (99.770±0.020) % 

r 4 K 0 ?  ( 2.30 ±0.20 ) x i0 -3 

r 5 K ± ~  ( 1.01 ±0.09 ) x l 0  -3 

r 6 K ~  < 7 x 10 4 95% 

CONSTRAINED FIT INFORMATION 

An overall f i t  to the total  w id th  and a partial w id th  uses 18 mea- 
surements and one constraint to determine 3 parameters. The 
overall f i t  has a X 2 = 15.2 for 16 degrees of freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 

( 6 p i 6 p ~ / ( ~ p £ ~ p i ) ,  in percent, from the f i t  to parameters Pi, including the branch- 

ing fractions, x i = r J r t o t a  I. The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

x 5 - i 0 0  

r 17 -17 

x2 x5 

Mode Rate (MeV) 

r2  ( K ~ )  ± 49.8 +0.8 
r 8 K 3 - ~  0.050+0.005 

CONSTRAINED FIT INFORMATION 

An overall f i t  to the total  w id th  and a partial w id th  uses 18 mea- 
surements and one constraint to determine 3 parameters. The 
overall f i t  has a X 2 = 18.4 for 16 degrees of freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 

I 6 p i 6 p j l / ( 6 p i . 6 p j  ), in from the f i t  to the branch- percent, parameters including Pi, 
ing fractions, x i =- I - j I - to ta  b The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

x 4 -lOO 

r 14 -14 

X3 X4 

Mode Rate (MeV) Scale factor 

r 3 (KTr) 0 50.4 4-0.6 1.1 

F4 K°~f 0.117±0.010 

r(K%) 
VALUE (keY) 
117 4-10 OUR FIT 
116.54- 9.9 

K * ( 8 9 2 )  P A R T I A L  W I D T H S  

E V T 5  DOCUMENT ID TEEN CHG COMMENT 
F4 

584 CARLSMITH 86 SPEC 0 /~L A ~ /~5 Xo A 



VII.98 

Meson Full Listings 
K*(892), K~(1270) 
r(m:-~) 
VALUE (keV) 

50 ± 5 O U R  F IT  

50 4- 5 OUR AVERAGE 
48.0 ± 11.0 

51.0i 50 

DOCUMENT ID TECN CHG COMMENT 

BERG 83 SPEC 156 K A 
K ~ r A  

C H A N D L E E  83 SPEC ± 200 K + A 
K~TA 

F5 

K*(892) BRANCHING RATIOS 

I-(K°'/)/Ftotal I-4/r 
VALUE (units 10 3~ DOCUMENT ID TEEN CHG COMMENT 

2.30±0.20 OUR F IT  

• • • We do not  use the fo l low ing  data for averages, f i ts, l imits,  etc. • • • 

1.5 ± 0 7  C A R I T H E R S  7 5 B C N T R  0 8 1 6 K O A  

r(K±~f)/Ftotal rs / r  
VALUE (units 10 3) CL% DOCUMENT ID TEEN CHG COMMENT 

1 . 0 1 ± 0 . 0 9  O U R  F IT  

• • • We do not use the fo l lowing data for averages, fits, l imi ts,  etc. • • • 

< 1 6  95 B E M P O R A D  73 C N T R  - 10-16  K + A 

r(K=,~)/r ((KTr) ±)  rE/r2 
VALUE ELsie DOCUMENT ID TECN CHG COMMENT 

<0.0OO7 95 J O N G E J A N S  78 H B C  4 K -  p 

p K~? 27r 
• • • We  do not  use the fo l low ing  data for averages, f i ts, l imi ts,  etc. • • • 

< 0 0 0 2  W O J C l C K I  64 H B C  1.7 K p 
K~)~, p 

K*(892) REFERENCES 

BIRD 89 SLAC 332 (5LAC) 
ASTON 88 NP B29E 493 +Awaji, Bienz, Bird* (SLAC, NAGO, CINC, TOKY) 
ATKINSON 86 ZPHY C30 521 + (BONN, CERN. GLAS. LANE. MCHS. LPNP+) 
CARLSMITH 86 PRL 56 18 4 Bernstein, Peyaud, Tuflay (EFI, SACL) 
BAUBILLIER 84B ZPHY C26 37 + (BIRM, CERN, GLAS, MICH, LPNP) 
NAPIER 84 PL 149B 514 tChen+ (TUFT, ARIZ, FNAL. FLOR. NDAM+) 
BARTH 83 NP B223 296 +Drevermann+ (BRUX, CERN, BEND, MONS+) 
BERG 83 Thesis (ROCH) 
CHANDLEE 83 PRL 51 I68 +Berg, Eihangir, Collick+ (ROCH, FNAL MINN) 
CLELAND 82 NP B208 189 ~Delfosse, Dorsal Gloor (DURH, BEVA, LAUS, PITT) 
DELFOSSE 81 NP B183 349 +Guisan. Martin. Muhlemann. We±,4 (GEVA. LAUS) 
TOAFF 81 PR D23 1500 +Musgrave. Ammar. Davis. Ecklund+ (ANL. KANS) 
AJINENKO 80 ZPHY 5 177 +Barth. Dujardin{ (SERP. LIBH. MONS. SACL) 
EVANGELISTA 80 NP B165 383 + (BARL BONN. CERN. DARE. GLAS. LIVP~) 
AGUILAR. 78B NP B141 101 Aguiqar Benitez* (MADR, TATA, CERN+) 
BALAND 78 NP BJ4O 220 fGrard- (MON8, BELG, CERN, LOIC. LALO) 
COOPER 78 NP B13E 365 +Gurtu4 (TATA, CERN, CDEF+) 
JONGEJANS 78 NP B]89 383 +Cerrada+ (ZEEM, CERN, NIJM, OXF) 
WICKLUND 78 PR D17 1197 +Ayres, Diebold, Greene, Kramer, Pawlicki (ANL) 
BOWLER 77 NP B126 31 +Dainton, Drake, Williams (OXF} 
CARITNERS 75B PRL 35 349 +Muhlemann, Underwood- (ROCH, MCGI) 
MCCUBBIN 75 NR B86 13 +Lyons (OXF) 
PALER 75 NP B96 1 tTovey Shah, Spiro+ (RHEL, SACL, EPOL) 
FOX 74 NP B80 403 +Griss (CIT) 
MATtSON 74 PR D9 1872 +Galtieri, Alston Garnjost, Flatte, Friedman t (LBL) 
BEMPORAD 73 NP B51 1 +Beusch, Freudenreich+ (CERN, ETH, LOlC) 
CLARK 73 NP B54 432 +Lyons, Radojicic {OXF) 
LEWIS 73 NP B60 283 +Allen, Jacabs+ (LOWC LOIC EDEF) 
LINGLIN 73 NP B55 408 (CERN) 
BUCHNER 72 NP B45 333 +Dehm, Charriere, Comet4 (MPIM, CERN. BRUX) 
AGUILAR . 71B PR D4 2583 Aguilar Benitez, Eisner, Kinson (BNL) 
HABER 70 NP B17 289 ~ShapRa. Alexander+ (REHO. SACL. BGNA. EPOL) 
CRENNELL 69D PRL 22 487 +Karshon. Lai. O'Neall. Scarr (BNL) 
DAVIS 69 PRL 23 107I ~ Derenzo, Flatte, Garnjost, Lynch, Solmitz (LRL) 
FRIEDMAN 69 UCRL 18860 Thesis (LRL) 
DEWIT 68 Thesis (ANIK) 
SCHWEING.. 68 PR 166 1 3 1 7  Schweingruber,  Derrick, Fields- (ANL, NWES) 
BARASH 67B PR 156 1899 +Kasch, Miller, Tan (COLU) 
BAREOW 67 NC 5OA 701 +Lillestol, Montanet+ (CERN, CDEF, IRAD, LIVe) 
DAUBER 67B PR 153 1403 +8chlein, Slater, Ticho (UELA) 
DEBAERE 67B NC 51A 401 t Goldschmidt Clermont, Henri- (BRUX, CERN) 
WOJClCKI 64 PR 135B 484 (LRL) 

- -  OTHER RELATED PAPERS - -  

NAPIER 84 PL 149B 514 tChen- (TUFT. ARIZ. FNAL. FLOR. NOAM{I 
ELELAND 82 NP B208 189 } Delfosse. Dors~z. GIoo[  (DURH. GEVA. LAUS. PITT) 
BERG 81 PL 986 119 +Chandlee. Bieh (ROEH. FNAL. MINN) 
LANG 79 PR D19 956 +Mas Parareda (GRAZ) 
BALAND 78 NP B140 220 +Grard+ (MDNS. BELG. CERN. LOIC. LALO) 
BALDI 78B NP B134 365 +Bohanger. Dorsaz. HungerbuhleH (GEVA) 
ESTABROOKS 78 NP B133 490 +CarneGie+ (MONT, CARL, DURH, SLAC) 

Also 78B PR D17 658 Estabrooks. Carnegie+ (MONT. CARL. DURH~/ 
MARTIN 78 NP at84 392 +Shimada. Baldi. Bohringer+ (DURH. GEVA) 
MATISON 74 PR D9 1872 +G~ltieri, Alston Garnjost, Flatte, Friedman+ (LBL) 
LEWIS 73 NR B60 283 +Alien, Jacobs+ (LOWC, LOlC, CDEF) 
BINGHAM 72 NP B41 1 +Dunwoodie, Ddjard{ (Irternationaq K ~ Collab) 
MERCER 71 NP B32 381 +Ant±oh, Callahan, Chien, Cox~ {JHU) 
YUTA 71 PRL 26 1502 +Derrick EnBelmann, Musgrave (ANL, EF 0 
DEWPT 68 Thesis (ANIK) 
FICENEC 68 PR 189 1034 (ILL) +Hulsizer, Swanson, Trower 
FICENEC 68B PR 175 1725 t Gordon, Trower (ILL) 
BARLOW 87 NC 50A 701 t L[llestol, Montanet+ (CERN, CDEF, [RAD, LIVe) 
CONFORTO 67 NP B3 469 +Marechal+ (CERN, CDEF, IPNP, LIVP) 
DEBAERE 67B NC 51A 401 + Goldschm~dt Clermo~t, Henri~ (BRUX, CERN) 
ALEXANDER 62 PRL 8 447 ±Kalbfleisch, Miller, Smah (LRL) 
ALSTON 62B CERN Conf 291 -Ticho, Wojcicki- (LRL) 
ARMENTERO8 62C CERN conf 295 ~Astrer, Montanet, (CERN CDEF} 
COLLEY 62B CERN CoM 315 ~Gelfand~ (COLU, RUTB) 
ALSTON 6] PRL 6 300 +Alvarez, Eberhard, Goodt (LRL) 

IK~(1270) ] 
was Q(1280) 

I (J  P) = ½(I--) 

Our latest mini-review on this particle can be found in the 1984 edition. 

1276.0 

1300.0 

12890± 250 

1300 

1270.0 

1260 

1234 ± 12 

K](1270) MASS 

VALUE (MeV~ DOCUMENT ID 

1 2 7 0 ± 1 0  OUR ESTIMATE This  is on ly  an educated guess; the error given is larger than  
the error on the average o f  the publ ished values. 

PRODUCED BY BEAMS OTHER THAN K MESONS 
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 

1242.0+19:00 1 A S T I E R  69 H B C  0 # p  

• • • We  do not  use the fo l lowing data for averages, fits, l imi ts,  etc. • • • 

1294 ± 1 0  310 R O D E B A C K  81 H B C  4 lr p ~ A K 2 ~  

] 3 0 0  40 C R E N N E L L  72 H B C  0 4.5 ~ -  p 
A K 2 ~  

1300 45 C R E N N E L L  67 H B C  0 6 ~ - p ~  A K 2 ~ r  

] T h i s  was called the C meson. 

PRODUCED BY K - ,  BACKWARD SCATTERING, HYPERON EXCHANGE 
VALUE (Me W EVT5 DOCUMENT ID TEEN CHG COMMENT 

1 2 7 5 . 0 ± 1 0 . 0  700 G A V I L L E T  78 H B C  ~ 4.2 K -  p 

E ( K ~ )  + 

PRODUCED BY K BEAMS 
VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

1270 ~:10 D A U M  81C C N T R  63 K -  p 
K 2 = p  

• • • We do not use the fo l lowing data for  averages, fits, l imi ts,  etc. • • • 

2 T O R N Q V I S T  82B R V U E  

V E R G E E S T  79 HBC 4.2 K p 
(~ ,~ ) -  p 

3 C A R N E G I E  77 A S P K  ± 13 K ± p 

( K = ~ )  = p 
B R A N D E N B . . .  76 A S P K  ± 13 K ± p 

( K  ~T ,'r ) ± p 

O T T E R  76 HBC 10,14,16 K -  p 
( K = ~ )  p 

DAVIS 72 H B C  ~ 12 K + p 

F I R E S T O N E  72B DBC + 12 K + d 

2 From a uni tar ized quark-model  ca lcu la t ion.  

3 From a model dependent  f i t  w i th  Gauss±an background to B R A N D E N B U R G  76 data. 

K1(1270) WIDTH 

VALUE (MeV) DOCUMENT I D 

9 0 1 2 0  O U R  E S T I M A T E  Th is  is on ly  an educated guess; the error given is larger than  
the error on the average o f  the publ ished values. 

PRODUCED BY BEAMS OTHER THAN K MESONS 
VALUE (MeV) EVTE DOCUMENT ID TEEN CHG COMMENT 

1 2 7 . 0 _ 2 5 .  0 +  7.0 AST IER 69 H B C  0 # p  

• • • We do not use the fo l lowing data for averages, f i ts, l imi ts,  etc. • • • 

66 ± 1 5  310 R O D E B A C K  81 H B C  4 ~ p ~ A K 2 , ~  

60 40 C R E N N E L L  72 H B C  0 4.5 ~T p 
A K 2 ~  

60 45 C R E N N E L L  67 HBC 0 6 ~ p ~ A K 2 : -  

PRODUCED BY K - ,  BACKWARD SCATTERING, HYPERON EXCHANGE 
VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 

75,09 :15 .0  700 G A V I L L E T  78 H B C  4- 4.2 K -  p 
-- K~T~ 

PRODUCED BY K BEAMS 
VALUE (MeV~ DOCUMENT IO TECN EHG COMMENT 

90 ± 8 D A U M  81C C N T R  63 K -  p 
K 2 7 r p  

• • • We do not  use the fo l lowing data for averages, fits, l imi ts,  etc. • • • 

1 5 0 0  V E R G E E S T  79 H B C  4.2 K p - -  

1 5 0 0 0 ± 7 1 0  4 C A R N E G I E  77 A S P K  ± 1 3 ~ K : E ~ p L P  

( K  ~ ~T) ± p 
200 B R A N D E N B . . .  76 A S P K  ± 13 K =  p 

( K  7r ~)  ± p 
120 DAVIS 72 H B C  + 12 K + p 

188 ± 2 1  F I R E S T O N E  728 DBC + 12 K ~ d 

4 F r o m  a mode l -dependent  f i t  w i th  Gaussian background to  B R A N D E N B U R G  76 data. 



See key on page IV.1 

Mode 

K1(1270) DECAY MODES 

Fraction ( F i / F )  
TORNQVIST 
DAUM 
RODEBACK 

rl Kp (42 ±6 )% 
['2 K~(1430)yr (2g =}-4 )% 
['3 K*(892)~- (16 =}-5 )% 
[-4 Kw (11 .0±  2.0) % 

F5 K fo(1400) (3.0±2.0)  % 

MAZZUCATO 
VERGEEST 
GAVILLET 
CARNEGIE 
CARNEGIE 
BRANDENB... 
OTTER 
CRENNELL 
DAVIS 

K1(1270) PARTIAL WIDTHS 

r(Kp) r l  
VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

• • I We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

57.04-5.0 M A Z Z U C A T O  79 HBC + 4.2 K -  p 
- - ( K ~ y r )  + 

75 .0±6 .0  CARNEGIE 77B ASPK ± 13 K4- p 
(K~r 7r) ± p 

I- ( K ~ ( 1 4 3 0 )  l r )  r2 
/ALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

,, • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

:_)6.0=}-6.0 CARNEGIE 77B ASPK ± 13 K ± p 
( K  7r ~r) ± p 

F (K* (892)  7r) r 3  

.VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

,, • • We do not use the fol lowing data for averages, fits, i imits, etc. • • • 

14.0±11.0 M A Z Z U E A T O  79 HBC + 4.2 K -  p 
- -  ( K ~ r l r ) +  

2 .0±  2.0 CARNEGIE 77B ASPK ± 13 K ± p  
( K  ~yr) ± p 

F ( K ~ )  r 4  

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

4.04-4.00 M A Z Z U C A T O  79 HBC + 4.2 K -  p 
E~(Kyr~7)  + 

24 .0±3 .0  CARNEGIE 77B ASPK ± 13 K p 
( K  7r 7r) ± p 

F ( K  f o ( 1 4 0 0 ) )  F5 
VALUE (MeV~) DOCUMENT ID TECN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, i imits, etc. • • • 

22 .0±5 .0  CARNEGIE 77B ASPK ± 13 K ± p 
( K  7r 7r)=}" p 

FIRESTONE 
ASTIER 
CRENNELL 

BAUBILLIER 
FERNANDEZ 
GAVILLET 
OTTER 
BACON 
DIONISI 
ETKIN 
IRVING 
RADPORD 
BASDEVANT 
BEUSCH 
WOHL 
BASDEVANT 
BOAL 
BOWLER 
VERGEEST 
ANTIPOV 
BOWLER 
DORE 
DREVlLLON 
DUNWOODIE 
OTTER 
OTTER 
OTTER 
TOVEY 
ANGELOPO.. 
BOWLER 
DAVIDSON 
DEUTSCH... 
BARLOUTAUD 
BINGHAM 
DEJONGH 
JONES 
LEWIS 
WERNER 
ANDERSON 
BINGHAM 
BRANDENB... 
BRANDENB., 
FIRESTONE 
FRATI 
HAATUFT 
BARNHAM 
DENEGRI 
FORMAN 
GARFINKEL 
ABRAMS 
ANTICH 
BOWLER 
FARBER 
ALEXANDER 

K1(1270 ) BRANCHING RATIOS 

r(KO) lrtota, r l / r  
VALUE DOCUMENT IO TECN COMMENT 

0.42=}-0.06 5 D A U M  81C C N T R  63 K -  p ~ K 2 7 r p  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

dominant  RODEBACK 81 HBC 4 7r- p ~ A K27r 

F(K;(1430)Ir)/Ftota I r 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.284-0.04 5 D A U M  81C C N T R  63 K -  p ~ K 2 7 r p  

F(K*(892) 7r)/rtota I rs / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.169=0.05 5 D A U M  81C C N T R  63 K -  p ~ K 2 ~ r p  

r(K~)/Ftotal r4/r  
VALUE DOCUMENT ID TECN COMMENT 

O.11±O.02 5 D A U M  81C C N T R  63 K p ~ K 2 7 r p  

F(K~)/F(Kp) r4 / r l  
VALUE C L ~  DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.30 95 RODEBACK 81 HBC 4 ~r- p ~ AK2~r  

r (g  fo(1400))/Ftotal rB/r 
VALUE DOCUMENT IO TEEN COMMENT 

O.034-0.O2 5 D A U M  81C C N T R  63 K p ~ K 2 7 r p  

D-wave/S-wave RATIO FOR K1(1270) --~ K'(892)~r 
VALUE DOCUMENT ID TEEN COMMENT 

1.0+0.7 5 DAUM 81C CNTR 63 K -  p ~ K21rp 

5Average f rom low and high t data. 
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Meson Full 
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Listings 
Kt(1270) 

K1(1270) REFERENCES 

02B NR B203 268 (HELS) 
01C NP B187 i +Hertzberger+ (AMST, CERN, CRAC, MPIM, OXF+) 
81 ZPHY C9 9 +Sjogren+ (CERN, CDEF, MADR, STOH) 
79 NP B156 532 +Pennington+ (CEBN, ZEEM, NIJM, OXP) 
79 NP B158 265 +Jongejans, Dionisi+ (NIJM, AMST, CERN, OXF) 
78 PL 76B 517 +Diaz, Dionisi+ (AMST, CERN, NIJM, OXF)JP 
77 NP B127 509 +Cashmore, Davier, Ounwoodie, Lasinski+ (SLAC) 
77B PL 68B 287 +Cashmore, Dunwoodie, Lasinski+ (SLAC) 
76 PRL 26 703 Brandenburg, Carnegie, Cashrnote+ (SLAC) JP 
76 NP BLOE 77 + (AACH, BERL, CEBN, LOIC, VIEN, LPNP+) JP 
72 PR DE 1220 +Gordon, Lai, Scarr (BNL) 
72 PR D5 2688 +ABton Gatnjost, Barbaro, Flatte, Friedman, Lynch+ (LBL) 
72B PR D5 505 +Goldhaber, Ussauer, Trilling {LBL) 
69 NP B10 65 +Marechal, Montanet+ (CDEF, CERN, IPNP, LIVP) IJP 
67 PRL 19 44 +KalbBelsch, Lai, Scarr, Schumann (BNL) I 

- -  OTHER RELATED PAPERS - -  

82B NP B202 21 + (BIBM, CERN. GLAS, MSU, LPNP) 
82 ZPHY C16 95 +Aguilar Benitez+ (MADR, CERN, CDEF, STOH)JP 
82 ZPHY C16 119 +Armenteros÷ (CERN, CDEF, PADO, ROMA) 
81 NP B181 1 (AACH, BERL, LOIC, VIEN, BIRM, BELG, CERN+) 
80 NP B162 189 +Barrey, Butterworth, Ansorge~ (LOIC, CAVE) 
80 NP B169 1 +Gavillet+ (CERN, MADR, CDEF, STOH) 
80 PR D22 42 +Foley, Lindenbaum, Kramer+ (BNL, CUNY)JP 
80 JP G6 153 (CIVP) 
80 NP B167 181 +Brandenburg (MIT) 
79 PR D19 246 +Berger (ANL) 
78 PL 74B 282 +Birman, Konigs, Otter+ (CERN, AACH, ETH)JR 
78 NP B132 401 +PaEet, Chaurand+ (LPNP, RHEL SACL) 
76 PRL 37 977 +Berger (FNAL, ANL} 
76 PR D14 2998 +Edwards, Kamal, TorEeson {ALBE) 
76 JP G3 775 (OXF) 
76 RL E2B 471 +Engelen, Jongejans+ (AMST, CERN, NIJM, OXF)JP 
75 NP BSE 301 +Ascoli, Busnello, K]enzle+ (SERP, CERN, ILL)JP 
75 NP B97 227 +Game, Aitchison, Dainton (OXF, DARE) 
75 LNC 13 205 +GuidonL Laakso, Marini, Conforto+ (ROMA, RHEL) 
75 PL 55B 245 +Borenste]n+ (EPOL, BOHR, CDEF)JP 
75 NP B91 189 +Grant+ (CERN, BELG, MONS, MPIM) JP 
75 NP B84 333 + (AACH, BERL, CERN, LOIC. VIEN, ATHU+) JP 
75B NP B93 365 ±Rudolph+ (AACH, BERL, CERN, LOIC, VIEN} JP 
75C NP B9b 29 tRudolph+ (AACH, BERL, CERN, LOIC, VIEN)IJP 
75 NP B95 109 +Hansen, Borenstein, Borg+ (RHEL, EPOL, SAEL)IJP 
74 NC 20A 49 Angelopoulos+ (ATHU, ATEN, LIVP, VIEN)JP 
74 NP B74 493 +Dainton, Kaddoura, Aitchison (OXF) 
74B PR D9 77 +Chapman, Green, Lys, Roe (MICH) 
74 PL 49B 388 Deutschmann+ (AACH, BERL, CERN, LOIC, VIEN)JP 
73 NP B59 374 +Drevillon, Shah+ (SACL, EPOL, RHEL)JP 
73 NP B52 31 +Farwell+ (LBL, ORSA, BNL, SACL, MILA) JP 
73 NP B58 110 +Cornet, Charriere* (BRUX, MONS, CERN, MPIM) 
73 NP B52 383 (CERN) JR 
73 NP B60 283 +Allen, Jacobs+ (LOWC, LOIC, CDEF) 
73 PR D7 1275 +Slattery, Ferbel (ROCH) 
72 PR D0 1823 +Franklin, Godden, Kopelman, Ubby, Tan (COLD) 
72C NP B48 589 +Eisenstein, Gfard, Herquet+ (CERN, BRUX) 
72 PRL 28 932 Brandenburg, Johnson, Leith, Loos+ (SLAC) 
728 NP B45 397 Brandenburg, Brody, Johnson, Leith4 (SLAC) 
72 NP B47 348 (CIT) 
72 PR D6 2361 +Halpern, Hargis, Shape+ (PENN, CINC) 
72 NP B48 78 +Arnold, Haguenauer+ (BERG, STRB, EPOL, MADR) 
71B NP B25 49 +Colley, Gdffiths, Alper+ (BIBM, GLAS, OXF) 
71 NP B20 13 +Antich, Callahan, Carson, Chien, Cox+ (JBU) 
71 PR D3 2610 +Gelfand, LeaR/, Moser, SeidL Wolfson (EFI) 
71 PBL 26 1505 +Holland, Carmony, Lander+ (PURD, UCD) 
70B PR Dt 2433 +Eisensteln, Kim, Marshall, O'Halloran* (ILL) 
70 NP B2O 201 +Carson, Chien, Cox, Denegri, Ettlinger+ (JHU) 
70 PL 31B 318 (OXF) 
70 PR Ol 78 +Ferbel, Slattery, Yuta (ROCH) 
09B NP B13 503 +Firestone, Goldhaber+ (LRL) 

PRL 22 731 +Lach, Ludlam, Sandweiss, Berger+ (YALE. LRL) 
PRL 22 1 2 0 7  Barbaro-Galtieri, Davis, Flatte+ (LRL) 
NC 62A 1038 +Cresti, Limentani, Bertanza, Bigi± (PADO, PISA) I 
NP B9 403 +Gosbaw. Erwin. Walker (WISE) 
PL 29B 433 +Malamud, Mellema, Rudnick, Schlein~ (UCLA) 
PR 182 1443 +Eisner, Bali, Luers (BNL} 
NC 59A 519 +Easlwood+ (BIRM, GLAS, LOIC, MPIM, OXF+) 
NP B9 364 +Walker, Goshaw, Wemberg (WlSC, PRIN, VAND) 
UCRL 18860 Thesis (LRL) 
PR 188 2023 +Ammar, Davis, Kropac, Yarger+ {NWES, ANL) 
NP B8 9 +Cocconi+ (AACH, BERL, CERN, LOIC, VIEN) 
PRL 20 1 8 1 9  +Borenstein, Callahan, Co~e, Cox+ (JHU) 
PRL 20 1194 +Callahan, Ettlinger, G]llespie+ (JHU) 
PL 26B 3O Bassompierre, Goldschmidt+ (CEBN, BRUX, BIBM)IJP 
PRL 18 1087 +Farber, Ferbel, Forman (BOCH) I JR 
NC 49A 374 +Debaisieux, Fast, Filippas+ (CERN, BRUX) 
Private Comm. Jongejans 
PRL 19 976 (LBL) 
PRL 17 726 +Butterworth, Fu, Goldhaber, Trilling (LRL) 
Private Comm. Goldhaber (LRL) 
PL 16 184 +Atherton, Byer, Dornan, Forson+ (CAVE) 
PL 9 207 +Edwards, D'Andlau+ (CERN, CDEF) 
PR 145 1095 Barash, Kirsch. Miller, Tan (COLU) 
Duhna Conf. 1 577 +Edwards, D'Andlau+ (CERN, CDEF) 
Dubna Conf 1 617 Armenteros 



VH.Z00 

Meson Full Listings 
K*(1370), K~ (1400) 

IK *(1370) I 
was K*(1410) 1 

z(JP) = ½(1-) K1(1400) I 
was Q(1400) 

,(JP) = ½(l+) 

K * ( 1 3 7 0 )  M A S S  

VALUE (MeV~ DOCUMENT ID TECN CHG COMMENT 

1367±54 1 BIRD 89 LASS 11 K -  p ~ I 

K~ 
• • • We do riot use the following data for averages, fits, limits, etc, • • • 

1380 ± 21~c19 ASTON 88 LASS 0 11 K -  p 
K ~ + n  

1420,1 7 ±  10 ASTON 87 LASS 0 11 K -  p 

1474±25 BAUBILLIER 82B HBC 0 8,25 K -  p 

~ 2 ~ r n  
1500±30 ETKIN 80 MRS 0 6 K p 

K~IT+ ~T-- n 

1 From a partial wave amplitude analysis. I 

K*(1370) WIDTH 

VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

1149:101 2 BIRD 89 LASS 11 K- p ~ | 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

176± 5 2 ± 2 2  ASTON 88 LASS 0 11 K -  p 
K ~ + n  

240± 18±  12 ASTON 87 LASS 0 11 K -  p 

275± 65 BAUBILLIER 82B HBC 0 8.25 K -  p 

~ 2 7 r n  
500±100 ETKIN 80 MPS 0 6 K -  p 

~ T r +  ~r~ n 

2 From a partial wave amplitude analysis. I 

K*(1370) DECAY MODES 

Mode Fraction ( r i / r )  Confidence level 

F1 K * ( 8 9 2 ) T r  > 40 % 95% 

r 2 K l r  ( 6.6=: 1 3) % 

r 3 K p  < 7 % 95% 

K * ( 1 3 7 0 )  B R A N C H I N G  R A T I O S  

r(Kp) lr(K*(892)Tr) i3 / r l  
VALUE CL~/~ DOCUMENT ID TEEN CHG COMMENT 

<0.17 95 ASTON 84 LASS 0 11 K -  p 

~ 2 7 r n  

r(gTr)/r(g*(892)ir) r2/r l  
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

<0.16 95 ASTON 84 LASS 0 11 K p 
R 0 2 ~ n  

r(KTr)/rtotal r2/r 
VALUE DOCUMENT ID TEEN CHG _COMMENT 

0.066:1-0.010i0.006 ASTON 88 LASS 0 i i  K -  p 
K ~r + n 

K*(1370) REFERENCES 
BIRD 89 SLAC 332 (SLAC) 
ASTON 88 NP B2g6 493 ~Awaji. Bienz, Bird+ (SLAC, NAGO, CINC, TOKY) 
ASTON 87 NP B292 693 +Awaji, D'Amote+ (SLAC, NAGO. C~NC, TOKY) 
ASTON 84 PL 1496 258 +Carnegie, eunwoodie+ (SLAC, CARL, OTTA)JP 
BAUBILLIER 82B NP B202 2t + (BIRM, CERN, GLAS, MSU, LRNP) 
ETKIN 80 PR D22 42 #Foley, Lindeabaurn, Kramer+ (BNL, CUNY)JP 

/ ( 1 ( 1 4 0 0 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN CH~ COMMENT 
1 4 0 2  ~E 7 O U R  A V E R A G E  

1373 ± 1 4  ± 1 8  1 ASTON 87 LASS 0 11 K -  p 

~ T r ±  7r- n 
1392 ± 18 BAUBILLIER 82B HBC 0 8.25 K -  p 

KO Tr + Tr- n 

1410 ± 2 5  DAUM 81C CNTR 63 K - p  
K27rp  

1415 =-15 ETKIN 80 MPS 0 6 K -  p 

~ T r ± = -  n 
I404 .0±10,0  2 CARNEGIE 77 ASPK ± 13 K ~ p 

(K  7r lr) i p 
• • We do not use the following data for averages, fits, limits, etc. • • • 

1350 3 TORNQVIST 82B RVUE 
1400.0 VERGEEST 79 HBC - 4.2 K -  p 

(~ , , ) -  p 
1400 BRANDENB... 76 ASPK ± 13 K ± p 

(K  ~Tr) ± p 
1420 DAVIS 72 HBC + 12 K + p 
1368 ±18  FIRESTONE 72B DBC + 12 K ~ d 

1 From partial-wave analysis of K 0 ;r + ~r system. 
2From a model-dependent fit with Gauss±an background to BRANDENBURG 76 data. 
3 From a unitarized quark-model calculation. 

K t ( 1 4 0 0 )  W I D T H  

VALUE (MeV~ DOCUMENT [~ LECN CHG COMMENT 
174 3-13 O U R  A V E R A G E  Error includes scale factor of 1.6~ Tee the ideogram 

below. 
188 :E54 ± 6 0  4 ASTON 87 LASS 0 11 K p 

~ 7r-c ~r n 
276 :L65 BAUBILLIER 82B HBC 0 8.25 K p 

KO ~r- = n 

195 ± 2 5  DAUM 81C CNTR - 63 K - p  
K 2 = p  

180 ± 10 ETKIN 80 MPS 0 6 K -  p 

142.0± 16,0 5 CARNEGIE 77 ASPK ± 13 K i p - -  
(K  7r ~r) :L p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

200.0 VERGEEST 79 HBC 4.2 K p - -  
( R = = ) -  p 

160 BRANDENB.-  76 ASPK ~- 13 K ± p 
( K ~ )  ± p 

80 DAVIS 72 HBC 12 K + p 
241 ± 3 0  FIRESTONE 72B OBC + 12 K + d 

4 From partial-wave analysis of K 0 ;r + = system. 
5Frorn a model-dependent fit wi th Gauss±an background to BRANDENBURG 76 data. 

WEIGHTED AVERAGE 
174 + 13 (Error sca led  by  1.6) 

2 
X 

. . . . . .  ASTON 87 LASS 0.0 
I • • BAUBILLIER 82B HBC 2.5 

OAOM 81CC.,R 07 
ETKIN 80 MPS 0.4 
CARNEGIE 77 ASPK 3.9 

7.6 
( C o n f i d e n c e  Leve l  = O.109) ! I 

v '  

I 

O 1OO 2 0 0  3 0 0  4 0 0  5 0 0  

K1(1400 ) w id th  (MeV)  



See key on page IV. 1 

Mode 

K1(1400) DECAY MODES 

Fraction (Fi/F) 

r l  K*(892)fr (94 ±6 )% 
r 2 K p  (3 .0±3 .0 )  % 
r3 K f0(1400) ( 2.0±2.0)% 
F 4 Kc~ (1 .0±1 .0 )  % 
F 5 KG(1430) fr 

K1(1400 ) PARTIAL W I D T H S  

r (K*(892)Tr)  
_VALUE (MeV~ DOCUMENT ID TECN C HG COMMENT 

117.04-10.0 CARNEGIE 77 ASPK ± ~ p p ~  
( K  ~r~r) ± p 

r(Kp) 
_VALUE (MeV} DOCUMENT ID TECN C HG COMMENT 

2.04-1.0 CARNEGIE 77 ASPK ± 13 K ± p 
( K  =~r) ± p 

r(K,,.,) 
_VALUE (MeV) DOCUMENT ID TECN C HG COMMENT 

23.0=t=12.0 CARNEGIE 77 ASPK ± ~ 3 ~ p p ~  
( K  ~Tr) ± p 

F1 

F2 

VII.101 

Meson Full Listings 
K1(1400 ) ,  K ~ ( 1 4 3 0 )  

F4 

K1(1400) BRANCHING RATIOS 

F (K*(B92)~T) IFtotal r l / r  
V~LUE DOCUMENT ID TECN COMMENT 

0.94:1:0.06 6 D A U M  81C C N T R  63 K p ~ K 2 7 r p  

r(Kp)/rtotal r2 / r  
V~LUE DOCUMENT ID TECN COMMENT 

0.034-0.03 6 D A U M  81C C N T R  63 K -  p ~ K 2 ~ p  

r ( K  f0(1400))/rtotal r 3 / r  
VALUE DOCUMENT ID TECN COMMENT 

0.024-0.02 6 D A U M  81C C N T R  63 K -  p ~ K 2 7 r p  

r (Kw)/Ftota ~ r4 / r  
V;~LUE DOCUMENT ID TECN COMMENT 

0.01:50.01 6 D A U M  81C C N T R  63 K -  p ~ K 2 7 r p  

r ( K ~ ( 1 4 3 0 )  7 r ) / i - t o t a  I r B / r  

VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits. limits, etc. • • • 
~, 0.00 6 DAUM 81c CNTR 63 K -  p ~ K27rp 

D-wave/S-wave RATIO FOR /(1(1400) --* K*(892)Tr 
VALUE DOCUMENT IO TECN COMMENT 

0.04=t=0.01 6 D A U M  81C C N T R  63 K -  p ~ K 2 = p  

6Average f rom low and high t data. 

K1(1400) REFERENCES 

ASTON 87 NP B292 693 +Awa]i, D'Amore+ (SLAC. NAGO, CINC, TOKY) 
BAUBtLUER 82B NP B202 21 + (BIRM, CERN, GLAS, MSU, LPNP) 
TORNQVlST 82B NP B203 268 (HELS) 
DAUM 81C NP B187 1 +HeHzberger+ (AMST, CERN, CRAC, MPIM, OXF+) 
ETKIN 80 PR D22 42 +Foley, Lindenbaum, Kramer+ (BNL, CUNY)JP 
VERGEEST 79 NP B158 265 +Jonge]ans, Dionis]+ (NIJM, AMST, CERN, OXF) 
CARNEGIE 77 NP B127 509 +Cashmore, Davier, Dunwoodie, Lasinski+ (SLAC) 
BRANDENB., 76 PRL 26 703 Brandenbur 8, Carnegie, Cashmore+ (SLAC) JP 
DAVIS 72 PR D5 2688 +Alston Garnjost, Barbaro, Flatte, Friedman, Lynch+ (LBL) 
FIRESTONE 72B PR DS 505 +Gotdhaber, Lissauer, Trilling (LBL) 

- -  OTHER RELATED PAPERS - -  

TOVEY 7S NP B95 109 
ANGELOPO... 74 NC 20A 49 
BOWLER 74 NP B74 493 
DAVlDSON 74B PR D9 77 
DEUTSCH.., 74 PL 49B 388 
BARLOUTAUD 73 NP B59 374 
BINGHAM 78 NP B52 31 
DEJONGH 73 NP BSB 110 
JONES 73 NP B52 383 
LEWIS 73 NP B6O 283 
WERNER 73 PR D7 1275 
ANDERSON 72 PR D6 1823 
BINGHAM 72C NP B48 589 
BRANDENB... 72 PRL 28 932 
BHANDENB... 72B NP B45 397 
CRENNELL 72 PR D0 1220 
FIRESTONE 72 NP B47 348 
FRATI 72 PB D6 2361 
HAATUFT 72 NP B48 78 
BARNHAM 71B NP B25 49 
DENEGRI 71 NP B28 13 
FORMAN 71 PR D3 2610 
GARFINKEL 71 PRL 26 1505 
ABRAMS 70B PR D1 2433 
ANTICH 70 NP B20 201 
BOWLER 70 PL 31B 318 
FARBER ?O PR DL 78 
ALEXANDER 69B NP B13 503 
ANDREWS 69 PRL 22 731 
ASTIER 69 NP B10 65 
BARBARO ... 69 PRL 22 1207 
BETTINI 69 NC 62A 1038 
BISHOP 69 NP B9 403 
CHIEN 69 PL 29B 433 
CHUNG 69 PR 182 1443 
COLLEY 69 NC 59A 519 
ERWlN 69 NP B9 364 
FRIEDMAN 69 UCRL 1886O Thesls 
WERNER 69 PR 188 2023 
BARTSCH 68B NP BB 9 
BOMSE 68 PRL 20 1519 
DENEGRI 68 PRL 20 1194 
BASSOMPIE.. 67B PL 26B 30 
BERLiNGHIERI 67 PRL 18 1087 
CRENNELL 67 PRL 19 44 
DEBAERE 07 NC 49A 374 

Also 67 Private Comm, 
GOLDHABER 67B PRL 19 976 
SHEN 66 PRL 17 726 

Also 66 Private Comm 
ALMEIDA 65 PL 16 154 
ARMENTEHOS 64 PL 9 207 

AIso 66 PR 145 1095 
ARMENTEROS 64B Dubna Cone 1 577 

Also 64C Dubna Conf. 1 617 

+Hansen, Borenstein, Borg+ (RHEL, EPOL, SACL)IJP 
Angelopoulos+ (ATHU, ATEN, LIVP, VlEN)JR 

+Dainton, Kaddoura, Aitchison (OXF) 
+Chapman, Green, Lys, Roe (MICH} 

Deutschmann+ (AACH, BERL, CERN, LOIC, VIEN)JP 
+Drevillon, Shah~ (8ACL, EPOL, RHEL)JP 
+Fa~ell+ (LBL, ORSA. BNL, SACL MILA)JP 
+Cornet, Charriere+ {BRUX, MONS, CERN, MPIM) 

(CERN) JP 
+Allen, Jacobs+ (LOWC, LOIC, CDEF) 
+Slattery, Ferbel (ROCH) 
+Franklin, Godden. Kopelman, Libby, Tan (COLD) 
+Eisenstein, Grard, Herquet+ (CERN, BRUX) 

Brandenburg, Johnson, Leith, Loos+ (SLAC) 
Brandenburg, Brody, Johnson, Leith+ (SLAC) 

+Gordon, Lai, Scarr (BNL) 
(CIT) 

+Halpem, Hargis, Snape~ (PENN. CINC) 
+Arnold, Haguenauer+ (BERG, STRR, EPOL, MADR) 
+Colley, Griffiths, Alper+ (BIRM, GLAS, OXF) 
+Antich, Callahan, Carson, Chien, Cox+ (JHU) 
+Gelfand, Leary, Moser, Seidl, Wonson (EFI) 
+Holland, Carmony, Lander+ (PURD, UCD) 
+Eisenstein, Kim, Marshall, O'Halloran+ (ILL) 
+Carson, Chien, Cox, DenegrL Ettlinger+ (JHU) 

(OXF) 
+Ferbel, Slattery, Yuta (ROCH) 
+Firestone, Goldhaber+ (LRL) 
+Lath, Ludlam, Sandweiss, BerBer+ (YALE, LRL) 
+Marechal, Montanet+ (CDEF, CERN, IPNP, LIVP)UP 

Barbaro-Galtied, Davis, Flatte+ (LRL) 
+Crest±, L]mentani, Bertanza, Big±+ (PADO, PISA) I 
~Goshaw, Erwln, Walker (WISC) 
+Malamud, Mellema, Rudnick, Schlein+ (UCLA) 
+Eisner, Bail Luers (BNL) 
+Eastwood+ (BIRM, GLAS, LOIC, MPIM, OXF+) 
+Walker, Goshaw, Weinber 8 (WISC, PRIN, VAND) 

(LRL) 
+Ammar, Davis, Kropac, Yarger+ (NWES, ANL) 
+Cocconi+ (AACH, BERL, CERN, LOIC, VIEN) 
+Borenstein, Callahan. Cole, Cox+ (JHU) 
+Callahan, Ettlin8er, Gillespie+ (JHU) 

Bassompierre, Goldschmidt+ (CERN, BRUX, BIRM} IJP 
+Farber, Ferbel, Forman (BOCH) IJP 
+Kalbfleisch, LaL Scarf, Schumann (BNL) I 
+Debaisieux, Fast, Filippas+ (CERN, BRUX) 

Jongejans 
(LBL) 

+Butterwor~h, Fu, Goldhaber, Trillin 8 (LRL) 
Goldhaber (LBL) 

+Atherton, Byer, Doman, Forson+ (CAVE) 
+Edwards, D'Andlau+ (CERN, CDEF) 

Barash, Kirsch, Miller, Tan (COLU) 
+Edwards, D'Andlau+ (CERN, CDEF) 

Armenteros 

K ~ ( 1 4 3 0 )  
was K ~ ( 1 3 5 0 )  

was ~ ( 1 3 5 0 )  

1(J P) = ½(0+) 

Our latest mini-review on this particle can be found in the 1984 edition. 

K~(1430) MASS 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

1429 ±44-5 A S T O N  88 LASS 0 i i  K -  p 

K-~+n 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1430 BAUBILLIER 84B HBC 8.25 K -  p 

~ T r  p 
1425 1,2 ESTABROOKS 78 ASPK 13 K J- p 

K ± T r ± ( n , A )  
1450.0 M A R T I N  78 SPEC 10 K ± p 

K O ~ p  

1 Mass defined by pole position. 
2 From elastic KTr partial-wave analysis. 

K~(1430)  W I D T H  
FERNANDEZ 82 ZPHY C16 95 +Aguilar Benitez+ (MADR, CERN, CDEF, STOH) 
OTTER 81 NP B181 1 (AACH, BERL, LOIC, VIEN, BIRM, BELG, CERN+) 
RODEBACK 81 ZPHY C9 9 +Sjogren+ (CERN. CDEF, MADR, STOH) 
BACON 80 NP B162 189 +Barrey, Butterworth. Ansorge+ (LOIC, CAVE) 
DIONISI 80 NP B169 1 +Gavillet+ (CERN, MADR, CDEF, STOH) 
IRVING 80 JP G6 153 (UVP) 
RADFORD 80 NP B167 181 +Brandenburg (MIT) 
BASDEVANT 79 PR O19 246 +Berger (ANL) 
iVlAZZUCATO 79 NP B156 532 +Pennington+ (CERN, ZEEM, NIJM, OXF) 
BEUSCH 78 PL 74B 282 +Birman, Konigs, Otter+ (CERN, AACH, ETH)JP 
GAVILLET 78 PL 76B 517 +Diaz, Dionisi+ (AMST, CERN, NIJM, OXF) JP 
WOHL 78 NP B132 401 +Paler, Chaurand+ (LPNP, RHEL, SACL) 
CARNEGIE 77B PL 68B 287 +Cashmore, Dunwoodie, Lasinski+ (SLAC) 
BASDEVANT 76 PRL 37 977 +Berger (FNAL, ANL) 
BOAL 76 PR D14 2998 +Edwards, Kamal, Torgeson (ALBE) 
BOWLER 76 JP G3 775 (OXF) 
OTTER 76 NP B186 77 + (AACH, BERL, CERN, LOIC, VIEN, LPNP+) JP 
VERGEEST 76 PL 62B 471 +Engelen, Jongejans+ (AMST, CERN, NIJM, OXF)JP 
ANTIPOV 75 NP B86 381 +Ascoli, Busnetlo, Kienzle+ (SERP, CERN, ILL)JP 
BOWLER 75 NP B97 227 +Game, ARch±son, Dainton (OXF, DARE) 
DORE 75 LNC 13 265 +Guidon±, Laakso, Mar±n±, Conforto+ (ROMA, RHEL) 
DREVILLON 75 PL 55B 245 +Borenstein+ (EPOL, BOHR, CDEF)JP 
DUNWOODIE 75 NP Bgl 189 +Grant+ (CERN, BELG, MONS, MPIM)JP 
OTTER 75 NP B84 333 + (AACH, BERE, CERN, LOIC, VIEN, ATHD+) JP 
OTTER 75B NP B93 365 +Rudolph+ (AACH, BERL, CERN, LOIC, VIEN)JP 
OTTER 75C NP B96 29 +Rudolph+ (AACH, BERL, CERN, LOlC, VlEN)IJP 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

2874-104-21 ASTON 88 LASS 0 11 K -  p 

K - . ~ +  n 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

200 BAUBILLIER 84B HBC - 8.25 K -  p 

~ r - p  
200 to 300 3 ESTABROOKS 78 ASPK 13 K ± p 

K ± 7r 4- ( n , A )  

3 From elastic K ~ partial-wave analysis. 

K~(1430)  DECAY MODES 

Mode Fraction ( r l / r )  

['1 K~T (933_10) % 
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Meson Full Listings 
K~)(1430), K~(1430) 

K~(1430) BRANCHING RATIOS 

F (K'tr)/l 'tota I 
VALUE DOCUMENT ID TEEN CHG COMMENT 
0,93:1:0.O4:l:0.09 ASTON 88 LASS 0 11 K p 

K ~r + n 

r~ / r  

K~(1430) REFERENCES 

ASTON 88 NP B296 493 +Awaji, Bienz, Bird+ (SLAG, NAGO, CiNC, TOKY) 
BAUBILLIER 84B ZPHY C26 37 ÷ (BIRM, CERN, GLAS, MICH, LPNP) 
ESTABROOKS 78 NP B133 490 +Carnegie+ (MONT, CARL, DURH, SLAC) 
MARTIN 78 NP B134 392 +Shimada, BaWi, Bohfinger~ (DURH. GEVA) 

- -  OTHER RELATED PAPERS - -  

TORNQVIST 82 PRL 49 624 (HELS) 
TOAFF 81 PR D23 1500 +Musgrave, Ammar, Davis, Ecklund+ (ANL, KANS) 
ESTABROOKS 79 PR D19 2678 (CARL) 
LANG 79 PR O19 956 +Mas Parareda (GRAZ) 
BALD± 78B NP BI34 365 -Bohringer, Dorsaz, Hungerbuhler+ {GEVA) 
ENGELEN 78 NP Bt34 14 ~Jongejans+ (NIJM, ZEEM, CERN. OXF) 
BOWLER 77 NP B126 31 +Dainton, Drake, W{lliams (OXF) 
SRIRO 77 NP 8125 162 +8arloutaud, Comber, Paler+ (SACk RHEL, EPOL) 
CHIEN 76 NP B106 355 +Feiock, Lucas, Pevsner, Zoams (JHU) 
BAKER 75 NP B99 211 +Banerjee, Campbell, Allen+ (LOlC, LOWC) 
LAUSCHER 75 NP Bg6 189 +Otteq Wieczorek+ (ABCLV Collab) 
MORGAN 75 Argonne Conf 45 (RHEL) 
FOX 74 NP Bg0 403 +Gdss (CIT) 
MORGAN 74 PL 5]B 71 (RHEL) 
CORDS 73 NP B54 109 {Carmony, Lander, Me±ere+ (PURD, UCD IUPU} 
GALTIERI 73 LBL 1772 +Mat±son, Alston Garnjost, Flatte, Friedman+ (LBL) 
LINGLIN 73 NP BSS 408 (CERN) 
YUTA 73 NP BS2 70 +Engelmann, Musgrave, Forman+ (ANL, EFI) 
AGUILAR- . 72 PR D6 I1 AguilaFBenitez, Chung, Eisner (BNL) 
BINGHAM 72 NP B41 1 +Dunwoodie, Drijard+ (International K"  Collab) 
BUCHNER 72 NP B45 333 +Dehm, Chart±ere, Cornet+ (MPIM, CERN, BRUX) 
CHUNG 72 PRL 29 1570 +Eisner, Aguilar Benitez (BNL) 
CRENNELL 72 PR D6 1220 4Gordon. Lai, Sca~r (BNL) 
DIEBOLD 72B Batavia Conf. 3 17 (ANL) 
ENGELMANN 72 PR D5 2162 +Musgrave, Forman~ (ANL, EFt) 
FRATI 72 PR D6 2361 { Balpern, Hargis, Snape~ (PENN, CINC) 
MATISON 72 LBL 1537 Thesis (LBL) 
ROUGE 72 NP B46 29 +Videau, VoiLe, DeBrion+ (EPOL, SACL) 
FIRESTONE 71C PRL 26 1 4 6 0  +Goldhaber, Lissauer (LRL) 
MERCER 71 NP B32 381 +Ant]oh, Ca,ahan, Chien, Cox+ (JHU) 
YUTA 71 PRL 26 1502 +Derrick Eng@mann, Musgrave (ANL, EFt) 
GOLDBERG 69 PL 30B 434 +HuffeL La)oum+ (SABRE Coliab) 
SCHLEIN 69 Argonne Conf 446 (UCLA) 
TRIPPE 68 PL 28B 203 { Chien, Malamud, Mellema, Schlein- (UCLA) 

I K (1430) I 
was K*(1430) 

W e  c o n s i d e r  t h a t  phase - sh i f t  ana lyses  provide  m o r e  rel iable d e t e r m i n a t i o n s  

of t h e  mass  a n d  w i d t h .  

K,~(1430) MASS 

CHARGED ONLY, WITH FINAL STATE K~" 
VALUE (MeV~ E V T 5  DOCUMENT ID TEEN CHG COMMENT 
142B.4~E 1.3 OUR AVERAGE Error includes scale factor of 1.1. 

1423.4± 2 ± 3  24809 ± 820 ] BIRD 89 LASS 11 K p 
~ = - p  

1420 ± 4 1587 BAUBILLIER 84R HBC 8.25 K p 
~'0 7r - p 

1436 ± 55 400 2,3 CLELAND 82 SPEC ~ 30 K + p -~ 
K O ~ + p  

1430 ~+ 32 1500 2,3 CLELAND 82 SPEC + 50 K + p 

KOs ~r+ p 

1430 = 3 2  1200 2,3 CLELAND 82 SPEC 50 K + p 
K ~  7r p 

1 4 2 3 0 =  5 0  935 T O A F F  81 HBC 6.5 K p 
K 0 ~ p 

1 4 2 8 0 ±  4 6  4 M A R T I N  78 SPEC ~ 10 K ± p 
KO~ ~ P 

1423.8± 4 6  4 M A R T I N  78 SPEC 10 K p - -  
KO ~p 

1 4 2 0 0 ±  3 1  1400 AGUILAR ... 71B HBC 3.9,4.6 K p 
1425 ± 8 0  225 2,3 B A R N H A M  71C HBC + K + p 

KOr~  p 
1416 .0±100  220 CRENNELL 69D DBC 3.9 K N 

K~]~ N 
1414 ± 1 3 0  60 2 LIND 69 HBC ~ 9 K + p - -  

KOTc+ p 
1427 .0±120  63 2 SCHWEING.. .  68 HBC 5.5 K p 

K~rN 
1423 ± 1 1 0  39 2 BASSANO 67 HBC 4.6-5.0 K p 

K 0 r, p 

NEUTRAL ONLY 
VALUE (Met/) E V T 5  DOCUMENT ID TEEN CHG COMMENT 
1432.4=1= 1.3 OUR AVERAGE 
1431.2/_ 1.8/_ 0.7 5 A S T O N  88 LASS 0 11 K p 

K l r + n  
1434 ± 4 ± 6 5 A S T O N  87 LASS 0 11 K p 

~ I T +  7r-- n 
1433 ± 6 = 1 0  5 A S T O N  84B LASS 0 11 K p 

~ 2 7 r n  
1471 ± 1 2  5 BAUBILLIER 82B HBC O 8.25 K p 

N KO ~TTr 

1428 ± 3 5 ASTON 81C LASS 0 i i  K -  p 
K ~ + n  

1434.0± 2.0 5 E S T A B R O O K S 7 8  ASPK 0 1 3 K ± p ~  pK~r 
1440.0±10.0 5 BOWLER 77 DBC 0 5.5 K + d 

K ~ p p  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1420.0± 7.0 300 HENDRICK 76 DBC 8.25 K ~ N 
K+TrN 

1 4 2 1 6 ±  4 2  800 MCCUBBIN  75 HBC 0 3.6 K -  p 
K 7 r~n  

1420.1± 4.3 6 LINGLIN 73 HBC 0 2-13 K + p 
K+~T - X 

1419.1± 3.7 1800 AGUILAR-. . .  71B HBC O 3.9,4.6 K p 
1416 = 6 600 CORDS 71 DBC 0 9 K + n 

K~T p 
14211± 2.6 2200 DAVIS 69 HBC 0 12 K + p 

K-~ X 

1 From a partial wave ampl i tude analysis. 

2 Errors enlarged by us to F/N1/2;  see the note with the K*  (892) mass. 

3 N u m b e r  of events in peak re-evaluated by us. 
4 Systematic error added by us. 
5 From phase shift or partial-wave analysis. 
6From pole extrapolat ion, using world K * p data summary tape. 

K~(1430) WIDTH 

CHARGED ONLY, WITH FINAL STATE K ~  
VALUE (MeV) EVTS DOCUMENT ID TEEN CN5 COMMENT 
98.4± 2.3 OUR FIT 
98.4± 2.4 OUR AVERAGE 
98 ± 4 ± 4  24809 ± 820 7 BIRD 89 LASS 11 K -  p 

~ ,-T- p 

109 ± 2 2  400 8,9 CLELAND 82 SPEC + 30 K + p 
KO Tr+ p 

124 ± 128 1500 8,9 CLELAND 82 SPEC + 50 K + p 
KO Tr + p 

113 ± 128 1200 8!9 CLELAND 82 SPEC 50 K + p 
K O 7r p 

85.0± 160 935 T O A F F  81 HBC 6.5 K p 

K ~  p 
96.5± 3.8 M A R T I N  78 SPEC + 10 K ± p 

K~ ~r p 
97 7 ±  4 0 MARTIN 78 SPEC 10 K p - -  

94.7 +15.1125 1400 AGUILAR-. . ,  71B HBC 3.9,4.6 K p 

NEUTRAL ONLY 
VALUE (MeV) EVT5  DOCUMENT /D T ECN CHG COMMENT 
109 ± 5 OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below. 

116.5± 3 6 ±  17  I0 A S T O N  88 LASS 0 11 K -  p 
K T,+n 

129 ± 1 5  ± 1 5  10 A S T O N  87 LASS 0 11 K -  p 

131 ± 2 4  ± 2 0  10 A S T O N  84B LASS 0 11 K p 

~ 2 ~ n  
143 ± 3 4  10 BAUBILLIER 82B HBC 0 8.25 K p 

NKOTT~ 

98 + 8 10 ASTON 81C LASS 0 11 K p - -  
K ~ + n  

140 ± 3 0  10 ETK IN  80 SPEC 0 6 K p 

~ - +  n 
98 .0± 5.0 10 ESTABROOKS 78 ASPK 0 13 K±'p  ~ p K ~  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1 2 5 . 0 ± 2 9 0  300 8 HENDRICK 76 DBC 8.25 K + N 
K +  ,.T N 

116 ± 1 8  800 MCCUBBIN  75 HBC 0 3.6 K p 
K ~ +  n 

81 .01 140 11 LINGLIN 73 HBC 0 2 13 K + p 
K T ~  - X 

116 6 + 1 0 3  1800 AGUILAR ... 71B HBC 0 3.9,4.6 K p 
155 

144 ± 2 4  0 600 8 CORDS 71 DBC 0 9 K ÷ n 
K ~ r  p 

101 ± 10 2200 DAVIS 69 HBC 0 12 K ~ p - 

K:~, ~*p 



See key on page IV.1 

VI1.103 

Meson Full Listings 
K~(1430) 

WEIGHTED AVERAGE 
109 -~ 5 (Error sca led by 1.9) 

~-~+ 
< 

X 
. . . . . . . . . . .  ASTON 88 LASS 3.6 

. ~ ,  • ASTON 87 LASS 0.9 
. . . . . .  ASTON 84B LASS 0.5 

,tl'/ | ' ' • • BAUBILLIER 82B HBC 1.0 
~ / ' ' 1 '  ' "  . . . . . . . . .  ASTON 81C LASS li9 

| I . . . .  ETKIN 80 SPEC 
• ~ . . . . . . . .  ESTABROOKS 78 ASPK 4.8 

k_ lk-T V 
xV/ ~ (Con f idence  Level  = 0 . 0 3 3 )  

50  100  150 2 0 0  2 5 0  

K~(1430)  0 width ( M e V )  

7 From a partial wave amplitude analysis. 
8 Errors enlarged by us to 4F/N1~2;  see the note with the K* (892) mass. 
9 Number of events in peak re-evaluated by us. 

t0  From phase shift or partial-wave analysis. 
l l F r o m  pole extrapolation, using world K + p data summary tape. 

K~(1430) DECAY MODES 

Scale factor/ 
Mode Fraction (F i /F )  Confidence level 

F1 KTr (49.7±1.2)  % 
F 2 K * ( 8 9 2 ) T r  (25.2±1.7)  % 

F 3 K * ( 8 9 2 ) ~ r  7r (13.0±2.3)  % 

F4 K p  ( 8 . 8 ± 0 . 8 )  % 
r 5 KuJ ( 2 . 9 ± 0 . 8 )  % 
F6 K + ~  ( 2 . 4 ± 0 . 5 )  x 10 - 3  

F7 K,1  ( 1 .4+2:  8) x 10 3 

F 8 Ku~IT < 7.2 x 10 4 
r 9 K0~/  < 9 x 10 - 4  

S-1.2 

S-1,1 

CL-95% 
CL=90% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An overall f i t  to the total  width, a partial width,  and 10 branchinj~ 
ratios uses 28 measurements and one constraint to determine 8 
parameters. The overall f i t  has a X 2 = 19.5 for 21 degrees of  
freedom. 

The fol lowing of f -d iagona l  array elements are the correlation coefficients 

< 6 p { 6 p i l / ( 6 p £ 6 p i  ), in percent, f rom the f i t  to  parameters p{, including the branch- 

ing fractions, x i ~ F{ /Ftota I, The f i t  constrains the x i whose labels appear in this 
array to sum to one. 

x 2 - 1 6  

x 3 - 3 3  - 7 5  

x 4 12 39 54 

x 5 i i  3 25 

x 6 - 1  - 1  - 1  

x 7 3 - 6  4 

F 0 0 0 

Xl X2 x 3 

Mode 

8 

- 1  0 

4 2 

0 0 

x4 x5 

0 

- 1 3  0 

X 6 X? 

Rate (MeV) Scale factor 

f l  KTr 
F2 K * ( 8 9 2 ) T r  

r 3 K * ( 8 9 2 ) T r ~  

F 4 K p  

r5  K ~  
r6 K+3 , 

r7 K ~l 

48.9 :LI .? 
24.8 ± 1.7 

12.8 ±2 .3  
8.7 ±0 .8  
2.9 ±0 .8  
0.24±0.04 

0 1A+0.28 
~-0,09 

1.2 

1.1 

K~(1430) PARTIAL WIDTHS 

r(K+~) r6 
VAL UE (keY) DOCUMENT ID TECN CHG COMMENT 
240±40  OUR FIT 
240±45  CIHANGIR 82 SPEC + 200 K + Z 

ZK+Tr  0, 
zKOTr + 

r(K%) r9 
VALUE (keV) eL% DOCUMENT ID TECN C HG COMMENT 

90 £ARLSMITH 87 SPEC 0 60-200 /<9, A <84 l .  
K O r O A  

K~(1430) BRANCHING RATIOS 

r(Klr)/rtota I FI/F 
VALUE DOCUMENT ID TECN CH6 COMMENT 
0.497±0.012 OUR FIT 
0.488±0.014 OUR AVERAGE 
0.48550.006±0.020 12 ASTON 88 LASS 0 11 K- p 

K-~r+ n 
0.49 ±0.02 12 ESTABROOKS /8 ASPK ± 13K±p~ pKTr 

F ( K * ( 8 9 2 ) r ) / r  ( K  7r) F 2 / ( F I + F 2 + F 4 )  
VALUE DOCUMENT ID TECN CH6 COMMENT 

• • • We do not use the followin 6 data for averages, fits, limits, etc. • • • 

0.47:50.10 BASSANO 67 HBC - 0  4.6,5.0 K -  p 
0.45±0.13 13 BADIER 65c HBC - 3 K -  p 

r(K.o)/r(KTr) r4/(rl+r2+r4) 
VALUE DOCUMENT ID TECN CH6 COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .14 t0 .10  BASSANO 67 HBC - 0  4.6,5.0 K -  p 
0.14±0.07 13 BADIER 65C HBC - 3 K -  p 

r ( K * ( 8 9 2 ) ~ r ) / F  ( K  7r) r 2 / r l  
VALUE DOCUMENT ID TECN CH6 COMMENT 
0.51±0.04 OUR FIT 
0.48±0.05 OUR AVERAGE 
0.44±0.09 ASTON 84B LASS 0 11 K- p 

~ 2 r n  
0.62:1_0.19 LAUSCHER 75 HBC 0 i0,16 K p 

K ~+ n 
0.54±0.16 DEHM ?4 DBC 0 4.6 K + N 
0.47±0.08 AGUILAR-... 71B HBC 3.9,4.6 K -  p 

F(K~)IF(Klr) r s / q  
VALUE DOCUMENT ID TECN CHG COMMENT 
0.059±0.017 OUR FIT 
0.070=1-0.035 OUR AVERAGE 
0.05 ±0.04 AGUILAR-... 71B HBC 3.9,4.6 K p 
o13 50.0? ~ASSO~,E...69 HBC o 5K+p 

F(Kp)/F(K1r) F4/FI 
VALUE DOCUMENT IO TECN CHG COMMENT 
0.118±0.018 OUR FIT Error includes scale factor of 1.2. 

0 1 ~ + 0 " 0 3 4  OUR AVERAGE 
• ~-0.018 

0.18 50.05 ASTON 84B LASS 0 11 K -  p 
~ 2 ~ n  

0.02 +0.10 DEHM 74 DBC 0 4.6 K + N 0.02 
0.16 50.05 AGUILAR-... 71B HBC 3.9,4.6 K -  p 

F ( K p ) / r ( K * ( 8 9 2 ) l r )  r 4 / r 2  
VALUE DOCUMENT ID TECN CH6 COMMENT 
0.351±0.032 OUR FIT Error includes scale factor of 1.5. 
0.354±0.033 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 
0 .293±0.032±0.020 ASTON 87 LASS 0 11 K -  p 

~ 0 / r +  7r- n 
BAUBILLIER 82B HBC 0 8.25 K -  p 

N KOs Tr ~r 
DAUM 81c CNTR 63 K p 

K27rp 

0.38 ±0.09 

0.39 10.03 
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Meson Full Listings 
K~(1430), K(1460) 

WEIGHTED AVERAGE 
0 .354  + 0 .033  (Error scaled by 1.4) 

-1, 
O.1 0.2 O.3 0.4 

F(K~)/F(K*(892)~r) 
VALUE DOCUMENT ID 
0.116:1:0.034 OUR FIT 
0.10 ±0 .04  FIELD 

r(K~)/r(K*(892)~r) 
VALUE DOCUMENT IO 

0 r ~ + 0 . 0 1 1  OUR PIT • w ~ _  0.004 

0 .07  =1=0.04 FIELD 

F(K~)IF(K~r) 
VALUE CL % DOCUMENT ID 

0 00 ~ + 0 " 0 0 5 7  OUR FIT  
• " ~ -  0 . 0 0 1 9  

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
utilizing measurements of other (related) 
quantities as additional information 

2 

. . . . .  ASTON 87 LASS 2.6 
k . ' ' BAUBILLIER 82B HBC Ol 

• OAUM 81C CNTR 1.4 

(Confidence Level = O.126) 

O.5 O.6 0.7 

r5/r2 
TEEN CHG COMMENT 

67 HBC 3.8 K p 

TEEN CHG COMMENT 

67 HBC 3.8 K -  p 

TEEN CHG COMMENT 

r 7 / r 2  

0 +0.0056 14 A S T O N  88B LASS 11 K -  p 

K -  t ip  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

r71rl 

<0.04 95 AGUILAR-. . .  718 HBC 3.9,4.6 K -  p 
<0.065 13 BASSOMPIE. . .  69 HBC 5.0 K + p 
<0.02 BISHOP 69 HBC 3.5 K + p 

r ( K *  (892) 7r 7r )/Ftotal r 3 / r  
VALUE DOCUMENT ID TEEN EHG COMMENT 
0.130±0.023 OUR FIT 
0 .12  40 .04  15 GOLDBERG 76 HBC 3 K p 

p ~ T r ~ T  

F(K*(892)~r~r)/r(K~r) r 3 / r t  
VALUE DOCUMENT ID TEEN CHG COMMENT 
0 . 2 6 + 0 . 8 5  O U R  FIT  
O.21=E0.08 13,15 JONGEJANS 78 HBC 4 K p 

p K~3 ~r =~r 

r ( K ~ r ) / F t o t a l  r s / r  

VALUE (units 10 3) EL% EVT5 DOCUMENT ID TEEN COMMENT 

< 0 . 7 2  95 0 JONGEJANS 78 HBC 4 K p ~ p K  0 4~r 

12 From phase shift analysis. 
13 Restated by us. 

1 4 A S T O N  88a quote < 0.0092 at CL=95%.  We convert this to a central value a~d 1 sigma | 
error in order to be abe to use it in our constrained fit. I 

15Assuming ~rTr system has isospin 1, which is supported by the data. 

K~(1430) REFERENCES 

BIRD 89 SLAC 332 (SLAC) 
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TOAFF 81 PR D23 1 5 0 0  +Musgrave. Ammar, Davis, Ecklund- (ANL, KANS) 
ETKIN ao PR D22 42 +Foley, Lindenbaum, Kramer+ (BNL, CUNY) JP 
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PRL 22 487 ~Karshon, Lai, O'Neall, Scarr (BNL) 
RRL 23 1071 +Derenzo, F]atte, Garnjost, Lynch, Solmitz (LRL) 
NR 814 1 ~A]exander, Firestone, Fu. Goldhaber (LRL) JP 
PR 166 1 3 1 7  Schweingruber, Derrick, Fields~- (ANL, NWES) 
Thesis Schweingruber (NWES, NWES) 
PRL 19 968 ~Goldberg, Goz, 8arnes, Leitner- (BNL, SYRA) 
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NP 817 289 +Shapiro, Alexander+ (REHO, SACL, BGNA, EPOL) 
RRL 21 1842 +Callahan, Carson, Cox, Donegal+ (JHU) 
PR 163 1377 {Hardy. Hess, Kirz, Miller (LRL) 
PRL 14 401 Hardy, Chung, Dahl, Hess, Kirz, Mil~er (LRL) 
PRL 19 972 +Firestone, Shen (LRL) 
PRL 17 726 +8utte~orth, Fu, Goldhaber, Trilling (LRL) 
Private Comm Goldhaber (LRL) 
PRL 15 325 +Dahl. Hardy, Hess, Jacobs, Kirz (LRL) 
PL 16 351 +Ranzi, Serra+ (BGNA, SACL) 
PL 14 338 Hague+ 
PRL 14 401 ~ Chung, Dahl, Hess, Kirz, Miller (LRL) 

IK(1460) I = 
was K(1400) 

O M I T T E D  FROM S U M M A R Y  TABLE 

Observed in K,-r~ partial-wave analysis. Not seen by VERGEEST 79. Wait 
confirmation. 

K(1460) MASS 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1460 D A U M  81c C N T R  63 K p 
K27rp 

~- 1400 1 BRANDENB... 768 ASPK ± 13 K :L p 
K ~T ~T N 

1 Coupled mainly to K f0(1400 ). Decay into K* (892)7r seen. 

K(1460) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

260 DAUM 81c C N T R  - 63 K -  p 
K 2 = p  

250 2 BRANDENB. . .  76B ASPK ± 13 K ± p - -  
KTr~rN 

2Coupled mainly to K f0(1400 ). Decay into K * ( 8 9 2 ) =  seen. 

K(1460)  DECAY MODES 

Mode 

F1 K*(892)~T 
F 2 Kp 
F 3 K;(1430) ;r 

K(1460) PARTIAL WIDTHS 

F(K*(892)~-) F1 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

109 D A U M  81c C N T R  63 K p ~ K 2 7 r p  

r(Kp) r2 
VALUE (MeV) DOCUMENT 10 TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

34 D A U M  81C C N T R  63 K -  p ~ K 2 ~ p  



See key on page IV. 1 

F(KG(1430) Ir ) 
_VALUE (MeV} DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

117 DAUM 81C CNTR 63 K -  p ~ K27rp 

F3 

K(1460) REFERENCES 

DAUM 81C NP B187 1 +Hertzberger+ (AMST, CERN, CRAC, MPIM, OXF+) 
VERGEEST 79 NP B158 265 +Jongejans, Dionisi+ (NIJM, AMST, CERN, OXF) 
BRANDENB.. 76B PRL 36 1239 Brandenburg, Carnegie, Cashmofe+ {SLAC) JP 

- -  O T H E R  R E L A T E D  PAPERS - -  

BARNES 82 eL 116B 365 +Close (RHEL) 
TANIMOTO 82 PL 116B 198 (BIEL) 
VERGEEST 79 NP Bl58 265 +Jongejans, Dionisi+ (NIJM, AMST, EERN, OXF) 

I K2(1580) I = 
w a s  L ( 1 5 8 0 )  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Seen in partial-wave analysis of the K -  = +  ~r- system. Needs confirmation. 

K2(1580) M A S S  

~/ALUE (MeV} DOCUMENT ID CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

~ 1580 OTTER 79 - 10,14,16 K -  p 

K2(1580)  W I D T H  

VALUE (MeV~ DOCUMENT IO CHG COMMENT 

o, • • We do not use the following data for averages, fits, limits, etc. • • • 

^~ 110 OTTER 79 - 10,14,16 K p 

K2(1580)  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

[-1 K* (892 )T r  seen 
['2 K~ (1430 )  ?r possibly seen 

/ (2(1580 ) BRANCHING RATIOS 

r ( K * ( a g 2 ) T r ) / r t o t a l  r l / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 

seen OTTER 79 HBC I0,14,16 K- p 

F ( K i ( 1 4 3 0 ) l r ) / r t o t a .  r 2 / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 

possibly seen OTTER 79 HBC 10,14,16 K -  p 

OTTER 

I 

K2(1580  ) REFERENCES 

+Rudolph+ (AACH, BERL, CERN, LOIC, WIEN)JP 

V I 1 . 1 0 5  

Meson Full Listings 
K(1460) ,  K2(1580), K~(1650), K* (1680)  

I K1(1650)1 ,(,") = 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

This entry contains various peaks in strange meson systems ( K  + (~, KTrTr) 
reported in partial-wave analysis in the 1600-1900 mass region. 

K1(1650)  M A S S  

VALUE (MeV I DOCUMENT ID TEEN C HG COMMENT 

16504-50 FRAME 86 OMEG + 13 K + p 
~ K +  p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1840 ARMSTRONG 83 OMEG - 18.5 K -  p 
3 K p  

1800 DAUM 81c CNTR - 63 K -  p 
K27rp 

K1(1650)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

150±50 FRAME 86 OMEG + 13 K + p 
dpK+ p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

250 DAUM 81c ENTR 63 K -  p 
K2 t rp  

K1(1650) DECAY MODES 

Mode 

r I KTr l r  

F2 K ~  

K1(1650) REFERENCES 

FRAME 86 NP B276 667 +Hughes, Lynch, Minto, McFadzean+ (GLAS) 
ARMSTRONG 83 NP B221 1 + (BARI, BIRM, EERN, MILA, LPNP, PAVl) 
DAUM 81E NP B187 1 +Hertzberger+ (AMST, CERN, CRAg, MPIM, OXF+) 

I K*(1680) I 
w a s  K * ( 1 7 9 0 )  

/(JP) = ½(1 ) 

K * ( 1 6 8 0 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

16784-64 1 BIRD 89 LASS 11 K -  p ~ I 
K~Tr -  p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1677:510132 ASTON 88 LASS 0 i i  K- p 
K-Tr+ n 

1735±10±20 ASTON 87 LASS 0 11 K p 
~Tr+ ~r- n 

1800±70 ETKIN 80 MPS 0 6 K -  p 
~ ? r +  f r -  n 

1650 ESTABROOKS 78 ASPK 0 13 K ± p 
K ± ~ . ± n  

1 From a partial wave amplitude analysis. I 

K * ( 1 6 8 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

4544-270 2 BIRD 89 LASS 11 K -  p - -  I 
~ T r - - p  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

205± 16±34 ASTON 88 LASS 0 11 K -  p 
K ?r + n 

4234- 18:c30 ASTON 87 LASS 0 11 K -  p 
~ lr + .r -- n 

170± 30 ETKIN 80 MPS 0 6 K -  p 

250 to 300 ESTABROOKS 78 ASPK 0 13 ?{-J:p' ~ -  
n 

K ± Tr -}- n 

2 From a partial wave amplitude analysis. I 



V11.106 

Meson Full Listings 
K* (1680 ) ,  K2(17701 

Mode 

K* (1680 )  DECAY M O D E S  

Fraction ( r i / r )  

r I K~r (38.7±2.5) % 

F2 K #  (31.4+~h7) % 

F 3 K *  (892) ~r (29.9+2;72 ) % 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f it to 4 branching ratios uses 4 measurements and one 
constraint to determine 3 parameters. The overall f it has a ~2 : 
3.0 for 2 degrees of freedom. 

The fol lowing of f -d iagonal  array elements are the correlation coefficients 

( G x i b x i l / ( b x i . g x j ) ,  in percent, from the f i t  to the branching fractions, x i z 

I - i /Ftota I. The f i t  constrains the x i whose labels appear in this array to sum to 
one. 

x 2 -- 36 

x 3 39 72 

Xl X2 

K * ( 1 6 8 0 )  B R A N C H I N G  RATIOS 

r ( K ~ ) / r t o t a  I r l / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 
0.387±0.026 OUR FIT 
0388+0.014:EO.022 ASTON 88 LASS 0 11 E p -* 

K ~ + n  

r ( K ~ ) / r  ( K * ( 8 9 2 / ~ r )  r l / r 3  
VALUE DOCUMENT ID TEEN CHG COMMENT 

1 ~n+0.23 OUR FIT "~--0.14 
2.8 ±1.1 ASTON 84 LASS 0 11 K p 

~ 2 7 r n  

r(Ko)/r(K~) r 2 / r l  
VALUE DOCUMENT ID TEEN CHG COMMENT 

081+0"14 OUR FIT 
" " -0.09 

1.2 9-0.4 ASTON 84 LASS 0 11 K p 
~ 2 ~ T n  

r(Kp)lr(K*(892)~r) r2/r3 
VALUE DOCUMENT ID TEEN CHG COMMENT 

1 0 g+0"27 OUR FIT • ~ -  0.11 

o.,7±o.o9+_oOL o 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1730 ARMSTRONG 83 OMEG - 18.5 K p 
3 K p  

1820 DAUM 81c CNTR 63 K -  p 
K 2~T p 

1710 ±15 60 CHUNG 74 HBC - 7.3 K p 
K - ~ p  

1767 ± 6 BLIEDEN 72 MMS t1-16 K p 
1740.0 DENEGRI 71 DBC 12.6 K -  d 

K27rd 
1760.0±15.0 LUDLAM 70 HBC - 12.6 K p 

1 Produced in conjunction with excited deuteron. 
2 Systematic errors added correspond to spread of different fits. 

WEIGHTED AVERAGE 
1768 ± 14 (Error scaled by  1.6) 

~ ]  x ~ / ~  . FRAME 
~ ' ' I l . . . . .  FIRESTONE 

/ ~ ~ . . . . .  COUEY 
. . . . .  A U,LA,-- 

J , f , \  ; BATSCH 

1650 17OO 1750 18OO 1850 

2 
X 

86 OMEG 4.3 
72B DBC 3.7 
71 HBC 0.0 
70C HBC 1.4 
70C HBC 0.6 

ASTON 87 LASS 0 11 K -  p 
~ T r +  7r- n 

K* (1680 )  REFERENCES 

BIRD 89 SLAC 332 (5LAC) 
ASTON 88 NP B298 493 -Awaji. Bienz. Bird+ (SLAC. NAGO. CINC. TOKY) 
ASTON 87 NP B292 693 +Awaji. D'Amore+ (SLAC. NAGO, CINC. TOKY) 
ASTON 84 PL 149B 258 ~Carnesie. Dunwoodie+ (SLAC. CARL, OTTA)JP 
ETKIN 80 PR D22 42 +Foley. Lindenbaum. Kramer~ (BNL. CUNY)JP 
ESTABROOKS 78 NP B133 490 +Carnesie- (VENT. CARL. DURH. SLAC) JP 

1K (1770) I 
w a s  L ( 1 7 7 0 )  

I ( J  P )  = ½ ( 2 - )  

Our latest mini-review on this particle can be found in the 1984 edition. 

VALUE (MeV] 
1768 ±14 

1810 ±20 

1730 ±20 
17650±400 

1745.0±20 0 
1780.0 ± 15 0 

EVTE 
OUR AVERAGE 

306 

K2(17701 MASS 

DOCUMENT ID TEEN CHG COMMENT 
Error includes scale factor of 1.6. See the ideogram 

below• 
FRAME 86 OMEG + 13 K ~ p 

~ K +  p 
1 FIRESTONE 72B DBC + 12 K # d 
2COLLEY 71 HBC + 10 K + p  

K 27r N 
AGUILAR-... 70C HBC 4.6 K p 
BARTSCH 70C HBC 10.1 K-- p 

K2(1770 ) mass (MeV) 

K2(1770)  W I D T H  

VALUE (MeV) EVTS DOCUMENT /D TEEN _CHG COMMENT 
136 ±18 OUR AVERAGE E r r ~ s ~ a l e  factor'-of1,2. 
140 ±40 FRAME 86 OMEG + ]3 K + p  

~ K +  p 
110 ±50 60 CHUNG 74 HBC 7.3 K p - -  

K - w p  
100 ±26 BLIEDEN 72 MMS 11 16 K -  p 
210 ± 30 306 3 FIRESTONE 72B DBC + 12 K + d 

90 ± 70 4 COLLEY 71 HBC + 10 K + p 
K2~rN 

100.0±50.0 AGUILAR ... 70C HBC 4.6 K -  p 
138.0±400 BARTSCH 70C HBC t0.1 K p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-~ 220 ARMSTRONG 83 OMEG 18.5 K p 
3 K p  

200 DAUM 81C CNTR 63 K p 
K 27r p 

130.0 DENEGRI 71 DBC 12.6 K d 
K 2 = d  

5001~ ) ]~  ) LUDLAM 70 HBC 12.6 K p 

3 Produced in conjunction with excited deuteron. 
4 Systematic errors added correspond to spread of different fits. 

K2(17701 DECAY M O D E S  

Mode Fraction (Fi / 'F) 

F 1 K~(1430)~T dominant 

F2 K * ( 8 9 2 1 ~  seen 

I- 3 K f2(1270) seen 

[-4 KO seen 

F5 K ~  
F 6 K~ ,  seen 

K2(1770 ) B R A N C H I N G  RATIOS 

For discussion of the experimental evidence on other decay modes, see HUGHES 71, 
SLATTERY 71, EISNER 74. 

r ( K ~ ( 1 4 3 0 ) ~ ) / r ( K 1 r ~ )  r l / r 5  
(K~(1430) ~ K~)  

VALUE DOCUMENT ID TECN CHG COMMENT 

0.2±0.2 AGUILAR-... 70C HBC - 4.6 K # 

10.0 
( C o n f i d e n c e  Level = 0 .041)  

i 

19OO 1950 



See key on page IV.1 

V I I . 1 0 7  

Meson Full Listings 
K2(1770), K1(1780) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

~, 0.6 DAUM 81c CNTR 63 K -  p 
K 2 * p  

~, 1,0 5 FIRESTONE 72B DBC + 12 K-5 d 
<1.0 COLLEY 71 HBC I0 K + p  
<1.0 BARTSCH 70C HBC 10.1 K -  p 

1.0 BARBARO-... 69 HBC + 12.0 K + p 

5 Produced in conjunction wi th excited deuteron. 

r ( K * ( B 9 2 ) T r ) l r ( K ~ )  r 2 / r 5  
VALUE DOCUMENT ID TECN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • * • 

^~0.24 DAUM 81C CNTR 63 K - p  ~ K2~p 

r ( g  f 2 (1270 ) ) / r ( g l rT r  ) r 3 / r 5  
(f2(1270) ~ ~rTr) 

VALUE DOCUMENT ID TEEN COMMENT 
,, • • We do not use the following data for averages, fits, limits, etc. • • * 

~- 0.16 DAUM 81C CNTR 63 K -  p ~ K21rp 

[ ' ( K @ ) / r t o t a  I r 4 / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 
seen ARMSTRONG 83 OMEG - 18.5 K -  p 

K @N 

r ( K w ) / F t o t a  I r B / r  
VALUE DOCUMENT ID TECN CHG COMMENT 
seen OTTER 81 HBC ± 8.25,10,16 K ± p 
seen CHUNG 74 HBC - 7.3 K -  p 

K-upp 

K 2 ( 1 7 7 0 )  R E F E R E N C E S  

FRAME 88 NP B276 687 +Hughes, Lynch, Minto, McFadzean+ (GLAS) 
ARMSTRONG 83 NP 8221 1 + (8ARI, 81RM, CERN, MILA, LPNP, PAVI) 
DAUM 81C NP 8187 i +Her tzberger+  (AMST, CERN, CRAC, MPIM, OXF+) 
OTTER 81 NP B181 i (AACH, BERL, LOIC, VIEN, BIRM, BELG, CEBN+) 
(:HUNG 74 PL 51B 413 +EisneL Protopopescu, 5amios, Strand (BNL) 
EISNER 74 Boston Conf. 140 (BNL) 
8LIEDEN 72 PL 39B 868 +Finocchiaro, Bowen, Earles+ (STON, NEAS) 
FIRESTONE 728 PR 95 505 +Goldhaber, Lissauer, Trilling (LBL) 
GOLLEY 71 NP 826 71 +Jobes, Kenyon, Pathak, Hushes+ (BIRM, GLAS) 
13ENEGRI 71 NP B28 13 +Antich, Callahan, Carson, Chien, Cox+ (JHU) JP 
HUGHES 71 Bologna Conf. 293 (GLAS) 
SLATTERY ?1 UR-875 332 (ROGH) 
AGUILAR ,, 7OC PRL 28 54 Azu]lar-Benitez, Barnes, 8assano, Chuns+ (BNL) 
13ARTSCH 7OC PL 33B 188 +Deutschmann+ (AACH, 8ERL, CERN, LOIC, VIEN) 
LUDLAM 70 PR D2 1234 +Sandweiss, Slau8hter (YALE) 
13ARBARO. 69 PRL 22 1 2 0 7  Barbaro-Galtieri, Davis, Flatte+ (LRL) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

OTTER 79 NP B147 1 +Rudolph+ (AACH, BERL, CERN, LOIC, WIEN)JP 
ANTIPOV 75 NP 886 381 +Ascoli, Busnello, K]enzle+ (SERP, CERN, ILL)Jn 
OTTER 758 NP B93 365 +Rudolph+ (AACH, BERL, CERN. LOIC, VIEN)Jn 
9EUTSCH... 74 PL 498 388 Deutschmann+ (AACH, BEBL, CERN, LOIC, VIEN)JP 
3ARLOUTAUD 73 NP B59 374 +Drevillon, Shah+ (SACL, EPOL, BHEL) 
BINGHAM 73 NP BS2 31 +Farwell+ (LBL, ORSA, BNL, SACL, MILA) 
ZHARRIERE 73 NP B51 317 +Drijard. DeBaere+ (CERN, BELG) 
~NDERSON 72 PR D6 1823 +Frankqin, Godden, Kopelman, Libby, Tan (COLO) 
ANDREWS 69 PRL 22 731 +Lath, Ludlam, Sandweiss, Berger+ (YALE, LRL) 
COLLEY 89 NE 59A 519 +Eastwood+ (BIRM, GLAS, LOIC, MPIM, OXF+) 
BARTSCH 88B NP 88 9 +Cocconi+ (AACH, BEBL, CERN, LOIC, VlEN) 
DENEGRI 88 PRL 20 ]194 +Cailahan, Ettlbger, Gillespie+ (JHU) 
BERLINGHIERI 67 PRL 18 1087 +Farber, Ferbel, Forman (ROCH) I 
CARMONY 67 PRL 18 815 +Hendricks, Lander (UCSD} 
JOBES 67 PL 26B 49 +Bassompierre, DeBaere+ (BIRM, CERN, BRUX) 
8ARTSCH 66 PL 22 357 +Deutschmann+ (AACH, BERL, CERN+) 

IK1( 780) I 
w a s  K * ( 1 7 8 0 )  

l(J P) = ½(3 - )  

Our  latest min i - rev iew on th is  part icle can be found in the 1984 edit ion. 

K ~ ( 1 7 8 0 )  M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TEEN EHG COMMENT 
1774 :E 8 OUR AVERAGE Error inc l~es  s~ale ~actor of 1.2. 
1720 -531 -520 6111 ± 780 1 BIRD 89 LASS 11 K -  p 

K ~ / r -  p 
1781 ± 8 -5 4 i i  K p 

K-Tr+ n 
1740 ± 14 ± 15 11 K -  p 

~ T r + T r - -  n 
1779.0-5 11.0 10 K + p  

KO~r+p 
1776 -526 13 K-5 p 

K ± 7r -F N 

2 ASTON 88 LASS 0 

2 ASTON 87 LASS 0 

3 BALDI 76 5PEC + 

4 BRANDENB... 76D ASPK 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1749 ± 10 ASTON 888 LA55 ii K-p 
K - r i p  

1780.0~ 9.0 300 BAUBILLIER 84B HBC - 8.25 K -  p 
~ T r - p  

1790.0-5 15.0 BAUBILLIER 82B HBC 0 8.25 K -  p 
KO 27r N 

1784.0± 9.0 2060 CLELAND 82 SPEC ± 50 K + p 
KO.,r± p 

1786 ± 1 5  5 ASTON 81D LASS 0 11 K -  p 
K-~+n 

1762.0± 9.0 190 TOAFF 81 HBC 6.5 K p 
~Tr-p 

1850 -550 ETKIN 80 MPS 0 6 K- p 

1812.0-528.0 BEUSCH 78 OMEG 10 K p 
K~ ~+ 7r- n 

1786.0± 8.0 CHUNG 78 MPS 0 6 K- p 
K-~r+ n 

i From a partial wave amplitude analysis. I 
2 From energy-independent partial-wave analysis. 
3 From a fit to y2 moment. JP = 3 found. 

4Confirmed by phase shift analysis of ESTABROOKS 78, yields JP = 3- . 
5 From a fit to the ~6 moment. 

K ] ( 1 7 8 0 )  W I D T H  

VALUE (MeV) EVT5 DOCUMENT IO TEEN CHG COMMENT 
164 =1=17 OUR AVERAGE Error i ~ l e - f a c t o r  of 1.1. 
187 +31  -520 6111 ± 780 6 BIRD 89 LASS 11 K -  p 

K ~  p 
203 ± 3 0  -5 8 7ASTON 88 LASS 0 1 1 K - p ~  

K ~r + n 
171 J_42 -520 7 ASTON 87 LASS 0 11 K -  p 

~ T r +  7r-  n 
135.0-522.0 8 BALDI 78 SPEC + 10 K+p 

KO ~+ p 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

193 +51 ASTON 888 LASS - I i  K-p 
- 3 7  K - ~ p  

99.0+30.0 300 BAUBILLIER 84B HBC - 8.25 K -  p 
~ T r - p  

130.0 BAUBILLIER 82B HBC 0 8.25 K -  p 
KO 27r N 

191.0±24.0 2 0 6 0  CLELAND 82 SPEC ± 50 K-sp 
K0 7r ± p 

225 -h80 9ASTON 819LASS 0 1 1 K - p ~  
K - ~ + n  

80 190 TOAFF 81 HBC 6.5 K -  p 
~ / r - p  

240 -550 ETKIN 80 MPS 0 6 K -  p 
~Tr+ 7r - 

181.0J_44.0 10 BEUSCH 78 OMEG 10 K p 

96.03_31.0 CHUNG 78 MPS 0 6 K p 
K - ~ + n  

270 3-70 11 BRANDENB... 76D ASPK 0 13 K J- p 
K-5 7r:F N 

6 From a partial wave amplitude analysis. I 
7 From enersy-independent partial-wave analysis. 

2 P f n 8 From a fit to Y~ moment. J = 3 ou d. 

9 From a fit to Y~ moment. 

10 Errors enlarged by us to 4F/N1/2; see the note wi th the K* (892) mass. 
I1 ESTABROOKS 78 find that  BRANDENBURG 76D data are consistent wi th 175 MeV 

width. Not averaged. 

K ~ ( 1 7 8 0 )  D E C A Y  M O D E S  

Scale factor/ 
Mode Fraction (F i /F )  Confidence level 

r l  K p  (45 -54 ) %  S - 1 . 4  

F 2 K * ( 8 9 2 ) ~  (27.3/-3.2)  % S -1 .5  

F 3 K~r (19.3±1.0) % 
F4 K'rl ( 8 . 0 - 5 1 . 5 )  % S=1.4 

I- 5 K ~ ( 1 4 3 0 )  7r < 21 % CL -95% 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall  f i t  to  4 branch ing ratios uses 5 measurements and one 
const ra in t  to  determine 4 parameters. The  overal l  f i t  has a X 2 = 

2.2 for 2 degrees of freedom. 

The  fo l lowing off-dlagonal array elements are the correlat ion coefficients 

<GxiSxj>/(6x£Gxi), in percent,  from the f i t  to the branch ing fract ions, x i 

F J r t o t a  I. The  f i t  constrains the x{ whose labels appear in th is array to sum to 
one. 



VI1.108 

Meson Full Listings 
K~(1780), K(1830), K~(1950) 

x 2 - 8 4  

x 3 33 - 4  

X 4 35 14 26 

Xl x 2 X 3 

K~(1780) BRANCHING RATIOS 

r(Kp)/r(K*(892)Tr) 
VALUE DOCUMENT ID TEEM 
1.66±0.31 OUR FIT  Error includes scale factor of 1.5. 

1.52±0.21+0.10 A S T O N  87 LASS 

F1/F2 
CHG COMMENT 

0 l l K - p ~  
~ 0  ~ n 

F(K*(892)~Q/F(K~) r2/r 3 
VALUE DOCUMENT ID TEEN CHG COMMENT 
1.42±0.19 OUR FIT  Error includes scale factor of 1.4. 

1 .09±0.26 A S T O N  84B LASS 0 11 K -  p 

~ 2 7 r n  

F(Kx)/I-total rs / r  
VALUE DOCUMENT IO TEEN CHG COMMENT 
0J .93±0.010  OUR FIT  

0.188±0.010 OUR AVERAGE 
0187-E0.008±0008 ASTON 88 LASS 0 11 K- p 

K j c ~ + n  
0.19 ±0.02 ESTABROOKS 78 ASPK 0 I3 K p 

K~TN 

F(Kn)/F(KTr) F4/F3 
VALUE DOCUMENT LD TEEM CHG COMMENT 
0.41±0.07 OUR F IT  Error includes scale factor of 1.5. 
0 .41±0.050 12 B iRD 89 LASS 11 K p 

~ 0  ~ P 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 . 5 0 ± 0 1 8  A S T O N  88B LASS 11 K p 
K q p  

12 This result supersedes A S T O N  88B. 

r (K.~(1430)',,r)/F (K*(892) ~) rs/r2 
VALUE CL~ DOCUMENT 10 TEEN CHG COMMENT 

<0.78 95 A S T O N  87 LASS 0 11 K p 

K~(1780) REFERENCES 

BIRD 89 SLAC 332 (SLAC) 
ASTON 88 NP B296 493 ~Awaji, aienz, Bird+ (SLAC, NAGO, CINC, TOKY) 
ASTON 88B PL B201 169 +Awaji, Bienz+ (SLAC, NAGO, CINC, TOKY)JP 
ASTON 87 NP B292 693 -Awaji, D'Amore+ (SLAC, NAGO, CINC, TOKY) 
ASTON 84B NP B247 261 +Carnegie, Dunwoodie, (SLAC, CARL OTTA) 
BAUBILLIER 84B ZPHY C26 37 (BJRM, CERN, GLAS, M~CH, LPNP) 
BAUBILLIER 82B NP B202 2] + (BIRM, CERN. GLAS, MSU. LPNP) 
ELELAND 82 NP B208 189 4 Delfosse, Dorsaz, Gloor (DURH, GEVA, LAUS, PITT) 
ASTON 81D PL 99B 502 +Dunwoodie,  Durkin, Fieguth- (SLAC, CARL, OTTA)JP 
TOAFF 81 PR D23 1 5 0 0  +Musgrave, Ammar, Davis, Ecklund+ (ANL KANS) 
ETKIN 80 PR D22 42 +Foley, Lindenbaum, Kramer+ (BNL, CUNY)JP 
BEUSCH 78 eL 74B 282 +airman, Konigs, Otter+ (CERN, AACH, ETH)JP 
CHUNG 78 PRL 40 355 +Etkin+ (BNL, BRAN, CUNY, MASA, PENN)JP 
ESTABROOKS 78 NP B133 490 +Carnegie- (MONT, CARL, DURH, SLAE)JP 

Also 78B PR D17 658 Estabrooks, Carnegie+ (MONT, CARL, DURH+) 
BALDI 76 PL 6BB 344 + Boehringer, Dorsaz, Hungerbuhder+ (GEVA) JP 
BRANDENB 76D PL 60B 478 Brandenburg, Carnegie, Cashmore~ (SLAC) ]P 

- -  OTHER RELATED PAPERS - -  

CLELAND 80 PL 97B 465 ~Dorsaz, Martin, Nef+ (PITT, GEVA, LAUS, DURH)JP 
ENGELEN 80 NP B167 61 +Jongejans, Dionisi- (NIJM, AMST, CERN, OXF} JP 
BOWLER 77 NP B126 31 +Dainton, Drake, Williams (OXF) JP 
GBASSLER 77B NP B125 189 +Klu/~ow+ (AACH, BERL, CERN, LOIC, VIEN) 
AGUILAR 73 PRL 30 672 Aguilar Benitez, Chung, Eisner+ (BNL) 
WALUCH 73 PR D8 2837 +Flatte, Friedman (LBL) 
CARMONY 71 PRL 27 1160 ~Cords, Clopp, E~in, Meiere÷ (PURD, UCD, IUPU) 
FIRESTONE 7t PL 36B 513 -Goldhaber, Lissauer, Trilling (LBL} 

I K(1830)1 : ) 
OMITTED FROM SUMMARY TABLE 

Seen in partial wave analysis of K 4'~ system, Needs confirmation. 

K(1830) MASS 

VALUE (MeV) DOCUMENT IO TECN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1830.0 A R M S T R O N G  83 OMEG 18.5 K p 
3 K p  

K(1830) WIDTH 

VALUE (MeV~ DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

250,0 A R M S T R O N G  83 OMEG - 18.5 K p 
3 K p  

K(1830) DECAY MODES 

Mode 

rt KO 

K(1830) REFERENCES 

ARMSTRONG 83 NP 6221 1 (BARI. BIRM. CERN, MILA, LPNP, PAVI)JP 

/(JP) = ½(0 +) 

OMITTED FROM SUMMARY TABLE 

K~(1950) MASS 

VALUE (MeV) DOCUMENT IO TEEN CHG COMMENT 

1945-t-10=t:20 1 A S T O N  88 LASS 0 11 K -  p 

K ~T+n 

1We take the central value of the two solutions and the larger error given. 

K~(1950) WIDTH 

VALUE (MeV I DOCUMENT ID TEEN CH6 COMMENT 

2 0 1 ± 3 4 ± 7 9  2 A S T O N  88 LASS 0 11 K p 
K - T r +  n 

2 We take the central value of the two solutions and the larger error given. 

K~(1950) DECAY MODES 

Mode Fraction (F i /F )  

rt KTr (52=514) o/. 

K~(1950) BRANCHING RATIOS 

r(KTr)/rtota, 
VALUE DOCUMENT ID TEEN CHG COMMENT 

0 . 5 2 ± 0 . 0 8 ± 0 . 1 2  3 A S T O N  88 LASS 0 11 K -  p 
K - ~ r +  n 

3We take the central value of the two solutions and the larger error given. 

rl/r 

K~(1950) REFERENCES 

88 NP B296 493 +Awaji, Bienz, Bird • (SLAC, NAGO, CINC TOKY) 



See key on page IV.1 

VI1.109 

Meson Full Listings 
K~(1980), K~(2045) 

I K;(198o)1 : 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

K~(1980) M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 

1978:t=40 241 ± 47 1 BIRD 89 LASS 11 K -  p 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1973; 8±25 ASTON 87 LASS 0 i i  K-  p 
~IT-F/r-- n 

1From a partial wave amplitude analysis. 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

61± 58 431 TORRES 86 MPSF 400 pA ~ 4K X 

i vn+100 650 BAUBILLIER 82 HBC - 8.28 K- p 
"~-  50 KO Tr- p 

24n+500 8 ASTON 81C LASS 0 11 K-p  
- 100 

K-~+n 
300+200 CARMONY 77 HBC 0 9 K + d 

K + 7r's X 

I 5 From a fit to all moments. 
6 From a fit to 8 moments. 
7 Number of events evaluated by us. 
8 From energy-independent partial-wave analysis. 

K~) (1980)  W I D T H  
r l  KTr 

EALUE (MeV) EVTE DOCUMENT IO TEEN CNG COMMENT F2 K * ( 8 9 2 ) T r  lr 

398±47  241 ± 47 2 BIRD 89 LASS 11 K -  p ~ I r 3 K* (892)~r~rTr  
K~T r -  p r4  pK~T 

,, • • Wedo  not use the following data for averages, fits, limits, etc. • • ,, r 5 wK'rr 
373+33+60 ASTON 87 LASS 0 ii K -  p ~ I- 6 ~K~ 

K~ ~+  ~r n F7 (~ K * ( 8 9 2 )  
2 From a partial wave amplitude analysis. I 

K ~ ( 1 9 8 0 )  DECAY MODES 

Mode 

I" I K*(892)~ 

1"2 K p 

r 2 / r z  
COMMENT 

1 1 K - p ~  

K~,(1980) BRANCHING RATIOS 

I '(K p)/r(K*(892)lr)  
VALUE DOCUMENT ID TEEN EHG 

1.49:£0.24 i0 .09 ASTON 87 LASS 0 

K .~ (1980)  REFERENCES 

BIRD 89 SLAC-332 
ASTON 87 NP B292 693 +Awaji, D'Amore+ 

(SLAG) 
(SLAG, NAGO, ONE, TOKY) 

I(J P) = ½(4 + )  I K~.(2045) I 
w a s  K * ( 2 0 6 0 )  

K~, (2045)  M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 

20454. 9 OUR AVERAGE Error includes scale factor of  1.1. 
2062+ 14+ 13 1 ASTON 86 LASS 0 11 K- p 

K-Tr+ n 
2039± I0 400 2,3 CLELAND 82 SPEC ± 50 K + p 

KO Tr± p 

"0 ~n+100- .v_ 40 4ASTON 81C LASS 0 11 K-p  
K-I t+ n 

* • • We do not use the following data for averages, fits, limits, etc. • • • 

2079=I- 7 431 TORRES 86 MPSF 400 pA ~ 4K X 
:-)088± 20 650 BAUBILLIER 82 HBC - 8.25 K -  p 

KOs Tr- p 
2115+ 46 488 CARMONY 77 HBC 0 9 K + d 

K + 7r's X 
1 From a fit to all moments. 
2 From a fit to 8 moments. 
3 Number of events evaluated by us. 
4 From energy-independent partiakwave analysis. 

K ; , ( 2 0 4 5 )  W I D T H  

VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 
1984- 30 OUR AVERAGE 
221± 48±27 5ASTON 86 LASS 0 11 K - p ~  

K-Tr+ n 
189± 35 400 6,7 CLELAND 82 SPEC ± 50 K + p 

KO~±p 

I K ; ( 2 0 4 5 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

(9 .9± 1.2) % 

(9 ± 5  ) %  

(7 ± 5  ) % 

(5.7+3.2)  % 
(4 .9±3.0)  % 

(2 .8±1.4)  % 
(1.4 ±0.7)  % 

K ~ ( 2 0 4 5 )  BRANCHING RATIOS 

r ( K T r ) / r t o t a l  
VALUE DOCUMENT ID TEEN 

0.099 4.0.012 ASTON 88 LASS 

r(K*(892)lr lr) /r(K~r) 
VALUE DOCUMENT ID TEEN 

0.894-0.53 BAUBILLIER 82 HBC 

r(K*(892)Tr~r~)lr(K~r) 
VALUE DOCUMENT ID TEEN 

0.754"0.49 BAUBILLIER 82 HBC 

r (pKlr ) / r (KTr)  
VALUE DOCUMENT ID TEEN 

0,584"0.32 BAUBILLIER 82 HBC 

r(~K~r)/r(K~r) 
VALUE DOCUMENT ID TECN 

0.50:1:0.30 BAUBILLIER 82 HBC 

r((#KTr)/rtotal 
VALUE DOCUMENT ID TEEN 

0.028+0.014 

9 Error determination is model dependent. 

r ( 4  K * ( 8 9 2 ) ) / r t o t a l  
VALUE DOCUMENT ID 

O.014+O.O07 10 TORRES 

10 Error determination is model dependent. 

rl/r 
CHG COMMENT 

0 l l K - p ~  
K-Tr+ n 

r 2 / r l  
_ _  EHG COMMENT 

8.25 K -  p 
p KOs 37r 

r3/q 
CH6 COMMENT 

8.25 K -  p 
p KO 37r 

r4/rl 
CHG COMMENT 

8.25 K -  p ~ 
pKO 37r 

r5/rl 
CHG COMMENT 

8.25 K -  p 
p KO 3~r 

rdr  
COMMENT 

9 TORRES 86 MPSF 400 pA ~ 4K X 

r 7 / r  
TEEN COMMENT 

86 MPSF 400 pA ~ 4K X 

K ; ( 2 0 4 5 )  REFERENCES 

ASTON 88 NP B296 493 +Awaji, Bienz, Bird+ (SLAG, NAGO, ClNC, TOKY) 
ASTON 86 PL B180 308 +Awaji, D'Amore+ (SLAG, NAGO, ONE, TOKY) 
TORRES 86 PR 34 707 +Lai+ (VPI, ARIZ, FNAL, FEB, NDAM, TUFT+) 
BAUBILLIER 82 PL 118B 447 +Burns+ (BIRM, CERN, GLAS, MSU, LPNP) 
CLELAND 82 NP B208 189 +Delfosse, Dorsaz, Gloor (DURH, GEVA, LAUS, PITT) 
ASTON 81C PL 106B 235 +Carnegie, Dunwoodie+ (SLAG, CARL, OTTA)JP 
CARMONY 77 PR D16 1251 +Clopp, Lander, Meiere, Yen+ (PURD, UCD, IUPU) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

ASTON 87 NP B292 693 +Awaji, D'Amere+ (SLAG, NAGO, CINC, TOKY) 
BROMBERG 80 PR D22 ]513 +Haggerty, Abrams, Dzierba (CIT, FNAL, ILLC, IND) 
CLELAND 80 PL 97B 465 +Dorsaz, Martin, Nef+ (PITT, GEVA, LAUS, DURH)JP 
CARMONY 71 PRL 27 1160 +Cords, Clopp, Erwin, Meiere+ (PURO, UCD, iUPU) 



VI1.110 

Meson Full Listings 
K2(2250), K3(2320), K~(2380), K4(2500) 

I K2(2250) I ,U p) = ½(2-) 
was K(2250)  I 

OMITTED FROM SUMMARY TABLE 

This entry contains various peaks in strange meson systems reported in the 

2 1 0 0 - 2 3 0 0  MeV region, as well as enhancements seen in the antihyperon- 

nucleon system, either in the mass spectra or in the JP ~ 2 -  wave. 

K2(2250) MASS 

VALUE (MeV) EVTS DOCUMENT IO TEEN CHG COMMENT 
2247 -E l7  OUR AVERAGE 
2200.0±400 i ARMSTRONG 83c OMEG 18 K p ~ Ap 

X 
2235 ±50 1 BAUBILLIER 81 HBC 8 K p ~ A# X 
2260 ±20 1 CLELAND 81 SPEC & 50 K + p ~ A# 

X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2147 ± 4 37 CHLIAPNIK..  79 HBC 32 K + p  ~ Ap 
X 

2240 ±20 20 LISSAUER 70 HBC 9 K + p 

I jP _ 2 from moments analysis. 

K2(2250) WIDTH 

VALUE (MeV~ EVT5  DOCUMENT ID TEEN CHG COMMENT 
180 ± 3 0  OUR AVERAGE Error includes scale factor of 1.4. 
1500±300  2 ARMSTRONG 83E OMEG 18 K p ~ A# 

X 
210 ±30 2 ELELAND 81 SPEC ± 50 K + p ~ A# 

X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

200 2 BAUBILLIER 8] HBC 8 K p ~ A# X 

40 37 CHLIAPNIK... 79 HBC + 32 K + p  ~ Ap 
X 

80 J_20 20 LISSAUER 70 HBC 9 K ~ p 

2 j P  = 2 from moments analysis. 

K2(2250) DECAY MODES 

Mode 

El K~Tr 
r 2 A~ 

K2(2250) REFERENCES 

ARMSTRONG 83C NP B227 365 t (BARI, BIRM, CERN, MILA, LPNP, PAVI) 
BAUBILLIER 81 NP B183 I + (BIRM, CERN, GLAS, MSU, LPNP)JP 
CLELAND 81 NP B184 1 -Nef, Martin- (P~TT, GEVA. LAUS, DURH)JP 
CHLIAPNIK 79 NP B158 253 Chliapnikov, Gerdyukov4 (CERN, BELG, MONS) 
LISSAUER 70 NP B18 491 +Alexander, Firestone, Goldhaber (LBL} 

- -  OTHER RELATED PAPERS - -  
ALEXANDER 68B PRL 20 755 +Firestone, Goldhabef, Shen (LRL) 

IK3(2320) I = 
was K(2320)  

OMITTED FROM SUMMARY TABLE 

This entry contains enhancements seen in the JP 3 - wave of the 

ant ihyperon-nudeon system. 

K3(2320 ) MASS 

VALUE (MeV) DOCUMENT ID TEEN EHG COMMENT 
2324 =t=24 OUR AVERAGE 
2330.0±40.0 1 ARMSTRONG 83C OMEG 18 K p ~ Ap 

X 
2320.0±300 ] CLELAND 81 SPEC I 50 K + p  -~ Ap 

X 
1 j P  3 + from moments analysis. 

K3(2320 ) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN CHG COMMENT 

150.O4-30.O 2 ARMSTRONG 83C OMEG -- 18 K p ~ A~ 
X 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

250.0 2 CLELAND 81 SPEC i 50 K + p ~ Ap 
X 

2 j P  3 + from moments analysis. 

Mode 

Fi A~ 

K3(2320) DECAY MODES 

ARMSTRONG 83C NP B227 365 
CLELAND 81 NP B184 i 

K3(2320 ) REFERENCES 

- (BARI, B~RM, CERN, MILA, LPNP, PAVi) 
+Nef, Martin{ (PITT, GEVA, LAUS, DURH) 

lK (2380)1 '(JP) : ½(5 ) 

OMITTEO FROM SUMMARY TABLE 

Seen in partial wave analysis of the K 7r ~ system. Needs confirmation. 

K~(2380) MASS 

VALUE (MeV) DOCUMENT /D TEEN CHG COMMENT 

2382=1=14=1:19 i ASTON 86 LASS 0 i i  K p 

K I r~n  
1 From a fit to all the moments. 

K;(2380) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN CHG 

1784-374-32 2 ASTON 86 LASS 0 

2From a fit to all the moments. 

11 K p ~  
K ~ + n  

K;(2380) DECAY MODES 

Mode Fraction (Fi /F) 

Fi KTr (6.1il.2) % 

K~(2380) BRANCHING RATIOS 

r(KTr)/Ftotal r l / r  
VALUE DOCUMENT ID TEEN CHG COMMENT 

0.0614-0.012 ASTON 88 LASS 0 11 K p 
K -  Tr+ n 

K£(2380) REFERENCES 

ASTON 88 NP B296 493 fAwaji, Bienz, Bird~ (SLAC, NAGO, CINC, TOKY) 
ASTON 86 PL B180 308 -Awaji, D'Amore- (SLAC, NAGO, ClNC, TOKY) 

I K4(2500) I }(J~) : ½(4 ) 
was K(2500)  

OMITTED FROM SUMMARY TABLE 

This entry contains enhancements seen in the JP = 4 -  wave of the 

antihyperon-nucleon system. 

K4(2500) MASS 

VALUE (MeV} DOCUMENT ID TEEN CHG COMMENT 

2490.04-20.0 1 CLELAND 81 SPEC 50 K + p - -  A# 

1 j P  = 4 from moments analysis. 

K4(2500 ) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN EHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

~250.0 2CLELAND 81 SPEC ± 5 0 K + p ~  Ap 

2 j P  4 from moments analysis. 

K4(2500) DECAY MODES 

Mode 

rl A~ 

K4(2500) REFERENCES 

C[ELAND 81 NP B184 I +Nef Martin+ (PITT, GEVA, LAUS, OURH) 



See key on page IV.1 

VI1.111 

Meson Full Listings 
D ± 

II CHARM EOMESO.S c.I  11 
D + = c d , D  ° = c ~ , D  =~u,D-  =~d, similarly forD*'s 

r ~ l  i ( JP )  = ½(o - )  

D ± MASS 

The fit includes the O ±,  O 0' 0~ ,  and D; ± . . . . . . . .  d the D O - O ±,  O~ - D ± , 
and D?-  - D~ mass differences. 

yALUE (MeV) EVT5 DOCUMENT ID TECN CH6 COMMENT 
1869.3± 0.4 OUR FIT 
1869.4± 0.5 OUR AVERAGE 
1870.0+ 0.5±1.0 317 BARLAG 90C CCD ~- Cu 230 GeV 
1875 ±I0 9 ADAMOVICH 87 EMUL Photoproduction 

ee_ 1863 ± 4 DERRICK 84 HRS Ecm- 29 GeM 
1869.4± 0.6 1 TRILLING 81 RVUE ± Ecee m = 3.77 GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1860 ±16 6 ADAMOVICH 84 EMUL Photoproduction 
1868.4± 0.5 1 SCHINDLER 81 MRK2 i F.~e= 3.77 GeV 
1874 ± 5 GOLDHABER 77 MRK1 ± D 0, D + recoil 

spectra 
18683± 0.9 1 PERUZZI 77 MRK1 ± F.~ e -  3.77 GeV 
1874 ±11 PICCOLO 77 MRKI ± F~em = 4.03, 4.41 

1876 ±15 50 PERUZZI 76 MRK1 ± K:F~-~r ± 

1pERUZZI 77 and SCHINDLER 81 errors do not include the 0.13% uncertainty in the 
absolute SPEAR energy calibration. TRILLING 81 uses the high precision J/~b(1S) and 
@(25) measurements of ZHOLENTZ 80 to determine this uncertainty and combines the 
PERUZZI 77 and SCHINDLER 81 results to obtain the value quoted. 

VALUE (1O -13 s) EVTS 
10.62±0.28 OUR AVERAGE 

]0.5 +0.77 317 
-0.72 

9,2 +1.7 ±1,6 
- 1.3 

]0.5 ±0.8 ±0.7 
]0.90±0.30±0.25 3000 

5.0 +1.5 ±1.9 27 -1.0 

11.2 +1.4 149 AGUILAR ... -1.1 

10.9 +1.9 59 BARLAG -1.8 
11.4 ±1.6 ±0.7 526 CSORNA 
10.9 ±1.4 74 3 PALKA 

8.6 ±1.3 +0.7 48 ABE -0.3 

8.9 +3.8 ±1.3 23 GLADNEY 2.7 

11.1 +4.4 28 USHIOA -2.9 

].0.6 +3.6 28 BAILEY -2.4 
9.5 +3.1 70 4 ALBINI -1.9 

D ± MEAN LIFE 

DOCUMENT IO TECN COMMENT 

2 BARLAG 90C CCD ~r- Cu 230 GeV 

ee 29 GeV AVERILL 89 HRS Ecm- 

ALBRECHT 881 ARG F-.~ e = 10 GeV 
RAAB 88 SILl Photoproduction 

ADAMOVICH 87 EMUL Photoproduction 

87D HYBR ~ -  p and pp 

87B SILl K -  and ~r 200 GeV 

87 CLEO E~ e= 10 GeV 
87B SILl ;rBe 200 GeV 

86 HYBR SLAC ~p 20 GeV 

86 MRK2 F..~e= 29 GeV 

86 EMUL u wideband 

85 SILl ~r- Be 200 GeV 

82 SILl CERN 751 

D + DECAY MODES 

D -  modes are charge conjugates of the modes below. 

Mode Fraction ( r i / r )  

Inclusive modes 

r l  e + anything (19.2_+ ~i 7) % 

r 2 K -  anything (16,2± 3.5) % 
r 3 K + anything ( 6.6± 2.8)% 
I- 4 K 0 a n y +  K'O any (48 ±15 )% 

r5 7/anything [4 < t3 % 
r6 #+ anything 
r7 # + #  anything 

F8 

F9 

I FlO 
Fll 

F12 
F13 

F14 
r15 

Scale factor/ 
Confidence level 

CL=90% 

Leptonic and semileptonic modes  

#+ u# < 7.2 x 10 -4  CL=90% 
~-0#+ v# 

K -  7r + e + Me < 5.7 % CL=90% 
K*(892)Oe+ue ( 2.5± 0.5)% 

x B ( K * ( 8 9 2 ) 0 ~  K - T r  + )  
K 7r + e  +~e (non-resonant) < 7 × 1 0 3  CL-90% 

~O~T+T: e+ue ( 2.2 + 5.0~o/ 
- 0.7) /° 

K--~T+~TOe+ue ( 4.4 + 5.2,0/ 
- 1 . 5 )  /o 

~T + ",T-- e + u e < 5.7 % EL=90% 

A fraction of the following mode has already appeared above. 

F16 K-*(892)0e+ue ( 3.8± 0.7)% 

Hadronic modes with one K 
['17 "K-0/r+ ( 2.8± 0.4)% 

r18 KO~T+~T0 ( 8.3± 1.9)% 
In the fit as IF30 + F20 + F21, where ½F30 = r19. 

F19 K*(892) 0~-+ ( 0.6± 0.3)% 

F20 

I F21 

r22 
I 
I F23 

r24 

r25 
r26 

F27 

F28 

r29 

X B(K* (892)  0 -~ K % r  0) 

~-op+ ( 68± 17) %° 

K%r+Tr  0 (non-resonant) ( 1 . 2 _  + ~i 0) % 

K - ~ r + =  + ( 7.7± 1.0)% 
In the fit as ~r30 + F24, where -~F30 = F23. 

K * ( 8 9 2 ) ° ~  + ( 1.1± 0.5)% 
x B(--K*(892) 0 ~ K - T r  + )  

K -  ~+ 7r + (non-resonant) ( 6.6± 1.1) % 

K-°~-+Tr+Tr- ( 7.0± 1.5)% 
K 7 r+~+ l r  0 ( 4.2:1_ 1.0)% 

~+~+~-~0 ( 4.4_+ ~:~)% 
_ 5.0 K ~r+ l r+ l r0~  0 ( 2.2 + 0.9)% 

K -  ~T+ 7r+ 7r+ 7r - < 5 % 

A fraction of the following mode has already appeared above. 

K * ( 8 9 2 ) 0 z  + ( 1.7± 08 )% 

Pionic modes 
iT+/r 0 < 5.3 x 10 -3  

S=l.1 

r30 

F31 
F32 

, • • We do not use the following data for averages, fits, limits, etc. • • • F33 

6.3 +5.0 7 BADERT... 83 HYBR CERN ~r N r34 2.7 

2.2 +2.3 1 5 BALLAGH 81 HYBR FNAL 15-ft, u He-2H 1-35 
- 1.1 r3 6 

2.5 _+2'21.1 4 ALLASIA 80 EMUL u wideband [-37 

:L0.4 +3.9 6 BACINO 80 DLCO Eceem= 3.77 GeV F38 
- -  2.9 F39 

2 BARLAG 90C estimate systematic error to be negligible. 
3pALKA 87B observed this in D + ~ K*(892)ev. 
4ALBIN182 assumes D momentum is 1/2 beam momentum. 
5BALLAGH 81 value quoted here assumes that all dilepton events contain D O or D +,  

each with equal numbers of semileptonic decays. 
6Uses theoretical rate D ~ (Kez/) = 1.4 x 10 "1 s - 1 .  

5--1.2 

S=1.2 

S=1.2 
S-1.1 

CL=90% 

CL=90% 

Fractions of the following modes have already appeared above. 

[-40 YI/I-+ < 9 x 10 -3 CL=90% 
[-41 ~?c+ < 6 × 10 3 CL=90% 

~T+Tr+Tr - ( 2.8J_ 0.7) x 1 0 3  
p0/r+ < 1.2 × 1 0 3  CL-90% 
~+~r+Tr - (non-resonant) ( 2.1± 0.6)x 10 -3  

/r + 11 -+ ~ /r 0 < 3.1 % CL=90% 
~?~l "+ x B(F/ -~ /r+/T--~l "0) < 2.1 x 10 -3  CL=90% 
w~t + x B (uJ - -  ~ + T r - l r  0) < 5 x l 0  -3  CL=90% 

?[+ ~+ ?[+ /r- ?[- < 1.5 x 10 -3 CL=90% 
7r + 7r + / r  + 7r- 7r- 7r 0 seen 
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D:L 

Hadronic modes with two K's 
F42 K ° K +  ( 8.4± 2.7)×10 -3  
1-43 K + K  ~r + ( 9.6± 1.6)×10 3 S=1.2 

In the fit as ~F53 + ~1-54 + 1-46, where ½1-53 = 1-44 and ~I-54 = 1-45. 
r44 cbTr + x B(q~ ~ K + K  - )  2 9 ±  0.6) x10  -3  
F45 K * ( 8 9 2 ) 0 K  + 29±  0.7) x 10 3 

x B ( K * ( 8 9 2 ) 0 ~  K l r  ± )  

1-46 K + K =+ (non-resonant) 3.9± 0 9) x 10 -3  S 1.1 
F47 K+ K 7r +~TO 
F48 ~ r + T r 0  x B ( ~  K + K  ) < 11 % CL=90% 
I-49 K + K  7r+Tr ° (non-~) < 19 % CL=90% 
1-50 K+ K ~:+~+Tr 
F51 K + K  ~-Tr+'~ -(nomres.) < 3 % EL 90% 
F52 &~r+Tr-Tr x B ( q ' ~  K + K  - )  < 1 x l 0  -3  CL 90% 

Fractions of the following modes have already appeared above. 

1-53 ~ 7r+ ( 5.7± 1.1) × i0 3 5=1.1 
1-54 K* (892)  0 K +  ( 4.3± 1.o) x 10 -3  S 1.1 
r55 ~/r + 11- 0 < 2.2 % CL-90% 
r56 ~Tr+Tr+~ - < 2 x 10 3 CL--90% 

Lepton Family number (LF) violating, 
Flavor-Changing neutral current (FC), 

or Doubly Cabibbo suppressed (DC) modes 
1-57 7r + e =t* T LF < 3.8 x 10 3 CL-90% 

r58 ~r + e + e FC < 2.6 x 10 3 CL=90% 

F59 ~T+tZ+tZ FC < 2.9 x 10 - 3  Ck=90% 

r60 K + 7r + Ir DC < 4 × 10 3 CL-90% 

Mode needed for fitting purposes 
F61 other fit modes (68 ± 4 )% S 1.2 

[a] This is a weighted average of D ± (44%) and D O (56%) branching frac- 
tions. See D J- section for D + and D O ~ z/. 

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall fit to 9 products of a cross section and a partial width, 
a cross section, and 8 branching ratios uses 30 measurements and 
one constraint to determine 12 parameters. The overall fit has a 
X 2 = 16.0 for 19 degrees of freedom. 

The following off diagonal array elements are the correlation coefficients 
@pi~pjl/(3pi.~pj ), in from the fit to the branch- percent, parameters Pi, including 
ing fractions, xi _- Fi/Ftota I. The fit constrains the xi whose labels appear in this 
array to sum to one. 

x20 34 

x21 10 18 

X24 56 35 ii 

x25 39 22 7 37 

x26 40 23 7 44 27 

):30 17 4 0 --34 12 

x46 39 22 7 50 26 

X53 48 27 9 61 32 

x54 41 23 7 52 27 

x61 69 63 24 67 68 

77 44 14 72 51 

x17 )(20 x21 x24 x25 

12 

30 12 

37 14 41 

32 12 35 43 

62 - 2 2  - 4 9  - 5 9  - 5 1  

52 23 --51 - 6 2  - 5 3  

x26 x30 x46 x53 x54 

N O T E  O N  C H A R M  M E S O N  B R A N C H I N G  

F R A C T I O N S  A N D  N E W  R E S U L T S  O N  

C H A R M  M E S O N  D E C A Y S  

Beginning in the previous edition of the  Particle Data  

Book, we have restructured the listings to both  clarify and 

reduce the uncertainty in the nornlalization of D meson branch- 

ing fractions. In addition, we have improved the propagat ion 

of errors in the fits for the branching ratios. Wherever  possible 

we have entered only the infornlation actually measured by 

an experilnent and have not used derived quantities.  Topolog- 

ical normalizations (e.g. AGUILAR-BENITEZ 84) have been 

84 

x61 

retained, but  where experiments  have measured only relative 

branching fractions, only those ratios have been included in the 

fits. Exper iments  tha t  measure  production cross sections t imes 

branching fractions in e+e - annihilat ion at the V;,(3770) have 

been listed separately as c~. B at the  W(3770). They  are nor- 

realized by averaging the cross section at the  v)(3770), derived 

either by resonance scans or by the direct method  of BALTRU- 

SAITIS 86 updated  in ADLER 88C. A separate section heading 

titled Charm P r o d u c t i o n  Cross  Sect ions  is now included. 

The effect of this technique can best be seen by comparison of 

direct D o or D + branching fractions (ADLER 88C) with the 

PDG fit. For example B ( D  ° ~ K - r r * )  - 0.042+0.0044-0 .004 

and B ( D  + ~ K-7r+Tr - )  0.091 + 0.013 + 0.004 from ADLER 

88C become n n,~+0.004 and 0 nw+0.01] respectiveh,, in the " ~ - 0 . 0 0 3  "~ '~ -0 .008  ~ 

PDG fit. See SCHINDLER 87 for further discussion. 

This year 's Listings show improved measurements  from 

the Mark III and the TPS experiments  on values for the 

semileptonic decays of D mesons, TPS results on D o 

K e+14. and D + --+ K*(892)°e%,,. decays suggest  the Dr4 

decays are dominated (_> 80%) by a single resonance, and the 

branching fraction compared to the  De a channel is considerably 

smaller than  expected from simple models for the  form factors. 

The data  of the  TPS also suggest  tha t  the vector meson in the 

decay is longitudinally polarized, in the Dg 4 channel. 

The first observation of the Cabibbo-suppressed semilep- 

tonic decay D ° --+ rr (+t,,. by the Mark III experiment  allows 

a measurement  of the  ratio of I "~'cd/'V~'.~ 12 which is consis- 

tent  with the C-K-M angle from strange-particle decays and 

unkari ty.  

In the spectroscopy of weak-hadronic decays, detailed 

measurements  of the  resonant subs t ruc ture  of the four-body 

D ° ~ K-re+re+re final s tates  have been made by the Mark III 

(Ref. 1). The da ta  suggest  that ,  as previously found in the 

three-body final states,  the nonresonant  portion is small (about 

25%) and the final s ta te  is dominated  by quasi-two-body modes 

consisting of two vectors or a pseudoscalar and an axial vector. 

This  pa t te rn  is also predicted by the factorization models which 

describe well the three-body final s tates  of the D mesons. 

In the previous issue of the  PDG, the first measurements  

of rare D decays (flavor-changing and family-violating decays) 

were presented. In this issue, small  improvements  in these 

limits have been made, both by both fixed-target and e+e 

collider experiments.  

R e f e r e n c e  

1. J. Adler et al., SLAC-PUB-5130 (1989), submi t ted  to Phys. 
Rev. Lett. 

D + BRANCHING RATIOS 

r(e + anything)/Ftota I 
VALUE EVT5 

o l<o° :Oh  ' o o .  AVE.AGE 

020 +0.09 
- 0.07 

0 170± 0.019±0.007 158 
0 16810.064 23 

99r1 +0.044 
. . . .  0.022 

Q/r 

AGUILAR-... 87E HYBR 7rp, pp 360, 400 GeV 

BALTRUSAIT..B5B MRK3 E~e= 3.77 GeV 
SCHINDLER 81 MRK2 E~em = 3.771 GeV 

BACINO 80 DLCO Ecee m -  3.77 GeV 
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D • 

D + a n d  D 0 ~  (e + a n y t h i n g ) / ( t o t a I D  + a n d D  O ) 
If measured at the ~b(3770), this quantity is a weighted average of D + (44 percent) 
and D O (56 percent) branching fractions. Only experiments at Ecm = 3.77 GeV are 
included in the average. 

VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
0.1104-0.011 OUR AVERAGE Error includes scale factor of 1.1. 
0 117,'0.011 295 BALTRUSAIT..35B MRK3 E~e= 3.77 GeV 
010 ±0.032 7 SCHINDLER 81 MRK2 F..~e= 3.771 GeV 

0.072±0.028 FELLER 78 MRK1 E~em = 3.772 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.096±0.007±0.015 8 0 N G  88 MRK2 F..~e= 29 GeV 

011A +0-011 PAL 86 DLCO Ecee= 29 GeV 
. . . .  - 0.009 

0.091±0.009±0.013 8 AIHARA 85 TPC EcC~m= 29 GeV 

0.092±0.046 8 ALTHOFF 84J TASS F..~em = 34.6 GeV 

0.091±0.013 8 KOOP 84 DLCO Repl. by PAL 86 
0.08 ±0.015 9 BACINO 79 DLCO E~em = 3,772 GeV 

7Isolates D + and D O ~ e + X and weights for relative production (44%-56%). 
8Average BR for charm ~ e + X. Unlike Ecru = 3.77 GeV, the admixture of charmed 

mesons is unknown. 
9Not independent of BACINO 80 r (e + 

anything)/r tota I (DO). 

F(K- anything)/Ftota I 
VALUE E V T 5  DOCUMENT IO TECN 
0.1624-0.035 OUR AVERAGE 
0.17 ±0.07 AGUILAR-... 87E HYBR 
0.19 ±0.05 26 SCHINDLER 81 MRK2 

0.10 ±0.07 3 VUILLEMIN 78 MRK1 

• • • We do not use the following data for averages, fits, limits, 

anything)/r tota I (D + )  and r(e + 

r 2 / r  
COMMENT 

~rp, pp 360, 400 GeV 
Ece~= 3,771 GeV 

Eceem= 3.772 GeV 

etc. • • • 

0.16 +0.08 AGUILAR-... 86B HYBR Repl. by AGUILAR- 
- 0.07 BENITEZ 87E 

F(K+ anything)/rtota I r3/r 
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
CL0664-0.028 OUR AVERAGE 
Cl.08 +0.06 AGUILAR-... 87E HYBR 7rp, pp 360, 400 GeV 

-0 .05  
0.06 ±0.04 12 SCHINDLER 81 MRK2 F...~e= 3.771 GeV 

0.06 ±0.06 2 VUILLEMIN 78 MRK1 F..~ern = 3,772 GeV 

[ F ( K  0 any)  + r(~ ° a n y ) ] / r t o t a l  r4/r 
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
0.48±O.15 OUR AVERAGE 
0.52±0.18 15 SCHINDLER 81 MRK2 F~e= 3.771 GeV 
0.39+0.29 3 VUILLEMIN 78 MRK1 E~e= 3.772 GeV 

D + and D 0 - *  (7/anything) / (total D + and D O ) 
If measured at the ~b(3770), this quantity is a weighted average of D + (44 percent) 
and D O (56 percent) branching fractions. Only the experiment at Ecru = 3.77 GeV is 
used. 

1/AL UE DOCUMENT ID TEEN COMMENT 

<0.13 PARTRIDGE 81 CBAL F..~em = 3.77 GeV 

o • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.02 10 BRANDELIK 79 DASP F.~ e =  4.03 GeV 

10 BRANDELIK 79 result based on absence of 7/signal at Ecm = 4.03 GeV. PARTRIDGE 81 
observe substantially higher zt cross section at Ecm = 4.03 GeV. 

I -(c/£--* #+ anything)/r(c/~--* anything) 
vALUE DOCUMENT ID TEEN COMMENT 

I +0  011 ).079_01010 OUR AVERAGE 

0.078±0.009±0.012 11 ONG 88 MRK2 F.~em = 29 GeV 
0.078±0.015±0.02 11 BARTEL 87 JADE F..~ern = 34.6 GeV 

DnR2+0.023 l l  ALTHOFF 84G TASS Eceem= 34.5 GeM 
. . . .  -0.016 
,I • • We do not use the following data for averages, fits, limits, etc. • • • 

0.089±0.018±0.025 11 BARTEL 85J JADE Repl. by BARTEL 87 

11Average BR for charm ~ #+  X. The mixture of charmed particles is unknown and may 
actually contain states other than D mesons. 

I F ( c / ~ - - *  # + # - a n y t h i n g ) / r ( c / ~ - - . +  a n y t h i n g )  
VALUE ~ E V T 5  DOCUMENT ID TEEN COMMENT 

,, • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.8 x 10 - 2  90 0.3 12 HAAS 88 CLEO F..~em = 10 GeV 

<0.007 95 13 ALTHOFF 840 TASS E~em = 34.5 GeV 

12 The normalization uses a continuum charm production estimate. 
13 Average BR for charm ~ #+  # -  X. The mixture of charmed particles is unknown and 

may actually contain states other than D mesons. 

r(~+..)/rtotal rs/r 
VALUE CL°/o E V T 5  DOCUMENT ID TEEN COMMENT 

<0.00072 90 14 ADLER 888 MRK3 F..~em = 3.77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.02 90 0 15 AUBERT 83 SPEC /~+ Fe, 250 GeV 

$4Using 10.9 ps for the D + lifetime and IVcol 2 = 0.0493 ADLER 88B find the weak 
hadronic axial vector decay constant of the D + to be fD < 290 MeV/c at 90% CL. 

15AUBERT 83 obtain upper limit 0.014 assuming that final state contains equal mixture 
of ( D + , D - ) ,  ( D + , ~ ) ,  (D - ,DO) ,  and ( D 0 , ~ ) .  We quote the l imit which they get 
under more general assumptions. 

r (-k-%+..)/r 0,+ a n y t h i n g )  r9/r8 
VALUE EVTE DOCUMENT 10 COMMENT 

0.76:1:0.06 84 16 AOKI 88 ~r- emulsion 

16 From topological branching ratios in emulsion with identified muon. 

r ( ¢ l ~ - ~  e+ e - anything)/r(c/E--* anything) 
VALUE EL% E V T 5  DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.2 × 10 - 3  90 0.1 17 HAAS 88 CLEO F~em = 10 GeV 

17 The normalization uses a continuum charm production estimate. 

r ( c / ~ - ~  e +  l ~ -  a n y t h i n g ) / r ( c / ~ - - ~  a n y t h i n g )  
VALUE EL% E V T 5  DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.7 × 10 - 3  90 0.2 ]8 HAAS 88 CLEO E~ e =  10 GeV 

18 The normalization uses a continuum charm production estimate. 

r ( K -  Ir + e + ~ e ) / r t o t a  I r l 0 / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.057 90 19 AGUILAR-... 87F HYBR 7rp, pp 380,400 GeV 

19AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r ( K -  7r + e + u e ( n o n - r e s o n a n t ) ) / r t o t a  I r 1 2 / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.007 90 20 ANJOS 89B TPS Photoproduction 

20ANJOS89BhaveassumedaB(D+ ~ K ~ r + T r + ) = 9 . 1 ± l . 3 J - 0 . 4 % .  

r (-k-° 7r + / r -  e + ~ ,e) / r to ta l  r 1 3 / r  
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 

+0.047 21 0.022_0.006:E0.004 1 AGUILAR-... 87F HYBR 7rp, pp 360,400 GeV 

21AGUILAR_BENITEZ 87F computed the branching ratio by topological normalization. 

F ( K -  7r + 7r 0 e + Ue) /F to ta  I r]4/r 
VALUE E V T 5  DOCUMENT ID TECN COMMENT 

+0  052 0.044_~)',013:60.007 2 22 AGUILAR-... 87F HYBR ~Tp, pp 360,400 GeV 

22 AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r (~+,r- e + ue)/rtotal r15/r 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<0.057 ~ 23 ~ . - -  87F HYBR 7rp, pp 360,400 GeV 

23AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r (K *  (892) 0 e + ue) / r (K  - 7r + 7r + ) rlg/(r24+ ] r3o) 
VALUE DOCUMENT ID TEEN COMMENT 

0.49:1:0.044-0.05 24 AN JOE 89B TPS Photoproduction 

24K*(892) polarization O-L/O- S = +1.7 2.4 0.9 J- 0.2. 

E ( e + e  - --~ ~ ( 3 7 7 0 ) )  x r(~-%+)/rtota, ~r]z/r 
VALUE (nanobarns) E V T ~  DOCUMENT ID TECN COMMENT 
0.136+0.013 OUR FIT 
0.136+0.013 OUR AVERAGE 
0.135J_0.012±0.010 161 BALTRUSAIT..,BgE MRK3 ~ e  = 3.77 GeV 

0.14 ±0.03 36 SCHINDLER 81 MRK2 Eee=  3.771 GeV 

0.14 ±0.05 17 PERUZZl 77 MRKI F~em = 3.77 GeV 

r ( K % + ) / r  ( K -  I t +  ~r + ) r l T / ( r 2 4 +  ] r30)  
VALUE ~ DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.45 90 25 PICCOLO 77 MRK1 Eer~= 4.03 GeV 

25Obtained from a × BR values of table I. 

~ ( e  + e -  --~ tb (3770) )  x r ( K ° o + ) / r t o t a l  o - r 2 0 / r  
VALUE (nanobams) DOCUMENT ID TEEN COMMENT 
0.32:1:0.07 OUR FIT 
0.294-0.034-0.09 ADLER 87 MRK3 ~ e  = 3.77 GeV 
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~ , ( e + e  - --* I#(3770))  x r(-k-%+~r°)/rtota, ~(r2o+r21+{r3o)/r 
VALUE (nanobarns) EVT5 DOCUMENT ID TEEN COMMENT 
0.40 ±0.08 OUR FIT 
0.44 ±0.11 OUR AVERAGE 
0.417±0.081±0.075 159 BALTRUSAIT..36E MRK3 ~ = 3•77 GeV 

0.78 ±0.48 10 SCHINDLER 81 MRK2 F..~em = 3.771 GeV 

r (K%+ ~r0)/Ftota, (r2o+r21+.}r~o)/r 
VALUE DOCUMENT ID 
0.083±0.019 OUR FIT 

o(e+~- ~ e(3~70)) x r (R%+~0 (non- resonant ) ) / r to ta  I ~r21/r 
VALUE (nanobarns) DOCUMENT ID TEEN COMMENT 

0.057_+00:0~347 OUR FIT 

0.05 4-0.03 ±0.04 ADLER 87 MRK3 E~em = 3.77GeV 

o ' ( e + e  - -~  ~b(3770)) x r ( K - T r + ~ r  + (non- resonan t ) ) /C to ta  I ~ r 2 4 / r  
VALUE (nanobarns) DOCUMENT ID TEEN COMMENT 
0.32±0.04 OUR FIT Error includes scale factor of 1.1. 
0.31±0.03±0.10 ADLER 87 MRK3 E ~  = 3.77 GeV 

~ ( e + e  - ~ tb(3770))  x r ( K - ~ r + T r + ) / r t o t a l  ~ ( r 2 4 + ~ r 3 o ) / r  
VALUE (nanobarns) EVTS DOCUMENT ID TEEN COMMENT 
0.373±0.024 OUR FIT 
0.3814-0.024 OUR AVERAGE 
0.388±0.013±0.029 1164 BALTRUSAIT..36E MRK3 ~ e  = 3,77 GeV 

0•38 ±0.05 239 SCHINDLER 81 MRK2 E~em = 3.771 GeV 

0.36 ±0.06 85 PERUZZl 77 MRK1 E~em = 3.77 GeV 

r ( K -  7r + ~r + ) / r t o t a  I (F24+  ~ r 3 o ) / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0774-0.010 OUR FIT Error includes scale factor of 1.2. 

+ 0  028 26 0.063_010144-0.011 8 AGUILAR-... 87F HYBR ~rp, pp 360,400 GeV 

26AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

o'(e + e -  --, tb(3770))  x r ( K % r + ~ r + , n ' - ) / r t o t a l  c r r25 /F  
VALUE (nanobarns~ EVT5 DOCUMENT ID TEEN COMMENT 
0.34 ±0.06 OUR FIT Error includes scale factor of 1.2. 
0.31 4-0.06 OUR AVERAGE Error includes scale factor of 1.2. 
0.291±0.047±0.029 168 ADLER 88c MRK3 F..~e= 3.77 GeV 

0•51 -E0,18 21 SCHINDLER 81 MRK2 E~e= 3•771 GeV 

F ( K % r +  ~r+ ~ r - ) / r t o t a l  r 2 5 / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.0704-0.015 OUR FIT Error includes scale factor of 1.2. 

0 24 '~ + 0 064 • ~_01041±u.041 11 27 AGUILAR-... 87F HYBR ~ p ,  p p  360.400 GeV 

27AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization• 

(e + e -  -~  tb(3770))  x F ( K -  ~r + ~r + ~ r0 ) / r to ta l  ~ r 2 6 / r  
VALUE (nanobarns) EVTS DOCUMENT ID TECN COMMENT 

0.204-0.04 OUR FIT Error includes scale factor of 1.1. 
0.184-0.04±0.04 175 BALTRUSAIT..,B6E MRK3 E~em = 3.77 GeV 

r ( K -  ~r + ~r + ~r 0 ) / r t o t a  I r 2 6 / r  
VALUE EVTS DOCUMENT ID T_ECN COMMENT 
0.042-t-0.010 OUR FIT Error includes scale factor of 1.1. 
0 0,~o+0 047 ~ • ~_0~006~0.0(O 1 28 AGUILAR ... 87F HYBR ~rp, p p  360,400 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 7 AGUILAR ... 86B HYBR ~ -  p 360 GeV 

28AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r ( K -  ~r + ~r + ~°) / r  ( K -  ~r + 7r + ) r 2 d ( r 2 4 +  { r3o)  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.544-0.11 OUR FIT 

o66+_o:I ~ OUR AWRAO~ 
0.69±0.10±016 ANJOS 89E TPS Photoproduction 

+0.65 1 AGUILAR-... 83B HYBR ~ p, 360 GeV 0.57 0.17 

r C-k-° ~ -+ ~ + . -  ~r°)/rtotal r27/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0 tu~ + 0.052 ~_ n n.~ " ~ - - 0 . 0 1 3  . . . . .  2 29 AGUILAR-... 87F HYBR ~Tp, p p  360,400 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 3 AGUILAR-... 86B HYBR ~r- p 360 GeV 

29AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization• 

F(K- lr + 7r + ~ ° ~ ° ) / r t o t a  I r28/r 
VALUE EVTS DOCUMENT tD TECN COMMENT 

+ 0 047 30 0.022_01008-1-0.004 1 AGUILAR-... 87F HYBR 7rp, p p  360,400 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 1 AGUILAR-... 86B HYBR ~t- p 360 GeV 

30AGUILAR BENITEZ 87F computed the branching ratio by topological normalization, 

~ ( e + e  - - - *  VJ(3770)) x r(K-~r+~+Tr+~-)/rtotal ~ r 2 9 / r  
VALUE (nanobarns) CL% DOCUMENT ID TECN COMMENT 

<0•23 90 SCHINDLER 81 MRK2 E~em = 3•771 GeV 

F(K 7r +'tr + ~ + ' K -  ) /Ftotal  r29/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 2 AGUILAR-... 86B HYBR ~T p 360 GeV 

¢ ( e + e  - --* ~b(3770)) x r(~*(892)%+)/rtotal ~ r 3 0 / r  
VALUE (nanobarns I EL% EVT5 DOCUMENT ID TEEN COMMENT 

0.08±0.04 OUR FIT 
0.084-0.014-0.04 ADLER 87 MRK3 E~ e = 3•77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.27 90 SCHINDLER 81 MRK2 F~ren= 3.771 GeV 

92 DRIJARD 79 SFM p p  Ecm= 53 GeV 

r (~+ ~o)/rtotal r31/r 
VALUE CL% EVT5 DOCUMENT tD TECN COMMENT 

<0.0053 90 1 BALTRUSAIT..~5E MRK3 ~ e  = 3.77 GeV 

r (*+ ~° ) / r (K% + ) 
VALUE 

F31/F17 
TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 
ee <0.30 90 SCHINDLER 81 MRK2 Ecru- 3.771 GeV 

r (=+ ~+ ~ - ) / r  ( K -  zr + 7r + ) r32/(r2.+ ~ r30) 
VALUE ~ EVTS DOCUMENT ID TECN COMMENT 

0.0364-0.007 OUR AVERAGE 
0.035:10.007±0.003 ANJOS 89 TPS Photoproduction 
0.042±0.016±0.010 57 BALTRUSAIT..,B5E MRK3 Fc.~ e = 3.77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

e e _  <0.084 90 SCHINDLER 81 MRK2 Ecm 3.771 GeV 

<008  90 31 PICCOLO 77 MRK1 Ecee m -  4.03 GeV 

31Obtained from a x BR values of table I. 

r (p0 ~r+)/r ( K -  ~r + ~r + )  r33/(r24+ ~ r30) 
VALUE CLUe DOCUMENT tD TECN COMMENT 

<0.015 90 ANJOS 89 TPS Photoproduction I 

F ( ~  + T r + T r -  ( n o n - r e s o n a n t ) ) / F ( K  - * + l r + )  r34/(r24+~r3o) 
VALUE DOCUMENT ID TEEN COMMENT 

0.027±0.007=1=0.002 ANJOS 89 TPS Photoproduction I 

r(~+ ~+ ~- ~°) /r (K- ~+~+) r3s/(r24+~r3o) 
VALUE C L ~  DOCUMENT ID TEEN COMMENT 

<0.4 90 ANJOS 89E TPS Photoproduction I 

r(~ + ~+,~+ ~- 7r-)/r (K- 7r + 7r +) r3g/(r24+ ~ r30) 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.019 90 ANJOS 89 TPS Photoproduction | 

r(~+ ~+.+  ~ -  ~-- ~O)/rtota, r39/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

seen 2 AGUILAR-,.. 86B HYBR ~r- p 360 GeV 

F(,I~+ ) IF(K -~r+ ~r+ ) r40/(r24+ ~-r30) 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0•12 90 ANJOS 89E TPS Photoproduction I 

r(~Tr+)/r(K 7r+~ +) r41/(r24+~-r30) 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.08 90 ANJOS 89E TPS Photoproduction I 

F ( K O K + ) / F ( R ' % + )  r 4 2 / r 1 7  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.30 4-0.0~ OUR AVERAGE 
0.317±0.086±0,048 31 BALTRUSAIT..~5E MRK3 E~ e = 3.77 GeV 

0.25 ±0.15 6 SCHINDLER 81 MRK2 F~e=  3.771 GeV 

r (K  + K -  7r + ) /Ftota I (r~+ ½r53+ {r54)/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
O.OO96±O.0016 OUR FIT Error includes scale factor of 1.2. 

0.008 +0.017 4-0.001 I 32 AGUILAR-... 87F HYBR ~p, pp 360,400 GeV -0.002 
32A I GU LAR BENITEZ 87F computed the branching ratio by topological normalization• 



See key on pale IV. 1 

VI1.115 

Meson Full Listings 
D ± 

r (K+ K- .+ ) / r  (K- .+ .+) (r~+ ½r~+ ]rs4/(r24+ ]r 30) 
These measurement do not distinguish possible resonant substructure. 

VALUE EL% EVTS DOCUMENT ID TEEN COMMENT 
0.1244-0.012 OUR FIT 
• • We do not use the following data for averages, fits, limits, etc. • • • 

0,25 ±0 .20  5 33 BAILEY 84 SILl Hadroproduction 

<0.14 90 SCHINDLER 81 MRK2 F.~e= 3.771 GeV 

<0.15 90 34 PICCOLO 77 MRK1 F.~em = 4.03 GeV 

33One event consistent with D :E ~ 4 ~ + .  
34Obtained from (7 x BR values of table I. 

I- (K + K -  ~r + (non-resonant))/Ftota I r4dr 
/ALUE DOCUMENT ID 
0,0039d:0.0009 OUR FIT Error includes scale factor of 1.1. 

IF(K + K-~r  + (non-resonant))/F(K-Tr+~r +)  F46/(F24+~Fso) 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0,050-t-0.009 OUR FIT 
0,050=E0.009 OUR AVERAGE 
0,049±0.008±0.006 95 ANJOS 88 SILl Photoproduction 
0.059±0.026=E0.009 37 35 BALTRUSAIT..~SE MRK3 E~em = 3.77 GeV 

35This measurement excludes contributions to K + K -  7r + from ~ r  + and K* (892) 0 K + . 

r ( K + K - ~ r + ~ r  ° (non-¢))lr(K-~T+~r +) r4~/(r~4+]r3o) 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.25 90 36 ANJOS 89E TPS Photoproduction 

36Total minus (~ component, 

r ( K  + K - ~ r + ~  + ~ ' -  ( n o n - r e s . ) ) / F t o t a l  r s 1 / r  

VALUE ~ EVT5 DOCUMENT ID TECN COMMENT 

<0.03 90 12 ANJOS 88 SILl Photoproduction 

r(¢~r+)/rtotal rs3/r  
VALUE EVT5 DOCUMENT ID TECN CHO COMMENT 
0.0057=1=0.0011 OUR FIT Error includes scale factor of 1.1. 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 234 

r (~+) /F(K-  7r+Tr+) 
VALUE EVTS 
0.0734-0.010 OUR FIT 
0,073:E0.010 OUR AVERAGE 
0.071 i 0 . 0 0 8  ± 0.007 84 
0.084±0.021±0.011 21 

F(-K-*(892)O K+ )/F (K-lr+ Tr + ) 

GEORGIO... 85 SPEC + p N  400 GeV 

r s a l ( r 2 4 + - ~ r 3 o )  
DOCUMENT ID TEEN COMMENT 

ANJOS 88 SILl Photoproduction 
BALTRUSAIT..~SE MRK3 E~ e = 3,77 GeV 

r~/(r24+-~rso) 
VALUE EVT5 
0.056+0.010 OUR FIT 
0.0564-0.010 OUR AVERAGE 
0.058 ± 0.009 ± 0.006 73 

0.048 ± 0.021 ± 0.011 14 

r(~%r0)Ir(K-~+~ +) 
VALUE EL% 

<0.28 90 

r (@ lr + 7r + 7r -) / rtota I 
.VALUE ~ EVT5 

<0.002 90 0 

r(~+ e ±.;)/rtotal 

DOCUMENT ID TEEN COMMENT 

ANJOS 88 SILl Photoproduction 
BALTRUSAIT..BSE MRK3 E~em = 3,77 GeV 

rss/( I-24+~r3o) 
DOCUMENT ID TECN COMMENT 

ANJOS 89E TPS Photoproduction 

rsg/r  
DOCUMENT ID TECN COMMENT 

ANJOS 88 SILl Photoproduction 

rsT/r  
Test of lepton family number conservation. 

VALUE ~ EVT5 DOCUMENT ID TEEN. COMMENT 

<3.8 x 10 - 3  90 58 37 HAAS 88 CLEO r~em = 10 GeV I 

3 7 T h e b r a n c h i n g r a t i o s a r e n o r m a l i z e d t o D 0 ~  K 7 r + , D + ~  K 7 r + = + , a n d D * + ~  I 
D07r + using ADLER 88C. 

FOr+ e + e-) /Ftota I Fse/F 
Test for A C  = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE ~ EVTS DOCUMENT ID TECN COMMENT 

<2.8 X 10 - 3  90 39 38 HAAS 88 CLEO F..~em-- 10 GeV I 

3B The branching ratios are normalized to D O ~ K -  ~T + ,  D + ~ K -  7r + ~r + ,  and D * +  ~ | 
DOlT + using ADLER 88C. 

r(=+ ~+~,-)/rtotal rsg/r 
Test for A C  = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE ~ EVT5 DOCUMENT ID TECN COMMENT 

<2.9 X 10 - 3  90 36 39 HAAS 88 CLEO F..~ e = 10 GeV I 

39The branching ratios are normalized to D O ~ K -  ~T + ,  D + ~ K -  ~T + ~ + ,  and D * +  ~ 
DOlT + using ADLER 88C. 

r(K+=+~-) /r(K-~+~ + ) r~/(r  24+~r ~ 
VALUE ~ DOCUMENT ID T£~CN COMMENT 

<0.05 90 40 PICCOLO 77 MRK1 F,~em = 4.03 GeV 

40Obtained from e x BR values of table I. 

D + PRODUCTION CROSS SECTION AT ¢(3"/70) 

A compilation of the cross sections for the direct production of ~ mesons at or 
near the 4(3770)  peak in e + e -  production. These cross sections are used for 
normalization of product branching fractions. 

VALUE (nanobarns) DOCUMENT ID TECN COMMENT 

4.8 4-0.6 OUR FIT Error includes scale factor of 1.2. 
4.8 4-0.5 OUR AVERAGE Error includes scale factor of 1,1. 

4.2 ±0 .6  =1-0.3 41 ADLER 88C MRK3 F..~em = 3,768 GeV 
ee 5.5 +1.0  42 PARTRIDGE 84 CBAL Ecm= 3.771 GeV 

6.00+0.724-1.02 43SCHINDLER 80 MRK2 E~em=3,771GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

9.1 4-2.0 44 PERUZZl 77 MRK1 Ece~= 3.774 GeV 

41This measurement compares events wi th one detected O to those with two detected D 
mesons, to determine the the absolute cross section. ADLER 88C measure the ratio of 
cross sections (neutral to charged) to be 1.36 ± 0.23 ± 0.14. This measurement does 
not include the decays of the tb(3770) not associated wi th charmed particle production. 

42This measurement comes from a scan of the 0(3770) resonance and a fit to the cross 
section. PARTRIDGE 84 measures 6.4 ± 1.15 nb for the cross section. We take the 
phase space division of neutral and charged D mesons in 0(3770) decay to be 1.33, 
and we assume that the tb(3770) is an isosinglet to evaluated the cross sections. The 
noncharm decays (e.g. radiative) of the 4(3770) are included in this measurement and 
may amount to a few percent correction. 

43This measurement comes from a scan of the 4(3770) resonance and a fit to the cross 
section, SCHINDLER 80 assume the phase space division of neutral and charged D 
mesons in 4(3770) decay to be 1.33, and that  the 4(3770) is an isosinglet. The noncharm 
decays (e.g, radiative) of the tb(3770) are included in this measurement and may amount 
to a few percent correction. 

44This measurement comes from a scan of the 4(3770) resonance and a fit to the cross 
section, The phase space division of neutral and charged D mesons in 0(3770) decay 
is taken to be 1.33, and tb(3770) is assumed to be an isosinglet. The noncharm decays 
(e,g. radiative) of the 0(3770) are included in this measurement and may amount to 
a few percent correction, We exclude this measurement from the average because of 
uncertainties in the contamination from "r lepton pairs. Also see RAPIDIS 77. 

BARLAG 90C 
ANJOS 89 
ANJOS 89B 
ANJOS 89E 
AVERILL 89 
ADLER 88B 
ADLER 88C 
ALBRECHT 881 
ANJOS 88 
AOKI 88 
HAAS 88 
ONG 88 
RAAB 88 
ADAMOVICH 87 
ADLER 87 
AGUILAR .. 87D 

Also 88C 
AGUILAR .. 87E 

Also 88C 
AGUILAR-.. 87F 

Also 88 
BARLAG 87B 
BARTEL 87 
CSORNA 87 
PALKA 87B 
ABE B6 
AGUILAR ... 86B 
BALTRUSAIT_. 86E 
GLADNEY 86 
PAL 86 
USHIDA 
AIHARA 
BAILEY 85 
BALTRUSAIT_. 85B 
BALTRUSAIT... 85E 
BARTEL 85J 
GEORGIO.. 85 
ADAMOVICH 84 
ALTHOFF 84G 
ALTHOFF 84J 
BAILEY 84 
DERRICK 84 
KOOP 84 
PARTRIDGE 84 
AGUILAR-_ 83B 
AUBERT 83 
BADERT... 83 
ALBINI 82 
BALLAGH 81 

A~so 80 
PARTRIDGE 81 
SCHINDLER 81 
TRILLING 81 
ALLASIA 80 
BACINO 8O 
SCHINDLER 80 
ZHOLENTZ 80 

Also 81 

REFERENCES FOR D i: 

ZPHY C (to be pub.) ÷Becker, Boebringer. Bosman~ (ACCMOR Collab.) 
PRL 62 125 +Appel, Bean, Bracket+ (TPS Collab.) 
PRL 62 722 +Appel, Bean, Bracket+ (TPS Collab,) 
PL B223 267 +Appel, Bean, Bracker+ (TPS Collab) 
PR D39 183 +Blockus, Brabson~ (HRS Collab,) 
PRL 60 1375 +Becker, Blaylock+ (Mark III Collab.) 
PRL 60 89 +Becker, Blaylock+ (Mark III £ollab,) 
PL B210 267 +Boeckmann, Glaeser+ (ARGUS Collab.) 
PRL 60 897 +Appel+ {Tagged Photon Spectrometer Collab,) 
PL B209 113 +Arnold, Baroni+ {WA75 Collab ) 
PRL 60 1 6 1 4  +Hempstead, Jensen+ (CLEO Collab.) 
PRL 60 2587 +Weir, Ab{arns, Amidei+ (Mark II Collab,) 
PR D37 239t +Anjos, Appel, Bracker+ (FNAL TPS Colla6.) 
EPL 4 887 +Alexandrov, Bona+ (Photon Emulsion Collab.) 
PL B196 107 +Becker, Blaylock, Bolton+ (Mark III Collab.) 
PL B193 140 Aguilar-Benitez, Allison+ (LEBC-EHS Collab.) 
ZPHY C40 321 Aguilar Benitez, Allison+ (LEBC EHS Collab.) 
ZPHY C36 551 Aguilar Benitez, Allison+ (LEBC EHS Collab.) 
ZPHY C40 321 Aguilar-Benitez, Allison+ (LEBC-EHS Collab,) 
ZPHY C36 659 Aguilar Benitez, Allison+ (LEBC EHS Cotlab.) 
ZPHY C3B 520 erratum 
ZPHY C37 17 +Becker, Boehringer, Bosman+ (ACCMOR Collab.) 
ZPHY C33 339 +Becker, Felst, Haidt+ (JADE Collab } 
PL B191 31B +Mestayer, PanvinL Word+ (CLEO Collab.) 
ZPHY £35 151 +Bailey, Becket+ (ACCMOR Collab.) 
PR D33 1 + (SLAC Hybrid Facility Photon Collab.) 
ZPHY C31 491 Aguilar-Benitez, Allison+ (LEBC-EHS Collab,) 
PRL 56 2140 Baltrusait]s, Becker, Blaylock, Brown+ (Mark III Collab.) 
PR D34 26D1 +Jaros, Ong, Barklow+ (Mark II Collab.) 
PR D33 2708 +Atwood, Barish, Bonfleaud+ (DELCO Collab,) 
PRL 5E 1767 +Kondo+ (AICH, FNAL, GIFU, GYEO, KOBE, SEOU+) 
ZPHY C27 39 +Alston Garnjost, Badtke, Bakken+ (TPC Collab.) 
ZPHY C28 357 +Belau, Boehringer, Bosman+ (ABCCMR Collab.) 
PRL 54 1976 Baltrusaitis, Becker, Blayloek, Brown+ (Mark III Collab.) 
PRL 55 150 Baltrusaitis, Becket, Blaylock, Brown+ (Mark III Collab.) 
PL 163B 277 +Becker, Cords, Felst+ (JADE Collab.) 
PL t52B 428 Georgiopoulos+ (TUFT, ARIZ, FNAL, FSU, NDAM+) 
PL 140B 119 +Alexandrov, Bolta, Bravo+ (WAS8 Collab.) 
ZPHY C22 219 +Braunschweig, Kirschfink+ (TAS50 Collab.) 
PL 146B 443 +Branschweig, Kirschfink+ (TASSO Collab,) 
PL 139B 320 +Belau, Bohrlnger, Bosrnan+ (ACCMOR Col~ab.) 
PRL 53 1 9 7 1  +Fernandez, Fries, Hyman+ (HRS Collab.) 
PRL 52 970 +Sakuda, Atwood, Baillon+ (DELED Collab.) 
Cal Tech 1984 Thesis (Crystal Ball Collab.) 
PL 123B 9B Aguilar-Benitez, AIlison~ (LEBC-EHS Collab.) 
NP B213 31 +Bassompierre, Becks, Best+ (EMC Collab.) 
PL 128B 471 Badettscher, Hahn, Hugentobler+ (BERN, MPIM) 
PL 110B 339 + (FRAS, MILA, PISA, ROMA, TORI, TRST) 
PR D24 7 +Bingham~ (LBL, UCB, FNAL, HAWA, WASH, WISC) 
PL 89B 423 Ballagh+ (LBL, UCB, FNAL, HAWA, WASH, W~SC) 
PRL 47 760 +Peck, Porter, Gu+ (Crystal Ball Collab.) 
PR D24 78 +Alam, Boyarski, Breidenbach+ (Mark It Collab.) 
PRPL 75 57 (LBL, UCB)J 
NP B176 13 + (ANKA, LIBH, EERN, DUUC, LOUC, KEYN+) 
PRL 45 329 +FerKuson+ {UCLA, SLAC, STAN, UCI, STON) 
PR D21 2716 +Siegrist, Alam, Boyarski+ (Mark II Collab ) 
PL 96B 214 +Kurdadze, Lelchuk, Mishnev+ (NOVO) 
SJNP 34 814 Zholentz, Kurdadze, Lelchuk+ (NOVO) 
Translated from YAF 34 1471. 



V11.116 

Meson 
D ±, D O 

Full Listings 

BACINO 79 PRL 43 1073 +Ferguson, Nodulman+ (DELCO Collab.) 
BRANDELIK 79 PL 80B 412 +Braunschweig, Martyn, Sander+ (DASP Collab) 
DRUARD 79 PL 81B 250 +Fischer. Geist+ (CERN, CDEF, HELD, KARL) 
FELLER 78 PRL 40 274 +Litke, Madaras, Ronan+ (LBL SLAC, NWES, HAWA) 
VUILLEMIN 78 PRL 41 1149 +Feldman, Feller+ (LBL, SLAC, NWES, HAWA) 
GOLDHABER 77 PL 69B 503 +Wiss, Abrams, Alam+ (LBL, SLAC) 
PERUZZI 77 PRL 39 1301 +Piccolo, Feldman+ (SLAC, LBL, NWES, HAWA) 
PICCOLO 77 PL 7OB 260 +Peruzzi, Luth, Nguyen, Wiss, Abrams+ (SLAC, LBL) 
RAPIDIS 77 PRL 39526 +Gobbi, Luke, Barbaro-GalBeri+ (Mark I Collab.) 
PERUZZI 76 PRL 37569 +Piccolo, Feldman, Ngyyen, Wiss+ (SLAC, LBL) 

- - O T H E R  RELATED P A P E R S - -  

SCHINDLER 88 High Energy Electron-Positron Physics 234 (SLAC) 
Editors: A. All and P. Soeding, World Scientific, Singapore 

GRAB 87 SLAC-PU B-4372 (SLAC) 
EPS Conference - Uppsala 

SCHUBERT 87 IHEP-HD/87 7 (HELD) 
EPS Conference Uppsala, Proc, Vol. 2, p. 791 

SNYDER 87 IUHEEE-87-11 (IND) 
Symp. on Prod. and Decay of Heavy Flavors, Stanford 

5CHINDLER 85 SLAC PUB 4]36 (SLAC) 
World Press Intemationat 

SCHINDLER 868 SLAC-PUB-4248 (SLAC) 
SLAC Summer Institute 

KIRKBY 79 SLAC PUB 2419 (SLAC) 
Batavia Lepton Photon Conference 

8ARBARO-.. ?8 LBL 8537 Erice 1970 Barharo Galtieri (LBL) 
WOJClCKI 78 SLAC PUB 2232 (SLAC) 

SLAC Summer Institute. SLAC Summer Institute. 
GOLDHABER ?6 PRL 37 255 +Pierre, Abrams, Alam+ (LBL, SLAC) 
WlSS 76 PRL 37 1 5 3 1  ~Goldhaber. Abrams, Alam, Boyarski~ (LBL, SLAC) 

r ~  i ( J  P)  = ½(0 ) 

D O M A S S  

The fit includes the D ± ,  D 0, D ~ ,  and D~ ± masses and the D O - D ± , Ds d- D ± , 

and D~ d- Ds t mass differences. 

VALUE (MeV) E V T 5  DOCUMENT 10 TEEN COMMENT 
1864.5± 0.5 OUR FIT 
1864.1± 1.0 OUR AVERAGE 
1864,6± 0 .3±1 .0  641 BARLAG 90C CCD 7r Cu 230 GeV 
1852 ± 7 16 ADAMOVICH 87 EMUL Photoproduction 
1861 ± 4.0 DERRICK 84 HRS Ece~n= 29 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1856 ±36  22 ADAMOVICH 84B EMUL Photoproduction 

1847 ± 7 1 FIORINO 81 EMUL 3 N  ~ ~ 
1863.8± 0 5  1 5CHINDLER 81 MRK2 Eceem= 3.77 GeV 

1864.7± 0.6 1 TRILLING 81 RVUE E~ e -  3.77 GeV 

1863.0± 2.5 238 ASTON 80E OMEG q p  ~ 
1860 ± 2 143 2AVERY 80 SPEC 7 N  ~ D * +  
1869 ± 4 35 2 AVERY 80 SPEC 7 N  ~ D *+  

1854 ± 6 94 2ATIYA 79 SPEC 7 N ~  D 0 ~  
1850 ±15  64 BALTAY 78C HBC u N  ~ KO~r~r 
1863 ± 3 GOLDHABER 77 MRK1 D 0, D + recoil spectra 
1 8 6 3 3 ±  0 9  1 PERUZZI 77 MRK1 F..~em = 3.77 GeV 

1868 ±11  PICCOLO 77 MRK1 E ~  4.03, 4.41 GeV 

1865 ±15  234 GOLDHABER 76 MRK1 KTr and K3~ 

1pERUZZl  77 and SCHINDLER 81 errors do not include the 0.13% uncertainty in the 
absolute SPEAR energy calibration. TRILLING 81 uses the higb precision J / ~ ( 1 5 )  and 
~ (25 )  measurements of ZHOLENTZ 80 to determine this uncertainty and combines the 
PERUZZl 77 and SCHINDLER 81 results to obtain the value quoted. Omitted from the 
fit because it is redundant with the data on the D ± mass and D ± - DO mass difference. 

2 Error does not include possible systematic mass scale shift, estimated to be less than 5 
MeV. 

l inD o -moo I, MASS DIFFERENCE 

D O and D O are the mass eigenstates of the D O meson. 

VALUE (10 4 eV) EL% DOCUMENT ID TEEN COMMENT 

<1.3 90 3,4 ANJOS 88C SILl Photoproduction 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.6 90 3 ALBRECHT 87K ARG E~ e 10 GeV 

<1.6 90 5 LOUIS 86 SPEC 7r W 225 GeV 
<7 90 3,6 YAMAMOTO 85 DLCO Ecee m -  29 GeV 

<6.5 90 5 BODEK 82 SPEC ~ , pFe ~ D O 

3Limi t  inferred from D O ~ mixing ratio r ( K  + = (via ~ ) ) / F ( K  = + )  below. 

4Calculated by us using A m  _ (2r / (1  r))l/2T~/4.21 x 10-13s  where r is the DO D 0 
mixing ratio. 

5Limit  inferred from D O ~ mixing ratio F(# anything (via ~ ) ) / F ( H  + anything) 
below. 

6 y A M A M O T O  85 gives A m / F  < 0.44. We use r - T~/43 x 10 13s. 

D ± - D O M A S S  D I F F E R E N C E  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
4.77±0.27 OUR FIT 
4.74±0.28 OUR AVERAGE 

7 4,7 ±0 .3  SCHINDLER 81 MRK2 Ecee= 3.77 GeV 
? 5.0 ±0 .8  PERUZZI 77 MRK1 Eceem= 3.77 GeV 

7See the footnote on TRILLING 81 in the D O and D J- sections. 

D o M E A N  L IFE 

VALUE (10 13 s~ EL% E V T 5  DOCUMENT ID TECN COMMENT 
4.21±0.10 OUR AVERAGE 
3 R~ +0.23 8 .vv 0.21 641 BARLAG 90C CCD ~T CU 230 GeV 

4 4 1 1 . 0  ±0 .6  AVERILL 89 HRS F.~e= 29 GeM 

4 8  I 0 . 4  ± 0 3  ALBRECHT 881 ARG E~em = 10 GeV 

34  +0.6  ±0 .3  AMENDOLIA 88 SPEC Photoproduction 0.5 
4 2 2 ± 0 . 0 8 ± 0 . 1 0  4200 RAAB 88 SILl Photoproduction 

3.6 +1.2  ± 0 7  44 ADAMOVICH 87 EMUL Photoproduction O8 

4.6 + 0 6  0.5 145 AGUILAR-... 87D HYBR ~ p and pp 

4.3 + 2 0  ± 0 8  15 ALTHOFF 87 TASS e + e -  42.2 GeV 1.4 

4.2 ±0 .5  90 BARLAG 878 SILl K and = -  200 GeV 
5.0 = 0 7  ±0 .4  345 CSORNA 87 CLEO F~em= 1O GeM 

4.4 +1.21.1 ± 0 6  53 WAGNER 87 MRK2 F_~em= 29 GeV 

6.1 ± 0 9  ±0 .3  50 ABE 86 HYBR S L A C 3 p 2 0 G e V  

4.7 +0.9  0.8 ±0 .5  74 GLADNEY 86 MRK2 E~em = 29 GeV 

4.3 +0.7  +0.1 - 0 . 5  0.2 58 USHIDA 86B EMUL ~ wideband 

3.7 + 1.0 26 BAILEY 85 SILl 7r- Be 200 GeV - 0 . 7  

4 6  ± 1 5  +0.6 269 9 y A M A M O T O  85BDLCO F ~ e = 2 9 G e V  - 0 . 5  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.1 +0.7  0 6  60 AGUILAR ... 87c HYBR Repl. by AGUILAR 
8ENITEZ 87D 

4 3 5 ± 0 1 5 ± 0 1 0  1360 ANJOS 87 SILl Repl. by RAAB 88 

6 8  ~23 18 22 ABE 84 HYBR Repl. by ABE 86 

2.11+121+080.63 07 22 ADAMOVICH 84B EMUL Repl. by ADAMO- 
VICH 87 

3.5 + i . 4  0.9 11 AGUILAR-... 848 HYBR Repl. by AGUILAR- 
BENITEZ 87D 

4.2 + 1 6  27 YELTON 84 MRK2 F ~ e =  29 GeV - 1.4 

4.1 + 1.3 16 AGUILAR-... 83 HYBR Repl. by AGUILAR- 0.9 
BENITEZ 87D 

4 1  +2.6  9 BADERT... 83 HYBR CERN ~r- N -- 1.4 

2.3 + 0 8  0.5 16 10 USHIDA 82 EMUL Repl. by USHIDA 86B 

2 ]  1 11 ADEVA 81 HYBR LEBC CERN-SPS 
7r p 

5 9  1 11 AOEVA 81 HYBR LEBC CERN-SPS 
7r p 

2.8 + 2 2  2 12 BALLAGH 81 HYBR FNAL 15-ft, v Ne 2 H 13  

31  + 2 0  16  5 FUCHI 81 EMUL CERN SPS 7r- N 

+ 0 5 7  3 13 ALLASIA 80 EMUL u wideband 0-53 025  

< 2 1  98 14 BACINO 80 DLCO Ec ee 3.77 GeV 

< 8 0  90 ARMENISE 79 HYBR z J p ~  dimuons + X 

8 BARLAG 90c estimate systematic error to be negligibie. 
9 Uses impact parameter technique. 

10USHIDA 82 have 3 semi-leptonic decays not included in this number, but believed to 
have much longer lifetimes. 

11 ADEVA 81 first and second values are proper lifetimes of D O and ~ from single event. 
Detection efficiency low for lifetimes 10-13  sec or less. 

12BALLAGH 81 value quoted here assumes that  all dilepton events contain D O or D + ,  
each with equal numbers of semileptoni¢ decays. 

13 ALLASIA 80 assumes no long-length losses. Visibility problems in the emulsion. 
14Uses theoretical rate D ~ ( K e y )  1.4 × 1011 s - 1 .  

<0.17 

]Too - TO01/TD0,  M E A N  L I F E  DIFFERENCE/AVERAGE 

D O and D O are the mass eigenstates of the D O meson. 

DOCUMENT ID TEEN COMMENT 
90 15,16 ANJOS 88C SILl Photoproduction 



See key on page IV.1 

• • • We do not use the following data for averages, fits, limits, etc. • • I 

<0.21 90 17 LOUIS 86 SPEC ~r-W 225 GeV 
<0.8 90 15 YAMAMOTO 85 DLCO F..~ e -  29 GeV 
<0.55 90 17 BODEK 82 SPEC ~r-, pFe ~ D O 

15 Limit inferred from O 0 - ~  mixing ratio r(K+~r - (via ~ ) ) / r ( K - ~ r + )  below. 
16Calculated by us using AF = (Sr/(]+r))1/2T~/4.21 x 10-13s where r is the D0-D 0 

mixing ratio. 
17Limit inferred from D 0 - ~  mixing ratio F(#- anything (via ~ ) ) / F ( #  ÷ anything) 

below. 

D O DECAY MODES 

D ~0 modes are charge conjugates of the modes below. 

Scale factor/ 
Mode Fraction ( r i / r )  Confidence bevel 

Inclusive modes 
El e + anything ( 7.7 4- 1.2 )% 
r2 /~+ anything 
f 3 K -  anything (43 :1- 5 ) % 

[4 K + anything ( 6.4 + 2.6 _ 1.7 ) %  

r5 K°  any + K ° a n y  (33 ±10 )% 
r 6 T/ anything [a] < 13 % 

Semileptonic modes 
[7 K e + u e ( 3.4 ± 0.4 )% 

r 8 ~r-e + u e ( 3.9 + 2.3 )×  10-3 - 1.2 

F9 K ;r0(;r0)e+Ue ( 2.3 + 5.0 )% 0.6 

r io ~ o  ~ (~O)e+u e ( 7.9 + 6.9 )% - 2.4 

S=l. l  

CL=90% 

Hadronic modes with one or three K's 
r n  K%r ° ( 2.7 4. 1.2 )% 
r12 K - z r  + ( 3.71-5 0.25)% S-1.1 
[13 K O l r + ;  ( 5.3 ± 0.5 )% S=1.1 

In the fit as F14 + ~F39 + F16, where ~F3g = F15. 

r14 ~Opo (43  + ~ :~)x lo  3 

r15 K*(892)-Tr  + ( 3.1 ± 0.4 )% 

x B (K* (892 ) -  --, ~-0 _)  

r16 K° / r4 - / r -  (non-resonant) ( 1.8 /_ 0.5 )% 
r17 K zr+= 0 (11.9 4- 1.2 )% 

In the fit as 1-18 + ½F39 + i f 4 0  + F21, where ½1-39 = 1-19 and ~rF4o 
== F2o. 
r io K p+ 7.8 4- 1,1 )% S=1.1 
r19 K*(892)-Tr  + 1.5 4- 0.2 )% 

X B(K'*(892) ~ K-Tr  0) 
r20 K-*(892)°~r 0 1.3 ± 0.4 )% 

x B ( K - * ( 8 9 2 ) ° ~  K =+)  
r21 K 7r+lr 0 (non-resonant) 1.2 4- 0.6 )% 
F'22 K - ~ r + ~ + ; r  - [b] 7.8 ± 0.6 )% 
r23 K 7r+Tr+~ non-resonant 1.9 ± 0.5 )% 
F24 K - T r + p ° 3 - b o d y  7 4- 4 ) x l O  -3  
r25 K-*(892)07r+~ - 3-body 1.1 4" 0.4 )% 

X B ( K * ( 8 9 2 ) 0 ~  K ~+)  
r26 K-*(892)°p 0 1.1 J_ 0.4 )% 

x B ( K * ( 8 9 2 ) 0 ~  K - w  +)  
F27 K-a1(1260)  + 3.8 4. 0.8 )% 

x B(a1(1260) + ~ ~r+Tr+~r - )  
I-28 K1(1270) -~  + O.5 ± O3 )% 

x B(K1(1270) ~ K - ~ r + ; r  - )  
r29 K-Tr+~r07r 0 (15 4. 5 )% 
r3o K ° ~ + ~  ~o(~o) 
r31 K ° ~  x B(w --* ~r+Tr- 7c 0) ( 3 . 3 : 5 1 . 3 ) %  

r32 K-~+~r+~T ~T 0 ( 4.0 + 2.1 )% -- 1.5 
r33 K%r+~r+~r-Tr - ( 7  4-4  ) x l 0  -3  

r34 K°~r+~r+Tr+~r-Tr-~r-  ( 4.0 + 5.0 ) x l 0  3 - 3.0 
r35 KOK+K ( 1.164, 0.21)% 

In the fit as ½F54 + r37, where ½F54 = r36. 

r36 K ° ¢  x B(¢ ~ K + K  - )  ( 4.0 ± 0.8 ) x  10 -3  

r.37 ~0  (K + K - )  non-resonant ( 7.6 4- 2.0 ) x 10 -3  - 1.8 

r38 K + K  -~%rO ( 2.4 + 3.3 )04 1.7 

5=1.2 
S=1.1 
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r39 

r4o 
r41 

r42 
r43 

r44 
i-45 

r46 

r47 

r48 

r49 

r5o 

r51 

r52 

r53 

1-54 

F55 
F56 

F57 

F58 

F59 

F6o 

F61 
F62 

F63 
F64 

F65 

Fractions of many of the following modes have already appeared above. 

K * ( 8 9 2 ) - = +  ( 4.6 4, 0.6 % 
K*(892)%r 0 ( 2.0 ± 0.6 % 
K a1(1260) + ( 7.8 4- 1.5 % 
K -  a2(1320) + < 5 x 10 -3  
K* (892)%r+ l r  - ( 1.7 4- 0.5 % 
K* (892 ) °p  0 ( 1.7 ,1 0.6 % 

K*(892)0p 0 (5-waveTransverse) ( 1.7 4- 0.6 % 
K*(892)0p 0 (5-waveLongitud.) < 2.9 x 10 -3  
K*(892)0p 0 (P-wave) < 2.9 x 10 -3 

KI(1270)-~ + ( 1.6 ± 0.8 % 
K*(1370) lr + < 1.0 % 
, ~ ( 1 4 0 0 ) -  ;r + < 1.0 % 

K • ( 3.7 :I: 1.5 )°4 
~ 0  < 2.4 % 

K * ( 8 9 2 ) %  < 2.6 % 
go~ ( 8.o 4- 1.6 )× lO -3 

Pionic modes 
/[+ 7t-- 
/r+ ~T-- 7r 0 

~+ ~T+/r--/t- 

/[+/r+/[--/[--/r 0 

Hadronic modes with two K's 
K + K ( 4.5 :L 0.7 
KOK0 < 4 

~ K o  (5 4-4 
KUK-~r + + c.c. 

K * (892 )0K  0 + c.c 

x B(K-*(892)0 --* K-Tr  +)  
K*(892) + K -  + c.c 

x B(K*(892)  + ~ K07r +)  
K ° K -  7r + (non-res.)+c.c. 

K + K -  7r 0 ;r 0 

(K  + K - )  7r+lr - non-res. 
@;r+;r - x B ( ~  K + K  - )  
KO K - ~ +  ;r 0 

1.144- 0.31) x 10 -3  

1.2 4, 0.4 )% 

3.5 4- 1.4 
-- 1.2 )xl0 3 

4.8 + 2.8 % 
- 2.0 

4.0 4. 3.0 x 10 -4  

x 10 -3 

x 10 -3  

x 10 -4  

CL=90% 

CL=90% 

CL=90% 

CL=90% 
CL=90% 

CL=90% 
CL=90% 

5=1.5 

CL=90% 

< 4 × 10 -3  CL=90% 

( 5 4, 3 x 10 -3 

F66 < 1.2 % 
F67 seen 
F68 ( 1.7 4, 0.6 )× 10 -3 
F69 ( 1.5 ,I 0.5 ) x 10 -3 

F7 0 seen 

CL=90% 

Fractions of the following modes have already appeared above. 

F71 K * ( 8 9 2 ) 0 K 0 + c . c .  < 5 ×10 -3  CL=90% 
F72 K*(892) + K- + c.c. ( 8 + 4 ) × 10 -3 

F? 3 0~r+/r ( 3.0 ± 1.0 )× 10 -3 

Lepton Family number (LF) violating, Flavor-Changing 
neutral current (FC), decay via Mixing ( M X ) ,  

or Doubly Cabibbo suppressed (DC) modes 
[74 K + ~ DC < 6 x 10 - 4  CL=90% 

F75 K+~f - (via ~0 )  MX < 1.4 × 10 -4  CL=90% 

F76 K + ~T + Ir Ir DC < 1.8 % CL-90% 
1-77 #+ p- FC < i.i x 10 -5 CL=90% 

F78 e + e- FC < 1.3 x 10 -4 CL--90% 
F79 #+ e m LF [c] < 1.0 x 10 - 4  CL=90% 
F8 ° ~0e+e_ FC < 1.7 x 10 -3 CL=90% 

F81 p0 e + e FC < 4,5 × 10 -4 CL-90% 
F82 pOll+ # -  FC < 8.1 × 10 - 4  CL=90% 

F83 # -  anything (via ~0)  MX 

Mode needed for f i tt ing purposes 
1"-84 other fit modes (61.6 ± 2.8 ) % S-1.1 

[a] This is a weighted average of D ± (44%) and D O (56%) branching frac- 
tions. See D ± section for D 4" and D ° ~ q. 

[b] The whole is less than the sum of the parts due to interference effects; 
see ADLER 90. 

[c] Value is for the sum of the charge states indicated. 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall fit to 14 products of a cross section and a partial width, 
a cross section, and 21 branching ratios uses 66 measurements and 
one constraint to determine 17 parameters. The overall fit has a 
X 2 - 30.2 for 50 degrees of freedom. 
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The fol lowing of f -d iagona l  array elements are the correlation coefficients 

< g p i g p j l / ( ~ p £ ~ p j  ), in percent, from the f i t  to parameters p~, including the branch- 

ing fractions, xi ~ r j r t o t a  I. The fit constrains the x~ whose labels appear in this 
array to sum to one. 

Xll 4 

x12 35 i i  

X14 3 1 8 

x16 6 3 17 22 

x18 12 6 35 6 14 

x21 2 1 4 1 3 - 2 7  

x22 23 9 66 6 13 27 3 

x37 6 3 19 6 14 10 1 14 

x39 12 6 34 - 1 0  - 2 8  12 1 26 16 

x40 5 3 14 2 5 - 6  5 11 4 7 

x54 8 4 24 11 27 13 1 18 - 3  25 

x55 7 2 19 1 3 6 1 12 3 6 

x60 14 4 39 3 7 13 2 26 7 13 

x72 3 2 10 1 3 6 1 8 3 6 

x84 - 3 7  54 68 10 - 2 5  - 5 3  - 1 3  - 6 2  26 41 

- 2 7  14 77 - 1 0  - 2 3  - 4 5  6 59 24 - 4 4  

X7 X11 x12 x14 X16 X18 X21 X22 x37 x39 

X54 5 

X55 3 4 

X60 6 9 7 

x72 2 4 2 4 

X84 27 --33 - 1 4  28 23 

a 19 -30 -14 30 13 74 

x40 x54 x55 x60 x72 x84 

D o BRANCHING RATIOS 

r ( K -  e + ye)/rtota I r71r 
VALUE (units 10 3) EL% EVTE DOCUMENT ID TEEN COMMENT 

349:4 OUR FIT 
34=E5:£4 55 20 ADLER 89 MRK3 F~ e = 3.77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<50 90 21 AGUILAR-... 87F HYBR 7rp, pp  360,400 
GeV 

• - n n~7+0.038 20Experiment gives IVcd /Vcs l  2 . . . . .  0.015 ± 0.005. 

21AGUILAR BENITEZ 87F computed the branching ratio by topological normalization. 

r ( K -  e + Ue)/r ( K -  7r + ) rT/r  12 
VALUE DOCUMENT ID TEEN COMMENT 
0.914-0.11 OUR FIT 
0.91±0.07=E0.11 AN JOE 89F TPS Photoproduction 

r (,/1- - e ± Ye ) / rtotal [-8 / r 
VALUE (units lO 3) EL% EVT5 DOCUMENT ID TEEN COMMENT 

3.9_+2:31±0.4 7 22 ADLER 89 MRK3 E ~ e :  3.77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<54 90 23 AGUILAR-... 87F HYBR 7rp, p p  360,400 
GeV 

22 Experiment gives lVcd /Vcs l  2 - . . . . .  n n~7+0.0380.015 ~ ~ 0.005. 

23AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r ( K -  7r 0 (~r 0) e + r e ) / r t o t a  I r 9 / F  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

2 + 0050 24 0.0 3_0~0064-0.001 1 AGUILAR-... 87F HYBR z p ,  p p  360,400 GeV 

24AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 
Does not distinguish presence of a second 7r 0. 

r (~o ~ -  ~ -  (~.0) e +  Ue) / [ ' to ta l  [ ' lo / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

+ 0069 25 0.079_0~0234-0.(~)5 3 AGUILAR-... 87F HYBR 7rp, p p  360,400 GeV 

25AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 
Does not distinguish presence of a second ~r 0. 

o(e + e ~ ~b(3770)) x ['(-/~"0"rr0)/['total o-r l l / r  
VALUE (nanobarns~ EL% EVT5 DOCUMENT ID TEEN COMMENT 

0.18:E0.08 OUR FIT 
0.18±0.08 8 SCHINDLER 81 MRK2 E.~ e : 3.771 

GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 11J_0.02±0.01 70 26 SCHINDLER 86B MRK3 F~e=  3.77 

See note in D ± section concerning revisions to hadronic branching fractions, and 
new measurements of D + and D O decays. 

r(e + anything)/rtota I r l / r  
VALUE ~ EVT5 DOCUMENT ID TEEN COMMENT 

0,07"/+0.012 OUR AVERAGE Error includes scale factor of 1.1. 
0.15 ±0.05 AGUILAR-... 87E HYBR ~p, p p  360, 

400 GeV 
0.075±0.011±0.004 137 BALTRUSAIT..~5B MRK3 ~em= 3.77 

GeV 
0.055±0.037 12 SCHINDLER 81 MRK2 F ~ e =  3.771 

GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0,17 +0.08 7 18AGUILAR-... 86 HYBR 7r p360 
-0 .06 GeV 

o n=l+0.O4g 3 AGUILAR-... 83 HYBR ~Tp, p p  
. . . .  0.014 

<0.04 95 0 BAEINO 80 DLCO Eceem= 3.77 
GeM 

18Includes (e -  anything) which is expected to be small. 

F(K-  anything)/rtota I r3/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.434-0.05 OUR AVERAGE 
0.42±0.08 AGUILAR-... 87E HYBR 7rp, p p  360, 400 GeV 
0.55±011 121 SEHINDLER 81 MRK2 F~ e =  3.771 GeV 

0.35±0.10 19 VUILLEMIN 78 MRK1 F.~em = 3.772 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 a+0-11 19AGUILAR-... 86 HYBR l r - p 3 6 0 G e V  
" ~ -  0 . 1 0  

TEEN COMMENT 

r4 / r  

19 Includes K + anything. 

F(K + anything)/rtotal 
VALUE EVT5 DOCUMENT ID 

0 r ~ + 0 . 0 2 6  OUR AVERAGE " ~  - 0.017 

0.03 +0.05 
0.02 

0.08 ±0.03 25 

[F(K ° any) + r(-E ° any)]/rtota I 
VALUE EVTS DOCUMENT ID 
0.33:E0.10 OUR AVERAGE 
0.29±0.11 13 SCHINDLER 

0.57:50.26 6 VUILLEMIN 

AGUILAR-... 87E HYBR 7rp, p p  360, 400 GeV 

SCHINDLER 81 MRK2 E~ e = 3.771 GeV 

TEEN COMMENT 

81 MRK2 E~ e = 3.771 GeV 

78 MRK1 E~ern = 3.772 GeV 

r5/ r  

<0.7 90 SCHARRE 

26The value has not been published as of this printing. 

a(e+e - --* tb(3770)) x F(K-~r+)/rtotal 
VALUE (nanobarns) EVTS DOCUMENT ID 
0.246+0.011 OUR FIT 
0.2454-0,012 OUR AVERAGE 

GeV 
ee 78 MRK1 Ecm-- 3.77 

GeV 

ar12/r  
TEEN COMMENT 

0.248±0.009±0014 930 BALTRUSAIT..,86E MRK3 ~ e =  3.77 GeV 

024 ±0.02 263 SCHINDLER 81 MRK2 E~e= 3.771 GeV 

025 ±0.05 130 PERUZZI 77 MRK1 E~em = 3.77 GeV 

r(K-=+)/r tota,  r12/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.G371-1-0.(~125 OUR FIT Error includes scale factor of 1.1. 
0.041 :E0.005 OUR AVERAGE 

+0.007 139 27 BARLAG 898 CCD w -  Cu 230 GeV 0040 - 0.006 

0.045 ±0.008 ±0.005 56 28 ABACHI 88 HRS F-..~ren = 29 GeV 

0.040 +0.021 ±0.002 7 29 AGUILAR ... 87F HYBR 7rp, p p  360,400 
- 0.010 GeV 

27 BARLAG 89B computed the branching ratio using topological normalization. 
28 ABACH188 branching ratio computed by tagging D* (2010) + ~ l ]  07r + through excess 

low momentum ~T + over background. 
29 AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

~ ( e + e -  ~ ~p(3770)) x r(K-%0)/rtotal 
VALUE (nanobarns) EVT5 DOCUMENT ID 

0 n2R+0.020 ~HP FIT 
.v v_0.012 v v . ,  

+ 0 020 0.027__01008 OUR AVERAGE 

0.04 ±0.01 ±0.02 ADLER 

+0.040 1 SCHINDLER 0.006_ 0.009 

ar14/r 
TEEN COMMENT 

87 MRK3 F- .~= 3.77 GeV 

e e _  81 MRK2 Ecru 3.771 GeV 
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( r ( e + e  - "-> g , (3770) )  x r(-~%+~r-)/rtotal 
VALUE (nanobarns) EVTS DOCUMENT ID TECN 
0.3494-0.028 OUR FIT E-~ror includes ~ ~-ac~-or of  1.1~ 
0.36 4-0.04 OUR AVERAGE 
0.37 ±0.03 3}_0.03 ADLER 87 MRK3 Ece~= 3.77 GeV 

0.30 ±0.08 32 SCHINDLER 81 MRK2 F..~ern = 3.771 GeV 

0.46 9-0.12 28 PERUZZl 77 MRK1 F.~em = 3.77 GeV 

I ' ( - k - % +  ~ r - ) / r t o t a i  (r14+qG+}r39)/r 
VALUE EVT5 DOCUMENT ID T_EEN COMMENT 
0.053+0.005 OUR FIT Error includes scale factor of 1•1• 

0 0 ~ + 0 ' 0 1 1  OUR AVERAGE 
• ~ ' -  0.009 

0.037 ± 0.011 25 

o.o45+o:#,~±o.oo3 2 

~ ' ( r 1 4 + r 1 6 +  {r39)/r 
COMMENT 

30 BARLAG 89B CCD ~-- Cu 230 GeV I 

31 AGUILAR-... 87F HYBR ~rp, p p  360,400 GeV 

I 30 BARLAG 89B computed the branching ratio using topological normalization. 
31AGUILAR_BENITEZ 87F computed the branching ratio by topological normalization. 

I-(K%+ ~-)/r(g-~r + ) (r14+r16+}r39)/r12 
VALUE EVTS DOCUMENT ID TECN COMMENT 
1.42-t-0.13 OUR FIT Error includes scale factor of 1.1. 
2.1 4-0.6 OUR AVERAGE 
1.7 ±0•8  35 AVERY 80 SPEC "fN ~ D * +  
2.8 ± i .0  116 PICCOLO 77 MRK1 F.~e= 4.03, 4.41 GeV 

( ~ ( e + e  - --* ~b(3770))  x r ( ~ - % + ~ r  - ( n o n - r e s o n a n t ) ) / F t o t a  I C F 1 6 / F  
I/ALUE (nanobarns I EVT5 DOCUMENT ID TECN COMMENT 
0.1174-0.030 OUR FIT 
0.11 4-0.04 OUR AVERAGE 
0.12 40.02 4_0.04 ADLER 87 MRK3 F.~em = 3•77 GeM 

0 090 +0.075 10 SCHINDLER 81 MRK2 F..~em = 3.771 GeV 0.069 

, , ( e  + e -  -~  ~ ( 3 7 7 0 ) )  x r ( K - p + ) / r t o t a l  ~ , r l ~ / r  
VALUE (nanobams) EVT5 DOCUMENT 10 TEEN COMMENT 
0.524-0.06 OUR FIT Error includes scale factor of 1.1. 
0.61-1-0.09 OUR AVERAGE 
0 .62 ;0 .02+0 .09  ADLER 87 MRK3 F_.~em = 3•77 GeV 

0 ~ + 0 . 2 2  31 SCHINDLER 81 MRK2 F..~em = 3.771 GeV . . . .  - 0 .23  

o ' ( e + e  - --* ~b(3770)) x F(K-~r+x°)IFtota, ,,(rlg+r21+~r~9+~r~o)/r 
VALUE (nanobams) EVTS DOCUMENT ID TECN COMMENT 
0.79 4-0.06 OUR FIT 
0.75 4-0.09 OUR AVERAGE 
0.7599-0.0449-0.083 931 BALTRUSAIT..~GE MRK3 E~ e = 3•77 GeV 

0.68 ±0.23 37 SCHINDLER 81 MRK2 Ece~= 3.771 GeV 

t • • We do not use the following data for averages, fits, limits, etc. • • • 

1.4 9-0.6 7 SCHARRE 78 MRK1 F-.~n= 3.77 GeV 

IF(K- ~r + ~r0) / Ftotel (r18+r21+ { r39+.~ r~o)/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.1194-0.012 OUR FIT 

I 1 + 0  032 ).09 _01023 OUR AVERAGE 

0.073±0.036±0.009 13 
I I +0061 ). 06_010289-0.006 5 

32 BARLAG 89B CCD : -  Cu 230 GeV I 

33 AGUILAR-... 87F HYBR l rp ,  p p  360,400 GeV 

I 32 BARLAG 89B computed the branching ratio using topological normalization. 
33AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

IF ( K -  7r + Ir 0) IF (K- 7r + ) (rIB+r21+ ~ %9+ }r4o)Ir 12 
VALUE EVT5 DOCUMENT IO TEEN COMMENT 
:3.214-0.28 OUR FIT 
,$.2 4-1.4 41 SUMMERS 84 TPS Pbotoproduction 

F (K- p+)/r (K- ~+ ~0) rls/(rls+r21+ Ir39+ ~r~) 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.66:t:0.06 OUR FIT Error includes scale factor of 1•1• 

O =1 +0"20 13 SUMMERS 84 TPS Photoproduction "'~ --0.14 

, , ( e + e  - ~ V ; (3770) )  x r ( K - ~ r + T r  0 ( n o n - r e s o n a n t ) ) / r t o t a  , a r 2 1 / r  
VALUE (nanobarns) CL% DOCUMENT ID TEEN COMMENT 

0.0e:E0.04 OUR FIT Error includes scale factor of  1.2• 
0.07:1:0.024-0.03 ADLER 87 MRK3 E~ern = 3.77 GeV 
• • We do not use the following data for averages, fits, limits, etc. • • • 

<0.19 90 SCHINDLER 81 MRK2 Eceem= 3.771 GeV 

i F ( K -  = % r  0 ( n o n - r e s o n a n t ) ) / F  ( K -  l r +  l r  0) r 2 u ( r 1 8 + r 2 1 +  { r 3 9 + { r ~ o )  
VALUE EVTS DOCUMENT ID T E E N  COMMENT 
0.104-0.O5 OUR FIT Error includes scale factor of 1•2• 
0.51:1:0.22 21 SUMMERS 84 TPS Photoproduction 

a ( e + e  - -- ,  ¢ ( 3 7 7 0 ) )  x r ( K - ~ r + I r + l r - ) / r t o t a l  ~ r 2 2 / r  
VALUE (nanobarns) EVT5 DOCUMENT ID TEEN COMMENT 
0.52 t+0 .035 OUR FIT Error includes scale factor of  7.1. 
0.52 4-0.07 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below• 
0 . 5 2 5 1 0 0 2 6 ± 0 0 5 4  992 BALTRUSAIT...86E MRK3 ~em= 3.77 GeV 
0.68 4_0.11 185 SCHINDLER 81 MRK2 F..~e= 3.771 GeV 

0.36 ±0.10 44 PERUZZl 77 MRK1 F..~e= 3.77 GeV 

WEIGHTED AVERAGE 
0 .52  ± 0 .07  (Error scaled by 1.5) 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sar i ly the same as our "best"  values, 
obtained from a least-squares constrained fit 
util izing measurements of other (related) 
quantities as additional information• 

• ' • 8ALTRUSAIT... 86E MRK3 
• ' "SCHINDLER 81 MRK2 2.2 

' ' ~ -  • -PERUZZI 77 MRK1 2.5 

( C o n f ~ e n c e  Level  = 0 . 0 9 6 )  

O.O 0.2  0 .4  0 .6  0 .8  1.O 1.2 

¢ ( e + e  ~ ~ (3770 ) )  x I ' ( K - T r + ~ r + T r - ) / F t o t a l  (nanobarns) 

r ( K -  l r +  7r+ 7 r - ) / r t o t a l  r 2 2 / r  
VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.0784-0.006 OUR FIT Error i n c l u d ~ c ~ - o r  of 1.1- 
0.079-1-0.011 OUR AVERAGE 
0.082:50.012 399 34 BARLAG 89B CCD 7r- Cu 230 GeV 

+ 0 017 0.065_01011±0.019 13 35 AGUILAR-... 87F HYBR ~Tp, pp 360,400 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0•10 4-0.04 6 AGUILAR-... 84 HYBR 7r p p p  360 GeV 
0.0714-0.025 8 AGUILAR-... 84B HYBR ~ -  p 360 GeV 

34 BARLAG 89B computed the branching ratio using topological normalization. 
35 AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

F ( K - ~ T + T r + T r - ) / F ( K  - T r + )  F22/F12  
VALUE EVT5 DOCUMENT 10 TECN COMMENT 
2.124-0.13 OUR FIT Error includes scale factor of  1•1• 
2.13+0.16 OUR AVERAGE 
2.12±0.16±0.09 BORTOLETTO88 CLEO E~em = 10•55 GeV 
2.0 +0.9 48 BAILEY 86 SILl 7r- Be fixed target 
2.17±0.28±0.23 36 ALBRECHT 85F ARG F-.~ e = 10 GeV 

2.0 J_l.0 10 BAILEY 83B SPEC 7r- Be ~ D O 
2.2 ±0.8 214 37 PICCOLO 77 MRK1 E~em = 4.03, 4.41 GeV 

36 Not independent of (K-  37r)/total. 

37This channel dominated by K ~r + p0 (85 4- 15%). K* 7r + 7r- and K-a2(1320)+ 
consistent with zero, K'p 0 fraction is 0.1 ± 0.1. 

~ ' ( e + e -  ~ V~(3770))  x F ( K - T r + p  0 3 - b o d y ) / r t o t a  I ~ , r 2 4 / r  
VALUE {nanobams) DOCUMENT ID TEEN COMMENT 

0.044+0_012-1-0.021 ADLER 90 MRK3 E~ e = 3,77 GeV 

F ( K -  ~r+ P 0 3 - b o d y ) / r  ( K  - "n'+'a'+ ~ - )  F24 /F22  
VALUE EL% EVT5 DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.2 ±0 .2  90 2 BAILEY 83B SPEC 7rBe ~ D O 
0 8 ~+0"11 Ecm = 4.03, 4.41 GeV • ~-0.22 180 PICCOLO 77 MRK1 ee 

~ ( e + e  - -- ,  g , (3770 ) )  x F ( K - f r + ~ - + T r -  non - resonan t ) /F to ta  I ~ ,F23/F 
VALUE (nanobarns) DOCUMENT ID TEEN COMMENT 

0.127:E0.0154-0.032 ADLER 90 MRK3 ~ e  = 3.77 GeV 

r (K- ~+ ~o ~o) / rtotal F29 / F 
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.149-1-0_037-E0.030 24 38 ADLER 88C MRK3 E ~  = 3.77 GeV 
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• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.153,10.0444-0.013 23 39 BARLAG 89B CCD = Cu 230 GeV 
+ 0 074 39 0.209 01043 ±0.012 9 AGUILAR-... 87F HYBR ~rp, p p  360,400 GeV 

seen 6 AGUILAR ... 86B HYBR ~ p 360 GeV 
seen 1 ADEVA 81 HYBR ~r p ~ D 0 D  ~ )  

38 ADLER 88C uses an absolute normalization method finding this decay channel opposite 
a detected D O ~ K ~r + in pure D D  events. 

39AGUILAR-BENITEZ 87F and BARLAG 898 computed the branching ratio by topological 
normalization. Does not distinguish presence of a third ~r 0 and thus is not included in 
the average. 

r ( ~ +  ~-  ~e(~°))/rtota, r30/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .148±0.063±0.015 12 40 BARLAG 89B CCD = -  Cu 230 GeV 
1 + 0 073 0. 06 01029 4-0.006 4 40 AGUILAR-... 87F HYBR ~rp, p p  360,400 GeV 

seen 7 AGUILAR ... 86B HYBR ~ p 360 GeV 

40AGUILAR-BENITEZ 87F and BARLAG 89B computed the branching ratio by topological 
normalization. Does not distinguish presence of a third ~r 0 and thus is not included in 
the average. 

F ( K  ~r+ 7r+ 7 r -  ~ - ° ) / r t o t a l  rg2/r 
VALUE EVT5 DOCUMENT tD TEEN COMMENT 

0 040 +0"021 5 41 BARLAG 89B CCD ; r -  Cu 230 GeV 
" - 0 . 0 1 5  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 6 AGUILAR ... 868 HYBR ~r p 360 GeV 

41 BARLAG 89B computed the branching ratio using topological normalization. 

r ( ~ r  + ' r r  + ~r -  ~r -  ) / r t o t a  I r 3 3 / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0 007 ~+0"0045 8 42 BARLAG 89B CCD ~r Cu 230 GeV • ~ - 0 . 0 0 4 3  

42 BARLAG 89B computed the branching ratio using topological normalization. 

r(g%+~+~+~ ~ ; r - ) / F t o t a l  r34/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0 0n4 +0"005 1 43 BARLAG 89B CCD ~r Cu 230 GeV 
• ~ - 0 . 0 0 3  

43 BARLAG 898 computed the branching ratio using topological normalization. 

r (K-° K + K - ) / F  ( K - % +  ~r - )  (r37+ ½rs4/(r14+rlo+-~r~9) 
VALUE EVT5 DOCUMENT iD TEEN COMMENT 
0,2204-0.034 OUR F IT  
0.20 4-0.05 OUR AVERAGE 
0.24 ±0.08 44 BEBEK 86 CLEO e + e- near T(4S) 
0.185±0.055 52 44 ALBRECHT 85B ARG F~m = 10 GeV 

44 Resonant contributions to ~ K + K are not distinguished (T~ 0 ~ is included). 

~ ( e + e  - -~  @(3770) )  x F(K ° ( K + K )  n o n - r e s o n a n t ) / r t o t a  , 

~ r 3 7 / r  
VALUE (nanobarns) DOCUMENT ID TEEN COMMENT 

0 n~n+0.013 OUR FIT 
. . . .  --0.011 

0.05 +0.02 4-0.01 45 BALTRUSAIT..~6C MRK3 F_~e~= 3.77 GeV 
-0 .01  

45Excludes contributions from D O ~ ~ q ) .  

r ( ~  ° ( K  + K - )  n o n - r e s o n a n t ) / F t o t a  I r37/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0 anvR+0.0020 OUR FIT 
. . . . .  -0 .0018 

0.016 +0.009 13 46 BARLAG 89B CCD ~r Cu 230 GeV 
-0 ,007  

46 BARLAG 89B computed the branching ratio using topological normalization. 

r (K + K-  ~%°)Irtota, r38/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0n-~+0 .033  1 47 BARLAG 89B CCD ~r Cu 230 GeV 
. . . .  - 0.017 

47 BARLAG 89B computed the branching ratio using topological normalization. 

~ ( e + e  - -~  @(3770 ) )  x r ( K l ( 1 2 7 0 ) - ~ r + ) / F t o t a l  ~ r 4 8 / r  
VALUE (nanobams) DOCUMENT ID TEEN COMMENT 

0.1034-0.030=E0.047 ADLER 90 M RK3 i~e  = 3.77 GeV 

~(e+e - -~ @(377o)) x r(K*(t370)-~+)/rtota~ ~r49/r 
VALUE (nanobarns) CL~/o DOCUMENT ID TEEN COMMENT 

<0•066 90 ADLER 90 MRK3 E~em = 3.77 GeV 

~ ( e + e  --* @(3770) )  x F ( K 1 ( 1 4 0 0 )  ~ r+ ) /F to ta l  ~ r s o / r  
VALUE (nanobarns) CL °/~ DOCUMENT ID TEEN COMMENT 

<0.066 90 ADLER 90 MRK3 E~ e 3.77 GeV 

o ( e  + e -  ~ @(3770))  x r ( K *  ( 8 9 2 ) -  l r  + ) / r t o t a  I ~ F 3 9 / r  
VALUE (nanobarns) EVT5 DOCUMENT 10 TEEN COMMENT 

0 3 1 4 - 0 . 0 4  OUR F IT  
0 .304-0 .04  OUR AVERAGE 
0.28±0.04±0.08  ADLER 87 MRK3 Using K * -  ~ K -  ~r 0 
0.31±0.02d_0.05 ADLER 87 MRK3 Using K * -  ~ 7(07r - 
0 ~1+0.11 25 SCHINDLER 81 MRK2 Ecee m -  3.771 GeV 0.12 

r ( K * ( 8 9 2 1 -  ~ + ) / r  ( K -  ~ +  r e) r 3 9 / ( r 1 8 + r 2 1 +  { r 3 9 +  ~ r ~ )  
VALUE EVT5 DOCUMENT tD TEEN COMMENT 
0.394-0.06 OUR FIT 

0 ~ + 0 . 3 6  " ~ -  0.24 5 SUMMERS 84 TPS Photoproduction 

o-(e +e ra  ~ / ; ( 3 7 7 0 ) )  x r ( K " ( 8 9 2 ) ° ~ T O ) / r t o t a l  ( , r 4 0 / r  
VALUE (nanobarns~ EVT5 DOCUMENT /D TEEN COMMENT 

0.134-0.04 OUR FIT 
0.154-0.04 OUR AVERAGE 

0 1 5 ± 0 . 0 2 ± 0 . 0 4  ADLER 87 MRK3 E~em = 3.77 GeV 

e e _  n 1~+0.18 4 SCHINDLER 81 MRK2 E c m -  3.771 GeV . . . .  - 0  14 

r(K*(892)aTr°)/r(K-Tr+Tr ° ) r4o/(rlg+C21+ ½ rag+-~ r4o) 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.174-0.05 OUR FIT 

no+0.14 2 SUMMERS 84 TPS Photoproduction -w-0.09 

~ ( e  + e -  -- ,  @(3770) )  x F ( K -  a l ( 1 2 6 0 ) + ) / F t o t a ,  ~ F 4 1 / F  
VALUE (nanobams) DOCUMENT ID TEEN COMMENT 

0.5174-0.036:1:0.068 ADLER 90 MRK3 ~'ten = 3.77 GeV 

~ ( e  + e -  ~ @(3770) )  x F ( K -  a 2 ( 1 3 2 0 ) + ) / F t o t a ,  ~ r 4 d r  
VALUE (nanobarns I EL% DOCUMENT ID TEEN COMMENT 

<0.036 90 ADLER 90 MRK3 E~em = 3.77 GeV 

r ( K - a 2 ( 1 3 2 0 ) + ) / r ( K - ~ r + ~ + ~  - )  r 4 d r 2 2  
Followed by decay a2(1320)+ ~ ~r~ ~T + 7r-- (BR = 0.35) 

VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 
e e _  < 0 1 7  48 PICCOLO 77 MRK1 E c m -  4.03, 4.41 GeV 

48We have corrected the reported number < 0.06 to account for B(a2(1320) + 
=+  7r + ~ -  ) = 035• 

~ ( e  + e -  --~ @(3770) )  x r ( K - * ( s g 2 ) 0 7 r + T r - ) / r t o t a l  ~r431r 

VALUE (nanobarns) DOCUMENT ID TEEN COMMENT 

0.110+0.015:1:0 .032 ADLER 90 MRK3 ~ e  = 3.77 GeV 

r ( K * ( 8 9 2 ) ° T r  + =-)IF ( K -  ~r + 7r + ~ -  ) r 4 3 / r 2 2  
Followed by decay K* (892)  0 ~ K =+  (BR = 0•67) 

VALUE EL% EVT5 DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.27 90 0 49 BAILEY 83B SPEC 7rBe ~ D O 

00 I 0 3  0 50pICCOLO 77 MRK1 Ecee m 4.03, 4.41GeV O 0  

49We have corrected the reported number < 0.18 to account for B(K* (892) 0 ~ K- x -  ) 
= 0.67. 

50Corresponds to < 0.5 at 90% EL. We have corrected the reported numbers to account 
for B(K*(892)  0 ~ K = ± )  = 0.67. 

F ( K * ( 8 9 2 )  0 p 0 ) / F  ( K -  7r + 7r + 7 r -  ) F 4 4 / r 2 2  

Followed by decay K* (892)  0 ~ K ~+  (BR = 0.67) 
VALUE ~ EVTS DOCUMENT ID TEEN COMMENT 

• • • We do not use tile following data for averages, fits, limits, etc. • • • 

0 . 7 5 ± 0 3  90 5 51 BAILEY 838 SPEC 7rBe ~ D O 

ee + 0 1 6  20 52 PICCOLO 77 MRK1 E c m -  4.03, 4•41 GeV 0 .15_0  15 

51We have corrected the reported number (0.5 ± 02 )  to account for B(K*(892)0 
K =+ )  = 067. 

5 2 W e h  . . . . . . . . .  ted the reported number ( 0 . 1 0 ~ 3 : ~ )  t ~ ' -  . . . . . . .  t for B(TC'(892)0 - -  

K =+ )  = 067. 

r i ( e + e  - --* @(3770) )  x F ( K * ( 8 9 2 ) 0 p  0 ( 5 - w a v e T  . . . . . . . .  ) ) / F t o t a l  ~ r 4 s / r  
VALUE (nanobarns} DOCUMENT ID TEEN COMMENT 

0.112:t:0.0144-O.040 ADLER 90 MRK3 ~ e  = 3.77 GeV 

~ ( e + e  - -~  @(3770 ) )  x r ( ~ * ( 8 9 2 ) ° #  ° (5 -waveLong i tud . ) ) / r t o ta l  ~ r 4 6 / r  
VALUE (nanobarns) CL° /e  DOCUMENT ID TEEN COMMENT 

<0.019 90 ADLER 90 MRK3 F-.~e= 3.77 GeV 

~ ( e + e  - --* @(3770) )  x F ( K * ( 8 9 2 ) 0 p  0 ( P - w a v e ) ) / r t o t a l  ~ r 4 7 / r  
VALUE (nanobams~ EL% DOCUMENT ID TEEN COMMENT 

<0.019 90 ADLER 90 MRK3 F-.~em = 3.77 GeV 
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r (-k%)/r (K-,~+) 
VALUE 

1.00±0.36:1:0.20 

r (~%) / r (K-~+)  
VALUE EL% 

<0.64 90 

r (-k-*(892)o e)/r (K- ~r+) 
VALUE 

<0.70 90 

F CK° ¢ ) / r t o t a l  
VALUE EVT5 
0.0080±0.0016 OUR FIT  
0.016 4-0.008 6 

r s l / r l 2  
DOCUMENT IO TEEN COMMENT 

ALBRECHT 89D ARG E~em = 10 GeV | 

r 5 2 / r 1 2  
DOCUMENT ID TECN COMMENT 

ALBRECHT 89D ARG Ecee m = 10 GeV I 

DOCUMENT ID TEEN 

r s 3 / r 1 2  
COMMENT 

ALBRECHT 89D ARG F-.~ e = 10 GeV 

Fs4/F  
DOCUMENT 10 TECN COMMENT 

53 BARLAG 89B CCD ~r- Cu 230 GeV I 

53 BARLAG 89B computed the branching ratio using topological normalization. I 

r (~°¢ ) / r (~%+~ -)  F~/CQ4+F~6+.~F39) 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.151±0.026 OUR FIT  
0 .150±0.028 OUR AVERAGE 
(].15520.033 54 ALBRECHT 87E ARG F..~ e = 10 GeM 
(].14 ±0.05 29 BEBEK 86 CLEO e + e near T(45)  
• • ! We do not use the following data for averages, fits, limits, etc. • • * 

0.18620.052 26 ALBRECHT 85B ARG RepL by AL- 
BRECHT 87E 

54ALBRECHT 87E also report r(t~ 0 K + K -  non-~) = 0.0064 ± 0.0015 ± 0.0009 where 
they used B(D 0 ~ ~ I r +  iT - )  = 0.076 2 0.007 2 0.008. 

r (~+ ~-)/rtota, r8s/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0.00114:E 0.00031 OUR FIT  

( 9 ± 6 ) x 10 - 4  OUR AVERAGE 
( 8 ± 6 ) x 10 -4  3 55 BARLAG 89B CCD 7r- Cu 230 GeV I 

(50 +_ 1220 240) x 10 4 1 56 AGUILAR-... 87F HYBR ~rp, p p  360,400 
GeV 

55 BARLAG 89B computed the branching ratio using topological normalization. I 
56AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

r(~+~r-)/r(K-~r +) rs8/r12 
VALUE ~ EVT5 DOCUMENT ID TEEN COMMENT 

0.031iO.OE~ OUR FIT 
0.033+0.009 OUR AVERAGE 
0.033±0.010±0.006 39 BALTRUSAIT,,~5E MRK3 E~em = 3.77 

GeV 
0.033±0.015 ABRAMS 79D MRK2 F..~em = 3.77 

GeV 
= • We do not use the following data for averages, fits, limits, etc. • • • 

<0.07 90 PICCOLO 77 MRK1 E~ren= 4.03 
GeV 

rO +=-=°)/rtotal r~6/r 
_VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.012~E0.004 OUR AVERAGE 
i +0033  I C.036_01021±0.001 2 57 BARLAG 89B CCD 7r- Cu 230 GeV 

0.011±0.004±0.002 10 58 BALTRUSAIT..~35E MRK3 F..~e= 3.77 GeV 

57 BARLAG 89B computed the branching ratio using topological normalization. I 
58 All events consistent with p0 ~r0. 

I" Or + "~+ 7r-  7r - ) / r tota I r 8 7 / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

+ 0  0014 0.0035_0~0012 OUR AVERAGE Error includes scale factor of 1.5, See the ideogram 
below. 

0.0025-E0.0010 10 59 BARLAG 89B CCD 7r- Cu 230 GeV I 

0.005 +0.011 20.001 1 60 AGUILAR-... 87F HYBR ~rp, p p  360,400 0.001 
GeV 

0.015 ±0.006 ±0.002 9 BALTRUSAIT..,85E MRK3 ~ e =  3.77 GeV 

59 BARLAG 89B computed the branching ratio using topological normalization. I 
60AGUILAR-BENITEZ 87F computed the branching ratio by topological normalization. 

WEIGHTED AVERAGE 
0 . 0 0 3 5  + 0 .0014  - O.OO12 (Error scaled by 1.5) 

4 -  
v 

X 2 

BARLAG 89B CCD 
: I . . . . . . . . .  i i i i i i i i i i AGU]LAR .... 87F HYBR 1.1 

I . . . . . . .  BALTRUSAIT... 85E MRK3 3.3 

(Conf idence Level = 0 .066)  
n ~ v J 

0.00 o.01 o.o2 o.o3 o.o4 

I-(Tr + ~+'tr 7 r - ) / r t o t a  I 

r ( ~ + , ~ + , ~ -  ~ - ) / r ( K - , ~ + , ~ +  ~ - ) rsT/r22 
VALUE ~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 
e e _  <0.21 90 SCHINDLER 81 MRK2 Ecru- 3.771 GeV 

r Or + 7r + 7 r -  7 r -  7r O) / r t o t a  I rsg/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0 n~+0.028 4 61 BARLAG 89B CCD 7r- Cu 230 GeV 
.v~ - 0.020 

61 BARLAG 89B computed the branching ratio using topological normalization. 

r ( ~ +  'a -+ Ir + 7r -  "n'- 'Jr- ) / r t o t a  I r s 9 / r  
VALUE EVT5 DOCUMENT IO TEEN COMMENT 

(4±3)  x 10 - 4  2 62 BARLAG 89B CCD 7r- Cu 230 GeV 

62 BARLAG 89B computed the branching ratio using topological normalization. 

F(K + K-)/rtotal rg0/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.0045-1-0.0007 OUR FIT  

0 e,n~u+O.0015 15 63 BARLAG 89B CCD 7r- Cu 230 GeV " v ~ -  -- 0.0014 

63 BARLAG 89e computed the branching ratio using topological normalization. 

r(K + K-)IF(K-~r +) r60/r12 
VALUE EL% EVTS DOCUMENT ID TEEN COMMENT 

0.1214-0.016 OUR FIT  
0.1194-0.018 OUR AVERAGE 
0.12220.01820.012 118 BALTRUSAIT..,85E MRK3 ELce m = 3.77 

GeV 
0.113±0.030 ABRAMS 79D MRK2 F-.~e= 3.77 

GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.07 90 PICCOLO 77 MRK1 Eeem = 4.03 
GeV 

(,(e + e-  -~ e(3770)) x r (-K ° K ° ) / r t o t a l  (,r61/r 
VALUE (nanobarns) CL% DOCUMENT ID TEEN COMMENT 

<0.025 90 BALTRUSAIT..~6C MRK3 Ece~= 3.77 GeV 

F(K O K°s)/r (K + K- ) r62/r60 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

0.12±0.08 4 64 CUMALAT 88 SPEC n N  0-800 GeV 

64includes a correction communicated to us by the authors of CUMALAT 88. 

¢ ( e + e  - - - ,  ~b(3770)) x F ( K ° K - ~ r  + (non - res . )+c . c . ) / r t o ta l  ~ r 6 6 / r  
VALUE (nanobarns) EL% DOCUMENT IO TEEN COMMENT 

<0.079 90 65 BALTRUSAIT..36C MRK3 E~em = 3.77 GeV 

65 x l  E c udes contributions from D O K* (892) K. 

r (  K O K - T r +  (non- res . )+c .c . ) /F to ta l  r 6 6 / r  
VALUE EVTS DOCUMENT tO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • * 

seen 1 AGUILAR-... 86B HYBR 7r- p 360 GeV 

r ( g  + K -  ~r0 ~r0) / r to ta l  r 6 7 / r  
VALUE EVT5 DOCUMENT 10 TEEN COMMENT 

seen 1 AGUILAR-,.. 86B HYBR It-  p 360 GeV 
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F((K+K - )  7r+Tr - non-res.)/rtotal FEo/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

0.00174-0.0006 i 0  66 BARLAG 89B CCD 7r- Cu 230 GeV I 
66 BARLAG 89B computed the branching ratio using topological normalization. 

r (K ° K- ~+ ~°)/rtota~ r7o/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

seen 1 AGUILAR-... 868 HYBR ~- p 360 GeV 

(7(e + e -  ~ t b ( 3 7 7 0 ) )  x F ( ~ ' ( 8 9 2 )  0 K 0 + C . C . ) / F t o t a  I ~ r 7 ~ I r  

VALUE (nanobarns} EL% DOCUMENT IO TECN COMMENT 

<0.036 90 BALTRUSAIT..B6C MRK3 F~em = 3.77 GeV 

o ' (e  + e -  ~ ~b(3770) )  x F(K*(892) + K -  + c . c . ) / F t o t a  I ~ r 7 2 / r  

VALUE (nanobams) DOCUMENT ID TEEN COMMENT 
0.050=1=0.024 OUR FIT 
0.0504-0.023:E0.010 BALTRUSAIT..~6C MRK3 ~ n  e] = 3.77 GeV 

F(~Tr+ ~r-)/Ftotal r73/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0.0030+0.(~110 I0 67 BARLAG 89B CCD 7r Cu 230 GeV I 

67 BARLAG 898 computed the branching ratio using topological normalization. I 

r(K+Tr-)/r(K -~+) F74/Ft2 
Doubly Cabibbo suppressed 

VALUE EL% EVT5 DOCUMENT ID TEEN COMMENT 

<0.015 90 2 AN JOB 88C SILl Photoproduction 

r(K+~r (via DO))/F(K-Tr+) r7s / r l 2  
This is a D0-D O mixing limit. 

VALUE ~ EVT5 DOCUMENT ID TEEN COMMENT 

<0.0037 90 1 68 ANJOS 88C SILl Photoproduction 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.014 90 ALBRECHT 87K ARG E~e=  10 GeV 

<0.04 90 ABACHI 86D HRS F~em = 29 GeV 

<0 07 90 0 68 BAILEY 86 SILl ~ Be fixed target 

<021  90 2 ALBRECHT 85F ARG E~em = 10 GeV 

<0.081 90 69 YAMAMOTO 85 DLCO E~ern = 29 GeV 

<0.23 90 69 ALTHOFE 848 TASS E~em = 34.4 GeV 

<012  90 69 AVERY 80 SPEC -~N ~ D * +  
<0.16 90 69 FELDMAN 77B MRK2 D * +  ~ D0?r ~ 
< 0 1 8  90 69 GOLDHABER 77 MRK1 

~ This measurement also uses K ~ + T r + ~ r  as well as K -  Tr + . 
Results Given as F ( K + ~  ) / [ F ( K  ~ r + ) + r ( K 4 - ~ r - ) ]  but do not change significantly 
for our denominator. 

F(K +~r+~r-~r ) / r (K  -~+~+~r- )  rTo/r22 
doubly Cabibbo suppressed 

VALUE C L ~  EVT5 DOCUMENT ID TECN COMMENT 

<0.018 90 5 AN JOB 88G SILl Photoproduction 

r (#+ # - )  / Ftota ' F77 / r 
Test for A C  = 1 weak neutral current. Allowed by first-order weak interaction corn 
bined with electromagnetic interaction. 

VALUE ~ EVT~ DOCUMENT ID TEEN COMMENT 

<1.1 x 10 - 5  90 LOUIS 86 SPEC ~r W 225 GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7.0 x 1O 5 90 3 70 ALBRECHT 88G ARC E~em = 20 GeV l 

<3.4 x 10 4 90 AUBERT 85 EMC Deep inetast, ff N 

70The branching ratios are normalized to B(D 0 ~ K -  ~r+), using ADLER 88C. I 

r (e + e - ) / r t o t a  I r 7 8 / r  
Test for ~ C  = 1 weak neutral current. Allowed by first-order weak interaction corn 
bined with electromagnetic interaction. 

VALUE EL% EVT5 DOCUMENT ID TEEN COMMENT 

<1.3 X 10 - 4  90 ADLER 88 MRK3 E~ e = 3.77 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< i  7 x 10 - 4  90 7 71 ALBRECHT 88G ARC E~em = 1O GeV I 

<2.2 x 10 - 4  90 8 72 HAAS 88 CLEO E~r ~ = 10 GeV l 

71The branching ratios are normalized to BED 0 ~ K ~r + )  using ADLER 88C. I 
72 0 The branching ratios are normalized to D ~ K ~r + D ÷ ~ K ~r + ~r ÷ ,  and D * +  I 

D0?r + using ADLER 88£. 

r (#4- e T  ) / r t o t a  I r 7 9 / r  
Test of lepton family number conservation. 

VALUE EL% EVT5 DOCUMENT ID TEEN COMMENT 

< 1.0 x 10 - 4  90 4 73 ALBRECHT 88G ARC E~em = 1O GeV I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 2 . 7 x 1 0  4 90 9 74HAAS 88 CLEO E~em=20GeV I 

< 1.2 x 10 4 90 BECKER 87C MRK3 E ~ e =  3.77 GeV 

< 9 x 10 - 4  90 PALKA 87 SILl 200 GeV ~rp 
<21 x l O  4 90 0 75RILES 87 MRK2 F~em=29GeV 

73The branching ratios are normalized to B(D 0 ~ K ~ + )  using ADLER 88C. | 
74 0 The branching ratios are normalized to O ~ K ~r ~ ,  D + ~ K 7: + ~ + ,  and D* + I 

D0~r + using ADLER 88£. 
75RILES 87 assumes BED ~ K~r) = 3.0% and has production model dependency. 

F (~0 e+ e-)/Ftota I rB0/r 
Test for AC  = 1 weak neutral current. Allowed by first-order weak interaction corn 
bined with electromagnetic interaction. 

VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.0017 90 ADLER 89C MRK3 E~em = 3.77 GeV I 

r (p0 e+ e-)/rtota I rsl / r 
Test for A C  = i weak neutral current. Allowed by higher-order electroweak interac- 
tions, 

VALUE ~ EVTS DOCUMENT ID TEeN COMMENT 

<4.5 x 10 - 4  90 2 76 HAAS 88 CLEO E~ e = i 0  GeV I 

76 The branching ratios are normalized to D 0 ~  K 7 r + , D + ~  K - T r + T r + , a n d D * + ~  
D0~r + using ADLER 880 

F (P° #+ #-)/Ftotal ro=/r 
Test for A C  = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE CL% EVT5 DOCUMENT ID TEEN COMMENT 

< 8 . 1 x 1 0  - 4  90 5 77HAAS 88 CLEO F..~em=lOGeV ] 

77 The branching ratios are normalized to D O ~ K -  £- - ,  D + ~ K -  ~+  ~+ ,  and D " +  ~ 
D0~  + using ADLER 88c. 

F ( # -  a n y t h i n g  (v ia  5°))/rE# + a n y t h i n g )  FB3/F  2 

This is a D 0 - ~  mixin~ limit. See the somewhat better l imit in the section above on 
D O ~ K + ~  (via ~u ) .  

VALUE ~ DOCUMENT ID TECN COMMENT 

<5.6 x 10 - 3  90 LOUIS 86 SPEC ~ W 225 GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.012 90 BENVENUTI 85 CNTR pC, 200 GeV 
<0.044 90 BODEK 82 SPEC ~T , pFe ~ D O 

D O PRODUCTION CROSS SECTION AT ¢(3770) 
A compilation of the cross sections for the direct production of D O mesons at or 
near the ~(3770) peak in e ~ e production. These cross sections are used for 
normalization of product branching fractions. 

VALUE (nanobarns~ DOCUMENT ID TEEN COMMENT 
6.6 =50.4 OUR FIT 
6.5 d_0.E OUR AVERAGE 

5.8 ±0 .5  I 0 6  78ADLER 88C MRK3 F.~em = 3.768 GeV 

7.3 ± 2.3 79 PARTRIDGE 84 CBAL Ecmee _ 3.771 GeV 

8 .00±0 .95±2 .21  80 SCHINDLER 80 MRK2 E~em - 3.771 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

11.5 ±2 .5  81 PERUZZI 77 MRK1 E~em = 3.774 GeV 

78 This measurement compares events with one detected D to those with two detected D 
mesons, to determine the the absolute cross section. ADLER 88c find the ratio of cross 
sections (neutral to charged) to be 136 ± 0.23 ± 0.14. 

79This measurement comes from a scan of the ~(3770) resonance and a fit to the cross 
section. PARTRIDGE 84 measures 6.4 ± 1.25 nb for the cross section. We take the 
phase space division of neutral and charged D mesons in ~'~(3770) decay to be 1.33, 
and we assume that the tb(3770) is an isosinglet to evaluate the cross sections. The 
noncharm decays (e.g. radiative) of the #~(3770) are included in this measurement and 
may amount to a few percent correction. 

80This measurement comes from a scan of the tb(3770) resonance and a fit to the cross 
section. 8CHINDLER 80 assume the phase space division of neutral and charged D 
mesons in zh(3770) decay to be 1.33, and that  the t~(3770) is an isosinglet. The noncharm 
decays (e.g. radiative) of the th(3770) are included in this measurement and may amount 
to a few percent correction. 

81 This measurement comes from a scan of the ~#(3770) resonance and a fit to the cross 
section. The phase space division of neutral and charged D mesons in ~(3770) decay 
is taken to be 133, and z#(3770) is assumed to be an isosinglet. The noncharm decays 
(e.g. radiative) of the ~(3770) are included in this measurement and may amount to 
a few percent correction. We exclude this measurement from the average because of 
uncertainties in the contamination from T lepton pairs. Also see RAPIDIS 77. 

ADLER 90 
BARLAG 9OC 
ADLER 89 
ADLER 89C 
ALBRECHT 89D 
ANJO5 89F 
AVERILL 89 
BARLAG 89B 
ABAEHI 88 
ADLER 88 
ADLER 88C 
ALBRECHT 88C 
ALBRECHT 881 
AMENDOLIA 88 
ANJOS 88C 
BORTOLETTO 88 

Also 89D 
CUMALAT 88 
HAAS 88 
RAAB 88 
ADAMOVICH 87 
ADLER 87 
AGUILAR 87C 
AGUILAR 87D 

AJso 88C 
AGUILAR 87E 

Also 88C 

REFERENCES FORD O 
SLAG PUB 5130 (PRL) +Blaylock, BoRon + (Mark Itl Codab.) 
ZPHY C (to be pub) +Becker, BoehrinBer, Bosman+ (ACEMOR Collab) 
PRL 62 1821 +Beckeq Blaylock, Bolton+ (Mark HI CoBab) 
PR D40 906 +Bai. Becket, Blaylock, BoBon4 (Mask III Collab ) 
ZPHY C43 181 +Boeckmann, Glaeser, Harder+ (ARGUS Collab.) 
PRL 62 1587 +Appel, Bean, Bracker, Browder~ (TPS Collab.) 
PR D39 123 t BIockus, Brabson+ (HRS Collab.) 
PL B232 561 fBecker, BoehrinBer, Bosman+ (ACCMOR Collab ) 
PL B205 411 fAkerlof, BarinBer- (HRS CoHab.) 
PR 037 2023 fBecker, Blayiock- (Mark III Eoflab ) 
PRL 60 89 ~Becker, Blaylock- (Mark Ill ColJab ) 
PL B209 380 ~Boeckmann, Glaeser • (ARGUS Collab ) 
PL [3210 267 ~ Boeckmann, Glaeser- {ARGUS Codab.) 
EPL 5 4O7 t BaBliesi, BatiBnani+ (NA1 Collab) 
PRL 60 1239 ÷Appel+ (Tagsed Photon Spectrometer Collab ) 
PR D37 1719 +Goldber 8, Horwitz Mestayer, Moneti~ (CLEO Collab) 
PR D39 1471 erratum 
PL 8210 253 t ShipbauBh, Binkley~ (E 400 Collab ) 
PRL 60 1614 t Hempstead, Jensent (CLEO Collab.) 
PR O37 2391 ~Anjos, Appel, Bracker+ (PNAL TP5 Codab ] 
EPL 4 887 +Alexandrov, Bolta- (Photon Emulsion (ollab) 
PL 8196 107 ~Becker, Blaylock, Bolton* (Mark HI Eoflab ) 
ZPHY C34 143 Aguilar-Benitez, Allison+ (LEBC-EHS Collab ] 
PL 8195 140 ABuilar Ben]tez, Allison+ (LEBE EHS £ollab) 
ZPHY C4O 321 ABuilar Benitez, Allison+ (LEBC EHS £ollab ) 
ZPHY C36 551 ABuilar Benitez, Allison+ (LEBC EHS Collab,) 
ZPHY C4O 321 ABuilar-Benitez, AIESOn~ (LEBC EHS Collab) 



See key on page IV.1 

AGUILAR ... ~ F  
Also 

ALBRECHT 87E 
ALBRECHT 87K 
ALTHOFF 87 
ANJOS 87 
BARLAG 87B 
BECKER 87C 

Also BTD 
Erratum. 

CSORNA 87 
PALKA 87 
RILES 87 
WAGNER 87 
ABACHI 86D 
ABE 86 
AGUILAR- , 86 
AGUILAR .. 86B 
BAILEY 86 
BALTRUSAIT-. 86C 
BALTRUSAIT... 86E 
BEBEK 86 
GLADNEY 86 
LOUIS 86 
SGHINOLER 88B 

SLAC Summer Institute 
USHIDA 86B PRL 56 1771 
A..BRECHT 85B PL 158B 525 

M eso n 

ZPHY C36 559 Aguilar-Benitez, Allison+ (LEBC-EHS Collab.) 
ZPHY C38 520 erratum 
ZPHY C33 359 +Binder, Boeckmann, Glaser+ (ARGUS Collab.) 
PL B199 447 +Andam, Binder, Boeckmann+ (ARGUS Collab.) 
ZPHY £32 343 +Braun~chwei 8, Gerhards+ (TASSO Collab.) 
PRL 58 311 +Appel, Bracker, Browder+ (FNAL TPS Collab.) 
ZPHY C37 17 +Becker, Boehringer, Bosman+ (ACCMOR Collab.) 
PL B193 147 +Blaylock, Bolton. Brown+ (Mark III Collab.) 
PL B198 59O Becker. Blaylock, Boqton+ (Mark III Collab.) 

PL B191 318 +Mestayer, Panvini, Word+ (CLEO Collab.) 
PL B189 238 +Bailey, Becker. Belau+ (ACCMOR Collab.) 
PR D35 291.4 +Dorian, Abrams, Amidei+ (Mark II Collab.) 
PR D36 2850 +Hinshaw, OnE, Abrams+ (Mark d Collab.) 
PL B182 101 +Akerlof. Baringer, Ballam+ (HRS Collab.) 
PR D33 1 + (SLAC Hybrid Facility Photon Collab.) 
PL 168B 170 Aguilar-Benitez, Allison+ (LEBC-EHS Collab.) 
ZPHY £31 491 Aguilar-Benitez, Allison+ (LEBC-EH5 Coilab.) 
ZPHY C3O 51 +Belau, Boehringer, Bosman+ (ACCMOR Collab.) 
PRL 56 2136 BaBrusaitis, Becker, Blaylock, Brown+ (Mark Ifi ColLab.) 
PRL 56 2140 Baltrusaitis, Becker, Blaylock, Brown+ (Mark III Collab.) 
PRL 56 1 8 9 3  +Berkelman, Blucher, £assel+ (CEEO Collab.) 
PR O34 2601 +Jaros, Ong, Barklow+ (Mark II Collab.) 
PRL 56 1027 +Adodfihsen, Alexander+ (PRIN, CHIC, ISU) 
SLAC-PUB-d248 (SLAC) 

+Kondo+ (AICH, FNAL, KOBE, SEOU, MCGI+) 
+Binder, Harder, Philipp+ (ARGUS Collab.) 

VI1.123 

Full Listings 
D °, D*(2010) ± 

I I(JP) = 1(I-) 
I, J, P need confirmation. 

D*(2010)4- MASS 

VALUE (MeV r) DOCUMENT I O TE~IV CH.~G COMMENT 

2010.14-0.6 O U R  E V A L U A T I O N  From DO mass and mass difference below. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2008 4-3 1 G O L D H A B E R  77 MRK1 ~- e + e -  
2008.64-1.0 2 PERUZZl  77 MRK1 4- e + e -  

1From simultaneous f i t  to D* (2010)  + ,  D* (2010 )  0 ,  D + ,  and DO; not  Independent o f  
F E L D M A N  77B mass difference below. 

2 PERUZZl  77 mass not independent o f  F E L D M A N  77B mass difference below and PE- 

RUZZl  77 D O mass value. 

D * ( 2 0 1 0 )  + - D O MASS D IFFERENCE 

A~BRECHT 85F PL lS0B 235 +Binder, Harder. Philipp+ (ARGUS Collab.) 
AUBERT 85 PL 155B 461 +Bassompierre, Becks, Benchouk+ (EMC Collab.) 
B~ILEY 85 ZPHY C28 357 +Belau, Boehringer, Bosman+ (ABCCMR Collab.) 
BALTRUSAIT.. 85B PRL 54 1976 BaRrusaitis, Becker, Blaylock, Brown+ (Mark III Collab) 
BALTRUSAIT.. 85E PRL 55 150 Baltrusaitis. Becket, elaylock, Brown+ (Mark III Cobab.) 
BENVENUTI 85 PL 158B 531 +Bollini. Bruni, Camporesi+ (BCDMS Collab.) 
YAMAMOTO 85 PRL 54 522 +Yamamoto, Atwood, Baillon+ (DELCO Collab.) 
YAMAMOTO 85B PR D32 2 9 0 1  +Yamamoto. Atwood, Baillon+ (DELCO Collab.) 
ABE 84 PR D30 1 + (SLAC Hybrid Facility Photon Collab,) 
ADAMOVICH 84B PL ld0B 123 +Alexandrov. Bravo, Cartacd+ (WAS8 Collab.) 
AGUILAR-... 84 PL 135B 237 Aguilar-Benltez, Allison+ (LEBC EHS Collab.) 
AGUILAR ... 8dB PL 146B 266 Aguilar Benitez, Allison+ (LEBC-EHS £ollab,) 
ALTHOFF 84B PL 138B 317 +BraunschW~iB, Kirs(hfink+ (TASSO Collab.) 
DERRICK 84 PRL 53 1 9 7 1  +Fernandez, Fries, Hyman+ (HRS Collab.) 
PARTRIDGE 84 Cal Tech 1984 Thesis (Oystal Ball Collab.) 
SUMMERS 84 PRL 52 410 + (UCSB, CARL, COLO, FNAL, TNTO, OKLA, CNRC) 
YELTON 84 PRL 52 2019 +Gladney, Goldhaber, Abrams+ (Mark II Collab.) 
AGUILAR-... 83 PL 122B 312 ABuilar Benitez, AlliSOn+ (LEBC EHS Collab.) 
BADERT.. 83 PL 123B 471 Badertscher, Hahn, Hugentobler+ (BERN, MPIM) 
BAILEY 83B PL 132B 237 +Bardsley. Becket, Blanar+ (ACCMOR Collab.) 
BODEK 82 PL 113B 82 +Breedon+ (ROCH, CIT, CHIC. FNAL, STAN) 
USHIDA 82 PRL 48 844 + (AICH, FNAL HOBE, SEOU, MCGI, NAGO, OSU+) 
ADEVA 81 PL 102B 285 +Aguilar Benitez, Allison+ (LEBC EHS Collab.) 
BALLAGH 81 PR D24 7 +8inBham+ (LBL, UC8, FNAL, HAWA, WASH, WlSC) 

Also 80 PL 89B 423 Ballagh+ (EBL. UCB, FNAL, HAWA, WASH, WlSC) 
F]ORINO 81 LNC 30 166 + (Photon Emulsion and Omega-Photon Collab.) 
FUCHI 81 LN£ 31 199 +Hoshino, Miyanishi+ (NAGO. AICH, TOKY, YOKO) 
SCHINDLER 81 PR D24 78 +Alam, Boyarski. Breidenbach+ (Mark II Coflab.) 
TRILLING 81 PRPL 75 57 (LBL, UCB}J 

VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 
145.44±0.06 OUR AVERAGE 
145.40±0.054-0.10 A B A C H I  88B HRS D * ±  ~ DO=~: 
145,46±0.074-0.03 A L B R E C H T  85F ARG £)*=5 ~ DO~r+ 
145,8 ± 1 . 5  16 A H L E N  83 HRS D * +  ~ D07r + 

145.1 ± 1 . 8  12 BAILEY 83 5PEC D*4- ~ DOTr ± 

145.5 --0.3 28 BAILEY 83 SPEC D * +  ~ DOTr ± 
145.1 ± 0 . 5  14 BAILEY 83 SPEC D*4- ~ DOl t  ± 
145.5 ± 0 . 5  14 Y E L T O N  82 MRK2 29 e + e -  ~ K -  7r + 

145.5 ± 0 . 3  60 F ITCH 81 SPEC 7r- A 
145.2 ± 0 . 6  2 BL IETSCHAU 79 BEBC u p  
145.3 ± 0 . 5  30 F E L D M A N  77B MRK1 D * +  ~ DOTr + 

• • • We do not  use the fol lowing data for averages, fits, l imits, etc. • • • 

145.5 AVERY 80 SPEC ~fA 

D* (2010 )  + - D * ( 2 0 1 0 )  ° MASS DIFFERENCE 

VALUE (MeV) DOCUMENT ID TECN EHG COMMENT 

2 . 9 ± 1 . 3  OUR E V A L U A T I O N  From D * + - D  0 and D*O-D  0 mass differences. 
ALLASIA 80 
ASTON 80E 
AVERY 80 
BACINO 80 
SCHINDLER 80 
ZHOLENTZ 80 

Also 81 

ABRAM8 79D 
ARMENISE 79 
ATIYA 79 
BALTAY 78C 
SCHARRE 78 
VUILLEMIN 78 
FELDMAN 77B 
GOLDHABER 77 
PEHUZZI 77 
PICCOLO 77 
RAPIDIS 77 
GOLDHABER 76 

- -  OTHER RELATED PAPERS - -  

SCHINDLER 88 High Energy Electron-Positron Physics 234 
Editors: A. All and P Soedlng, World Scientific, Singapore 

GRAB 87 SLAC PUB 4372 
EPS Conference Uppsala 

SCHUBERT 87 IHEP-HD/87-7 
EPS Conference Uppsala, Proc., Vol. 2. p. 791 

SNYDER 87 IUHEEE 87 11 
Symp, oH Prod, and Decay of Heavy Flavors, Stanford 

SCHINDLER 86 SLAC PUB 4136 
World Press International 

SCHINDLER 86B SLAC-PUB-4248 
SLAC Summer Institute 

KIRKBY 79 SLAC-PUB-2419 
Batavia Lepton Photon Conference 

BARBARD ... 78 LBL 8537 Erice 1978 Barbaro-Galtieri 
WOJCICKI 78 SLAC PUB 2232 

SLAC Summer Institute. SLAG Summer Institute 
NGUYEN 77 PRL 39 262 +~ASS. Abrams, Alam, Boyarski+ 

NP B176 13 + (ANKA, LIBH, CERN, DUUC, LOUC, KEYN+) 
PL 94B 113 + (BONN. CERN. EPOL, GLAS, LANE, MCHS+) 
PRL 44 1309 +Wiss. Butler, Gladding+ (ILL, FNAL, COLU} 
PRL 45 329 +Ferguson+ (UCLA, SLAC, STAN, UCI, STON) 
PR D21 2716 +Siegrist, Alam. Boyarski+ (Mark II Collab.) 
PL 96B 214 +Kurdadze, Lelchuk, Mishnev+ (NOVO) 
SJNP 34 814 Zholentz. Kurdadze, Lelcbuk+ (NOVO) 
Translated from YAF 34 1471. 
PRL 43 481 +Alam. Blocker, Boyarski+ (SLAC, LBL) 
PL 86B 115 +Erriquez+ (BARI. CERN, EPOL, MILA, ORSA) 
PRL 43 414 +Holmes, Knapp, Lee+ (COLU, ILL, FNAL) 
PRL 41 73 +Caroumbalis, French, Hibbs, Hylton+ (COLU. BNL) 
PRL 40 74 +8arbaro Galtied+ (SLAC, LBL, NWES, HAWA) 
PRL 41 1149 +Feldman, Feller+ (LBL, SLAC, NWES. HAWA) 
PRL 38 1313 +Peruzzi, Piccolo, ABrams, Alam+ (SLAC, LBL) 
PL 69B 503 +Wiss, Abrams, Alam+ (LBL, SLAC) 
PRL 39 1301 +Piccolo, Feldman+ (SLAC, LBL, NWES. HAWA) 
PL 70B 260 +Peruzzi, Luth. NBuyen, Wiss, Abrams+ (9LAE, LBL) 
PRL 39 526 +Gobbi, Luke, Barbarc~Ganieri+ (Mark I Collab.) 
PRL 37 255 +Pierre, Abrams, Alam+ (LBL, SLAC) 

(SLAC) 

(SLAC) 

(HELD) 

(IND) 

(SLAC) 

(SLAC) 

(5LAC) 

(LBL) 
(SLAC) 

(LBL. SLAC}J 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2.6~-1.8 3 PERUZZl  77 MRK1 4- e + e -  

3 N o t  independent o f  F E L D M A N  77B mass difference above, PERUZZl  77 D O mass, and 
G O L D H A B E R  77 D* (2010)  0 mass. 

D* (2010 )  ± WIDTH 

VALUE (MeV) CL% EVT5 DOCUMENT ID TEEN COMMENT 

<1.1 90 A B A C H I  88B HRS D * ±  ~ D07r + 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<2.2 Y E L T O N  82 MRK2 e + e  ~ K - ~ r + ~ T  
<2.0  90 30 F E L D M A N  77B MRK1 D * +  ~ DO~r + 

D* (2010 )  + DECAY MODES 

D * ( 2 0 1 0 ) -  modes are charge conjugates of  the modes below. 

Mode Fraction ( r i / r )  

F1 D07r + ( 5 5 : 5 4  ) %  
F2 D+~T 0 (27.24-2.5) % 
F 3 D + ' y  (18 4-4 ) %  

C O N S T R A I N E D  F IT  I N F O R M A T I O N  

An overall fit to 3 branching ratios uses 6 measurements and one 
constraint to determine 3 parameters. The overall fit has a X 2 = 
2.6 for  4 degrees of  f reedom.  

T h e  fo l l ow ing  o f f - d i a g o n a l  array e lements  are the  corre la t ion coef f ic ients 

{ c i x i G x 3 1 / ( ~ x £ G x j ) ,  in percent ,  f r o m  the  f i t  to  the  b ranch ing  f ract ions,  x i --- 

F j F t o t a  I. T h e  f i t  const ra ins the  x i whose labels appear  in th is  array to  sum to  

one. 

x 2 - 1 9  

x 3 -82  -41  

Xl x2 



M I L l 2 4  

Meson Full Listings 
D*(2010) +, O*(2010) °, Dt(2420) ° 

D*(2010) + BRANCHING RATIOS 

r ( D % r + ) / r t o t a l  
VALUE DOCUMENT ID TEEN CHG 
0.55:E0.04 OUR FIT 
0.54+0.05 OUR AVERAGE 
0.57±0.04±0.04 ADLER 88D MRK3 e + e-  
0.44±0.10 COLES 82 MRK2 e + e 
0.6 ±0,15 4 GOLDHABER 77 MRK1 ~- e + e 

4 Assuming that isospin is conserved in the decay. 

r(D + l r  0) / r to ta I 
VALUE DOCUMENT ID TECN COMMENT 
0.272d:0.025 OUR FIT 
0.271±0.028 OUR AVERAGE Error includes scale factor of 1.1. 
0,26 -}-0.02 ±0.02 ADLER 88D MRK3 e + e 
0.34 ±0.07 COLES 82 MRK2 e + e -  

r(D + "~) / r t o t a  I 
VALUE DOCUMENT ID TEEN COMMENT 
0.18:]:0.04 OUR FIT 
0.17±0.05±0.05 ADLER 880 MRK3 e ~ e 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0,22±0.12 5COLES 82 MRK2 e+e  - 

5 Not independent of F (D O 7r + ) / r t o t a  I and reD + 7r 0 ) / r to ta  I measurement. 

D*(2010) ± REFERENCES 

ABACHI 88B PL B212 533 
ADLER 880 PL B208 152 
ALBRECHT 85F PL 150B 235 
AHLEN 83 PRL 51 1147 
BAILEY sa PL 132B 23O 
COLES 82 PR D26 2190 
YELTON 82 PRL 49 430 
FITCH 81 PRL 46 761 
AVERY 80 PRL 44 1309 
BLIETSCHAU 79 PL 868 108 
FELDMAN 77B PRL 38 1313 
GOLDHABER 77 PL 69B 503 
PEBUZZI 77 PRL 39 1301 

ALTHOFF 
BEBEK 
TRILLING 
PERUZZI 

~Akerlof+ (ANL, IND, MIEN, RURD, LBL) 
+Becker+ (Mark III Collab) 
+Binder, Harder, Philipp~ (ARGUS Col~ab.) 
+Akedof+ (ANL, IND, LBL, MICH, PURD, SLAC} 
+Bardsley~ (AMST, BRIS, CERN, CRAC, MPIM+) 
+Abrams, Blocker, Blondel+ (LBL, SLAC) 
+Feldman, Go~dhaber+ (SLAC. LBL, UCB, HARV) 
+Devaux, Cavagtia, May. (PRIN, SACL, TORI, BNL) 
+Wiss, Butler, Gladding+ (ILL, FNAL, COLU) 
+ (AACH, BONN, CERN, MPIM, OXF) 
+Peruzzi, PIccolo, Abrams, Aiam+ (BLAC, LBL) 
+Wiss. Abrams, Alam+ (LBL, BLAC) 

Piccolo, Feldman+ (SLAC. LBL, NWES, HAWA) 

- -  OTHER RELATED PAPERS - -  

83C PL 126B 493 +Fischer. Burkhatdt~ (TASSO Coflab) 
82 PRL 49 610 + (HARV, OSU, ROCH, RUTG, SYRA, VAND+) 
81 PRPL 75 57 (LBL, UCB) 
76 PRL 37 569 4 Piccolo, Feldman, Nguyen, Wiss~ (SLAC, LBL) 

I(J p) = ½(1 ) 

/, J, P need con f i rmat ion .  

J consistent wi th  1, value 0 ruled out  (NGUYEN 77). 

D * ( 2 0 1 0 )  ° M A S S  

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

2001.1:J:1.4 OUR EVALUATION From DO mass and mass difference below. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2006 ±1.5 1GOLDHABER 77 MRK1 e + e  

1From simultaneous fit to D*(2010) + , D*(2010) 0, D ± , and DO. 

D * ( 2 0 1 0 )  ° - D O M A S S  D I F F E R E N C E  

VALUE (MeV) DOCUMENT tO TEEN CHG COMMENT 

142.5 ± 1 .30U R AVERAGE 
142.2±2.0 SADROZINSKI80 CBAL 0 D *0 ~ D07r 0 
142.7±1.7 2GOLDHABER 77 MRK1 0 e+e  - 

2From simultaneous fit to D*(2010) + , D* (2010) 0, D + , and D O . 

D * ( 2 0 1 0 )  ° W I D T H  

VALUE (MeV) CL% DOCUMENT 10 TEEN COMMENT 

<2.1 90 3 ABACHI 88B HRS ~ ~ D + 
• • • We do not use the followin[~ data for averages, fits, limits, etc. • • • 

<5 GOLDHABER 768 MRK1 e + e  ~ D* D* 

3Assumin£ m(D *0) = 2007.2 ± 2.1 MeV/c 2 . 

Q/r 

D*(2010) 0 DECAY MODES 

D * ( 2 0 1 0 )  0 modes are charge con jugates  o f  modes below, 

Mode Fraction ( r i / r )  

I r l  D07r ° (55±6) % 

r2  D ° ~  , (45±6) % 

CONSTRAINED FIT INFORMATION 

r 2 / r  An overall f i t  to a branching ratio uses 5 measurements and one 
constraint to determine 2 parameters. The overall f i t  has a X 2 = 
0.9 for 4 degrees of freedom. 

I The fol lowing off-diagonal array elements are the correlation coefficients 

(bxigxjI/(gxi.gxj), in percent, from the f i t  to the branching fractions, x~ - 

r 3 / r  r i / r t o t a  I. The f i t  constrains the x~ whose labels appear in this array to sum to 
one. 

I x 2 -100 

Xl 

D*(2010) ° BRANCHING RATIOS 

r ( D 0 " ~ ) / [ r e D %  °)  + F ( D % ) ]  r 2 / ( Q + r 2 )  
VALUE DOCUMENT ID TECN COMMENT 
0.45:1:0.06 OUR FIT 
0.45±0.06 OUR AVERAGE 
0.37±0.08±0.08 ADLER 88D MRK3 e + e -  
0.47±0.23 LOW 87 HRS 29 GeV e + e 
0.53d_0.13 BARTEL 85G JADE e + e - ,  hadrons 
0.47±0.12 COLES 82 MRK2 e + e -  
0.45±0.15 4 GOLDHABER 77 MRK1 e + e 

4We quote the normal fit value from table 1. The isospin-constrained fit is now known 
to give a D0-r fraction which is too large. See details in footnote 21 of FELDMAN 77c 
review, 

D*(2010) ° REFERENCES 

ABACHI SBB RL B212 533 +Akerlaf- (ANL, IND, MICH, PURD. LBL) 
ADLER 880 PL B208 152 +Becker~ (Mark Ib Coilab.) 
LOW 87 PL 8183 232 FAbachi, AkerloE Badnger+ (HRS Collab) 
BARTEL 85G PL 161B 197 +Dietrich, Ambrus+ (JADE Collab) 
COLES 82 PR D26 2[9O +Abrams, Blocker, BIondel+ (LBL, SLAC) 
SADROZINSKI 80 Madison Conf 681 * (PRIN, CIT, HARV, SLAC, STAN) 
FELDMAN 77C Banff Sum. Inst 75 {SLAC) 
GOLDHABER 77 PL 69B 503 -Wiss, Abrams, Alam~ (LBL, SLAC) 
NGUYEN 77 PRL 39 262 ~Wiss, Abrams, Alam, Boyarski- (LBL t SLAC)J 
GOLDHABER TaB SLAC Conf 379 (LBL, SLAC) 

Available as LBL 5534. 

- - O T H E R  RELATED P A P E R S - -  

TRILLING 8L PRPL 75 57 (LBL, UCB) 
FELDMAN 77C Banff Sum. Ins[ 75 (SLAC) 
GOLDHABER 76 PRL 37 255 ~Pierre, Abrams, Alam~ (LBL, SLAC) 

I D1(2420)° I I ( J P )  = ½(1+) 
/, J, P need conf i rmat ion .  

Seen in D*(2010)+7r  . JP = 1 ± according to ALBRECHT 89B and AL 

BRECHT 89H. The D j (2420)  0 entry of 1988 is a superposition of D1(2420) 0 

and D-~(2460) 0 according to ALBRECHT 89H and AVERY 90. 

DI(2420) 0 M A S S  

VALUE (MeV~ E V T B  DOCUMENT ID TECN COMMENT 

2424±6 OUR AVERAGE Error includes scale factor of 2.2. 
2428±3±2  279 ± 34 AVERY 90 CLEO e + e -  ~ D * +  = X 
2414='2±5 171+-22 ALBRECHT 89H ARG e + e- ~ D *+ ~ -  X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+43 242818d_5 171_58 ANJOS 89c TPS f̂ N ~ D*+Tr X 
2421±5 1pRENTICE 87 ARG e+e  ~ D * + ~  X 

1 Includes data of ALBRECHT 86E. 
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VI1.125 
Meson Full Listings 

D1(2420)  °, D j (2440 )  ±, D~(2460)  ° 

Dt(2420) ° WIDTH 

VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 

20_  + 59 OUR AVERAGE 

8 +  10 279 ± 34 AVERY 90 CLEO e + e -  ~ D * +  7r- X 2:} _ + 6 3 

13±  6-+ 10 171+-22 ALBRECHT 89HARG e + e  ~ D*+~r  - X 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

5 8 ± 1 4 i 1 0  1 7 1  +43  ANJOS 89C TPS ~ N ~ O * + ~  X 

6 2 ± 1 4  2pRENTICE 87 ARG e + e  ~ D * + ~  - X 

2qncludes data of ALBRECHT 86E, 

D1(2420) ° DECAY MODES 

E 1(2420) 0 modes are charge conjugates of modes below. 

Mode Fraction (ri/r) 

r l  D*(2010) +/r-  seen 

r 2 D+~r - 

£)1(2420) ° BRANCHING RATIOS 

r (o* (2010)  +Tr-)/rtota, r l / r  
V4LUE DOCUMENT ID TEEN COMMENT 

seen AVERY 90 CLEO e + e -  ~ D * +  ~ -  X I 
seen ALBRECHT 89HARG e + e  - ~ D~TT X I ~ n  ANJOS 89C TPS ~f N ~ D ~+  ~ -  X 

r (D + l r - ) / r  (D*(2010) + 7r-) r2 / r  1 
~LUE ~ DOCUMENT ID TEEN COMMENT 

<0.24 90 AVERY 90 CLEO e + e -  ~ D + ",r- X | 

Dt (2420) ° REFERENCES 

AVERY 90 PR O41 774 +Besson (CLEO Collab.) 
ALBRECHT 898 PL B221 422 +Boeckmann+ (ARGUS Collab.) 
ALBRECHT 89H PL 232 398 +Glaser, Harder+ (ARGUS Collab.)JP 
ANJOS 89C PRL 62 1717 +Adpel+ (TPS Collab.) 
PRENTICE 87 Uppsala Conf. p. 91(] + (ARGUS Collab.) 
ALBRECHT 86E PRL 56 549 +Binder, Harder+ (ARGUS Collab.) 

l 
l I (JP) = ½(??) 

Dj (2440)  + /needs confirmation. 

OMITTED FROM SUMMARY TABLE 

PossiMy seen in D*(2010)0~r +. JP = 0 + ruled out. 

Dj(2440) ± MASS 

~/ALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
-..n +77  3T ± x o 2 4 4 3 ± 7 ± 5  190_44 ANJOS 89C TPS 7 N ~ L ~  

Dj(2440) ± WIDTH 

VALUE (MeV} EVT5 DOCUMENT ID TEEN COMMENT 
+77  4 . 1 ± 1 9 ± 8  190_44 ANJOS 89C TPS 7 N ~ DO~r + X 0 

I D;(2460)01 ,u~/: ½(2~/ 
I I I, J, P need confirmation. 

JP = 2 ÷ assignment strongly favored (ALBRECHT 898). 

D~(2460) 0 MASS 

VALUE (MeV~ EVT5 DOCUMENT IO TEEN COMMENT 

2459.4 ± 2.2 OUR AVERAGE 
2461 ± 3  9-1 4 4 0 ± 9 7  AVERY 90 CLEO e + e  - - -  O ' + ~ -  X I 
2455 ± 3  ± 5  337 ± 100 ALBRECHT 89B ARG e + e ~ D + ?r- I 2459 ± 3  =i-2 15337+42 ANJOS 89C TPS -~ N ~ D + 7r- 

D~(2460) 0 WIDTH 

VALUE (MeV~ EVTS DOCUMENT ID TEEN COMMENT 

1 9 ±  7 OUR AVERAGE 

n +  9 +  9 4 4 0 ± 9 7  AVERY 90 CLEO e + e  ~ D*+Tr - X I 
12 10 

+ 1 3 +  5 3 3 7 ± 1 0 0  ALBRECHT 89BARG e + e  - ~ D+~r - I 15_  10 10 
1 +42  I 2 0 ± 1 0 ±  5 5 3 3 7  ANJOS 89C TPS 7 N ~ D + ~ ' -  

D~(2460) ° DECAY MODES 

D~(2460) 0 modes are charge conjugates of modes below. 

Mode Fraction ( r i / r )  

r l  D + 7r seen 
r2 D*(2010) +/i--  seen 

D~(2460) ° BRANCHING RATIOS 

r(o+~-)/rtotai rl/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

seen 337 ± 100 ALBRECHT 89B ARG e + e -  ~ D + 7r- I 
seen ANJOS 89C TPS 7 N ~ D + l t -  I 
r (D* (2010)+ 7r-)/rtotal r 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

seen AVERY 90 CLEO e + e -  ~ D * +  7r- X I 
seen ALBRECHT 89H ARG e + e -  ~ D* l r -  X I 
r(D+,r-)/r(D*(2OlO)+ ~ -)  rl/r2 
VALUE DOCUMENT ID TEEN COMMENT 
2 . 4 ± 0 . 7  OUR AVERAGE 
2.35-0.8 AVERY 90 CLEO e + e I 
3.0+1.1d_1.5 ALBRECHT 89H ARG e + e -  ~ D * l r -  X I 

D~(2460) ° REFERENCES 

AVERY 90 PR D41 774 ~Besson (CLEO Coilab.) 
ALBRECHT 89B PL B221 422 ~Boeckmann+ (ARGUS Collab.)JP 
ALBRECHT 89H PL 232 398 ~Glaser, Harder+ (ARGUS Collab.)JP 
ANJOS 89C PRL 62 1717 +Appel+ (TPS Collab.) 

Dj(2440) ± DECAY MODES 

D~(2440) modes are charge conjugates of modes below. 

Mode Fraction ( r i / r )  

r l  D*(2010) 0~T+ seen 

Dj(2440) ± BRANCHING RATIOS 

r (D*(2010)0 ~r+)/I-total r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

.c~'en ANJOS 89C TPS ~f N ~ O 0 7r + X 0 

Dj(2440) ± REFERENCES 

ANJOS 89C PRL 62 1717 +Appel+ (TPS Collab.) 



VI1.126 

Meson Full Listings 
D3(24r0) ±, 

I I I(JP) : } ( 7 ? )  D-)(2470) ± /needs confirmation. 

OMITTED FROM SUMMARY TABLE 

Seen in D0rr +. 

D~(2470) ± MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2 4 6 9 ± 4 ± 6  A L B R E C H T  89F ARG e "~ e -  ~ DO ~r~ X 

D~(2470) + - D~(2460) ° MASS DIFFERENCE 

VALUE (MeV) DOCUMENT IO TECN COMMENT 

1 4 ± 5 - E 8  A L B R E C H T  89E ARG e ~ e - -  D O ,~+ X 

D~(2470) + DECAY MODES 

D ~ ( 2 4 7 0 )  modes are charge conjugates of the modes below. 

Mode Fraction ( F i / F )  

F 1 DO ~" + seen 

three-pion Dalitz plot by E691 and confirmed by Mark III. 

The f0rc mode is predicted by the weak spectator decay as the 

f0 is believed to be the scalar with hidden strangeness below 

K K  threshold. The evidence for the qrc and q~rc modes is still 

controversial. A previous Mark II measurement reported a rate 

relative to 0re of 3.0 ± 1.1 and 4.8 :t: 2.1 l° for these modes 

respectively. Recently E691 and Mark III have set upper limits 

whereas NA14 ~ has now seen a very large signal in r/Tr. The 

final answer may lie somewhere in between and will have to 

await more experimental data. 

Table 1. D, Hadronic Decay' Modes 

D~(2470) + BRANCHING RATIOS 

r (D O rr+)/rtotal h/r  
VALUE DOCUMENT ID TECN COMMENT 

seen A L B R E C H T  89F ARG e + e ~ D O rr + X 

D~(2470) ± REFERENCES 

ALBRECHT 89F PL B231 208 *Glaese~* (ARGUS Collab } 

CHARMED STRANGE MESONS 
(C= S= +1) 

D + = c~, D ~  = Es, similarly for D~'s 

] D~ [ l(J p) = 0(0 ) 

w a s  F ± 

Quantum numbers not measured. Values are assigned here assuming 
charmed-strange ground state Ds meson, CHEN 83B observations are con- 
sistent with J = 0. BLAYLOCK 87 observations are consistent with JP = 

0 . 

N O T E  O N  T H E  D ~  D E C A Y S  

( b y  W . H .  T o k i ,  SLAC)  

New data on D.~ decays in this edition come from tile 

CLEO, ACCMOR, NAI4': Mark II1, and ARGUS groups. 

This brief note discusses new results in hadronic decays, the 

absolute branching ratios, and the P wave D~ candidates, 

obtained from recent publications, preprints, and summaries. I 

The new D, hadronic modes and recent measurements 

which differ substantially from previous measurenlents are 

listed in Table 1 by' mode. The mode K°K*(892) + is analogous 

to the K°K + and K*(892)°K + modes previously observed and 

is seen at a comparable rate to that of 0re. The existence of 

these KK decays indicates that tile strength of the internal I.V 

emission diagrams is sizeable. The O ~  rc{I mode is seen only 

ill one experiment, and due to tile linfited statistics, it is not 

possible to deternfine if the decay is through the quasi-two 

body mode Cp0. The f%r mode has now been seen in the 

Decay' Mode F(Mode)/F(D~ -+ Orc ±) Group 

K°K*(892) ~ 0.89±0.32 ACCOR 2 

K°K*(892) + 1.20:t_2.1 CLEO a 

ore+,@ < 3.5 at 90%CL NAI4 '4 

orc+Tr ° 2.4±1.0±0.5 TPS 5 

~r%r rc ~r ° < 3.3 at 90~CL TPS 5 

~'~' < 0.5 at 90%CL TPS s 

f %  0.28 ± 0.21 + 0.28 TPS 6 

forc 0.58 ± 0.21 ± 0.28 Mark III 7 

q,'r* < 1.5 at 90%CL TPS 5 

q,-r ~ < 2.5 at 90%CL Mark III a 

q'rc- < 1.9 at 90%CL Mark IIIa 

q'~* 6.9 ± 2.4 ± 1.4 NA14 '9 

All branching ratios of the Ds are currently normalized to 

that of the 0re mode. Therefore knowledge of B(6~r) is required 

to derive the absolute branching ratios of the other modes. 

There are three different approaches to estimate this ratio, all 

from c ( production: 

Tile first ntethod experimentally measures the inclusive rate 

of CE~xp(e - e  ~ D~ D, ~ arc) and theoretically determines 

the total D.~ cross section, ath(e+e ~ D~), from estimates of 

the total charm content in R and estimates of the strange sea. 

The absolute branching ratio is then 

B(D~ --+ 07r) = cr~xp(C~ --+ D.~. D~ ~ ~rc) 
{Tth  ( e q -  C ~ D,) 

The second method from tile CLEO group attempts a 

more precis<! estimate of ~th(e~e ~ D~) by again estimating 

the total charm content in R and by measuring all the charm 

baryons and mesons (except tile Ds) and attributing the 

remaining nfissing charln fl'om e+e production to the D,. 

The third method searches for associated production of 

exclusive D., pairs in e~e production into various decay 

modes near threshold and compares the rate to the inclusive 

D~ production ill the same decay modes. Thus the branching 

ratio for the ore mode is equal to 

B(D~Orc)  = a~xP(C+( - -D2D~ D2~¢rc- '  D'~Ozc ) 
a,×p(( + e ~ D[, D~ -- 6rc--) 



See key on page IV. 1 

This  technique, often called the  double-tag method,  was 

a t tempted  by the  Mark III for the  Ds but  because of limited 

statist ics no events were found and an upper  limit was set. 

The first two approaches are model dependent  and require 

several theoretical est imates.  The last approach is model inde- 

pendent  but  will require more da ta  to obtain a measurement .  

As the  ¢~r branching ratio drops, we expect tha t  there exist 

many more decays tha t  have not been measured.  These miss- 

ing decay modes should contain hidden s t rangeness  and are 

probably a t t r ibuted  to s tates  with high-charged multiplicities 

and /o r  many  neutral  secondaries. 

V I 1 . 1 2 7  

Meson Full Listings 
D~ 

11. S. Wasserbaech, unpubl ished Ph.D. thesis, Stanford Uni- 
versity, June  1989, see Table 6.1. 

12. W. Chen et el., Phys. Lett. 8 2 2 6 ,  192 (1989). 
13. J. Adler et al., Phys.  Rev. Lett. 64, 169 (1990). 
14. H. Albrecht et al., Phys. Lett. 8230, 163 (1989). 
15. P. Avery et al., Phys. Rev. D41 ,  774 (1990). 

Table 2. Absolute Ds --~ &Tr Branching Ratio Es t imates  

Absolute 
Method B(Ds ~ OTr) Group 

Charm cont inuum es t imate  1.7 - 13% Many groups 11 

All inclusive measurement  2 4- 1% CLEO 12 

Associated production < 4.1 at 90%CL Mark II113 

Table 3. Excited P-Wave D,  Candidate  

D e c a y  

Mode Mass Wid th  Group 

D*+K ° 2535.9+0.6 4- 2.0 MeV/c  2 < 4.6 MeV/c  2 ARGUS 14 

D * + K  ° 2535.64-0.7 4- 0.4 MeV/c  2 < 5.44 MeV/c  2 C L E @  5 

D~ M A S S  

The fit includes the D E, D 0, D~,  and D*¢ ± . . . . . . . .  d the D O - D ± , D~  - D E , 

and D~ ± - Ds ~ mass differences. 

VALUE (MeV) EVT5 DOCUMENT ID TECN CH6 COMMENT 
1968.8± 0.1 OUR FIT Error includes scale factor of 1.1. 
1969.14 1.2 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram 

below. 
1 BARLAG 90c CCD n -  Cu 230 I 

2 ALBRECHT 88 ARG F - ~  ev  I 
9.4-10.6 
GeV 

3 ANJOS 88 SILl Photoproduc- I 
tion 

BECKER 87B SILl 200 GeV 
rc,K,p 

BLAYLOCK 87 MRK3 F~em = 4.14 
GeV 

USHIDA 86 EMUL u wideband 
DERRICK 85B HRS F.~e= 29 

GeV 
AIHARA 84D TPC E~ e = 29 

GeV 
ALTHOFF 84 TASS ± F~em = 14-25 

GeV 
CHEN 83c CLEO ± E~ e = 10.5 

GeV 
data for averages, fits, limits, etc. • • • 

ALBRECHT 85D ARG F~ e = 10 
GeV 

BAILEY 84 SILl hadron + 
Be 
~ r + X  

4 ATKINSON 83 OMEG ± "rP 
5 ASTON 81 OMEG -t- 7P 

ASTON 818 OMEG ± 7P 
A M M A R  80 HYBR -I- v wideband 
USHIDA 808 EMUL - FNAL u wide- 

band 
USHIDA 80s EMUL + FNAL v wide- 

band 
BRANDELIK 79 DASP ± E~em=4.42 

GeV 
BRANDELIK 77B DASP ± In BRANDE- 

LIK 79 
1BARLAG 90C use 54 DS + ~ K + K ~+ decays. | 
2ALBRECHT 88 calculate their mass using the ARGUS value of re(DO) = 1864.1 E 1.4 I MeV which is 0.5 MeV lower than the world average. 
3ANJOS 88 enters fit via the D~ - D E mass difference (see below). Their mass value is 

1968.3 ± 0.7 E 0.7 MeV, 
4ATKINSON 83 mass error includes systematic uncertainties. 
5 Error quoted by ASTON 81 is 10 MeV statistical and <20 MeV systematic aver- 

age of three modes listed in sections r(~l r r+) /F{d~r + )  , r(qTr ~" =+ ~ r - ) / r to ta l ,  and 
r(~/(958)~r + rr + ~r - ] /F to ta  I below. 

WEIGHTED AVERAGE 
1969.1 • 1.2 (Error sca led by 1.3) 

" ' ~ ' ~ " ~  - I -  Values above of weighted average, error, 
and scale factor ere based upon the data in 

~ "  this ideogram only. They are not neces- 
~ '~ j  sari ly the same as our "best"  values, 

,~, obtained from a least-squares constrained fit 
~ /  util izing measurements of other (related} 

quantities as additional information. X 2 

L <  . . . . . . . . .  BARLAG 90C CCD - 7 7  
] ~ ~ . . . . . . . . .  ALBRECHT 88 ABG 0.0 
J -~. _--P£ . . . . . . . .  BECKER 87B SILl 4.1 
| ~ . . . . . .  BLAYLOCK 87 MRK3 0,4 

_ I ~ .  I ' ) USHIDA B6 EMUL 
• ~ - I - ~ '  ~ . . . . . . . .  DERRICK 85B HRS 2.0 

' I ~.~ 1 . . . . . .  AIHARA 84D TPC 
ALTHOFF 84 TASS 0.2 

~ C.HEN 83C CLEO 8.900 

(Con f idence  Level  = 0.181) 
I 

198( 1960  1970 1980  1990  2 0 0 0  

Both ARGUS and CLEO observe a narrow resonance in 

tlhe mode Dsj(2536) + ~ D*(2010)+K ° as shown in Table 3. 

This can be identified as the  P-wave c~ s tate  tha t  s trongly 

decays into charmed and s t range mesons.  The  lack of evidence 

of the  mode D+K ° suggests  tha t  the  s ta te  is not  the  lowest- 

lying P-wave scalar but  possibly the  1P 1 or 3p1 state.  The 

mass  is roughly 100 MeV/c  ~ above the  P-wave c~ candidate 

at 2428 MeV/c  2. This  is where the  P-wave c~ candidate is ex- 

pected since the  P-wave mass  spli t t ings between charm-s t range  

and charm-nons t range  mesons should follow the S-wave split- 

tings, M(cs, 1S0) - M(cg, 1So) ~ M(cs, 3S1) - M(cg, 3S1) 

100 MeV/c  2. The width is surprisingly narrow but  may be a 

consequence of mixing between the two 1 + states.  

l : t e fe renees  

1. For recent reviews see P. Karchin, Proceedings of the 1989 
International Symposium on Lepton Photon Interactions at 
High Energies, Stanford University, Stanford, CA (August  
1989) and R. Morrison and M. Witherell ,  Ann.  Rev. of 
Nucl. and Part .  Sci. 39, 183 (1989). 

:2. S. Barlag et al., preprint  CERN-EP/88-103,  (August  1988). 

3. W. Chert et el., Phys. Lett. B226 ,  192 (1989). 

4. M. Alvarez et el., CERN-EP/88-148,  (October 1988). 

5. J. Anjos et el., Phys. Lett. B223 ,  26T (1989). 

6. J.C. Anjos et al., Phys. Rev. Lett. 62, 267 (1989). 

T. J. Adler et el., SLAC-PUB-5052, (August  1989). 

8. T. Browder, SLAC-PUB-5118, (October 1989). 

9. G. Wormser,  LBL-89-10, (May 1989). 

10. G. Wormser  et al., Phys.  Rev. Lett. 61, 1057 (1988). 

1967.0± 1 .0± 1.0 54 

1969.3± 1 .4± 1.4 

290 

1972.7E 1.5E 1.0 21 

1972.4± 3 .7±  3.7 27 

1980.0± 15.0 6 
1963 ± 3 ± 3 30 

1948 ± 28 ± I0 65 

1975 ± 9 E I0 49 

1970 ± 5 ± 5 104 

• • • We do not use the following 

1973.6:c 2 .6± 3.0 163 

1975.0± 4.0 3 

2017 ± 13 i? 

2020 E I0 E20 460 
2049 ± 15 30 
2017 ± 25 1 

2026 ± 56 I 

2089 ± 121 1 

2030 E 60 6 

2030 E 60 4 

Ds ~ mass ( M e V )  
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D~-= - D ± MASS DIFFERENCE 

VALUE (MeV} EVT5 DOCUMENT ID TEEN COMMENT 
99.5±0.6 OUR FIT Error includes scale factor of 1.1. 
99.5±0.7 OUR AVERAGE 
985±1.5  555 CHEN 89 CLEO E~e=  10.5 GeV 
99.8±0 8 290 ANJOS 88 SILl Photoproduction 

D~ MEAN LIFE 

VALUE (io 13 s l EVT5 DOCUMENT ID TEEN CH6 COMMENT 

4 a~+0.35 OUR AVERAGE " ~ -  0.29 

~Q+l.02 54 6 BARLAG 90C CCD ~r Cu 230 GeV 4 . ~  _. 0.86 

3.1 +2.4 ±0.5 AVERILL 89 HRS Eceem= 29 GeV 2.0 

5.6 +1.3 ± 0 8  ALBRECHT 881 ARG Ecee= 10 GeV 1.2 
47 ±0.4 ± 0 2  230 RAAB 88 SILl Photoproduction 

33 + 10 21 7 BECKER 87~ SILl 200 GeV = , K , p  0.6 

5.7 +3.6 ±0.9 9 BRAUNSCH... 87 TASS F.~em = 35 44 GeM 2.6 
4.7 ± 2 2  = 0 5  141 CSORNA 87 CLEO F_~em = i0  GeV 

3.5 ~2.4 ± 0 9  17 JUNG 88 HRS + e+e  --- o~r+X 1.8 

26 +1.6 6 USHIDA 86 EMUL u wideband -0 .9  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.8 +0.6 t 0 2  99 ANJO5 87B SILl Repl. by 0 . 5  RAAB 88 
3.2 ~ 30 3 BAILEY 84 SILl hadron ÷ Be 

1.3 ~ + X  

1.9 f 1,3 4 USHIDA 83 EMUL Repl. by - 0 7  USHIDA 86 
1.4 1 AMMAR 80 HYBR + u wideband 

2 ~ + 2 . 7 8  2 USHIDA 80B EMUL z, wideband ""~ 1.05 

6 BARLAG 90c estimate systematic error to be negligible. 
7 BECKER 87B say systematic error was negligible. 

D + DECAY MODES 

D s modes are charge conjugates of the modes below. 

Values are all based on rough estimate of Ds ~ to total charm production. Only 
ratios of each fraction to the @~+ mode are well known. 

Mode Fraction ( r i / r )  Confidence level 

F 1 d,Tr -t 

F 2 ~ z +  7r+ 7r 
F 3 p0T,+ 

F 4 K0~T + 

F5 K O K +  

F 6 K * ( 8 9 2 ) 0 K  ÷ 

F7 K * ( 8 9 2 )  + ~ 0  

F 8 K + K  ~ +  (non- resonant )  
r 9 K ~ K  ~T*~T 7r+ (non-res.)  

F10 I~ + I/ 

F l l  ~ /=+ 
F12 U z +  Tr+/r 
F13 ~/(958)7r~ ~ +Tr 
F14 ~ p +  
F15 n'(958)~ + 
Ft6 f0(975) 7r+ 
F17 7r+Tr 7r + 

r18 "rr+~ ~ +  (non resonant)  

F19 rr + ~  f r + ~  ~ +  
1-20 /r +/1- /r + ~-0 

1-21 ~,~r* 
1-22 ~ ,.1. + ~0 

F23 K + K  -¢r+~r 0 (non-d,)  

1-24 t/ any th i ng  

(2.7±0.7) % 

(1.3±0.6) % 
2.1 x 10 - 3  90% 

6 x 10 3 90% 

(2.6 ± 0.8} % 

(2.6±0.7) % 

(3.2±1.1) % 
(6.7±2.9) x 10 -3  

9 x 10 3 90% 

3 % 
4 % 90% 

possibly seen 

possibly seen 

possibly seen 

seen 

(7.5±3.4) x 10 3 

(1,2±0.4) % 
(7,8±3.2) x 10 3 

< 8 × 10 - 3  90% 

< 9 % 90% 

< 1.3 % 90% 

(6.4 :~ 3.4) % 

< 6 % 90% 

D + BRANCHING RATIOS 

r (~,~+)/1-total r l / r  
VALUE ~ EVT5 DOCUMENT ID TECN COMMENT 

0.027:±0.007 OUR AVERAGE 
<0.041 90 0 8 ADLER 90B MRK3 F.~ e = 4.14 GeV 

0.02 ±0.01 405 9 CHEN 89 CLEO E~em = 10 GeV 
0.033±0.016±0.010 9 9 BRAUNSCH... 87 TASS F-~em = 35-44 GeV 

0.033±0.011 30 9 DERRICK 85B HRS Ece~ = 29 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 64 SHIPBAUGH 88 SPEC n N  ~ Ds +any- I 
thing 0-800 GeV 

100 ALBRECHT 85D ARG Eee=  10 GeV 

0.13 ± 0 0 3  +0.04 9 007 49 ALTHOFF 84 TASS E~re n : 14-25 GeV 

seen ARGUS 83 ARG Preliminary 
0.044 104 9CHEN 83c CLEO F-.~em = 10.5 GeV 

8ADLER 90 used a technique based on full reconstruction of D + D s pairs (double tags) I 
to obtain branching ratio limit without ~ ( D s )  assumptions. I 

9Values based on crude estimate of D~ production level. ALTHOFF 84 errors have 

additional negative error for Ds ± from primary B-meson. For DERRICK 858 the errors 
are statistical only. 

r(d,~+~+~ )/r(d,~ +) r2/rl 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.48±0.20 OUR AVERAGE Error includes scale factor of 1.4. 
0 42-E0.13± 0.07 19 ANJOS 88 SILl Photoproduction 
111±0.3710.28 62 ALBRECHT 85D ARG F~em = 10 GeV 

r ( p ° ~ + ) / r ( ~  + ) r 3 / Q  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.08 90 ANJOS 89 TPS Photoproduction I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

e e _  <0.22 90 ALBRECHT 8?G ARG E c m -  10 GeV 

r ( K % + ) / r ( ~  +) r4/rx 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.21 90 ADLER 89B MRK3 E~ e = 4.14 GeV I 

r ( ~ ° K + ) / r ( ~  +) rs/r l  
VALUE DOCUMENT ID TEEN COMMENT 
0.97±0.17 OUR AVERAGE 
0 9 2 ± 0 . 3 2 ± 0 2 0  ADLER 89B MRK3 F.~e= 4.14 GeV I 

1 

0 99±0 17±010  CHEN 89 CLEO F.~ern = i0  GeV I 
1 

r ( ~ ' ( 8 9 2 ) °  K+ ) / r (d ,~  + ) Co/F1 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0.96±0.11 OUR AVERAGE 
0 8 4 t 0 . 3 0 t 0 . 2 2  ADLER 89B MRK3 F..~em = 4.14 GeV 

n 

105±0.17±0.12 CHEN 89 CLEO F..~e= i0 GeV | 

0.87±0.13±0.05 117 ANJOS 88 SILl Photoproduction 
1.44i0.37 87 ALBRECHT 87F ARG E~em = 10 GeV 

r ( K * ( 8 9 2 ) +  R ° ) / r  (d,Tr + ) r 7 / r l  
VALUE DOCUMENT ID TECN COMMENT 

1.20±0.21+0.13  CHEN 89 CLEO E~e=  10 GeV I 

r ( g  + K -  lr + (non-resonant))/r(¢~ +) Fe/F1 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0.25 :I: 0.07:1:0.05 48 ANJOS 88 SILl Photoproduction 

r (g+g  lr+lr-~r + (non-res.))/r(¢~ +) r9/rl 
VALUE ELSie EVT5 DOCUMENT ID TEEN COMMENT 

<0.32 90 10 ANJOS 88 SILl PhotoproducBon 

r (#+. ) / I - tota l  rlotr 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

<0.03 0 10 AUBERT 83 SPEC #+  Fe, 250 GeV 

10AUBERT 83 obtain this limit assuming that Ds/- production rate is 20% of total charm 
production rate. 

r ( , ~ + ) / r ( ~  a n y t h i n g )  m/r24 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
possibly seen OUR EVALUATION 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

009±0.06 6 11 BRANDELIK 79 DASP Eceem= 4.42 GeV 

11 Denominator is inconsistent with PARTRIDGE 81 (Crystal Ball). 

r(rpP)/r(d,,~ +) q l / r l  
VALUE ~ EVT5 DOCUMENT ID TEEN COMMENT 

<1.5 90 ANJOS 895 TPS Photoproduction 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 12 WORMSER 88 MRK2 Eee= 29 GeV 

17 ATKINSON 83 OMEG ~p 
40 ASTON 81 OMEG "~p 

12The 71~ + decay mode is observed with a branching ratio of about 3 times B(Ds ~ I 
~ + ) .  

r(~j~r +Tr + ~ - ) / F t o t a  I r12/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
possibly seen OUR EVALUATION 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

360 ASTON 81 OMEG -Yp 



See key on page IV.1 

VI1,129 

Meson Full Listings 
D ~ ,  D s 

r (n'(958)~r%r+ ~-)/rtotau r13/r 
VALUE EVT5 DOCUMENT ID TE~N COMMENT 
possibly seen OUR E V A L U A T I O N  

• • • We do not use the following data for averages, fits. limits, etc. i • • 

60 ASTON 81 OMEG ,-fp 

r (@p+)/rtotai F14/r 
WALUE EVTS DOCUMENT ID TEEN COMMENT 
possibly seen OUR E V A L U A T I O N  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. i • • 

83 A S T O N  81B OMEG ~fp 

r(v'(958)~r+)/r(~ +) r ls/r l  
W~LUE DOCUMENT g D TECN COMMENT 

seen 1 3 W O R M S E R  88 MRK2 F . ~ e = 2 9 G e V  I 

13The  ~t%r+ decay mode is observed wi th a branching ratio of about  5 t imes B(Ds ~ I 
~ + ) .  

r(~ +lr- ~+)/r(¢~+) FIT/F1 
VALUE DOCUMENT IO TEEN COMMENT 

0 . 4 4 + 0 . 1 0 + 0 . 0 4  ANJOS 89 TPS Photoproduct ion 

r(Tr+Tr-Tr + (non-resenant))/r(~Tr +)  rzs/rz 
VALUE DOCUMENT ID TECN COMMENT 

0 . 2 9 + 0 . 0 9 + 0 . 0 3  ANJOS 89 TPS Photoproduct ion 

r ( f 0 ( 9 7 5 ) T r + ) I r ( ~  +)  r l 01 r l  
V4LUE DOCUMENT ID TECN COMMENT 

0.28±0.10:1:0.03 ANJOS 89 TPS Photoproduct ion 

r (~+ ~- ~+ ~- ~+)/r (~+)  r19/rl 
VdLUE ~ DOCUMENT ID TECN COMMENT 

<0.29 90 ANJOS 89 TPS Photoproduct ion 

r (~r+ ~ - ~+ 7r° ) / r (~  +) r2olrl 
V4LUE ~ DOCUMENT ID TECN COMMENT 

<3.3 90 ANJOS 89E TPS Photoproduct ion 

r ( ~ - + ) / r ( ¢ ~ r  +)  r21/r1 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.5 90 ANJOS 89E TPS Photoproduct ion 

r ( a = + = ° ) / r ( ~ + )  r22/r1 
VALUE EVTS DOCUMENT ID TECN COMMENT 

2.4=1=1.04-0.5 11 ANJOS 89E TPS Photoproduct ion 

F ( K  + K -'n'+'trO (non-@))/r(@Tr +) r 2 3 / r 1  

VALUE ~ DOCUMENT ID TECN COMMENT 

<2.4 90 14 ANJOS 895 TPS Photoproduct ion 

14Total  minus @ component.  

REFERENCES FOR D~s 

ADLER 90 
ADLER 90B 
BARLAG 90C 
ADLER 89B 
ANJOS 89 
ANJOS B9E 
AVERILL 89 
CHEN 89 
ALBRECHT 88 
ALBRECHT 881 
ANJOS 88 
RAAB 88 
SBIPBAUGH 88 
WORMSER 88 
ALBRECHT 87F 
ALBRECHT 87G 
ANJOS 87B 
BECKER 87B 
BLAYLOCK 87 
BRAUNSCH... 87 
CSORNA S7 
JdNG 86 
USHIDA 86 
ALBRECHT 85D 
BERRICK 85B 
AIHARA 840 
ALTHOFF 84 
BAILEY 
ARGUS 

Preliminary 
ATKINSON 83 
AUBERT 88 
CHEN 83B 
CHEN 83C 
USHIDA 83 
ASTON 81 
ASTON 81B 
PARTRIDGE 81 
AMMAR 80 
USHIDA 808 
BRANDELIK 79 
BRANDELIK 

SLAC-PUB-5130 (PRL) +Blaylock, Bolton+ (Mark 81 Collab.) 
PRL 64 169 +Bai, Blaylock, Bolton+ (Mark III Collab.) 
ZPHY C (to be pub,) +Bucker, Boehringer, Bosman+ (ACCMOR Collab.) 
PRL 63 1211 +Bai, Becker, Blaylock, Boiton+ (Mark Ill Collab.) 
PRL 62 125 +Appel, Bean, Bracker+ (TPS Collab.) 
PL B223 267 +Apbel, Bean, Bracker+ (TPS Collab.) 
PR D39 123 +Blockus, Brabson+ (HRS Collab.) 
PL B226 192 +Mcllwain. Miller. Ng, Shibata+ (GLEe Collab.) 
PL B207 349 +Binder, 8oeckrnann+ (ARGUS Collab.) 
PL B210 267 +Boeckmann, Glaeser+ (ARGUS Collab.) 
PRL 60 897 +Appel+ (TaBged Photon Spectrometer Gollab.) 
PR D37 2391 +Anjos, Appe{, 8racker+ (FNAL TPS Collab ) 
PRL 60 2117 *Wiss, Binkley+ (E 400 Collab.) 
PRL 61 1057 +Abrams, AmiOei, Baden+ (Mark II Collab.) 
PL B179 398 +Binder, Boeckmann. Glaeser+ (ARGUS Collab.) 
PL B195 102 *Andam, Binder, Boeckmann+ (ARGUS £ollab,) 
PRL 58 1818 cAppel, Bracker, Browder~ (FNAL TPS Collab.) 
PL B184 277 +BoehrinBeL Bosman+ (NA11 and NA32 Collab.) 
PRL 58 2171 +Bolton. Brown, Bunnell÷ (Mark III Collab ) 
ZPHY C35 317 Braunschw~i 8, Gerhards+ (TASSO Collab,) 
PL B191 318 +Mestayer, Panvini, Word+ (CLEO Collab.) 
PRL 56 1775 ~Abachi+ (HRS Collab.} 
PRL 56 1767 ÷Kondo+ (AICH, FNAL, GIFU, GYEO. KOBE, SEOU+) 
PL 153B 343 +Drescher, Binder. Drews+ (ARGUS Colla6.) 
PRL 54 2 5 6 8  +Fernandez, Fries, Hyman+ (HRS Collab.) 
PRL 83 2465 +Alston Gamjost. Badtke, Bakken+ (TPC Collab.) 
PL 136B 130 +BraunschweiB, Kirschfink+ {TASSO Coilab.) 
PL 139B 320 ~Belau, BohrinBer, Bosman+ (ACCMOR Collab.) 
CERN Cour. 23 423 (ARGUS Collab) 

ZPHY C17 1 + (BONN, £ERN, GLAS. LANE, MCHS, LPNP, RL+) 
NP B213 3[ +Bassompierre. Becks, Best+ (EMC £ollab.) 
PR D28 2304 +Fenker* (ARIZ, FNAL, FLOR, NDAM, TUFT+) 
PRL 52 634 +Alam, Giles, KaBan+ (CLEO Collab.) 
PRL 51 2362 + (AICH, ENAL, KOBE. SEOU, MCGI. NAGO+) 
PL 100B 91 + (BONN, CERN, EPOL, GLAS, LANC, MCHS+) 
NP B189 205 + (BONN, CERN, EPOL, GLAS. LANC, MCHS+) 
PRL 47 760 +Peck, Porter, Gu+ (Crystal Ball Gollab.) 
PL 94B 118 + (KANS, FNAL, SERP, ITEP, CRAG, JINR, WASH+) 
PRL 45 1053 + (AICH, FNAL KOBE, SEOU, MCGI, NAGO, OSU+) 
PL 80B 412 +BraunschweiB, Martyn, Sander+ (DASP Collab.) 

77B PL 70B 132 +BraunschweiB. Martyn, Sander+ (DASP Collab) 

- -  OTHER RELATED PAPERS - -  

SCHINDLER 88 HiBb Energy Electron-Positron Physics 234 
Editors: A. All and P. Soedin 8, World Sdentific, SinBapore 

GRAB 87 SLAG-PUB-4372 
EPS Conference Uppsala 

SCHUBERT 87 IHEP HD/87 7 
EPS Conference - Uppsala, Prec., Voh 2, p. 791 

SNYDER 87 IUHEEE-B7 11 
Syrup. on Prod. and Decay of Heavy Flavors, Stanford 

SCHINDLER 86 SLAC-PUB-4136 
World Press International 

SCHINDLER 86B SLAC PUB 4,248 
SLAC Summer institute 

TRILLING 81 PRPL 75 57 

I(J P) = ?(??) 

(SLAC) 

(SLAC) 

(HEID) 

(INDI 

(SLAG) 

(SLAC) 

(LBL UCB) 

D; MASS 

The fit includes the D4-, D 0, D~, and D; ± masses arid the D O - D ± , D~ - D ±, 
and D ;  ± - D ~  mass differences. 

VALUE (MeV~ DOCUMENT I D TEEN COMMENT 

2110.3=t=2.0 OUR F IT  Error includes scale factor o f  1,3. 
2106.6+2.1=t=2.7 1 BLAYLOCK 87 MRK3 e + e ~ Ds X 

1Assuming Ds mass = 1968.7 ± 0,9 MeV. 

D;  - Ds MASS DIFFERENCE 

VALUE (MeV I EVTS DOCUMENT ID TEEN COMMENT 

141.5=1:1.9 OUR FIT  Error includes scale factor of 1.3. 
1 4 2 . 4 i  1.7 OUR AVERAGE 
142.5± 0.84-1.5 2 A L B R E C H T  88 ARG e + e  - ~ DS~ 
143,0±18.0  8 A S R A T Y A N  85 HLBC FNAL 15-ft, u -2 H 

139 .5±  8 .3±9 .7  60 A I H A R A  84D TPC e + e -  ~ hadrons 
110 4-46 BRANDEL IK  79 DASP e + e  - ~ D s ?  

2 Result includes data of A L B R E C H T  84B 

D~ WIDTH 

VALUE (MeV) CL% DOCUMENT ID TEEN COMMENT 

< 4.5 90 A L B R E C H T  88 ARG E~em = 10.2 GeV 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<22 90 BLAYLOCK 8? MRK3 e + e - ~  Ds X 

D.~ DECAY MODES 

D~ modes are charge conjugates of the modes below, 

Mode Fraction ( F i / F )  

F1 Ds? dominant 

D~ BRANCHING RATIOS 

F(Ds~')/Ftotal 
VALUE DOCUMENT ID TECN COMMENT 
dominant OUR EVALUATION 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

seen A L B R E C H T  88 ARG e + e -  ~ Ds 

seen A S R A T Y A N  85 
seen A I H A R A  84D 
seen A L B R E C H T  84B 
seen BRANDELIK  79 

r l / r  

D; REFERENCES 

ALBRECHT 88 PL B207 349 +Binder, Boeckmann+ (ARGUS Coltab ) 
BLAYLOCK 87 PRL 58 2171 +Bolton, Br~n, Bunuell+ (Mark III Collab.) 
ASRATYAN 85 PL 156B 441 +Fedotov, Ammosov, Burtovoy+ (ITEP, SERP) 
AIHARA 84D PRL 53 2465 +Alston Garnjost, Badtke, Bakken+ (TPC Collab.) 
ALBRECHT 84B PL 146B 111 +Drescher, Huller+ (ARGUS Collab.) 
BRANDELIK 79 PL 80B 412 +Braunschwei 8, Martyn, Sander+ (DASP Collab.) 

- -  OTHER RELATED PAPERS - -  

BRANDELIK 78C PL 76B 361 +Cords+ (AACH, DESY, HAMB, MPIM, TOKY) 
BRANDELIK 77B PL 708 132 +Braunschweig, Martyn, Sander+ (DASP Eollab.) 
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Ds1(2536) ±, D~j(2564) ±, Bottom Mesons 

I(J P) = 0(1 +) 
/, J, P need confirmation, 

Seen in D*(2010)+K O. Not seen in D + K O. JP = 1 ± assignment strongly 
favored. 

Ds1(2536) ± MASS 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

2536.5=t= 0.8 OUR AVERAGE 

2536.6± 0.7±0.4 AVERY 90 CLEO e + e ~ D * +  K 0 X 

2535.9± 0 .9±20  ALBRECHT 89E ARG Dsl ~ D*(2OIO)K O 

2535 ±28 1 ASRATYAN 88 HLBC u N ~ Ds~,? X 

1 Not seen in D* K. 

Ds1(2536) :t: - D~(2111) MASS DIFFERENCE 

VALUE (MeV] DOCUMENT ID TECN COMMENT 

424±28 ASRATYAN 88 HLBC D~ ~, 

Ds1(2536) ± WIDTH 

VALUE (MeV) CL~/o DOCUMENT 10 

<5.44 90 AVERY 
<4.6 90 ALBRECHT 

TECN COMMENT 

90 CLEO e + e ~ D * +  K 0 X I 
895 ARG O;1 ~ D*(2010)K 0 I 

Ds1(2536) + DECAY MODES 

Ds1(2536 ) modes are charge conjugates of the modes below. 

Mode Fraction ( r i / r )  

F1 D*(2010) + K 0 seem 
F 2 D + K 0 
r 3 D; "~ possibly seen 

Ds1(2536) + BRANCHING RATIOS 

F(D + K°)/r(D*(2010) + K O) r 2 / Q  
VALUE CL% DOCUMENT ID TECN COMMENT 

<0.43 90 ALBRECHT 89E ARG ~ 1  Z D* (2010 IK  0 

r(D;-y)/rtota, rs/r 
VALUE DOCUMENT ID TECN COMMENT 

possibly seen ASRATYAN 88 HLBC ~, N - Ds~ )  X 

Ds1(2536) ± REFERENCES 

AVERY 90 PR D41 774 . Besson (CLEO Collab ) 
ALBRECHT 89E PL B230 162 +GlaseL Harder. (ARGUS Collab) 
ASRATYAN 88 ZPHY C40 483 +Fedotov+ ([TEP. SERP) 

I D-J(2564)± I "J") = 

OMITTED FROM SUMMARY TABLE 

DBj(2564) ± MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2564.3±4.4 ASRATYAN 88 HLBC D* K 

Ds./(2564) ± WIDTH 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 

<2.5 ASRATYAN 88 HLBC D* K 

DBj(2564) + DECAY MODES 

D~j(2564) modes are  charge conjugates of the modes below. 

Mode Fraction (I- i /F) 

g I D* K seen 

DBj(2564) + BRANCHING RATIOS 

F (D* K)/rtota I 
VALUE DOCUMENT IO TECN COMMENT 

rffr 

seen ASRATYAN 88 HLBC D* K 

D~j(2564) ± REFERENCES 

ASRATYAN 88 ZPHY C40 483 ÷Feootov-  ()TEP sERe) 

BOTTOM MESONS 
(B = -I-1) 

B + = ub, B ° = d b , ~ ° = d b ,  B -  = B b ,  

similarly for B* 's 

H I G H L I G H T S  O F  B M E S O N  P H Y S I C S  

(by R.H. Schindler. SLAC) 

Tile results obtained since our last edition are based largely 

oil samples of B decays fl'om ARGUS and CLEO taken at the 

Y(4S), the Y(SS), and in the nearby cont inuum, and represent 

an approximate  doubling of da ta  over tha t  available in our last 

edition. The data  samples reported amount  to 0.2 0.4 fl~-l. 

In 1990 the new CLEO-II  detector s tar ted taking da ta  at the 

CESR ring. CESR itself is approved for major  upgrades, and 

thus we ]nay anticipate significantly larger samples (1 10 fl~ 1 ) 

over the next  few years, resulting in marked improvements  in 

all the areas discussed below. 

Since our last edition, the discrepancy between ARGUS 

and CLEO on the open (D~ D~) and closed (~'~) charm content 

of B decays has largely been resolved, with both  experiments  

obtaining for the average number  of c-quarks per B decay the  

value 1.0 + 0.1 (Ref. 1) under the same assumpt ions  for D,,  A,., 

and ~, inelusive branching ratios. This is about  one s tandard  

deviation less than  the predicted value of 1.15 e-quarks per /:/ 

decay. While the so-ealled chaTwz deficit has largely vanished, 

the small remaining discrepancy leaves open the possibilities: 

(a) that  the assmned charmed branching ratios are too large, 

(b) tha t  the umnber  of B mesons in the Y(4S) normalization 

is too high, or (c) both. 

For the ~')(3770), hadronic (e.g., w(3770) ~ J/~,TrTr) and 

eleetromagnetic transi t ions have been identified? and some 

evidence exists for direct ~)(3770) decays to light mesons. 3 

For the Y(4S), CLEO previously set model-dependent  limits 

on n o n - B B  deeays, and now, with more data.  has observed 

such events. ~ The evidence takes the  form of Y(4S) decays 

to J/'~', which are a) beyond the kinematic limi~ for decays 

via B B  and b) beyond the rate expected fl'om the continuul:n 

under the T(4S).  While the measured branching fraction 

is small (about 0 .2~) ,  this is for a limited kinematic range 

(:r.l/c _> 0.38) and for only one specific meson. The mechanism 

for this OZI forbidden process is unknown. It may be due to 

a eomplieated hadronic rescattering effect, or to the admixture  

of bbg and bt) s tates  at the Y(4S), or perhaps even to the 

production of new four-quark s tates  near the B B  threshold. 

As in the case of the evidence from u(3770) decays, the large 
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Meson Full Listings 
Bottom Mesons, B ± 

partial width makes it unlikely to be ordinary bot tomonium 

transitions, implying the total T(4S) ~ non -BB width may 

be substantial. Because of theoretical uncertainties in the 

mechanism, the total width is indeterminate until at least one 

absolute B meson branching fraction can be established. 

If the observation of substantial  non -BB decays of the 

T(4S) is confirmed, it will require rescaling (upward) of all 

17 meson branching fractions, since they are not absolute 

measurements. New measurements of the B ° and B + mass 

to observe b ~ s transitions in one loop radiative or hadronic 

Penguin decays. Our Tables this edition provide extensive sets 

of limits on these decays. As in the case of b ~ u transitions 

in hadronic decays, the experiments are still about one order 

of magnitude above the levels needed to observe these decays. 

R e f e r e n c e s  

1. A. Golutvin, Heavy Quark Physics, AIP Conference Pro- 
ceedings 196 (1989); and N. Katayama, Heavy Quark 

splitting, 0.4 4- 0.6 MeV from CLEO 5 and 0.0 4- 1.6 MeV from 

ARGUS 6, imply the production of B ° and B + at the T(4S) is 

closer to equal than previously thought. However, large (18%) 

coulomb corrections are suggested by Atwood and Marciano 7 

to the neutral and charged pair-production rates, once again 

clouding the issue of the branching ratio scale. 

As in the D meson system, the data for exclusive semilep- 

tonic decays of B mesons have improved substantially. These 

decays provide a sensitive measure of the C-K-M parameter 

Vb~. In the past year, B ° and B + ---* D*g~, decays as well as 

B + ~ D°gv decays have been measured. The ratio of vector 

to pseudoscalar rates are found to be about 1.5 while the ratio 

c,f B + to B ° vector rates (approximating the ratio of their 

total widths, or lifetimes) is close to unity with an error of 

about 20%. s The D* in these decays is found to be polarized, 

with the ratio of longitudinal to transverse polarization being 

Physics, AIP Conference Proceedings 196 (1989). 

2. R. Schindler, Proceedings of the X X I V  International Con- 
ference on High Energy Physics, Munich (August 1988), p. 
484. 

3. Y. Zhu, PhD thesis CALTECH 68-1513 (1988), unpub- 
lished. 

4. J. Alexander et al., Cornell Preprint CLNS -90/975 (1990). 

5. M. Danilov, XIV  International Symposium on Lepton and 
Photon Interactions, Stanford, CA August 1989. 

6. W.Y. Chen, XIV International Symposium on Lepton and 
Photon Interactions, Stanford, CA August 1989. 

7. D. Atwood and W.J. Marciano, "Radiative Corrections 
and Semileptonic B Decays", BNL preprint (1989). 

8. N. Katayama, Heavy Quark Physics, AIP Conference 
Proceedings 196 (1989); H. Albrecht et al., Phys. Lett. 
B232,  554 (1989). 

9. J. Korner and G. Schuler, Z. Phys. C38,  511 (1988). 

about 0.6 0.9 when p(lepton) _> 1 GeV, in good agreement 

with the prediction of models such as Korner-Schuler's. 9 

In addition to exclusive semileptonic decay's, CLEO and 

subsequently ARGUS reported last year the first observations 

c,f excess leptons in the region of the inclusive spectrum 

populated predominantly by b + u transitions. The observa- 

tion of a nonvanishing C-K-M parameter  1/~ is a necessary 

requirement for CP violation arising in the C-K-M matrix 

phase. Using models to correct for acceptance both CLEO 

and ARGUS obtain values of IV  bu/Vbc I ~ 0.1 (see FULTON 

90 and ALBRECHT 90). 

While semileptonic decays provided the first evidence for 

the l ~  transition, there is no evidence yet for the analogous 

weak-hadronic decays. Evidence from ARGUS for charmless 

B decays to p~Tr and pplr+~r - was confirmed neither by CLEO 

nor by subsequent data  from ARGUS. Our Tables this edition 

contain limits from searches for many other charmless B 

decays, all about one order of magnitude above the levels 

predicted by models. 

Evidence for B ° -  ~0 mixing, first presented by ARGUS 

(ALBRECHT 87E), has been confirmed by CLEO (ARTUSO 

89) and improved upon by subsequent ARGUS measurements. 

The large value of the mixing parameter r d ~ 0.2 for the B ° 

meson suggests the nearly complete mixing of the Bs ° meson. 

Experimentally, this conclusion is consistent with observations 

in high energy e+e and pp experiments, but has not been 

directly confirmed. 

Bs ° - ~  mixing would provide one avenue to measure the 

C-K-M matrix element I~s directly. The alternate method is 

r ~  i(J P) = ½(o-) 

Quantum numbers not measured. Values shown are quark-model predictions. 

This  s e c t i on  also inc ludes  m e a s u r e m e n t s  w h i c h  do  not  ident i fy  
t h e  charge  s t a t e  o f  B. 

B ± MASS 

The fit uses the B =E and B 0 mass and mass difference measurements. These 
experiments actually measure the difference between half of Ecru and the B mass. 

VALUE (Me w E V T 5  DOCUMENT ID TEeN COMMENT 
5277.6±1.4  OUR FIT 
5277.8 + 1.6 OUR AVERAGE 
5275.8+1.3±3.0 32 ALBRECHT 87C ARG e + e ~ T(45) 
5278.2:E1.8±3.0 12 I ALBRECHT 87D ARG e + e-  ~ T(45) 
5278.6-E0.8J_2.0 BEBEK 87 CLEO e + e -  ~ T(45) 

1Found using fully reconstructed decays with J /~ .  ALBRECHT 87D assume m(T(45))  
- 10577 MeV. 

B MEAN LIFE 

Unless stated otherwise, the measurements of the B mean life do not distinguish 
the charge state (B ± or B 0) and the lifetime is an average over bottom particles 
produced, weighted by their semileptonic branching ratios. 

VALUE (10 13 s) CL% EVT5 

11.8:E 1.1 OUR AVERAGE 
+5 .2+1 .6  

12"0- 3.6 1.4 15 

13.5±1.04-2.4 

9.8± 1.211.3 

+2.7+1.7 
11 -7_2 .2_  1. 6 

12.9 ± 2 . 0 ±  2.6 

1 +4.2 0.2 _ 3.9 301 

14.6d_2 2±3.4 

+45 ~4  25 18 

DOCUMENT IO TECN COMMENT 

2 WAGNER 90 MRK2 B O, F~em- 29 GeV I 

BRAUNSCH... 898 TASS F~em = 35 GeV I 

ONG 89 MRK2 E~em- 29 GeV I 

KLEM 88 DLCO EC e e _  29 GeV 

3 ASH 87 MAC F~em = 29 GeV 

4 BROM 87 HRS F.~ e = 29 GeV 

5 WU 87 RVUE JADE result 

BARTEL 86B JADE F~ern 35 GeV 
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• • • We do not use the following data for averages, fits, limits, etc. • • • 

5 2 + 5 : 7 ± 2 7  6 AVERILL 89 HRS Eceem- 29 OeV I 

2 7 ALBANESE 85 HYBR 350 GeV ~r- p 
emulsion 

1R q+3 .8+3 .7  ALTHOFF 84H TASS Ecee m 30-46.8 GeV ~-  3 7  34 

I16+~:47±23 46 KLEM 84 DLCO Repl. by KLEM 88 

18 ±6 ~4 FERNANDEZ 838 MAC F ~ =  29 GeV 

12.0_+415±30 5 LOCKYER 83 MRK2 Reph by ONG 89 

<14  95 BARTEL 82C JADE e + e , average 
Ecm= 34 GeV 

2WAGNER 90 tagged B 0 mesons by their decays into D* e + p and D*- I~ + v where 

the D* is tagged by its decay into ~r ~ .  I 
3We have added an overall scale error of 15% linearly to the systematic error of ± 0  7 to 

obtain ± 2.6 systematic error. 
4 Statistical and systematic errors were combined by BROM 57. 
5 The errors quoted here came from a private communication from the Jade collaboration. 

This result will be submitted to Zelt. Phys. in 1990, along with a different technique 
which yields 13.2"22:85 . 

6This is an estimate of the B 0 mean lifetime assuming that B 0 * D* ~ + X always. I 
7 The mean flight time for the one B 0 was 5 × 10-13 s while the one B -  was 0 8 × 10 13 s. 

Possible evidence for difference in B o and B E lifetime. 
8 The lifetime is an average over bottom particles produced. 

B + D E C A Y  M O D E S  

B modes are charge conjugates of the modes below. 

Mode Fraction (F i /F )  
Scale factor,/' 

Confidence level 

F I B 4 ~ D0/r+ 

r2 B ~- D ° p  * 

r3 B ~ ~ D ~ * T r  + 

F4 B ~ ~ D* (2010 )0=  - 

F 5 B - - -  D * ( 2 0 1 0 )  = ÷ = +  

F 6 B "  ~ D * ( 2 0 1 0 )  7r÷~r ~ ~0 

F 7 B ~ , J / u , ( 1 5 ) K  + 

F 5 B + ~ J / F ~ ( 1 5 ) K ~ = ~  

{-9 B+ ~ q'(25) K÷ 

F10 B+ ~ = ~ r  0 

F11 B + -~ ~T+ ~r+~r 

rl 2 B + ~ p0~f 

F13 B + ~ ~r + f0(975) 

r14 B + - -  ~r + f2(1270) 

F18 B ÷ - -  p ° a 1 ( 1 2 6 0 ) *  

El6 B + ~ pOa2(1320)+ 

F17 B + ~  KO~r + 

F15 B ~ ~ K * ( 8 9 2 )  0 = +  

F19 B + ~ K ~ =  zr ~ ( n o c h a r m )  

F2o B + ~ K " po 

F21 B + ~ K *  ¢ 
F22 B + ~ K + f0(975) 

F23 B + ~ K * ( 8 9 2 ) ~ 3  

F24 B-~ ~ K1(1270 ) -  "~ 

F25 B ~ - K 1 ( 1 4 0 0 ) - ~  

F26 B * - -  K ~ ( 1 4 3 0 ) + ~  ' 

F27 B ÷ ~ K * ( 1 6 8 0 )  +-~ 

F25 B ~ - -  K~(1780)  ~ 

r29 B + ~ K ~ ( 2 0 4 5 ) + h  , 

F30 B~ ~ p p = -  

F31 B ~  p ~ = + c r - ~  

F32 B ~ - p A  
F33 B- ~ p A T r *  

F34 B~ ~ ~ 0 p  

r35 B -  

2.9 ± 14 ) x i0 3 

2.1 ¢ 1.2 )% 

25 + 4:84 )~ lO 3 

3 & 4 ) x l 0  3 

2.5 ~ ~:~ )~1o 3 

43 ± 29 )% 
80 = 28 ) × 10 4 

11 ~ 0 7 ) ~ 1 0  3 

2 2 ±  1 7 ) ~ 1 0  3 

23 >10 3 

17 ~ 10 4 

15 x 10 4 

1.2 x 10 4 

21 × 10 4 

54 ~10 4 

63 ×10 4 

9 > 10 5 

13 ~I0 4 

17 × 10 4 

7 x l 0  5 

8 ~10 5 

7 ~10 5 

55 , 10 4 

6.6 ~ 10 3 

20 ~ i0 3 

13 ~i0 3 

17 ~10 3 

5 ~10 3 

9.0 x i0 3 

14 ~ 10 4 

47 ~ 15 4 

5 - 1 0  5 

18 x 10 4 

33 ~ 10 4 

A + +  p < 13 • 10 4 

Flavor-Changing neutral current (FC)  modes 
F36 B + ..- K + lZ + i~ FC ~ 15 × I0 4 

1-37 B *  - K ~ e + e FC < 5 < 10 5 

S 1.5 

CL 90% 

CL 90% 

CL 90% 

EL-90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

Ct  90% 

CL 90% 

CL 90% 

CL-90% 

CL 90% 

CL 90% 

CL 90% 

EL-90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

CL 90% 

EL=90% 
EL=90% 

For the following modes, the charge of B was not determined. 
F38 B ~ ~+ any th i ng  
1-39 B -  ~z~ hadrons (23 1 ~ 1.1 )% 

r4o B ~ e i v e  hadrons [a] (121 = 0.6 )% 

F41 B ~ t 1± uF~ hadrons [a] (110 = 0.9 )% 

F42 B ~ f v  noncharm-hadrons  

F43 B ~ K + f  + a n y t h i n g  

F44 B ~ K t + a n y t h i n g  

r45 B ~ K ° / K ° f  + a n y t h i n g  

1-46 B ~ D ± any th i ng  [a] (17 ± 6 ) %  

1-47 B D O / D  0 any th ing  (39 ± 6 ) % 

1-45 B ~ D* (2010 )  = any th i ng  [a] (22 ~ 8 ) % 

1-49 B -- D ~  any th i ng  [a] (125 ± 3.5 )% 

Fs0 B _-=UD ~-+, D 7r ÷ ,  

D-* (2010)07r + ,  or 

D* (2010 )  7r ~ 

r51 B ~ Charmed-baryon a n y t h i n g  < 112 % CL 90% 

F52 B - -  J / d , ( 1 5 )  a n y t h i n g  ( 1.12± 0.15) % 

F53 B ~ ¢ ( 2 5 )  a n y t h i n g  ( 4 6 ± 2.0 ) × 10 3 

F54 B ~ K ± a n y t h i n g  (85 ±11 )% 

F55 B ~ K + a n y t h i n g  

F56 B - ~  K a n y t h i n g  

r57 B --- K ° / K  ° any th ing  (63 ± 5 ) % 

F58 B ~ o any th i ng  2 3 ± 05 ) % 

r59 B ~ K~ (892 )  -~ 24 × 10 4 

F6O B - -  K1 (1400)~  41 x 10 4 

F61 B ~ K~(1430)% 53 x 10 4 

F62 B ~ K~(1780)? 30 ~ 10 3 

F63 B ~ p any th i ng  ( 82 ~ ~ ) % 

F64 B ~ p (d i rect )  any th i ng  ~ 55 = 16 ) % 

rb5 B - -  A a n y t h i n g  ( 4.2 ± 0.8 ) % 
F66 B ~ - a n y t h i n g  ( 28 ± 1.4 ) x 10 - 3  

1-67 B ~ baryons any th i ng  ( 76 ± 1.4 ) % 

F68 B ~ p # a n y t h i n g  ( 2.50± 0.28)% 

F69 B - . ~  A #  a n y t h i n g  ( 2 3 ± 05 )% 

r70 B ~ A A  a n y t h i n g  < 88 ~ 10 3 EL 90% 

Flavor-Changing neutral current (FC) modes 

r71 B ~ e + e any + FC < 2 4 v 10 . 3  CL 90% 

IL+ I l any 

[a] Value is for the  sum of the  charge states indicated.  

CL 90% 

CL 90% 

CL 90% 

EL-90% 

B + BRANCHING RATIOS 

r (5%r+) / r to ta l  r11r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
O.0029i0.0014 OUR AVERAGE Error includes scale factor of 1.5. 
00019±0.0010±0.0006 7 9 ALBRECHT 88K ARG e = e- ~ T(4S) 

0.0016 ~ 00011 I0 T(4S) 0.0047. 00013 00008 14 BEBEK 87 CLEO e"  e 

9ALBRECHT 88K assumes BOBO:B ~ B ratio is 45:55. 
10 BEBEK 87 assume the T(4S) decays 43% to B 0 ~  ). B(D 0 ~ K -  ~+ ) = (4.2 ± 0.4 ± 

0 . 4 ) % a n d B ( D 0 ~  K ~ r + = - ) = ( 9 1 ± 0 . 8 ± 0 . 8 ) % w e r e u s e d .  

F ( D ° p + ) / r t o t a ,  r2/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

O.021aEO.OO6:EO.O(}9 I0 11 ~ 3 ~  88K ARG e + ~ ~ T{4S) 

l l ALBRECHT 88K assumes B 0 ~ : B  4 B-- ratio ]s 45:55. 

F ( D  ~T + T r + ) / F t o t a l  F3 /F  
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 

0nn~+0 .0041+0 .0024  1 12 BEBEK 87 CLEO e + e 
. . . . .  0.0023 -- 0.0008 T ( 4 5 )  

1 2 B E B E K B 7 a s s u m e t h e T ( 4 S )  decays 43% to BO B 0 .  B(D ~ K + ~  ~ ) = ( 9 1 ~  
13  ± 0.4)% is assumed. 

F ( D * ( 2 0 1 0 )  ° 7r + ) / F t o t a  I F 4 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.0027i0.0044 13 BEBEK 87 CLEO e + e ~ T(4S) 

13This is a derived branching ratio, using the inclusive pion spectrum and other two body 
B decays. BEBEK 57 assume the T(45) decays 43% to B0B 0 . 
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I-(D* (2010)- 7r + 7r+)/rtotal rs/r  
VALUE E V T 5  DOCUMENT IO TEEN COMMENT 

0 ~ - , c  + 0 .0015  . . . . .  --0.0013 OUR AVERAGE 

0.005 ±0.002 4-0.003 7 14 ALBRECHT 87C ARG e + e ~ T(4S) 

0 nn,~n+0.0014 +0.0008 3 15 BEBEK 87 CLEO e + e -  T(4S) 
. . . . . .  0,0013 - 0.0005 

14ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume 

B(T(4S) ~ B + B  - )  - 55% and B(T(4S) ~ B 0 ~ )  _ 45%. 

15BEBEK 87 assume the T(45) decays 43% to B O ~  ). B(D*(2010) + ~ ~T + D 0) = 
(60+18)%, B(D 0 ~ K-~T + )  -- (4.2 4- 0.4 ± 0.4)%, and B(D 0 ~ K 7r+ ~+ 7r - )  
- (9.1 4- 0.8 ± 0.8)% were used. 

I- ( D * ( 2 0 1 0 ) -  l r  + Ir + 7r 0 ) / r t o t a  I r 6 / r  
I/ALUE EVTS DOCUMENT ID TEEN COMMENT 

l).043:1:0.013:E0.026 24 16 ALBRECHT 87C ARG e + e- ~ T(4S) 

16ALBRECHT 87c use PDG 86 branchin£ ratios for D arid O*(2010) and assume 

B(T(4S) - -  B + B ) - 55% and B(T(4S) - -  BOB ~ ) )  = 45%, 

I '(J/~P(tS)K+ )/rtotal rz / r  
.VALUE (units 10 -4} E V T 5  DOCUMENT ID TEEN COMMENT 
B.0-1-2.8 OUR AVERAGE 
7 ±4  3 17 ALBRECHT 87D ARG e + e ~ T(45) 
9 ±6  4-2 3 18 BEBEK 87 CLEO e + e ~ T(4S) 
9 ±5  3 19ALAM 86 CLEO e+e  ~ T(45) 

17ALBRECHT 87D assume B + B - / B O ~  ratio is 55/45. 

18BEBEK 87 assume the T(45)  decays 43% to B 0 B  0 . 
19ALAM 86 assumes B ± / B  0 ratio is 60/40. 

r (J/tb(1S) K + ~r + 7r-)/rtota I rs/r  
VALUE E V T 5  DOCUMENT IO TECN COMMENT 

(l.0011~:0.0007 6 20 ALBRECHT 87D ARG e + e ~ T(4S) 

20ALBRECHT 87D assume B + B-/BO~ ratio is 55/45. Analysis explicitly removes 
B + ~  tb(2..c) K +"  

i"(VJ(2S) K+)/Ftotal rg/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

0.0022:1:0.0017 3 21 ALBRECHT 87D ARG e + e ~ T(4S) 

21ALBRECHT 87D assume B + B / B O ~  ratio is 55/45. 

r0r+ Ir°)/rtotat r lo/r  
yALUE CLUe DOCUMENT ID TEEN COMMENT 

<0.0023 90 22 BEBEK 87 CLEO e + e ~ T(4S) 

22BEBEK 87 assume the T(4S) decays 43% to B0B 0. 

r(~+ =+~-)/rtota I r l l / r  
VALUE ~ DOCUMENT tD TECN COMMENT 

23 ~ T T O 8 9  CLEO e + e -  <1.7 x 10 - 4  90  ~ T(4S) 

23Assumes the T(4S) decays 43% to BOB 0. 

r(p0~+)/rtotal r12 / r  

_VALUE CL~ E V T 5  DOCUMENT ID TEEN COMMENT 

<1.5 X 10 - 4  90 24 BORTOLETTO89 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2 × 10 4 90 25 BEBEK 87 CLEO e + e ~ T(4S) 
<6 x 10 4 90 0 GILES 84 CLEO Repl. by BEBEK 87 

24Assumes the T(45) decays 43% to B 0 B  0. 

25BEBEK 87 assume the T(45) decays 43% to BOB 0 . 

r ( ~ +  f o ( 9 7 5 ) ) / r t o t a  I r 1 3 / r  
#4LUE ~ DOCUMENT IO TEEN COMMENT 

<1.2 x 10 4 90 26 BORTOLETTO89 CLEO e + e ~ T(45) 

26Assumes the T(45)  decays 43% to B 0 B  0 . 

r (,~+ f2(1270))  / r to ta I r 1 4 / r  
V4LUE ~ DOCUMENT ID TEEN COMMENT 

<2.1 x 10 -4 90 27 BORTOLETTO89 CLEO e + e- ~ T(45) 

27Assumes the T(4S) decays 43% to B0B 0. 

r (P° a1(1260)+)/rtotal rts/r  
VALUE ~ DOCUMENT 10 TEEN COMMENT 

<5.4 X 10 - 4  90 28 BORTOLETTO89 CLEO e + e -  ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<.'3.2 × 10 3 90 29 BEBEK 87 CLEO e + e ~ T(4S) 

28Assumes the T(45)  decays 43% to B 0 B  0. 

29BEBEK 87 assume the T(45) decays 43% to DO~0. 

r (p° a2(1320)+)/r total r l0/r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<6.3 X 10 - 4  90 30 BORTOLETTO89 CLEO e + e-  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.3 x 10 - 3  90 31 BEBEK 87 CLEO e + e -  ~ T(45)  

30Assumes the T(45)  decays 43% to BX)B 0. 

31 BEBEK 87 assume the T(45) decays 43% to B0B O. 

r(K%+)/rtotal r17/r 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<9 X 10 - 5  90 32 AVERY 89B CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<6.8 × 10 4 90 AVERY 87 CLEO e + e -  ~ T(4S) 

32 Assumes the T(45) decays 43% to B0B 0. 

r ( K *  (892)  0 ~ + ) / r t o t a  , r 1 8 / r  
VALUE ~ DOCUMENT ID TEEN CO_ MMENT 

<1.3 x 10 - 4  90 33 AVERY 898 CLEO e + e -  ~ T(45)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.6 x 10 4 90 AVERY 87 CLEO e + e ~ T(45) 

33Assumes the T(45) decays 43% to B0B 0. 

r (K+Ir -~r  + (no charrn))/rtotal r19/r 
VALUE ~ DOCUMENT ID TEEN CO MMEN ! 

<1.7 X 10 - 4  90 34 AVERY 89B ELEO e + e -  ~ T(45) 

34Assumes the T(4S) decays 43% to B 0 ~ .  

F(K +p0)/rtotal r20/r 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<7 X 10 - 5  90 35 AVERY 89B CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.6 × 10 - 4  90 AVERY 87 CLEO e + e -  ~ T(45) 

35Assumes the T(4S) decays 43% to B0B 0. 

F(K +m) Irtota, r21/r 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<8  x 10 - 5  90 36 AVERY 89B CLEO e + e -  ~ T(4S) 
• • • We do riot use the following data for averages, fits, limits, etc. • • • 

<2.1 × 10 4 90 AVERY 87 CLEO e + e -  ~ T(4S) 

36Assumes the T(45) decays 43% to BOB ~ ) .  

r ( K  + f 0 ( 9 7 5 ) ) / r t o t a  I r 2 2 / r  
VALUE CL~/~ DOCUMENT ID TEEN COMMENT 

<7 x 10 - 5  90 37 AVERY 89B CLEO e + e -  ~ T(45) 

37Assumes the T(45) decays 43% to B 0 ~ .  

r (K*(892) +,-f)/rtotal r23/r 
VALUE EL% DOCUMENT I_D TEEN COMMENT 

<5.5 x 10 - 4  90 38 ALBRECHT 89G ARG e + e -  ~ T(45) I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5.5 × 10 - 4  90 39 AVERY 89B CLEO e + e -  ~ T(45) I 
<1.8 × 10 3 90 AVERY 87 CLEO e + e ~ T(4S) 

38Assumes the T(45) decays 45% to B0B 0. I 

39Assumes the T(4S) decays 43% to B 0 B  0. I 

r(Kl(1270)+'Y)/rtotal r24/r 
VALUE ~ DOCUMENT ID TECN COMM_ ENT 

<0.0066 90 40 ALBRECHT 89G ARG e + e -  ~ T(45) I 

40Assumes the T(4S) decays 45% to B0B 0` I 

r (K1(1400) + 1')/rtotal r25/r 
VALUE EL% DOCUMENT ID TECN COMMENT 

<0.0020 90 41 ALBRECHT 89G ARG e + e -  ~ T(4S) I 

41Assumes the T(4S) decays 45% to B 0 ~ .  I 

r(K~(143o)+ 9')/rtotal r26/r 
VALUE CL#~ DOCUMENT IO TEEN COMMENT 

<0.0013 90 42 ALBRECHT 89G ARG e + e -  ~ T(4S) I 

42Assumes the T(45)  decays 45% to B0B 0. I 

r(K*(I680)+~)/rtotal r2~/r 
VALUE ~ DOCUMENT ID TEEN CO MM.__ENT 

<0.0017 90 43 ALBRECHT 89G ARG e + e -  ~ T(45) I 

43Assumes the T(4S) decays 45% to BOB 0. I 

r ( K ; ( 1 7 8 0 ) + ' Y ) / r t o t a l  r 2 8 / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.005 90 44 ALBRECHT 89G ARG e + e -  ~ T(4S) I 

44 Assumes the T(4S) decays 45% to B 0 B  0. I 
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r ( K ; ( 2 0 4 5 )  + , 7 ) / r t o t a l  r 2 9 / r  
VALUE CL°/o DOCUMENT tD TEEN COMMENT 

<0.0090 90 44  ALBRECHT 89G ARG e + e ~ T(45) 

F ( P # ~ r + ) / r t o t a l  r 3 0 / r  
VALUE CL~L DOCUMENT 10 TEC. N COMMENT 

< 1.4 x 10 - 4  90 BEBEK 89 CLEO e + e -  ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

(5.25-14±1.9) × 10 4 ALBRECHT 88F ARG e ~ e- ~ T(45) 

r ( p ~  7r+ 7r + ~ - ) / r t o t a l  r 3 1 / r  
VALUE CL~/o DOCUMENT ID _ _  TEEN COMMENT 

<4.7 x 10 - 4  90 ALBRECHT 88F ARG e + e ~ T(4S) 

r ( p A ) / r t o t a  I r 3 2 / r  
VALUE EL~ OOEUMENT ID TECN COMMENT 

<5 X 10 5 90 45 AVERY 89B CLEO e + e ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<8 5 x 10 5 90 ALBRECHT 88F ARG e 4 e ~ T(45) 

45Assumes the T(45) decays 43% to B0B 0. 

r ( p A i r  + 7r - )  / r to ta I r33 / r 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<1.8 X 10 4 90 ALBRECHT 88F ARG e ~- e ~ T(4S) 

F(AO P) tl-tota, r34/r 
VALUE CL~/e DOCUMENT ID TEEN COMMENT 

<3.3 x 10 4 90 46 BORTOLETTO89 CLEO e*  e ~ T(45) 

46Assumes the T(4S) decays 43% to B0B 0. 

r ( z ' ,++  # ) / r t o t a l  r 3 5 / r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<1.3 X 10 - 4  90 47 BORTOLETTO89 CLEO e + e ~ T(45) 

47Assumes the T(4S) decays 43% to B O ~ .  

F(K +/~+/~-)/rtotal r30/r 
Test for AB  -- 1 weak neutral current. Allowed by higher-order electroweak interac 
tions. 

VALUE EL% DOCUMENT ID TEEN COMMENT 

<1.5 X 10 4 90 48 AVERY 898 CLEO e + e ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 3 2  x 10 4 90 AVERY 87 CLEO e + e ~ T(4S) 

48Assumes the T(4S) decays 43% to B0B 0 . 

r ( K +  e+  e - ) / r t o t a l  r 3 7 / r  
Test for AB  -- I weak neutral current. Allowed by higher order etectroweak interac 
tions. 

VALUE CL "/~ DOCUMENT ID TEEN COMMENT 

<5 x 10 - 5  90 49 AVERY 89B CLEO e + e ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2,1 × 10 - 4  90 AVERY 87 CLEO e + e . T(4S) 

49Assumes the T(4S) decays 43% to B0B 0. 

For all o f  the  decays be low,  the charge of the decaying B was not determined 
(BO, ~0, B+ ' or B - ) .  

r (e  ± ~e hadrons)/rtotal r40/r 
Only the experiments at the T(45) are used in the average. 

VALUE DOCUMENT ID TEEN COMMENT 
0.121:E0.006 OUR AVERAGE 
0.117Z0.004J_0.010 50 WACHS 89 CBAL Direct e at T(45) I 
0.120±0007±0.005 CHEN 84 CLEO Direct e at T(45) 
0.132:~:0.008±0.014 51 KLOPFEN... 83B CUSB Direct e at T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.1125-0.009±0.011 ONG 88 MRK2 Fee = 29 GeV I 
+0.022 PAL 86 DLCO Ecm = e e  29 GeV 0.149_0.019 

0 110~:0.018±0.010 AIHARA 85 TPC F~em = 29 GeV 

0111=~0.034±0.040 ALTHOFE 84J TASS E~ e =  34.6 GeV 

0.1465-0.028 KOOP 84 DLCO Repl. by PAL 86 
0116±0.021±0017 NELSON 83 MRK2 E~em= 29 GeV 

50Using data above p(e) = 24 GeV, WACHS 89 determine ~(B ~ ez/ up ) /~ (B  ~ e~ I 
charm) < 0.065 at 90% CL. I 

51Ratio ~(b ~ e~ up) /~ (b  ~ eu charm) <0.055 at CL = 90%. 

r ( # ±  v# h a d r o n s ) / r t o t a l  r41/r 
The average of the four high-energy results is 0.117 ~ 0.013. These experiments 

i produce other bottom particles in addition to the B meson. 
VALUE D~CUMENT IO TECN_N COMMENT 
0.110=t=0.009 OUR AVERAGE 
0.108±0.0065-0.01 CHEN 84 CLEO Direct # at T(45) 
01125_00095-0,01 LEVMAN 84 CUSB Direct # at T(45) 

I • • • We do not use the following data for averages, fits, limits, etc. • • • 

I 0.118±00125-0.010 ONG 88 MRK2 F_~ e = 29 GeV 

0117±0.0165-0.015 BARTEL 87 JADE F~ e = 34.6 GeV 

0114±0.0185-0.025 BARTEL 85J JADE Repl. by BARTEL 87 
0 117=0 .028 i0  010 ALTHOFF 846 TASS E~em = 34.5 GeV 

i 0.105.L0015±0.013 ADEVA 83B MRKJ E~em = 33-38.5 GeV 

0 1 ~ + 0  054 FERNANDEZ 83D MAC Eceern-- 29 GeV " ~  0 029 

I r ( ~ .  n o n c h a r m - h a d r o n s ) / I - ( t ,  hadrons) r 4 2 / r 3 9  
denotes e or t~ but not the sum. These experiments measure this ratio in very limited 

momentum intervals. 
I VALUE EL% EVTS DOCUMENTID TEEN COMMENT 

i • • • We do not use the following data for averages, fits, limits, etc. • • • 

41 52 ALBRECHT 90 ARG e + e 
T(4S) 

76 53 FULTON 90 CLEO e 4 e 
T(4S) 

I <0.04 90 54 BEHRENDS 87 CLEO e + e -  
T(4S) 

<004  90 CHEN 84 CLEO Direct e at 
T(4S) 

<0055  90 KLOPEEN... 83B CUSB Direct e at 
T(4S) 

I 52ALBRECHT 90 observes 41 = 10 excess e and ~J (lepton) events in the momentum 
interval p = 2.3 2.6 GeV signaling the presence of the b ~ u transition. The events 
correspond to a model-dependent measurement of lVbu/Vbc = 010 ± 001. 

53 FULTON 90 observe 76 ± 20 excess e and # (lepton) events in the momentum interval 
I P = 2.4-2.6 GeV signaling the presence of the b ~ u transition. The average branching 

ratio, (18 5 04 ± 03)  × 10 4, corresponds to a model dependent measurement of 
I approximately ! V b u / V b c  = 01 using B(b - .  c fu)  = 10.2 ± 0.2 ± 0.7%. 

54The quoted possible limits range from 0.018 to 0.04 for the ratio, depending on which 
model or momentum range is chosen. We select the most conservative limit they have 
calculated. This corresponds to a l imit on Vbu / Vbc ! < 020. While the endpoint 
technique employed s more robust than their previous results in CHEN 84, these results 
do not provide a numerical improvement in the limit. 

I 
r ( K + t  + a n y t h i n g ) / r ( ~  + a n y t h i n g )  r 4 3 / r 3 8  
VALUE DOCUMENT ID TEEN COMMENT 

i • • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .54±007±0.06 55ALAM 87B CLEO e+e  ~ T(45) 

55ALAM 87B measurement relies on lepton-kaon correlations. It does not consider the 
possibility of B B  mixing. We have thus removed it from the average. 

r ( K  ~+ a n y t h i n g ) / r ( t  + a n y t h i n g )  r 4 4 / r 3 8  
I VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .10±0 .05z002  56ALAM 87B CLEO e+e - ~ T(45) 

I 56ALAM 87B measurement relies on lepton-kaon correlations. It does not consider the 
possibility of B B  mixing. We have thus removed it from the average. 

r ( K ° / K ° ~  '+  a n y t h i n g ) / r ( t  + a n y t h i n g )  r 4 5 / r 3 8  
VALUE DOCUMENT /D TECN_N COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

039 ± 0 0 6  ±0.04 57 ALAM 87B CLEO e~ e ~ T(45) 

57ALAM 87B measurement relies on lepton kaon correlations. It does not consider the 
possibility of B B  mixing. We have thus removed it from the average. 

r ( C / ~ ) / r t o t a  I 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, tits, limits, etc. • • • 

0 9 8 ± 0 . 1 6 ± 0 1 2  58 ALAM 87B CLEO e + e ~ T(45) 

58From the difference between K and K + widths. ALAM 87B measurement relies on 
lepton-kaon correlations. It does not consider the possibility of B B mixing. We have 
thus removed it from the average. 

F ( D  ± a n y t h i n g ) / r t o t a  I r 4 6 / r  
VALUE EVTS DOCUMENTT ID TEEN COMMENT 

0.17±0.04:E0.04 20k 59 BORTOLE~TO87 CLEO e + e- ~ T(45) 

59BORTOLETTO 87 uses old MARK ~11 (BALTRUSAITIS 86E) branching ratio for 
K ~ + ~  = 0 1 1 6 ± 0 . 0 1 4 ± 0 0 0 7 .  Theproduct brancbing ratio for B ( B ~  D ~ X) 
B(D 4- ~ K 7r+~+)  is 0.019 ± 0.004 ± 0.002. 
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Listings 
B ± 

r (o ° /o  ° anything)/Ftotal F4T/F 
VALUE EVT5 DOCUMENT /DD TECN CO MM_._ENTT 

0.39=1=0.05=1=0.04 21k 60 BORTOLETTO87 CLEO e + e ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.574-0.14±0.12 61 GREEN 83 CLEO Repll by BORTO- 
LETTO 87 

60 BORTOLETTO 87 uses old MARK III (BALTRUSAITIS 86E) branching ratio for K ~T + 

= 0.056 ± 0.004 ± 0.003. The product branching ratio for B(B ~ D O X) B(DO 
K-Tr +) is 0.0210 9- 0.0015 9- 0.0021. 

61Corrected by us using assumptions B(O 0 ~ K ~r + )  = (0.042 9- 0.006). The product 
branching ratio is B(B 0 ~ D O X)B(D 0 ~ K--~T +) = 0.024 ± 0.006 9- 0.004. 

F ( D * ( 2 0 1 0 )  ± a n y t h i n g ) / F t o t a l  r48/r 
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0 22± n na+O.07 5200 62 BORTOLETTO87 CLEO e + e -  ~ T(45) . . . .  --0.04 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.27±0.06+0:08 510 63 CSORNA 85 CLEO Repl. by BORTO- 
LETTO 87 

62 BORTOLETTO 87 uses old MARK III (BALTRUSAITIS 86E) branching ratios B(DO 
K -  7r + )  = 0.056 ± 0,004 ± 0.003 and also assumes B(D* (2010) + ~ D O ~r + ) = 

An+0.08 The product branching ratio for B(B ~ D*(2010) + )  B(D*(2010) + ~ - 0 . 1 5 "  
o O ~  + )  is 0.13 4, 0.02 :L 0.012. 

63 V A momentum spectrum used to extrapolate below p = 1 GeV. We correct the value 
assuming B(D 0 K -  ~r + )  = 0.042 ± 0.006 and B(D * +  D O 7r + - 0 6 +0.08 The 

~ " 0.15" 
product branching fraction is B(B ~ D *+ X)B(D *+ - -  7r + D0)B(D 0 ~ K Ir + )  
= (68 ± 15 ± 9) × 10 4. 

F ( D ~  a n y t h i n g ) / F t o t a  I r 4 9 / r  
VALUE DOCUMENT ID TECN COMMENT 
0.125±0.035 OUR AVERAGE 
0.13 ±0.05 64 ALBRECHT 87H ARG e + e -  ~ T(4S) 
0.12 ±0.05 65 HAAS 86 CLEO e + e -  ~ T(45) 

64ALBRECHT 87H measure B(B ~ Ds + X) B(Ds + ~ (hTr + )  = 0.0042 ± 0.0009 ± 0.0006 

and we obtain the result shown by dividing by B(D + ~ (p~r + )  = 0.033 ± 0.010. 
46 4, 16% of B ~ Ds X decays are 2-body. 

65HAAS 86 measure B(B ~ Ds + X)B(D + ~ ~Tr + )  = 0.0038 ± 0.001 and we obtain 

the result shown by dividing by B(Ds + ~ ~Tr + )  = 0.033 4, 0.010. 64 :L 22% decays 
are 2-body. 

r ( D % r  + ,  D -  7r + ,  D* (2010)07 r  + ,  or D * ( 2 0 1 0 ) -  7 r + ) / r t o t a l  r s o / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0162±0.0032 66 BEBEK 87 CLEO e + e ~ T(45) 
0.020 ±0.006 ±0.005 67 GILES 84 CLEO Repl by BEBEK 87 

66BEBEK 87 assume the T(4S) decays 43% to BOB O. This measurement is independent 
of D and D*(2010) meson branching fractions. 

67 No dependence on D used fast 7r momentum. 

r (Charmed-baryon a n y t h i n g ) / r t o t a  I rsz/r 
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.112 90 68 ALAM 87 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.14 ±0.09 69 ALBRECHT 88E ARG e + e ~ T(45)  I 

68Assuming all baryons result from charmed baryons, ALAM 86 conclude the branching 
fraction is 7.4 ± 2.9%. The limit given above is model independent. 

69ALBRECHT 88E measured B(B ~ Ac + X)B(A + ~ p K  ~r + )  = (0.30±0.124,0.06)% I 
andusedB(A + ~ p K  7 r + ) = ( 2 2 ± l 0 ) % f r ° m A B R A M S 8 0 t ° ° b t a i n a b ° v e n u m b e r "  I 

r ( J / t # ( 1 5 )  a n y t h i n g ) / r t o t a l  r s 2 / r  

VALUE (units 10 -2) eL% EVT5 DOCUMENT IO TECN COMMENT 
1.12±0.18 OUR AVERAGE 
1074-0.16±0.22 120 70 ALBRECHT 87D ARG e + e -  ~ T(4S) 
1.09±0.169-0.21 52 ALAM 86 CLEO e + e ~ T(45) 
1.4 +0.6 71 -0 .S  7 ALBRECHT 85H ARG e + e ~ T(45) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.1 ±0.214-0.23 46 72 HAAS 85 CLEO Repl. by ALAM 86 
e e _  < 4 9  90 MATTEUZZl 83 MRK2 Ecru 29 GeV 

70ALBRECHT 87D find the branching ratio for J /V '  not from t/,(25) to be 0.0081 ± 0.0023. 
71Statistical and systematic errors were added in quadrature. ALBRECHT 85H also report 

a CL = 90% limit of 0.007 for B ~ J / ~ ( 1 5 )  + X where i n ( X )  <1 GeV. 
72 Dimuon and dielectron events used. 

r ( @ ( 2 S )  a n y t h i n g ) / r t o t a  I r 5 3 / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 

O.0046zEO.(]O][7:EO_0011 8 ALBRECHT 87D ARG e + ~ ~ T(45) 

F ( K  + a n y t h i n g ) / r t o t a l  r 5 4 / r  
VALUE DOCUMENT ID TEEN COMMENT 

O.05-1-O.07:EO.09 ALAM 87B CLEO e ~- e-  ~ T(45)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 73 BRODY 82 CLEO e + e ~ T(45) 
seen 74 GIANNINI 82 CUSB e + e -  ~ T(45) 

73Assuming T(4S) ~ BB,  a total of 3.38 4- 0.34 4- 0.68 kaons per T(4S) decay is found 
(the second error is systematic). In the context of the standard B-decay model, this 
leads to a value for (b-quark ~ c-quark)/(b-quark ~ all) of 1.09 4- 0.33 ± 0.13. 

74GIANNINI 82 at CESR-CUSB observed 1.58 ± 0.35 K 0 per hadronic event much higher 
than 0.82 ± 0.10 below threshold. Consistent with predominant b ~ c X decay. 

F ( K  + a n y t h i n g ) / r t o t a l  r s s / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.664-0.05±0.07 75 ALAM 87B CLEO e + e -  ~ T(45) 

75ALAM 87B measurement relies on lepton-kaon correlafions. It does not consider the 
possibility of B B  mixing. We have thus removed it from the average. 

F ( K -  a n y t h i n g ) / r t o t a  I r s 6 / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.19±0.059-0.02 76 ALAM 87B CLEO e + e ~ T(45) 

76ALAM 87B measurement relies on lepton-kaon correlations, It does not consider the 
possibility of B B  mixing. We have thus removed it from the average. 

F(K°/K ° anything)/Ftota, r57/r 
VALUE DOCUMENT ID TECN COMMENT 

0.63=1-0.06=t=0.06 ALAM 87B CLEO e + e- ~ T(45) 

r(~ a n y t h i n g ) / r t o t a  I F58/F 
VALUE DOCUMENT ID TECN COMMENT 

0.023=E0.006=EO.005 BORTOLETTO86 CLEO e + e- ~ T(45) 

r ( K * ( 8 9 2 )  3 ' ) / r t o t a l  r s g / r  
Test for AB  = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE ~ DOCUMENT ID TECN COMMENT 

<2.4 x 10 - 4  90 ALBRECHT 88H ARG e + e -  ~ T(45) I 

r (K1(1400) 3') / rtota~ rED/r 
Test for ~.B = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE C L ° ~  DOCUMENT ID TECN COMMENT 

<4.1 X 10 - 4  90 ALBRECHT 88H ARG e + e -  ~ T(45) I 

r ( K ~ ( 1 4 3 0 ) 3 ' ) / r t o t a l  r 6 1 / r  
Test for ~ B  = 1 weak neutral current. Allowed by higher order electroweak interac- 
tions. 

VALUE CL~ DOCUMENTID TECN COMMENT 

<8.3 x 10 - 4  90 ALBRECHT 88H ARG e + e -  ~ T(45) I 

r ( g ~ ( 1 7 8 0 ) 3 ' ) / r t o t a  I r 6 2 / r  
Test for AB  = 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE CLUe DOCUMENT ID TECN COMMENT 

<3.0 x 10 - 3  90 ALBRECHT 88H ARG e + e -  ~ T(45) I 

r ( p  any th ing) /FLora  I r 6 3 / F  
Values are for [B(B ~ p X )+B(B  ~ # X) ] /2  and include protons from A decay. 

VALUE EVT5 DOCUMENT ID TECN COMMENT 

0 062:En n ~ + 0 . 0 1 3  2163 77 ALBRECHT 89K ARG e + e T(45) I 
. . . . .  -0.010 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>0.021 78 ALAM 83B CLEO e + e -  ~ T(4S) 

77 ALBRECHT 89K include direct and nondirect protons. I 
78ALAM 83B reported their result as > 0.036 4- 0.006 ± 0.009. Data are consistent with 

equal yields of p and ~. Using assumed yields below cut, B(B ~ p + X) = 0.03 not 
including protons from A decays. 

r ( p  (d i rec t )  a n y t h i n g ) / r t o t a  I r 6 4 / r  
VALUE EVT5 DOCUMENT IO TECN COMMENT 

0.055:±0.016 1220 79 ALBRECHT 89K ARG e + e-  ~ T(45) I 
79 ALBRECHT 89K subtract contribution of A decay from the inclusive proton yield. I 

F(A  a n y t h i n g ) / r t o t a  I FEs/F 
VALUE EVT5 DOCUMENT tD TECN COMMENT 

0.042±0.0(~=E0.006 943 ALBRECHT 89K ARG e + e- ~ T(4S) I 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>0.011 80 ALAM 83B CLEO e + e ~ T(4S) 

80ALAM 83B reported their result as > 0.022±0.007 9-0.004. Values are for (B(A X)+B(A 
X))/2. Data are consistent with equal yields of p and ~. Using assumed yields below 
cut, B(B ~ A X) = 0.03. 

r ( - -  a n y t h i n g ) / F t o t a  I F66/F 
VALUE EVT5 DOCUMENT ID TECN COMMENT_ 

0.0028-I-0.(X)14 54 ALBRECHT 89K ARG e + e- ~ T(4S) I 
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r (baryons anything)/rtota I r67/r 
VALUE DOCUMENT tD TEEN COMMENT 
0.076±0.014 81 ~ T  89K ARG e + e ~ T ( 4 S )  

8 1 A L B R E C H T  89K obtain this result by adding their their measurements (5.5 ,1 1.6)% for 
direct protons and (4,2 ± 0.5 ± 0,6)% for inclusive A production. They then assume 
(5.5 ± 1.6)% for neutron production and add it in also• Since each B decay has two 
baryons, they divide by 2 to obtain ( 7 6  ± 1.4)%. 

r (p~ anything)/I-tota I 
VALUE EVT5 
0.025 :I-0.002 =I-0.002 918 

F (A,~ anything)/rtotal 
VALUE EVT5 

0.023 i 0 . 0 0 4  ~ 0.003 165 

F(A~ anything)/rtota I 
VALUE ~ EVT5 
<00088 90 12 

r68/r 
DOCUMENT ID TEEN COMMENT 
A L B R E C H T  89K ARG e + e ~ T ( 4 5 )  

r 6 9 / r  
DOCUMENT ID TEEN COMMEN F 

A L B R E C H T  89B ARG e + ~ ~ T ( 4 5 )  

rTo/r 
DOCUMENT ID TEEN COMMENT 

A L B R E C H T  89K ARG e + e -  ~ T ( 4 S )  

[ r (e  + e -  anything) + r ( # + #  - anything)]/rtotal r71/r 
Test for Z~B = 1 weak neutral current. 

VALUE ~ DOCUMENT ID TEEN COMMENT 
<0.0024 90 82 BEAN 87 CLEO e + e ~ T ( 4 5 )  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<00062  90 83 AVERY 84 CLEO Repl. by BEAN 87 

< 0 0 0 8  90 M A T T E U Z Z I  83 MRK2 F~ e =  29 GeV 

8 2 B E A N  87 reports [ ( # +  tL- ) + ( e  f e ) ] / 2  and we converted it. 

83Determine ratio of B + to B 0 semileptonic decays to be in the range 0.25 2.9. 

rue + e  a n y t h i n g ) / r t o t a  I 
Test for A B  = 1 weak neutral current. 

VALUE CL% DOCUMENT ID TEEN COMMENT 

<0.0024 OUR L IM IT  Our 90% CL l imit,  using [ r ( e  * e anything;/ + r ( p  + iz 

a n y t h i n g ) ] / r t o t a  I above. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 0 0 5  90 BEBEK 81 CLEO e + e  ~ T ( 4 S )  

r ( / ~ +  # - a n y t h i n g ) / F t e t a  I 
Test for A B  = I weak neutral current. 

VALUE ~ OOEUMENT ID T ECN COMMENT 

<0.0024 OUR L IM IT  Our 90% CL l imit ,  using [ r ( e  + e anything) + r ( #  + P 
L 

anything)]/ '[-total above. 

• • • We do not use the following data for averages, fits, limits, etc, • • • 

<0 02 95 A L T H O F F  84G TASS F~ern = 34.5 GeV 

< 0 0 0 7  95 A D E V A  83 MRKJ E~em = 30 38 GeV 

<0.007 95 BARTEL 838 JADE E ~ e =  33-37 GeV 

<0  017 90 CHADWICK 81 CLEO e ~ e ~ T ( 4 5 )  

HAAS 86 PRL 56 2 7 8 1  +Hempstead. Jensen. Kagan~ (ELEO Collab) 
PAL 86 PR D33 2708 -Atwood. Baush, Bonneaud+ (DELED Collab.} 
PDG 86 PL 170B Aguilar Benitez. Porter+ 
AtHARA 85 ZPHY C27 39 +Alston-Gacnjost. 8adtke. Bakken+ (TPC CoHah.) 
ALBANESE 85 PL 158B 186 +A)pe. Aoki+ (BARL CERN. DUUC. LOUC. NAGO~) 

WAT5 experiment 
ALBRECHT 85H PL 1628 395 -Binder. Harder~ (ARGUS Collab.) 
BARTEL 85J PL 16SB 277 -Becker. Cords. Felst- (JADE Colbab) 
C8ORNA 85 PRL 54 ]894 ~Garren. Mestayer, Panvinit (CLEO Eollah.) 
HAAS 85 PRL 55 I248 ~Hernpstead. Jensen. Kagan+ (CLEO Collab ) 
ALTHOFF 84G ZPHY C22 219 +Braunschweig. Kirschfink+ (TASSO Collab ) 
ALTHOFF 84H PL 149B 524 ~Braunschweig, Kirschfink4 (TASSO Collab) 
ALTHOFF 84J PL 146B 443 ~Branschweig. Kirschfink+ (TASSO Collab) 
AVERY 84 PRL 53 1309 +Bebek, Berke{man, Cassel+ (CLEO Collab) 
CHEN 84 PRL 52 1084 ÷Goldberg, Horwitz, Jawahery+ (CLEO Collab) 
GILES 84 PR D30 2279 +Hassard, Hempstead, Kinoshita~ (CLEO Collab) 
KLEM 84 PRL 53 1873 ~Dubois, Young, Atwood+ (DELED Collab ) 
KOOP 84 PRL 52 970 ~Sakuda. Atwood. Baillon~ (DELCO Collab) 
LEVMAN 84 PL 1418 271 eSreedhar. Han. Imlayt (CUSB Collab ) 
ADEVA 83 PRL 50 799 ,Barber. Becker. Berdugo+ (Mark J Collab) 
ADEVA 83B PRL 51 443 +Barber. Becger. Berdugo+ (Mark-J Collab) 
ALAM 83B PRL 51 1143 ~Csorna. Garren, Mestayer* (CLEO Collab) 
BARTEL 83B PL 1328 241 ~BeckeL Bowdery. Cords+ (JADE Collab) 
FERNANDEZ 83B PRL 5I 1022 -Ford, Read, Smith+ (MAC Collab) 
FERNANDEZ 83D PRL 50 2054 -Ford. Read, Smith4 (MAC Collab) 
GREEN 83 PRL 51 347 • Hicks, Sannes, Skubic+ (CLEO Eollab ) 
KLOPFEN 83B PL 1308 444 Klopfenstein. Horstkotte4 (CURB Collab.) 
LOEKYER 83 PRL 51 1316 f Jaros. Nelson. Abrams+ (Mark d Collab) 
MATTEUZZl 83 PL 129B 141 +Abrams. Amidei. Blocker+ (Mark II Eollab.) 
NELSON 83 PRL 50 1542 ~ Blondel. Tailing. Abrams+ (Mark It Collab.) 
BARTEL 82C PL 114B 71 +Cords, Dittmann, Eichler+ (JADE Collab) 
BRODY 82 PRL 48 1070 ÷Chen. Goldberg. Ho~itz+ (CLEO Collab.) 
GIANNINI 82 NP 8206 1 +Finocchiaro. Franzini+ (CURB Coliab) 
BEBEK 8] PRL 46 84 +Haggerty, izen, Longuemare+ {CLEO Collab,) 
CHADWICK 81 PRL 46 88 +Gand, Kagar, Kass-~ (CLEO Collab.) 
ABRAMS 80 PRL 44 10 ~Alam. Blocker. Boyarsk]~ (SLAC, LBL) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

SCHINDL£R 88 High Energy Electron-Positron Physics 234 (SLAC} 
Editors A All and P. SOdding, World Scientific, Singapore 

SCHUBERT 87 IHEP HD/87 7 ~HEqDI 
EPS Conterence Uppsala, Proc., Vol 2, p 791 

r ~  i ( J  P) = ½ ( 0 - )  

Q u a n t u m  numbers  no t  measured, Values shown are q u a r k - m o d e l  predict ions. 

See also the  List ings for the  B ( fo l l ow ing  th is  ent ry )  for measurements  wh ich  

do not  ident i fy  the  charge state. 

For measurements  of the  B mean life and for b ranch ing  ratios in wh ich  the  

charge of  the  decaying B is no t  de te rm ined ,  see the  B ~  seet lon. 

In th is  issue we have a t t e m p t e d  to  br ing the  oldest  measurements  of  branch-  

ing rat ios up to  date  wherever  possible, and to  exp l ic i t l y  state the  i npu t  as- 

sumpt ions  t h a t  the  au tho r (s )  have made.  O u r  own best f i ts to the  D branch-  

ing f ract ions now di f fer  somewha t  f r om the  ones t h a t  have been used to  cal- 

cu late the  B b ranch ing  f ract ions.  Whenever  possible, the  p roduc t  b ranch ing  

f ract ions ( the  measured quant i t i es )  have been given. 

See the  Note  at the  beg inn ing  of  the  B ± sect ion. 
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ONG 89 RRL 62 1236 
WACH8 89 ZPHY C42 33 
ALBRECHT 88E PL 8210 283 
ALBRECHT 88F PL 8209 1]9 
ALBRECHT 88H PL B210 258 
ALBRECHT 88K RL B215 424 
KLEM 88 PR Da7 41 
ONG 88 PRL 60 2587 
ALAM 87 PRL 89 22 
ALAM 87B PRL 58 1814 
ALBRECHT 87C PL 8185 2]8 
ALBRECHT 87D PL 8199 45t 
ALBRECHT 87H PL B187 425 
ASH 87 PRL 58 640 
AVERY 87 PL B183 429 
BARTEL 87 ZPHY C3a 339 
BEAN 87 PR D35 3533 
BEBEK 87 PR D36 1289 
BEHRENDS 87 PRL 59 407 
BORTOLETTO 87 PR D35 19 
BROM 87 PL 8195 301 
WU 87 Lepton Photon Conf 

DESY 87/164 and CERN EPJ87 235 
ALAM 86 PR D34 3279 
BALTRUSAIT8eE PRL 5e 2140 
BARTEL 868 ZPHY C31 349 
BORTOLETTO 86 PRL 58 800 

-Glaeser, Harder, Krueger4 (ARGUS Collah ) 
-Hempstead, Jensen, Johnson+ (CLEO Collab) 
~Hinshaw, Ong, 8nyder* (Mark II Collab) 
+G~aeseL Harder, Krueger+ (ARGUS Collah ) 
-Boeckmann. GiaeseL Harder~ (ARGUS Collab ) 
*BIockus. Brabson+ (HRS Collab ) 
+Besson. Garren. Yelton~ (CLEO Collab ) 
*Berkelrnan. Bluebell (CLEO Collab ) 
+GoldberG, Ho~itz, Mestayer- (CLEO Collab.) 

Braunschweig, Gerhards, Kirschfink* (TASSO Collab) 
+Jaros. Abrams. Amidei. Baden+ (Mark II Collab ) 
-Antreasyan, Barrels, Bieler+ lCrystaf Ball Collab.) 
+Boeckmann, Glaeser- (ARGUS Collab) 
-Boeckmann, Glaesel- (ARGUS Collab ) 
- Boeckmann. Glaeser- (ARGUS Collab) 
• Boeckrnann. Glaeser~ (ARGUS Collab) 
+Atwood, Barish { (DELED Collab) 
~Weir, Abrams, Amidei+ (Mark II Eol~ab ) 
~Kitukama, Kim. Li+ (ELEO Collab) 
+Katayama, Kim, Sun+ (CLEO Collab.) 
-Binder, Boeckmann, Glaser+ (ARGUS Collab) 
*Andam, Binder, Boeckmann4 (ARGUS Collab ) 
+Bindei. Boeckmann, Glaser, (ARGUS Collab) 
+Band, Bloom, Bosman~ (MAC Collab ) 
+Besson, Bowcock, Giles~ (CLEO Eollab.) 
~Becker. Foist. Haidt~ (JADE Co,lab ) 
+Bobbink. Brock. Engler- (CLEO Collab) 
÷Berkelman. Blucher. Cassel- (CLEO Collab) 
-Morrow. Gu~da. Guida- (CLEO Eollab ) 
~Chen, Garren, Goldberg+ (CLEO Collab) 
+Abachi. AkerloC Baringer* (HRS Collab) 

(WISE, DESY] 

~Katayama, Kim, Sun~ (CLEO Collab ) 
Baltrusaitis, Becket, Blaylock, Brown l (Mark Ill Co,lab) 

-Beaker Cords Foist. Haid~+ (JADE Coflab } 
+then. Garrem Goldberg+ (CLEO Collab) 

B ~) M A S S  

The fit uses the B ± and B 0 mass and mass difference measurements. These 
experiments actually measure the difference between half  of  E<m and the B mass 

VALUE (MeV I EVTS DOCUMENT ID TEEN COMMENT 
5279.4±1.5  OUR FIT  
5278.8-1-2.3 OUR AVERAGE 
5 2 7 8 . 2 ~ 1 . 0 ± 3 0  40 A L B R E C H T  87c ARG e + e -  ~ T ( 4 S )  
5279.5± 1 .6±3.0  7 I A L B R E C H T  87D ARG e + e ~ T ( 4 5 )  
• • • We do not use the fol lowing data for averages, fits, limits, etc. • • • 

5280 .6±0  8 ± 2 0  2 BEBEK 87 CLEO e + e ~ T ( 4 5 )  

1Found using fully reconstructed decays wi th J/~,. A L B R E C H T  87D assume r e ( T ( 4 5 ) )  
10577 MeV. 

2 Redundant wi th data in the mass difference listing below. Enters f i t  via the mass differ 
ence. 

ImBo - m B o  I, M A S S  D I F F E R E N C E  

VALUE (10 10 MeV) DOCUMENT ID TEEN COMMENT 
4.O±0.8 OUR AVERAGE 
3.8±1.1  3 A R T U S O  89 CLEO e + e  ~ T ( 4 5 )  
4 .1±1 .1  3 A L B R E C H T  871 ARG e + e -  ~ T ( 4 S )  

3Ca~culated by us using / ' ,m (2r,J(1 r ) ) l / 2 h / T B o w h e r e T B o - ( 1 1 . 8 ± 1 1 ) x 1 0  13s 

and r is  the B 0 - B  0 mixing ratio F(B 0 ~ B 0 ~ I~ a n y t h i n g ) / r ( B  0 ~ /~+ anything).  



See key on page IV.1 

B ° - B + MASS DIFFERENCE 
The f i t  uses the B ± and B 0 mass and mass difference measurements. 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1.9-1-1.1 OUR FIT 
2.0:t:1.1:t:0.3 4 BEBEK 87 CLEO e + e -  ~ T(4S)  

4 BEBEK 87 actually measure the difference between half of  Ecm and the 6 d: o~ B 0 mass, 
so the B 0 - B ± mass difference is more accurate. Assume m(T (45 ) )  = 10580 MeV. 

M E A N  L I F E  R A T I O  ' r (B0) / ' r (B  + )  

VALUE CL~ DOCUMENT ID T~ECN COMMENT 
0.44 to 2.05 90 5 BEAN 87B CLEO e + e -  ~ T (45 )  

5BEAN 87B assume the fraction of BOB 0 events at the T (4$ )  is 0,41, 

B ° D E C A Y  M O D E S  

B ~ )  modes are charge conjugates of the modes below. Decays in which the charge 
of the B is not determined are in the B ± section, 

Mode Fraction ( r i / r )  Confidence level 

F1 # +  any th ing  
Ir- 2 D - t + u  ( t  = e or p,) (1 .8±0.8)  % 
,r-3 D * ( 2 0 1 0 ) l t + v  ( t  = e or # )  (9 .8±1.5)  % 

r- 4 D * ( 2 0 1 0 ) -  e + Ue 
Ir- 5 D *  (2010)- # +  u~ 

r- 6 D -  7r + (3.7 ± 1.5) x 10 - 3  

,F" 7 D -  p +  (2.2 ± 1.5) % 

IF-8 D °  7r+ ~r -  < 3.9 % 90% 

IF9 O ° p  0 < 3 x 10 - 3  90% 

Irl0 D * ( 2 0 1 0 ) - T r  + (3.3_+I: 2) × 1 0 - 3  

I r n  D * ( 2 0 1 0 ) - ~ r + T r  0 (1 .5±1.1)  % 

IF12 D * ( 2 0 1 0 ) - p  + (8 +7 ) %  

I["13 D * ( 2 0 1 0 ) - T r + I r + ~ r  - (3 .3±1.8)  % 
IF14 J/~b(iS)K 0 < 5 x i0 -3  90% 

F'I 5 J/~b(iS)K+~r - < 1.3 x 10 - 3  90% 
1-16 J/~(IS)K*(892) 0 (3.7±1.3) x 10 -3  

1"17 7C+~ - < 9 x 10 - 5  90% 

1"18 ~ r±p  :F {a] < 6.1 x 10 - 3  90% 
1:19 ~ r ± a 1 ( 1 2 6 0 )  :F {a] < 5.7 × 10 - 4  90% 

1-20 ~ r ± a 2 ( 1 3 2 0 )  :F [a] < 3.5 x 10 - 4  90% 
1-21 pOpO < 3.4 x 10 - 4  90% 

1-22 a 1 ( 1 2 6 0 ) + a 1 ( 1 2 6 0 )  - < 3.2 x 10 - 3  90% 

1-23 K + ~ r  - < 9 x 10 - 5  90% 
1-24 K O p  0 < 5.8 x 10 - 4  90% 

1-25 K0q~ < 4.9 x 10 - 4  90% 

1-26 K 0 f 0 ( 9 7 5 )  < 4.2 x 10 -4  90% 

1-27 K * ( 8 9 2 ) + ~ r  - < 4.4 x 10 - 4  90% 
1-28 K * ( 8 9 2 ) 0 p  0 < 6.7 x 10 - 4  90% 

1-29 K * ( 8 9 2 ) 0 ( ~  < 4.4 x 10 - 4  90% 

1-30 K * ( 8 9 2 ) O f 0 ( 9 7 5 )  < 2.0 x 10 - 4  90% 
1-31 K * ( 8 9 2 )  0 1-32 07 < 2.8 x 10 - 4  90% 

Kl111124;~I00 ~ 7.8 x lO - 3  90% 
1-33 < 4.8 x 10 - 3  90% 
1-34 K 2 ( 1 4 3 0 )  "Y < 4.4 x 10 - 4  90% 

1-35 K * ( 1 6 8 0 ) ° 7  < 2.2 × 10 - 3  90% 
1"36 K ; ( 1 7 8 0 ) 0 7  < 1.1 % 90% 

1-37 K~ (2045 )0 "y  < 4.8 x 10 - 3  90% 

1-38 p p  < 4 x 10 - 5  90% 
1-39 p p ~ r + ~  - -  (6 .0+3.0)  x 10 - 4  
r40  p A ~ r -  < 2.0 x 10 -4  90% 

r41 A 0 ~  < 1.8 x 10 - 3  90% 

F42 /k + +  A - -  < 1.3 x 10 - 4  90% 

Lep ton  Fami ly  number  ( L F )  v io la t ing ,  F lavo r -Chang ing  

neutral current (FC), or decay v ia  M i x i n g  ( M X )  modes 
r43  /z + ,u,- FC < 5 x 10 - 5  
F44 e + e -  FC < 3 x 10 - 5  

I-45 K 0 # + / ~  - FC < 4.5 x 10 - 4  
1"46 K O e + e  - F(: < 6.5 x 10 - 4  
['47 e ±/~:F LF [a] < 4 × 10 - 5  

1"48 # -  any th ing  (v ia ~ 0 )  MX 

Measuremen ts  wh ich  do no t  ident i fy  the  charge s ta te  o f  B appear  in 
the  B ± sect ion.  

[a] Va lue is fo r  the  sum o f  the  charge states ind icated.  

90% 

90% 

90% 

90% 

90% 
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B 0 B R A N C H I N G  R A T I O S  

For branching ratios in which the charge of the decaying B is not determined, see 
the B ± section. 

r ( o - t + .  (t = e or p))/rtotal r2/r 
VALUE DOCUMENT ID TECN COMMENT 
0.01S±O.O06*O.OOS 6 ALBRECHT 89J ARG e + e-  ~ T (45 )  | 

ALBRE(:HT89Jassumee-l~universality'°Lu ~ O 0 1 t + ) = 5 7 ± 4 ± 4 % ' t h e M a r k l l l  I 
D O and D + branching fractions, and B(T(45)  ~ B 0 B  0) = 45%. The measurement | 
gives Vcd = 0.044 + 0.009 averaging different models. I 

[r (D*(2010)- e + Ue) + r (0"(2010)- #+ u#)]/rtotal (r4+rs)/r  
VA~UE EVTS DOCUMENT ID TECN COMMENT 
0.098-t-0.015 OUR AVERAGE 
0.120±0.020+0.028 7 ALBRECHT 89J ARG e + e -  ~ T (45 )  | 
0 .092±0.010¢0,014 8 BORTOLETTO89B (:LEO e + e -  ~ T (45 )  I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

9 ALBRECHT 89C ARG e + e -  ~ T(4S)  | 
0 .140±0.024±0.038 47 10 ALBRECHT 87J ARG Repl. by AL- 

BRECHT 89J 
7ALBRE( :HT 89J is ALBRECHT 87J value rescaled using B (D* (2010 ) -  ~ D01r - )  = I 

0.57 ± 0.04 ± 0.04. 
8We have taken 2 times the BORTOLETTO 89B value to get the sum for electrons and I 

muons. The measurement suggests a D* polarization parameter value e = 0.65 ± 0.66 ± 
0.25. Assumes the T (45 )  decays 50% to BOB 0 , B(D 0 ~ K -  ~r + ) = 4.2 ± 0.4 ± 0.4%, I 
B(D 0 ~ K-~T+~r--~r + )  = 9 . 1 ± 1 . 3 ± 0 . 4 % ,  and B(D * +  ~ D0~T + )  = 5 7 ± 4 ± 4 % .  I 9 The measurement of  ALBRECHT 89c suggests a D* polarization 3L/~/T of 0.85 ± 0.45. 
or (~ = 0.7 ± 0.9. 

10ALBRE(:HT 87J assume #-e universality, the B (T (45 )  ~ BOB O) = 0.45, the B(D 0 
K -  ~ + )  = (0.042 ± 0.004 ± 0.004), and the B(D* (2010)-  ~ DO 7r- ) = 0.49 ± 0.08. 

r(D-~+)/rtotal rd r  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.0037-t-0.0015 OUR AVERAGE 
0.0031±0,0013±0.0010 7 11 ALBRECHT 88K ARG e + e -  ~ T (45 )  I 
0 nn=o+ 0.0033 +0,0015 . . . . .  - 0 . 0 0 2 9 - 0 . 0 0 1 4  4 12 BEBEK 87 CLEO e + e -  ~ T (45 )  

l l A L B R E C H T  88K assumes B0 B~):B+ B -  production ratio is 45:55. I 
12BEBEK 87 assume the T (45 )  decays 43% to B 0 ~  0 and B ( D -  ~ K + ~r- 7r- )  = 

(9.1 ± 1.3 ± 0.4)%. 

r ( o -  p+)/rtota, rT/r 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.0224-0.012-4-0.009 6 13 ALBRECHT 88K ARG e + e-  ~ T (45 )  I 

13ALBRECHT 88K assumes B0 B--O:B + B -  production ratio is 45:55. I 

r ( -O°, r  + 7r - ) / r t o t a  I r e / r  
VALUE CL~ E V T 5  DOCUMENT ID TECN COMMENT 
<0.039 90 14 BEBEK 87 CLEO e + e -  ~ T(4S)  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.09 +0.06 5 15 BEHRENDS 83 CLEO e + e -  ~ T (45 )  

14 BEBEK 87 assume the T (45 )  decays 43% to B O ~ .  B(D 0 ~ K -  lr + ) = (4.2 + 0.4 ± 
0.4)% and B(D 0 ~ K -  7r+lr+~r - )  = (9,1 ± 0.8 ± 0,8)% were used, 

15Corrected by us using assumptions: B(D 0 ~ K - ~ r  + )  = (0,042 ± 0,006) and 

B(T(45)  ~ B 0 B  0) = 0,40 ± 0,02. The product branching ratio is B(B O 
D01T+1 r - )B (D  0 ~ K + l r  - )  = (0.39 + 0.26) x 10 - 2  

r ( - b - °p ° ) / r t o t a ,  r 9 / r  
VALUE ~L% E V T 5  DOCUMENT ID TEeN ~OMMENT 
<0.003 90 4 16 A L B R E C H T  88K ARG e + e -  ~ T(4S)  I 

16ALBRECHT 88K assumes B O ~ : B  + B -  production ratio is 45:55. I 

r(o*(2010)- 7r+)/rtotal rlo/r 
VALUE E V T 5  DOCUMENT ID TECN COMMENT 

+ 0 0012 0.0033_0~0010 OUR AVERAGE 

0.0027±0.0014±0.0010 5 17 ALBRECHT 87C ARG e + e -  ~ T (45 )  
o nn~ l+  0.0017 + 0.0011 18 

. . . . .  -0 .0013  0.0007 5 BEBEK 87 CLEO e + e - ~  T (45 )  

0 .0035±0.002 :50 .002  19 ALBRECHT 86F ARG e + e -  ~ T (45 )  
0.017 ±0.005 ±0.005 41 20 GILES 84 CLEO e + e -  ~ T(4S)  

17ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume 
B(T (45 )  ~ B + B  - )  = 55% and B(T(4S) ~ B 0 ~ )  = 45%, 

18BEBEK 87 assume the T(4S)  decays 43% to BO~ 0. B(D*(2010)  + ~ ~r + D 0)  = 
(60_+18)%, B(D 0 ~ K - ~  + )  = (4.2 :E 0.4 ± 0.4)0/0, and B(D 0 ~ K -  I t+ ~r+ 7r - )  
= (9.1 + 0.8 ± 0.8)% were used. 

19 ALBRECHT 86F uses pseudomass that is independent of D O and D + branching ratios. 
20Assumes B(D*(2010)+  D07r+)  - n An+0.08 Assumes B(T(45)  ~ B 0 ~  )) = 

. . . . .  - 0 . 1 5 '  
0.40 ± 0.02 Does not depend on D branching ratios. 
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r (D*(2010)- 7r + ~r 0 ) / r t o t a  I ru/r 
VALUE EVT5  DOCUMENT ID TEEN COMMENT 

O.01§:I:O.O08:EO_0(~ 8 21 ALBRECHT 87C ARG e + e- ~ T(45) 

21ALBRECHT 87c use PDG 86 branching ratios for D and D*(2010) and assume 
B(T(45) -~ B + B  - )  = 55% and B(T(4S) ~ BOB - 0 )  =45%.  

r ( o * ( 2 0 t 0 ) -  p + ) / r t o t a  I r12/r 
VALUE EVT5  DOCUMENT ;D TECN COMMENT 

0r~l: t : r~n')Q+0"059 19 22 CHEN 85 CLEO e + e ~ T(45) . . . . . . .  -0 .024 

22 Uses B(D* ~ D O 7r + )  = 0.6 -I- 0.15 and B(T(45) ~ B 0 ~ )  = 0.4. Does not depend 
on D branching ratios, 

r ( D * ( 2 0 1 0 ) -  fr + fr + ~ r - ) / r t o t a  I r13/r 
VALUE ~ E V T S  DOCUMENT ID TEEN COMMENT 

0.033-1-0.0(O:E0.016 27 23 ALBRECHT 87C ARG e + e- 
T(4S) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.046 90 24 BEBEK 87 CLEO e + e -  
T(4S) 

23ALBRECHT 87C use PDG 86 branching ratios for D and D*(2010) and assume 

B(T{4S) ~ B + B - )  = 55% and B(T(4S) ~ B 0 B  0) = 45%. 
24BEBEK 87 assume the T(4S) decays 43% to BO~0. B(D*(2010) + ~ ?r + DO) = 

(60~18)%, B(D 0 ~ K 7r + )  = (4.2 ± 0.4 4- 0.4)%, and B(D 0 ~ K -  ~r + 7r + 7r-)  

= (9.1 ± 0.8 ± 0.8)% were used. 

r (J/~(lS) K O)/rtota , r14/r 
VALUE CL~L DOCUMENT ID TEEN COMMENT 

<0.005 90 ALAM 86 CLEO e + e-  ~ T(45)  

r ( d / t ~ ( t S )  K +  7 r - ) / r t o t a l  r 1 5 / r  
VALUE C ~  E V T 5  DQCUMENT ID TEC_N C. QMMENT 

<0,0013 90 25 ALBRECHT 87D ARG e + e-  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.0063 90 2 GILES 84 CLEO e + e -  ~ T(45) 

25ALBRECHT 87D assume B + B - / B O B  ~0 ratio is 55/45. KTr system is specifically se 
letted as nonresonant. 

r ( J / ~ h ( 1 5 )  K * ( 8 9 2 ) ° ) / r t o t a l  r 1 6 / r  
VALUE EVT_~S DOCUME_NT 10 TECN COMMENT 
0.0037:E0.0013 OUR AVERAGE 
0.0033~0.0018 5 26 ALBRECHT 87D ARG e + e ~ T(45) 
0.0041±0.0019±0.0003 5 27 BEBEK 87 CLEO e + e ~ T(45)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0041±0.0018 5 28 ALAM 86 CLEO Repl. by BEBEK 87 

26 A + 0 ~--~0 LBRECHT 87D assume 8 B - / B  B ratio is 55/45, 
27 BEBEK 87 assume the T(45) decays 43% to BO~0. 
28ALAM 86 assumes B ± / B  0 ratio is 60/40. The observation of the decay E F 

J /~K* (892 )  + (HAAS 85) has been retracted in this paper. 

r(~+~-)Irtota I FIUF 
VALUE ~ E V T S  DOC[JMENT ID TEEN COMMENT _ _  

<9 X 10 . 5  90 29 BORTOLETTO89 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3 x 10 4 90 29 BEBEK 87 CLEO e + e -  ~ T(4S) 
<5 x 10 - 4  90 4 GILES 84 CLEO e + e -  - -  T(45) 

29Assume the T(4S) decays 43% to BO~0. 

r ( ~  i p= l - ) / r to ta l  r ls / r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<0.0061 90 30 BEBEK 87 CLEO e + e-  ~ T{4S) 

30BEBEK 87 assume the T(45) decays 43% to BOB 0. 

r (~:l :  a t ( 1260 )=F ) / r t o ta  ~ r l g / r  
VALUE - -  ~ DOCUMENT IO TECN COMMENT 

<5.7 x 10 _4 90 31 BORTOLETTO89 CLEO e + e ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.2 x 10 _3 90 31 BEBEK 87 CLEO e + e -  ~ T(4S) 

31Assumes the T(45) decays 43% to BO~0. 

r (Tr± a2(1320)=F)/r totaq r 2 0 / r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<3.5 x 10 - 4  90 32 BORTOLETTO89 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.6 x 10 3 90 32 BEBEK 87 CLEO e + e ~ T(45) 

32Assumes the T(4S) decays 43% to BO~0. 

r (p0 p 0 ) / r t o t a l  r21/r 
VALUE CL°/~ DOCUMENT ID TEEN COMMENT 

<3.4 X 10 - 4  90 33 BORTOLETTO89 CLEO e + e -  ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5 x 10 - 4  90 33 BEBEK 87 CLEO e + e -  ~ T(45) 

33Assumes the T(4S) decays 43% to B0B 0. 

r(al(1260) + a1(1260)-)/rtotal r22/r 
VALUE ~ L  DOCUMENT ID . TEEN COMMENT 

<0.0032 90 34 BORTOLETTO89 CLEO e + e -  ~ T(45)  

34Assumes the T(45) decays 43% to B 0 ~  0. 

r (K + ~ - ) / r t o t a  I r 2 3 / r  
VALUE _ _  CL~ DOCUMENT I~ _ TECN COMMENT 

<9 X 10 - 5  90 35 AVERY 89B CLEO e + e -  ~ T(45)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.2 x 10 - 4  90 AVERY 8"/ CLEO e + e ~ T(45) 

35Assumes the T(4S) decays 43% to B 0 ~  0. 

r(K °po)/rtota, r24/r 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<5.8 × 10 - 4  90 36 AVERY 898 CLEO e + e ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.08 90 AVERY 87 CLEO e + e ~ T(45)  

36 Assumes the T(45)  decays 43% to B O ~ 0  

r ( K ° ¢ ) / r t o t a l  r 2 5 / r  
VALUE CL °~ pOEUMENT IO _ TEEN COMMENT 

<4.9 X 10 - 4  90 37 AVERY 898 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.3 × 10 - 3  90 AVERY 87 CLEO e + e-  ~ T(45) 

37Assumes the T(45)  decays 43% to B0B 0 . 

r ( K  0 f 0 ( 9 7 5 ) ) / r t o t a l  r 2 6 / r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<4.2 X 10 _4 90 38 AVERY 898 CLEO e + e-  ~ T(45) 

38Assumes the T(45)  decays 43% to BOB ~ ) .  

F ( K * ( 8 9 2 )  + 7 r - ) / r t o t a J  r 2 f f r  
VALUE ~ DOCUMENT ID TECN COMMENT 

<4.4 × 10 - 4  90 39 AVERY 89B CLEO e + e-  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<7 × 10 - 4  90 AVERY 87 CLEO e + e -  ~ T(45)  

39Assumes the T(45) decays 43% to B0B 0, 

r ( K  * (892)  0 po)  / rtotal r 2 8 / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<6.7 x 10 - 4  90 40 AVERY 898 CLEO e + e -  ~ T(45) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.2 x 10 - 3  90 AVERY 87 CLEO e + e -  ~ T(45)  

40Assumes the T(4S) decays 43% to B 0 ~ .  

r ( K * ( 8 9 2 )  0 (~) /Ftota I r 2 9 / r  
VALUE . ~ DOCUMENT IO TEEN COMMENT 

<4,4 x 10 - 4  90 41 AVERY 898 CLEO e + e-  ~ T(4S) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<47 x 10 _4 90 AVERY 

41 Assumes the T(45)  decays 43% to BOB 0 . 

r ( K * ( 8 9 2 )  0 f 0 ( 9 7 5 ) ) / r t o t a l  
VALUE ~ DOCUMENT tD 

<2.0 x 10 - 4  90 42 AVERY 

42 Assumes the T(4S) decays 43% to B0B 0. 

r ( K * ( 8 9 2 )  07) / r to ta l  

VALU E _ _  CL~aL DOCUMENT ID 

<2.8 X 10 - 4  90 43 AVERY 

87 CLEO e + e -  ~ T(45) 

r3o/r 
TEEN COMMENT 

89B CLEO e + e ~ T(4S) 

r31/r 
TEEN COMMENT 

898 CLEO e + e -  ~ T(4S) I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<4,2 × I0 4 90 ALBRECHT 89G ARG e + e ~ T(4S) I 
<2.1 x 10 - 3  90 AVERY 87 CLEO e 4- e ~ T(45) 

43Assumes the T(45)  decays 430/0 to B 0 ~ ,  I 
r (Kl(1270)°'r)/rtotal r32/r 
VALUE ~ DOCUMENT ID _ _  TEEN C O M M E N T  

<0.0078 90 ALBRECHT 89G ARG e + e ~ T(45)  I 

r ( K 1 ( 1 4 0 0 ) % ) / r t o t a l  r 3 3 / r  
VALUE CL~ DOCUMENT tD TECN COMMENT 

<0.0048 90 ALBRECHT 89G ARG e + e-  ~ T(45) I 

r ( K ~ ( 1 4 3 0 )  0 ~ ) / r t o t a  ~ r 3 4 / r  
VALUE EL% DOCUMENT ID TEEN COMMENT 

<4.4 x 10 - 4  90 ALBRECHT 89G ARG e 4 e -  ~ T(45) I 

r (K* (1680) 0 "7) Irtota, r35Ir 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.0022 90 ALBRECHT 89G ARG e + e -  ~ T(4S) I 
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VI1.139 

Meson Full Listings 
B o 

r (K~(1780) °'f) Irtotal rs61r 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<0.011 90 ALBRECHT 89(; ARG e + e ~ T (45 )  

r ( K ~ . ( 2 0 4 5 )  0 3 ' ) / r t o t a l  r s T / r  
VALUE ~ DOCUMENT ID TE~N COMMENT 

<0.0048 90 ALBRECHT 89G ARG e + e ~ T (45 )  

F(p~)/Ftota I r381r 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<4  × 10 - 5  90 44 BORTOLETTO89 CLEO e + e ~ T (45 )  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.3 x 10 - 4  90 ALBRECHT 88F ARG e + e -  ~ T (45 )  
<2  x 10 4 90 44 BEBEK 87 CLEO e + e -  ~ T (45 )  

44Assumes the T (45 )  decays 43% to B~)B 0. 

r (p~+~- ) / r to ta l  
VALUE (units 10 4) 

6 .0+2.0-52.2  

r(pX~-)/rtotal 
VALUE 

<2.0 x 10 - 4  

r ( A ° ~ - ° ) / r t o t a l  

ALBRECHT 

CLL~L OOCUMENTID 

90 ALBRECHT 

VALUE ~ DOCUMENT ID 

<0.0o18 90 4 5 ~ T O 8 9  
45Assumes the T (45 )  decays 43% to BOB O. 

F(A ++ A - - ) / r t o t a  I 
VALUE EL% DOCUMENT ID 

<1.3 X 10 - 4  90 46 BORTOLETTO89 

46Assumes the T (45 )  decays 43% to BOB 0 . 

r ( # + # - ) / r t o t a l  

r39/r 
TECN COMMENT 

88P ARG e + e -  ~ T ( 4 5 )  

r4o / r  
TEEN COMMENT 

88P ARG e + e ~ T(4S)  

r 4 t / r  
TEEN COMMENT 

CLEO e + e  - ~ T (45 )  

r42/r  
TEEN COMMENT 

CLEO e + e -  ~ T (45 )  

r43/r 
Test for A B  -- i weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE ~ DOCUMENT tD TEEN COMMENT 

<5 X 10 - 5  90 47 AVERY 89B CLEO e + e ~ T ( 4 5 )  
<5  x 10 - 5  90 ALBRECHT 87D ARG e + e ~ T(4S)  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<9  × 10 - 5  90 AVERY 87 CLEO e + e -  ~ T (45 )  
<2  x 10 - 4  90 GILES 84 CLEO Repl. by AVERY 87 

47Assumes the T ( 4 5 )  decays 43% to BOB 0 . 

r (e + e-)/rtota I r44/r 
Test for A B  1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE CL~ OOCUMENT ID TEEN COMMENT 

<3 x 10 5 90 48 AVERY 898 CLEO e + e -  ~ T(4S)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<8.5 x 10 5 90 ALBRECHT 87D ARG e + e -  ~ T (45 )  
<8  × 10 5 90 AVERY 87 CLEO e + e  ~ T(4S)  
<3  × 10 - 4  90 GILES 84 CLEO Repl. by AVERY 87 

48Assumes the T (45 )  decays 43% to BOB 0 . 

F(K 0#+ #- ) / r to ta  b r45/r 
Test for A B  - 1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE CL°/o DOCUMENT ID TECN COMMENT 

<4.5 x 10 - 4  90 AVERY 87 CLEO e + e ~ T ( 4 5 )  

r (K°  e + e-) / r to ta l  r46/r 
Test for A B  1 weak neutral current. Allowed by higher-order electroweak interac- 
tions. 

VALUE CL ~/a DOCUMENT ID TECN COMMENT 

<8.5 x 10 - 4  90 AVERY 87 CLEO e + e -  ~ T(4S)  

r (e-5 # = F ) / r t o t a  I r 47  / r 
Test of lepton family number conservation. 

VALUE CL~L DOCUMENT ID TEEN COMMENT 

<4 x 10 - 5  90 49 AVERY 89B CLEO e + e -  ~ T(4S)  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<5 × 10 5 90 ALBRECHT 87D ARG e + e -  ~ T (45 )  
<9 × 10 - 5  90 AVERY 87 CLEO e + e -  ~ T (45 )  
<3 × 10 - 4  90 GILES 84 CLEO Repl. by AVERY 87 

49Assumes the T (45 )  decays 43% to BOB 0. 

F ( # -  anything (via ~°))/r(.-5 anything) r48/ ( r1+r48)  
This is a B0-B ~ )  mixingmeasurement. Violates AB:~ 2 rule. Two different variables, 

I x and r, are used. We ]lave converted all results to X. 

X = r i B ~  # -  x ) / r ( B ~  ,u ± X) 

= r(~ ~ ~+ x) / r (~ ~ ~+ x) 
or r = X/ (1 -X ) .  
Note that  the experiments other than those at the T (45 )  have not separated Xd from 

XS where the subscripts indicate BO(bd) or B~s(bs ), so they are not included in the 
average. 

I The experiments at T ( 4 5 )  make an assumption about the BOB 0 fraction and about 
the ratio of the B-5 and B 0 semileptonic branching ratios (usually that  it equals one). 

VALUE ~ DOCUMENT ID TEEN COMMENT 
I 0.16 :CO.04 OUR AVERAGE 

0 1 ~ + 0 " 0 5 2  ~ T (45 )  " ~ 0.059 50 ARTUSO 89 CLEO e + e -  

l 0.17 -50.05 51 ALBRECHT 871 ARG e + e  ~ T ( 4 5 )  
• • • We do not use the follOwing data for averages, fits, limits, etc. • • • 

0.21 +O.29 - 0 . 1 5  52 BAND 88 MAC E c ~ =  29 GeV 

I >0.02 90 52 BAND 88 MAC Eceem= 29 GeV 

0.121±0.047 52,53 ALBAJAR 87c UA1 p#  546-630 GeV 
<0.19 90 54 BEAN 87B CLEO e + e ~ T(4S)  

j <0.12 90 52,55 SCHAAD 85 MRK2 F e e =  29 GeV 

<0.27 90 56 AVERY 84 CLEO e + e -  ~ T (45 )  

50 X is calculated as r , / ( l + r ) .  They also give A m / r  = 0.69 :L 0.17. The authors take the I 

B + B fraction as 55% of the T(45) .  The measurement is an average of ## ,  p.e, and I 
e e events. 

I 51 Measured inclusively wi th like-siBn dileptons, with tagged B decays plus leptons, and one 
I ful ly reconstructed event. ALBRECHT 871 measured r=0.21-5  0.08. We converted to X 

for comparison. 
52These experiments see a combination of Bs and B d mesons. 

53ALBAJAR 87c measured X = ( B~3 ~ B0 ~ # +  X) divided by the averase production 
I weighted semileptonic branching fraction for B hadrons at 546 and 630 GeV. 

54BEAN 87B measured r < 0.24; we converted to X. 
I 55 Limit is average probability for hadron containin$ B quark to produce a positive lepton. 

56Same-sign dilepton events. Limit assumes semileptonic BR for B + and B (} equal. If 
BO/B ± ratio <0.58, no l imit exists. The l imit was corrected in BEAN 87B from r 
< 0.30 to r < 0.37. We converted this l imit to X. 

I REFERENCES FOR B 0 
ALBRECHT 89C PL B219 121 +Boeckmannn, (;laeser, Harder+ (ARGUS Collab.) 
ALBRECHT 89(; PL B229 304 +Glaeser, Harder, Krueger+ (ARGUS Collab.) 
ALBRECHT 80J PL B229 175 +Glaser, Harder+ (ARGUS Collab.) 
ARTUSO 89 PBL 62 2233 +Bebek, Berkelman, Blucher- (CLEO Collab.) 
AVERY 89B PL B223 47O +Besson, Garren, Yelton+ (CLEO £ollab.) 
BORTOLETTO 89 PRL 62 2436 +(;oldberg, Hofwitz, Mestayer- (CLEO Colla6.) 
BORTOLETTO 89B PRL 63 1667 +(;oldberg, Horwitz, Mestayer+ (£LEO Collab) 
ALBRECHT 88F PL B209 119 +Boeckmann, Glaeser~ (ARGUS Collab) 
ALBRECHT 88K PL B215 424 +Boeckmann, Glaeser+ (ARGUS Collab) 
BAND S8 PL B2O0 221 +Campores], Chadwick+ (MAC Collab.) 
ALBAJAR 87C PL B186 247 +Albrow, Allkofer, Arnison+ (UA1 Coltab.) 
ALBRECHT 87C PL B385 218 +Binder, Boeckmann, G~aser+ (ARGUS Collab.) 
ALBRECHT 87D PL B199 451 -Andam, Binder, Boeckmann~ (ARGUS Collab.) 
ALBRECHT 871 PL B192 245 +Andam, Binder, Boeckrnann+ (ARGUS Collab.) 
ALBRECHT 87J PL B197 452 +Andam, Binder, Boeckmann+ (ARGUS Collab.) 
AVERY 87 PL B183 429 +Besson, Bowcock. Giles+ (CLEO Collab.) 
BEAN 87B PRL 58 183 +Bobbink, Brock, En¢ler+ (CLEO Collab.) 
BEBEK 87 PR D36 1 2 8 9  -Berkelman. Blucher, £assel- (CLEO Coltab.) 
ALAM 86 PR D34 3 2 7 9  +Katayama. Kim, Sun+ (CLEO Collab.) 
ALBRECHT 86F PL B182 95 +Binder, Boeckmann, (;laser+ (ARGUS Collab.) 
PDG 86 PL 170B Aguilar-Benitez. Porter- 
EHEN 85 PR D31 2386 +Goldberg, Ho~itz, Jawahery+ (CLEO Coflab.) 
HAAS 85 PRL 55 1 2 4 8  +Hempstead, Jensen, Kacan+ (CLEO Co,lab.) 
SCHAAD B5 PL 160B 188 +Nelson. Abrams. Amidei+ {Mark II Collab ) 

~Bebek, Berkelman, Cassel+ AVERY 84 PRL 53 1309 (CLEO Collab.) 
GILES 84 PR D30 2279 +Hassard. Hernpstead, Kinoshita+ (CLEO Collab.) 
BEHRENDS 83 PRL 50 881 ~Chadwick, Chauveau, Gand+ (CLEO Eollab ) 

- -  OTHER RELATED PAPERS - -  
SCHINDLER 88 High Energy Electron Positron Physics 234 (SLAC) 

Editors: A All and P. Soeding, World Scientific, Singapore 
SCHUBERT 87 IHEP HD/87 7 (HELD) 

EPS Conference Uppsala, Proc, VoL 2. p 791 



V l i . 1 4 0  

Meson Full Listings 
B*, Charmonium, q~(1S) -- q~(2980) 

r ~  I ( J P )  = 7(77) 

/, J, P need con f i rmat ion .  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

B *  M A S S  

VALUE (MeV] DOCUMENT ID 

5331.3±4.7 OUR EVALUATION From mass difference below and E L and 60 masses 
52793 -E 1.4 MeV. 

5330 ± 5  OUR FIT 

VALUE (MeV) 
52 ± 4  OUR FIT 
52.0±2.±4.  

B *  - B M A S S  D I F F E R E N C E  

E V T 5  DOCUMENT ID TECN COMMENT 

1400 HAN 85 CUSB e T e ~ De X 

HAN 85 PRL 55 36 

II 
I or ~c(2980) 

B *  REFERENCES 

~Klopfenstein. Mageras~ (COLU. LSU MPIM, STON) 

MESONS II 
I G ( J  PC)  = 0 + ( 0  *) 

Observed in the inclusive ? spectrum generated from ~t)(25) decay, therefore 
C =  + .  From the 47r decay G - + ,  therefore I = 0. From angular distr ibut ion 

in J / O ( 1 S )  ~ ~lc"f, nc ~ 00 ,  Jm = 0 (BALTRUSAITIS 84). 

r/c (15)  M A S S  

VALUE (MeV~ E V T S  DOCUMENT 10 TECN COMMENT 
2979.6±1.6 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 
2973.3±2.7 137 ± 23 BISELLO 88 DM2 J/'~ ~ ~2n + 2~ 

2982.6 + 2"?~ 12 BAGLIN 87B SPEC #P ..f-~ 

2980.2±16 1 BALTRUSAIT-.86 MRK3 J/~', - -  ?[ 3' 
2968.0±5 ±7 19 BISELLO 86 DM2 J/¢, ~ *fed> 
2984 ±2.3±40 GAISER 86 EBAL J/~ ~ "~ X, zi,(25) 

3,X 
2982 ±8  18 2 HIMEL 80B MRK2 e + e 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2976 ±8  3BALTRUSAIT..~4 MRK3 J/~/, ~ 2¢.~ 
2980 ±9  2 PARTRIDGE 80B CBAL e + e -  

l Average of several decay modes. 
2 Mass adjusted by us to correspond to J/tb(15) mass 3097 MeV. 
371c ~ ¢,¢~. 

WEIGHTED AVERAGE 
2979.6 ~ 1.6 (Error scaled by 14} 

I \1 / 

2950  2 9 6 0  2970 2 9 8 0  

2 
X 

. BISELL0 88 DM2 5.5 
. . . . .  BAGLIN 87B SPEC 1.7 
. . . . .  BALTRUSAIT... 86 MRK3 0.1 

. . . .  BISELLO 86 DM2 1.8 
• GAISER 86 CBAL 0 9  

HIMEL 80B MRK2 0.1 

15-2 
~ , . ~ ,  (Conf idence Level = 0.072) 

2 9 9 0  3 0 0 0  3010 

71c(lS ) mass (MeV) 

T/c( IS)  W I D T H  

VALUE (MeV~ EL % E V T 5  DOCUMENT ID TEEN COMMENT 

10.3_+ 3:8 OUR AVERAGE 

70 + 75 12 BAGLIN 87B SPEC ~p  ~ ~ 
- 7.0 
+ 3 3 0  10.1_ 812 23 :L 11 4 BALTRUSAIT..,~6 MRK3 J/~, ~ 3,p~ 

115± 4.5 GAISER 86 CBAL J / ~  ~ ? X, ~(25) - -  
"~X 

• • • We do not use tile following data for averages, fits, limits, etc, • • • 

<40 90 18 HIMEL 80B MRK2 e + e -  
<20 90 PARTRIDGE 80B CBAL e + e -  

4 Positive and negative errors correspond to 90% confidence level. 

A 
h a d r o n s  h a d r o n s  

j P C  = 0 - +  

¢(2s) 

' 1 T H E  C H A R M O N I U M  SYS P ~" " ~ ' g / } ' ( l ~ )  T E N  

T radia t ive  

1 - -  0 ++  1 + +  2 ++  

Tile current state of knowledge of the charmonium system and transitions, 
as interpreted by the charnlonimn model. Uncertain states and transitions are 
indicated by dashed lines. The notation ~* re%rs to decay processes involving 
intermediate virtual photons, including decays to e+e and #+p . 
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VI1 .141  

Meson Full Listings 
F / c ( 1 5 )  = F / c ( 2 9 8 0 )  

17c(1S) DECAY MODES r(~(980)~r)/Ftota I 
Scale factor/ VALUE 

Mode Fraction ( r i / r )  Confidence level <0.02 

Decays involving hadronic resonances r(a2(1320)~)/rtotal 
r l ~/'(958)~r~r (4.1 ±1.7 ) % VALUE 

r2 pp (2.6 ±0.9 )% 
r3 K*(B92)°K-;r + + c.c. (2.o ±0.7 )% 
r4 K*(892)K*(892) (9 ±5 ) x 10 -3 
r5 ¢¢ (3.4 ±1.2 ) x 10 -3 S=I.5 
r6  a0(980)  ~T < 2 % CL=90% 

r 7 a2(1320) ~ < 2 % CL=90% 

[ 8  f2(1270) ~1 < 1.1 % CL=90% 
r9 w w  < 3.1 x 10 3 EL=90% 

Decays into stable hadrons 
r10 KK~r  (5.5 ±0.8 ) % 
rn ~/~r;r (5.0 ±1.1 )% 
r12 ~r+ ~r-  K + K -  (2.04±0.28) % 

['13 2(~r+~r-) (1.17±0.28) % 

r14 p-p (1.04±0.19) × 10 - 3  

[15 KK~I  < 3.1 % EL=90% 

['16 ~r+ ~r-  p-p < 1.2 % CL-90% 

Radiative decays 
r17 ~ (6 _+~ ) × 1 0  -4  

~/c(1S) PARTIAL W I D T H S  

r (~,~) r17 
VALUE (keY) DOCUMENT ID TECN COMMENT 

8 _ + 7 OUR AVERAGE Error includes scale factor of 1.4. 

6.4 + 5.0 AIHARA 88D TPC e + e -  ~ e + e -  X - 3.4 
28 ±15 5 BERGER 86 PLUT 3`'7 ~ KK~r  

5 Re-evaluated by AIHARA 88D. 

r/c(1S) r(i)r(~,-~)/r(total) 

r (Kg-~ - )  x r('~-~)/rto,a, rlor~71r 
yALUE (keV~ CL% EVTS DOCUMENT iD TEEN COMMENT 

1.2 ±0.4 OUR AVERAGE 
1.06±0.41±0.27 11 ± 4 BRAUNSCH... 89 TASS 3`3` ~ KK~r 
1.5 +0.60 j_n ~ _0 .45~v .~  7 6 BERGER 86 PLUT 3`7 ~ KK~r 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

.<0.63 95 6 BEHREND 89 CELL 3`3` ~ K O K ±  ~r~- 

<4.4 95 ALTHOFF 85B TASS ? ' I  ~ K K x  

6 K ± K 0 ~r+ corrected to KK~T by factor 3. 

r/c(1S) BRANCHING RATIOS 

- -  H A D R O N I C  DECAYS - -  

r (n'(958) ~r ~)/rtola, r l l r  
VALUE EVT5 DOCUMENT 10 TEEN COMMENT 

C,.O41:EO.017 14 ± 4 7 BALTRUSAIT..36 MRK3 J/d) ~ ~c 3' 

r(p~)/rtota, 
_VALUE (units 10 3) EL% EVT5 DOCUMENT ID TEEN COMMENT 

2 6 ± 8 ± 5  113 BISELLO 88 DM2 J/d) ~ ~c 7 

r2 / r  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<140 90 7 BALTRUSAIT..36 MRK3 J/d) ~ ~ ' 7  

r (K*(892) 0 K -  Ir + + c.c.) /rtota I r3 / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0.02±0.007 63 ± 10 7 BALTRUSA~..36 MRK3 J/d) ~ ~c 3, 

r ( K * ( 8 9 2 )  K *  ( 8 9 2 ) ) / r t o t a  I r 4 / r  

_V~LUE (units 10 4) EVTS DOCUMENT ID TEEN COMMENT 

90±50 9 ± 4  7 ~ A ~ T . . 3 6  MRK3 J/~h~ ~7C'7 

r (~)/rtota, r s / r  
_VALUE (units 10 -4 ) EVT5 DOCUMENT ID TEEN COMMENT 
34±12 OUR AVERAGE ~-rror i n c l u ~  ~ac~or of 1.5. 
31± 7 ±  4 19 7 BISELLO 86 DM2 J/d) ~ 2¢3  ` 
80-E20±25 16 ± 4 7 BALTRUSAIT..34 MRK3 J/d) ~ 2¢~3, 

<0.02 

r (f2(1270) 7/)/rtota ' 
VALUE 

<0.011 

r(w~)Irtota, 
VALUE 

<0.0031 

r (K Klr) / I - tota I 

r 6 / r  
CL~ DOCUMENT ID TEEN COMMENT 

90 7,8 BALTRUSAIT..,86 MRK3 J / O  ~ 7lc'~ 

r7 / r  
CL °/~ DOCUMENT ID TEEN COMMENT 

90 7 BALTRUSAIT...86 MRK3 J / ~ -  F/C? 

rs/r 
CL °/o DOCUMENT ID TEEN COMMENT 

90 7 BALTRUSAIT..36 MRK3 J/d) ~ 9C 3" 

r9/r 
EL% DOCUMENT ID TEEN COMMENT 

90 7 BALTRUSAIT..~6 MRK3 J/d) ~ ~C 3" 

r l 0 / r  
VALUE EL% EVT5 DOCUMENT ID TECN COMMENT 

0.055 4-0.008 OUR AVERAGE 
0.0613±0.0122 7 AUGUSTIN 86 DM2 J / O  ~ tic3, 
0.048 +0.011 96 ± 18 7,9 BALTRUSAIT..36 MRK3 J/d) ~ ~c 3, 

0.079 +0.042 10,11 HIMEL 80B MRK2 d)(2S) ~ F/c3, -0.032 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.107 90 7 PARTRIDGE 80B CBAL J/d) ~ F/c3, 

r0~)/rtotal  r11/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.050:1:0.011 OUR AVERAGE 
0.054±0.013 75 ± 11 7 BALTRUSAIT..,86 MRK3 J/VJ ~ F/c'7 
0.036±0.024 18 7 PARTRIDGE 80B CBAL J / O  ~ F/~+ I r -  "7 

r(~ + ~- K + K - ) / r t o t a l  r12/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.0204:±0.0028 OUR AVERAGE 
0.021 ±0.003 110 ± 17 7 BALTRUSAIT..,86 MRK3 d/d) ~ ~c 3, 

0.009 +0.014 10HIMEL BOB M R K 2 0 ( 2 S )  ~ F/c3, - 0.006 

r(2(~r + ~r-))/rtota I r13/r  
VALUE EVT5 DOCUMENT tO TEEN COMMENT 
0.0117:1:0.0028 OUR AVERAGE 
0.0105±0.0038 137 ± 23 ± 7 BISELLO 88 DM2 J/d) ~ ~c'7 
0.013 ±0.005 25 ± 9 7 BALTRUSAIT..~]6 MRK3 J/d) ~ Tic 3, 

0.013 +0.009 -0 .006 10HIMEL 808 MRK2 0 ( 2 5 ) ~  ~/c3, 

r (p-p)/l-tota I r z d  r 
VALUE (units 10 4) EVT5 DOCUMENT ID TECN COMMENT 
10.4± 1.9 OUR AVERAGE 
10 ± 2 7AUGUSTIN 86 DM2 J / O ~  ~1c3, 
11 ± 6 2 3 ± 1 1  7BALTRUSAIT.,B6 MRK3 J / d ) ~  tic3, 

20 +20 10HIMEL 80B MRK2 d ) ( 2 5 ) ~  F/c3, - 10 

r(K~)/rtota, r15/r 
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.031 90 7 BALTRUSAIT..~6 MRK3 J/d) ~ ~C 3" 

r(~+ ~- p-p)/Got= r16/r 
VALUE ~ DOCUMENT /D TEEN COMMENT 

<0.012 90 HIMEL 80B M R K 2 0 ( 2 5 ) ~  r/C3, 

rfff/r2ota, in p -p - - *  ~/c(1S) ~ (#~ r14rslr 2 
VALUE (units 10 5) DOCUMENT ID TEEN COMMENT 

4 0 +3.5 • --3.2 BAGLIN 89 5PEC ~ p  ~ K + K -  K + K -  I 

7The quoted branching ratios use B(J/O(15) ~ 3`F/C(15)) = 0.0127 ± 0.0036. 
8We are assuming B(ao(980 ) ~ zllr) >0.5. 
9Average from K + K - ~ 0  and K ± KO's ~:F decay channels. 

10Estimated using B(d)(25) ~ 3,F/c(15)) = 0.0043; the errors do not contain the uncer- 
tainty in the d)(25) decay. 

11 Not seen by Partridge in K + K - ~ r  0. 

- -  RADIAT IVE  DECAYS - -  

r(7"~)/rtotal r17/r  
VALUE (units ]0 4) C L ~  DOCUMENT ID TECN COMMENT 

6_+4±4 BAGLIN 87B SPEC ~ p  ~ 3`3` 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<18 90 12 BLOOM 83 CBAL J/d) ~ 71c 7 

12Using B(J /d ) (15)  ~ 3,F/c(15)) = 0.0127 ± 0.0036. 

rirf/r2otal in p-p ~ ~/c(1s) ~ 77 r14r17/r 2 
VALUE (units 10 6) EVT5 DOCUMENT IO TEEN COMMENT 

0 6 ~ + 0.42 
• " - 0 . 3 1  12 BAGLIN 87B SPEC ~ p  ~ '73` 



V l I. 142 

Meson Full Listings 
~lc(15)=~lc(2980),J/tb(15) = J / ~ h ( 3 0 9 7 )  

r/c(IS) R E F E R E N C E S  

BAGLIN 89 PL B231 557 +Baird, Bassompierre (R704 Collab.) 
BEHREND 89 ZPHY C42 367 +Criegee+ (CELLO Eollab.) 
BRAUNSCH.. 89 ZPHY C41 533 Braunschweil~, Bock+ (TASSO Collab.) 
AIHARA 88D PRL 60 2355 +Alston Garnjost+ (TPC Collab.) 
BISELLO 88 PL B200 215 +Busetto+ (PADO, CLER, FRAS, LALO) 
BAGLIN 87B PL B187 191 +Baird, Bassornpierre. Borreani+ (R704 Collab.) 
AUGUSTIN 86 Moriond XXI 421 +Ajaltouni, Bisello+ (LALO, CLER, PADO, FRAS) 
BALTRUSAIT... 86 PR D33 629 Baltrusaitis, Coffman, HauSer+ (Mark HI CoHab,) 
BERGER 86 PL tE?B 120 +Genzel, Lackas, Pielorz+ (PLUTO Collab.) 
BISELLO 86 PL 8179 289 +Busetto, Castro, Omentani+ (DM2 Collab.) 
GAISER 86 PR D34 711 +Bloom, Belos, Godfrey+ (Crystal Ball Collab.) 
ALTHOFF 858 ZPHY C29 189 +Braunschweig, Kirschfink+ (TASSO Collab.) 
BALTRUSAIT.. 84 PRL 52 2126 BaltrusaiBs+ (OT, UCSC, ILL, SLAC, WASH) JP 
BLOOM 83 ARNS 33 143 +Peck (SLAC, CIT) 
HIMEL 80B PRL 45 1146 +Trilling, Abrams, Alam+ (5LAC, LBL, UCB) 
PARTRIDGE 80B PRL 45 1150 +Peck* (CIT, HARV, PRIN, STAN, 5LAC) 

- -  OTHER RELATED PAPERS - -  

ARMSTRONG 89 PL 8221 ~lb +Benayoun+ (CERN, EDEF, BIRM, BARI, ATHU, LPNP) 
BLOOM 79 FermHab Syrup. 92 (CIT, HARV, PRIN, SLAC, STAN) 

I 
or J/tb(3097) I 

16(J PC) = 0 - ( 1  - )  

. / /~b (15 )  M A S S  

VALUE (MeV) £VT5 DOCUMENT IO TECN COMMENT 
3096.93=t=0,09 OUR AVERAGE 
3096.959:0.1 9:0.3 193 BAGLIN 87 SPEC ~ p  ~ e + e -  X 
3098.4 9:2.0 38k LEMOIGNE 82 GOtl  190 GeV ~r- Be ~ 2# 
3096.93±0.09 502 ZHOLENTZ 80 REDE e + e -  
3097.0 ±1  1 BRANDELIK 79c DASP e + e -  

l From a simultaneous fit to e + e - ,  #+  # -  and hadronic channels assuming F(e + e -  ) 
= r(~+#-). 

J/¢(15) WIDTH 

VALUE (keV) DOCUMENT ID 
6 8 ± 1 0  OUR EVALUATION Uses r (ee)  from ALEXANDER 89 and B(ee) = B(##)  

from BOYARSKI 75. 

J/~b(15) DECAY MODES 
Scale factor/ 

Mode Fraction ( r i / r )  Confidence level 

F1 
r2 
F3 
F4 

F5 

F6 
F7 
F8 
F9 

hadrons (86.0 /-2.0 ) % 
v i r tua l  ~f ~ hadrons (17.0 t 2 . 0  ) % 

e + e ( 6.9 ±0 .9  ) % 
# + #  ( 6.9 9:0.9 ) %  

Decays involving hadronic resonances 
p/r 1.289:0.10) % 

p07r 0 4.2 9:0.5 × 10 -3 

a 2 ( 1 3 2 0 ) p  9.2 ±1.1  x 10 - 3  
C~/r+ ~T+ 7r- rc 8.5 9:3.4 x l 0  -3  
cO/r/- ~T-- 7.0 ±0.7 x l 0  -3  

r i o  K * ( 8 9 2 ) ° K ~ ( 1 4 3 0 )  0 + c,c. 

rn w K * ( 8 9 2 ) K  + C.C. 

r12  u~ f2 (1270)  
F13 K+=K** (892)  - + c.c. 
F14 K ° K  (892)  0 + c.c. 
r15 up cro ~c 0 

F16 b1(1235) 9: ~r:F [a] 
r17 ~ K g : K O ~  m [a] 

r18  b1 (1235 ) °  ~r 0 

F19 0 K * ( 8 9 2 ) K  + c.c. 

F2o ~ K K  
F21 u~f2(1720 ) ~ ~ K K  

F22 u;~" I 
r23 @2(~r +~T-) 
F24 A(1232)+÷P~ r -  

F25 q ~ K K  
F26 ~f2(1720) ~ ~ K K  

F27 PP~ 
F28 A ( 1 2 3 2 ) + +  ~ ( 1 2 3 2 )  - -  
r29 T(1385)-~(1385) + (or  c.c. )  [a] 

r30  p~7'(958) 
r31 @ f~(1525) 
F32 0 z r +  ~T - 

6.7 ±2 .6  x 10 3 

5.3 ±2 .0  x 10 . 3  
4.1 9:0.4 × 10 3 

3.8 9:0.7 x 10 - 3  

3.7 ±0 .8  x 10 - 3  
3.4 9:0.8 x 10 _3  
3,0 =50.5 x 10 - 3  

2.9 /-0.7 x 10 - 3  

2.3 9:0.6 x 10 - 3  

2.04±0.28)  x 10 - 3  
1.9 t 0 , 4  ) × 10 - 3  
4.8 ±1 .1  ) x 10 - 4  

1 .71 t0 .22)  x 10 - 3  
1 ,60 t0 .32)  x 10 - 3  

1.6 9:0.5 ) x 10 _3  
1.48±0.22)  x 10 _3  
3.6 ±0 .6  ) × 10 - 4  

1.309:0.25) x 10 - 3  
1.109:0.29) x 10 _3  
1.039:0.13) x 10 - 3  
9 9:4 ) x 10 -4 
8 /-4 ) × 10 -4  

7.8 11,0 ) x 10 -4  

5=2.0 
5=2,1 

5=1.3 

5=i.7 

5=2.7 

r33 + K ± / ~ 5  ~r:F 

r34  @71 
F35 w f1 (1420)  

r36  - ( 1 5 3 0 ) - =  + 
F37 p K  Z(1385) 0 

r38 uJTr 0 

r39 ~'(958) 

r 4o  @ fo (975)  

F41 - - ( 1 5 3 0 ) ° =  ° 

r42 Z ( 1 3 8 5 ) - Z  + (or  c.c.)  

F43 P~ 

r44  w 7/(958) 

F45 w f0 (975)  
r46 p r / ( 9 5 8 )  
r47 ~ f1(1285) 
F48 p~(b 
r49 a2 (1320)  ± =q- 
r5o KK~(1430) + c.c. 

r51 K~(1430)0K.~(1430) 0 
r52 K*(892)°K*(892) ° 
r53 ¢ f2(1270) 
r54 ppp 
F55 @r/ (1440)~ 4~l~r= 
r56 ~ f~(1525) 
F57 Z ( 1 3 8 5 ) 0 A  

F58 A ( 1 2 3 2 ) +  # 
F59 ~[0~ 
rE0 ~ ~T0 

F61 2(1r+ = - ) T r  0 
r62  3(~-+ 7 r - )  7r 0 

F63 7r + ",'r- ~0 
r64  ~+ ~ 7F OK + K -  
F65 4(Tr+Tr )TT 0 

F66 7r + 7r- K + K-  
F67 KKTr 

r68 p~Tr + 

F69 2 (~+~  - )  

rTo 3(~ +~-) 
r71 n#Tr + =- 
F72 Z ~  
F73 2 ( = + c r - )  K +  K - 
F74 p ~ T  + 7C- ~T 0 

F75 P #  
r?6  p~7/  
r77  p # T r -  

F78 --=- 
r79  n ~  
r8o A A  

r81 P~Tr ° 

F82 A [ - ; T  + (or  C.C.) 

F83 p K -  A 
F84 2 ( K + K  - )  

F85 p K - Z  ° 
F86 K + K -  
rB? AA~r  0 

r88 ~+ =- 
F89 K°s__K° L 
r9o  A Y  + c.c. 

o o 
F91 K s K s 

F92 "7~ lc ( lS)  
F93 71r + 7r -  2fr  0 

F94 "F//= ~r 

r95 -yTl(1440) --+ ~fKK~ 

F96 "7p,o 
F9~ 7T/(958) 
F98 "727 r+ 2~r 

F99 7 f4 (2050)  

r l00 ~/c~ 
F101 7~I(1490) ~ ~r#Op o 
r i o 2  7 f2 (1270)  
r103 ~ff2(1720) ~ 7 K K  
r lo4 -/7/ 

[4 < 
< 

< 

< 
< 

< 

< 2.5 
< 2.2 

< 2 

< 1 

< 9 
< 6,8 

Decays into stable hadrons 

7.2 /-0.9 ) x 10 - 4  

7.14±0.30)  x 10 - 4  

6.8 t 2 . 4  ) x 10 - 4  

5.9 ±1 ,5  ) × 10 - 4  

5.1 9:3.2 ) x 10 - 4  
4.8 /-0.7 ) x 10 - 4  

3.8 t 0 . 4  ) x 10 - 4  
3.2 /-0.5 ) × 10 - 4  

3.2 9:1.4 ) x 10 - 4  

3.1 t 0 . 5  ) × 10 - 4  

1.93/-0.32) x 10 - 4  
1 .66 t0 .25)  × 10 - 4  
1.41±0.34) × 10 - 4  

9.6 9:1.8 ) x 10 - 5  

8 ±5 ) × 10 - 5  

4.5 ±1 .5  ) x 10 - 5  
4.3 × 10 _3  

4,0 x 10 -3 

2.9 × 10 -3 

5 xlO 4 

3.7 × 10 -4 

3.1 × 10 -4 

x 10 -4 

× 10 -4 

× 10 _4 

x 10 -4 

× 10 -5  

x l 0  6 

3.42±0.31) % 

2.9 10.6 )% 

1.50/-0.15) % 

1.209:030) % 

9.0 9:3.0 × 10 -3 

7.2 ±23 x 10 3 

6.1 ±I,0 x 10 -3 

6.0 /:0.5 x 10 -3 

4.0 9:1.0 x i 0  3 

4.0 ±2 .0  x 10 - 3  
4 4-4 x 10 -3  

3.8 9:0.5 × 10 -3  
3.1 9:1.3 × 10 -3  

[b] 2.3 +0.9 x 10 -3 

2.169:0.11) × 10 -3 

2,09±0.18) × i0 3 

2.00±010) x I0 3 

1.8 3_0.4 ) x 10 -3 

1.8 9:0.9 ) x 10 -3 

1.35±0.14) x i0 3 

1.0910,09) x 10 -3 

[a] 1,06±0.12) × 10 -3 

8.9 ,11.6 ) x 10 -4 

7.0 ±3.0 ) x 10 _4 

2.9 9:0.8 ) X 10 -4  
2.379:0.31) x 10 -4  
2.2 9:0.7 ) × 10 -4  

1.47±0.23) x 10 _4 
1.01±0.18) × 10 - 4  

1.5 × 10 -4  
5.2 × 10 -6  

Radiat ive  decays 

( 1.3 ±0 .4  ) %  
( 8.3 ±3 .1  ) ×  10 - 3  

( 6.1 9:1.0 ) × 10 - 3  
re] ( 4.8 9:0.8 ) x 10 -3 

( 4.5 ±0.8 ) x 10 _3 

( 4.2 ±0.4 ) × 10 _3 

2.8 9:0.5 ) x 10 -3  
2.7 9:0.7 ) x 10 -3  
1.59±0.33) x 10 -3  
1.4 10.4 ) x 10 -3  

1.389:0.14) x 10 -3  
9.? 9:1.2 ) x 10 -4  

8.6 9:0.8 ) × 10 -4  

5--1.6 

S=1.3 

5=1.2 

S=2.2 

CL=90% 

CL=90% 

CL=90% 

CL=90% 

CL-90% 

CL=90% 

CL-90% 

CL=90% 

CL=90% 

CL=90% 

CL=90% 

CL=90% 

5=1.3 

5=1.9 

5=1,8 

5=1,2 

CL=90% 
CL=90% 

5=1.9 



See key on page IV.1 

r105 - . f f ~ ( 1 5 2 5 )  ( 6.3 4-1.0 ) x  10 - 4  

rl06 ,-,/p~ ( 3.8 4-1.0 ) x 10 -4  
rl07 ,y~@ ( 3.1 ±0.8 ) x 10 -4 

r to  8 ?F/(2100) --~ ,TpOp 0 ( 2.4 +~ i  5 ) x  10 -4 

rl09 ~'T/£1760) ~ ~,pOpO ( 1.3 I0.9 ) x 10 -4 
F l l  0 '~/I'- ( 3.9 4-13 ) x 10 -5 
rll I "7fi(1285) < 6 x 10 - 3  

[-112 " T P P / r + ' a ' -  < 7.9 x 10 - 4  

r113 '-Y'7 < 5 × 10 -4 
[-114 "TAA < 1.3 x 10 -4 
[-115 3"Y < 5.5 x 10 - 5  

[-116 "f X ( 2 2 0 0 )  

F l17  ~f f 4 ( 2 2 2 0 )  

[a] Value is for the sum of the charge states indicated. 
[b] Includes p~r+~r- ? and excludes PP~h PP~, p'~Tf. 
[c] See 7/(1440) mini-review. 

EL=90% 

E L - 9 0 %  

CL=90% 

EL=90% 

E L - 9 0 %  

J/~(1S) PARTIAL W I D T H S  

r(hadrons) r l  
VALUE (keY) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

594-24 BALDINI-... 75 FRAG e + e 
594-14 BOYARSKI 75 MRK1 e-5 e -  
504-25 ESPOSITO 75B FRAM e + e-  

r(virtual 3' --* hadrons) r2 
VALUE (keV) DOCUMENT ID TEEN COMMENT 

124-2 2 BOYARSKI 75 MRK1 e-5 e -  

2 Included in r (hadrons).  

r ( e + e  - )  r3 
VALUE (keY) DOCUMENT ID TEEN COMMENT 

4.724-0.35 ALEXANDER 89 RVUE See T mini-review 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.4 =t-0.6 3 BRANDELIK 79E DASP e-5 e -  
4.6 J_0.8 4 BALDINI-... 75 FRAG e + e -  
4.8 -50.6 BOYARSKI 75 MRK1 e + e -  
4.6 ±1.0 ESPOSITO 75B F R A M e  + e -  

3From a simultaneous fit to e + e - ,  #+  # - ,  and hadronic channels assuming r ( e  + e -  ) 
= r ( ~ + #  ). 

4Assuming equal partial widths for e + e -  and ~.+ # - .  

r (#%- )  r4 
VALUE (keV} DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.84-0.6 BOYARSKI 75 MRK1 e + e -  
5.0-51.0 ESPOSITO 75B FRAM e + e 

r(.~.9 r113 
VALUE (eV) Ct e/o DOCUMENT ID TEEN COMMENT 

<5.4 90 BRANDELIK 79C DASP e + e -  

J/~(1S) r ( i ) r ( e  + e - ) / r ( t o t a l )  

This combination of a partial width wi th the partial width into e + e -  and with the 
total width is obtained from the integrated cross section into channe~ in the e + e -  
annihilation. 

r(hadrons) x r ( e + e - ) / r t o t a l  q r 3 / r  
VALUE (keY} DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 i 0 . 8  5 BALDINI-.,.  75 FRAG e + e -  
3.94-0.8 5ESPOSITO 75B FRAM e + e  

r ( e + e  - )  x r ( e + e - ) / r t o t a l  r3r3/r 
VALUE (keY) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.354-0.02 BRANDELIK 79c DASP e + e -  
0.324-0.07 5 BALDINI-...  75 FRAG e + e 
0.344-0.14 BEMPORAD 75 FRAB e + e -  
0.344-0.09 5 ESPOSITO 75B FRAM e + e -  
0.36-50.10 5 FORD 75 SPEC e + e -  

V I I . 1 4 3  

Meson Full Listings 
J/~(1S) = J / ~ ( 3 0 9 7 )  

rO,+,-)  x r(e+e-)Irt=a, 
VALUE (keY) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.314-0.09 BEMPORAD 75 FRAB e + e -  
0.514-0.09 DASP 75 DASP e + e -  
0.38-50.05 5 ESPOSITO 75B F R A M e  + e -  
0 .46±0.10  5 LIBERMAN 75 SPEE e + e 

5 Data redundant wi th branching ratios or partial widths above. 

r4r3/r 

J/¢(15) BRANCHING RATIOS 

For the first four branching ratios, see also the partial widths, and (partial 

w i d t h s ) x r ( e  + e - ) / r t o t a  I above. 

r ( h a d r o n s ) / r t o t a  I 
VALUE DOCUMENT ID 

0.864-0.02 BOYARSKI 

r(virtual "7 ~ hadrons)/rtotal 
VALUE DOCUMENT ID 

0.174-0.02 6 BOYARSKI 

6 Included in r (hadrons) / r to ta  I. 

r (e+ e-)/l-tota l 
VALUE DOCUMENT ID 

0.069:}:0.009 BOYARSKI 

r (#+ #-)/rtota I 
VALUE DOCUMENT ID 

0.069 4-0.009 BOYARSKI 

r(e + e - ) / r ( . + . - )  
VAL UE DOCUMENT ID 
0.984-0.04 OUR AVERAGE 
1.00 ± 0.05 BOYARS KI 
0 .91±0.15 ESPOSITO 
0.93±0.10 FORD 

r l / r  
TEEN COMMENT 

75 MRK1 e + e -  

r2/r 
TEEN COMMENT 

75 MRK1 e + e -  

TEEN COMMENT 

75 MRK1 e + e -  

TEEN COMMENT 

75 MRK1 e + e -  

TEEN COMMENT 

75 MRK1 e + e -  
75B F R A M e  + e -  
75 SPE£ e + e-  

- -  H A D R O N I £  DECAYS - -  

r (p~)/rtotal 
VALUE EVT5 
0.01284-0.0010 OUR AVERAGE 

DOCUMENT ID TEEN COMMENT 

r3/r  

r4/r 

r3/r4 

0.01424-0.00014-0.0019 COFFMAN 88 MRK3 e + e -  
0.013 4-0.003 150 FRANKLIN 83C MRK2 e + e -  
0.016 =1-0.004 183 ALEXANDER 78 PLUT e + e -  
0.01334-0.0021 BRANDELIK 78B DASP e + e -  
0.010 ±0.002 543 BARTEL 76 CNTR e + e -  
0.013 4-0.003 153 JEAN-MARIE 76 MRK1 e ÷ e -  

r(p%°)/r(p~) 
VALUE DOCUMENT ID TEEN COMMENT 

rs / r  

0.3284-0.005+0.027 COFFMAN 88 MRK3 e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.36 4-0.03 SCHARRE 79B MRK1 e + e 
0.35 -50.08 ALEXANDER 78 PLUT e + e -  
0,32 4-0.08 BRANDELIK 78B DASP e + e -  
0,39:1:0.11 BARTEL 76 ENTR e + e -  
0.37 4-0.09 JEAN-MARIE 76 MRK1 e + e-  

r(a2(1320)p)/rtota I r7/r  
VALUE (units 10 -3) EVT5 DOCUMENT ID TEEN COMMENT 

9.24-1.1 OUR AVERAGE 
11.74-0.74-2.5 7584 AUGUSTIN 89 DM2 e + e I 

8.64-0.3+1.3 AUGUSTIN 86 DM2 J / O  ~ hadrons 
8 .4±4 .5  36 VANNUCCl 77 MRKt  e + e  - ~  2 ( ~ + ~ - ) ~ r  0 

r (u,, ~r + 7r + ~' -  lr - ) / rtota I r 8 / r 
VALUE (units 10 -4)  EVTS DOCUMENT ID TEEN COMMENT 

85:1:34 140 VANNUCCI 77 MRK1 e + e -  ~ 3(~r + ~r )~r 0 

r(~r+ ~-)/rtotal rg/r 
VALUE (units 10 -3 )  EVTS DOCUMENT ID TEEN COMMENT 

7.04-0.7 OUR AVERAGE 
7 .0±  1.6 18058 AUGUSTIN 89 DM2 e + e -  I 
6.64-1.0-50.6 AUGUSTIN 86 DM2 J / ~  ~ hadroes 
7,84-1.6 215 BURMESTER 77D PLUT e + e -  
6.8:1-1.9 348 VANNUCCI 77 MRK1 e + e - ~  20 r+Tr - )T r  0 

r (~Tr+ 7 r - ) / r ( 2 ( l r +  ~ - ) ~  ° ) r9/r61 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.3 7JEAN-MARIE 76 MRK1 e + e  - 

7 Final state ( l r +  l r - ) ~ r  0 under the assumption that  ~ l r  is isospin 0. 

r6/r5 
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Meson Full Listings 
J/~(15)= J / ~ ( 3 0 9 7 )  

F(K*(892)0K~(143010 + c.c.)/rtotal rm/ r  
VALUE (units i0 4) EVT5 DOCUMENT ID TEEN COMMENT 

674-26 40 VANNUCCI 77 MRK1 e + e 
~r+ ~r -  K +  K - 

r (wg*(892)K + c.c. ) /Ftota I r l : / r  
VALUE (units lO 4) EVT5 DOCUMENT ID TEEN COMMENT 

534-144-14 580 ± 140 BECKER 87 MRK3 e + e -  ~ hadrons 

r (~ f2(1270))/rtotal r :2 /r  
VALUE (units 10 -3) EVTE DOCUMENT ID TEEN COMMENT 

4.14-0.4 OUR AVERAGE 
4 . 3 ± 0 2 ± 0 6  5860 AUGUSTIN 89 DM2 e + e -  
4 .0±0.6  AUGUSTIN 86 DM2 J / O  ~ hadrons 
4 . 0 ± 1 6  70 BURMESTER 77D PLUT e + e -  
• • • We do not use the following data far averages, fits, limits, etc. • • • 

1 9 ± 0 , 8  81 VANNUCCI 77 MRK1 e + e  - ~  2(~r+Tr )~r 0 

F ( K + K * ( 8 9 2 )  - + c . c . ) / r t o t a  I r 1 3 / r  

VALUE (units 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

3.8 4-0.7 OUR AVERAGE Error includes scale factor of 2.0. See the ideogram below. 
5 .26±0,13±0.53 COFFMAN 88 MRK3 J / t~  ~ K ± KO 5 ==-,  

K + K 7r 0 
2.6 ± 0 6  24 FRANKLIN 83C MRK2 J/~!, ~ K + K -  ~r 0 

3.2 ±0 .6  48 VANNUCCi 77 MRK1 J /~ '  ~ K ± KOs~: 
4.1 ±1.2  39 BRAUNSCH... 76 DASP J/~? K ± X 

WEIGHTED AVERAGE 
3.8 4- 0.7 (Error scaled by 2.0)  

X 2 

; . . ~ . ~  . . . .  COFFMAN 88 MRK3 7,1 
. . . .  FRANKLIN 83C MRK2 4.1 
. . . .  VANNUCQ 77 MRK1 1.0 
. . . .  BRAUNSCH... 76 DASP 0.1 

12.2 
, (Conf ldence Level  = O.OO71 

4 8 10 

F ( K + K * ( 8 9 2 )  . . . . .  ) / [ t o t a l  (units 10 3) 

F ( K 0 ~ ' ( 8 9 2 )  0 + (:;-(;-)/[total r : 4 / r  

VALUE (units 10 "-31 EVT5 DOCUMENT ID TEEN COMMENT 

3.7 4-0.8 OUR AVERAGE Error includes scale factor of 2.1. 
4 .33±0.12±0.45 COFEMAN 88 MRK3 J / ~ 3 ~  K ± K O ~ r  :F 

27 ±0.6 45 VANNUCCI 77 MRK1 J/~/: K ± KO 5 ~rq- 

F(KOK*(892) 0 + c.c. ) / r (g+K*(892)  - + C.C.) r~ / r t3  
VALUE DOCUMENT tD TEEN COMMENT 

0.824-0.054-0.09 COFFMAN 88 MRK3 J ~  K K * ( 8 9 2 )  
+c,c. 

r (~0~O)/r tota  I r ls / r  
VALUE (units t0 3) EVT5 DOCUMENT ID TEEN COMMENT 

3.44-0.3±0.7 509 AUGUSTIN 89 DM2 e + e-  

r (b1(1235)4-  7r :F ) / r t o ta l  q G / r  

VALUE (units 10 4) EVTE DOCUMENT ID TEEN COMMENT 

304-5 OUR AVERAGE 
3 1 ± 6  4600 AUGUSTIN 89 DM2 e + e 
2 9 ± 7  87 BURMESTER 770 PLUT e + e 

r (~  K4- K °  l r  :F) /g to ta l  1-17/r 

VALUE (units 10 41 EVTE DOCUMENT ID TEEN COMMENT 

29.54-1.44-7.0 879 ± 41 BECKER 87 MRK3 e + e-  ~ hadrons 

F (/:11(1235/07r 0)/Ftotaq r ts / r  
VALUE (units 10 41 EVT5 DOCUMENT ID TECN COMMENT 

23±34-5  229 AUGUSTIN 89 DM2 e + e -  

r (¢K*(892)K + c.c.)/Ftota I 
VALUE (units 10 4 ) EVT5 

20.44-2.8 OUR AVERAGE 
20 .7±2 .4±3 .0  
20 ±3 ±3 lS5 ± 80 

r (c~ K K ) / r t o t a  I 

VALUE (units 10" 4) EVTS 

19 4- 4 OUR AVERAGE 
19.8± 2 .1±3.9  
16 ± 1 0  22 

r19/r 

FALVARD 88 DM2 J/~'~ ~ hadrons 
BECKER 87 MRK3 e + e - ~  hadrons 

r20/r 
DOCUMENT 10 TEEN COMMENT 

8 FALVARD 88 DM2 J / O  ~ hadrons 
FELDMAN 77 MRK1 e + e -  

8Addition o f ~ K  + K -  and ~ , K 0 ~  branching ratios. 

r(wf2(1720) ~ ~ K K ) / F t o t a  I r21/r 
VALUE (units 10 4) DOCUMENT ID TECN COMMENT 

4 .8+1 .1±0 .3  9,10 FALVARD 88 DM2 J/~# ~ hadrons 

9Includes unknown branching fraction f2(1720) ~ K K .  

10Addition of f2(1720) ~ K + K -  and f2(1720) ~ K 0 A  ~0 branching ratios. 

r ( ~ 1 ) )  / r t o t a  I r 2 2 / r  

VALUE Curets 10 3) DOCUMENT ID TEEN COMMENT 

1.11:t=0.084-0.20 COFFMAN 88 MRK3 e + e-  ~ 3~T~? 

r ( ~ 2 ( ~  -+ ~ - - ) ) / F t o t a  I r23 / F 

VALUE (units l0 4) DOCUMENT ID TEEN COMMENT 

16 .0 i l . 0 :E3 .0  FALVARD 88 DM2 J / ~  ~ hadrons 

r ( A ( 1 2 3 2 )  + +  # T r -  ) / r to ta  I F24 / F 

VALUE Curets 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

L5a±0.234-0 .40 332 EATON 84 MRK2 e + e-  

r ( ~ K K ) / r t o t a l  r 2 5 / r  

VALUE (um'ts i0 41 EVTS DOCUMENT ID TEEN COMMENT 
14.84-2.2 OUR AVERAGE 
14.6±0.8J_2.1 11 FALVARD 88 DM2 J/~/3 ~ hadrons 
18 ± 8  14 FELDMAN 77 MRK1 e + e  

11 Addition of q~K + K and ~ K 0 ~  branching ratios. 

r ( ~ f 2 ( 1 7 2 0 ) - - ~  ~ K K ) / F t o t a  I r 2 6 / r  

VALUE (units 1o ~ 4) DOCUMENT ID TEEN COMMENT 

3.6±  ,24-0.6 12,13 FALVARD 88 DM2 J/~? ~ hadrons 

12 Including interference with f£(1525). 

13Includes unknown branching fraction f2(17201 ~ K K .  

r(p#~)/rtotal r27/r 
VALUE (units 1o 3) EVT5 DOCUMENT ID TECN COMMENT 
1.304-0.25 OUR AVERAGE Error includes scale factor of 1.3. 
1 1 0 ± 0 1 7 ± 0 1 8  486 EATON 84 MRK2 e + e 
1 6 350.3 77 PERUZZl 78 MRK1 e ~- e -  

F ( A ( 1 2 3 2 ) + +  ~ ( 1 2 3 2 )  - ) / r t o t a  I F28 /F  

VALUE (units 10 3) EVTS DOCUMENT ID TEEN COMMENT 

L104-0.094-0.28 233 EATON 84 MRK2 e + e-  

r (T(1385)- E(1385) + (or  c .c . ) )  / r to ta l  r29 / r 
VALUE (~nits 10 3) EVT5 DOCUMENT ID TECN COMMENT 

1.034-0.13 OUR AVERAGE 
1.00+0.04±0.21 631 d_ 25 HENRARD 87 DM2 e + e-  - -  T ' -  
1 .19±0.04±0.25 754 4- 27 HENRARD 87 DM2 e + e ~ E * +  
0 .86±0.18±0.22  56 EATON 84 MRK2 e + e - ~  Z * -  
1 .03±0.24±0.25 68 EATON 84 MRK2 e + e  - ~  :E * +  

F ( p # r / ( 9 5 8 ) ) / F t o t a  I r 3 0 / r  

VALUE (units 10 31 EVTE DOCUMENT ID TEEN COMMENT 
0.9 4-0.4 OUR AVERAGE Error includes scale factor of  1.7. 
0 .68+0.234-017 19 EATON 84 MRK2 e + e 
1,8 ± 0 6  19 PERUZZI 78 MRK1 e + e -  

r (e f~ (1525)) / rtota, r31/r 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN COMMENT 
8 4-4 OUR AVERAGE Error includes scale ~-actor of 2.7. 

1 2 . 3 ± 0 6 ± 2 . 0  14,15 FALVARD 88 DM2 J / ~  ~ hadrons 
4 .8± 1.8 46 14 GIDAL 51 MRK2 e + e -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 . 6 ± 0 5  AUGUSTIN 86 DM2 J/~!~ ~ hadrons 

14Re-evaluated using B(f~(1525) ~ K K )  = 0.718. 

15 Including interference with f2(1720). 

r (e~r+ ~r-)/I-tota I r32/r 
VALUE (units 10 3) EVT5 DOCUMENT ID TECN COMMENT 

0.784-0,10 OUR AVERAGE 
0.78±0.03±0,12  FALVARD 88 DM2 J / ~  ~ hadrons 
0.75±0.16 AUGUSTIN 86 DM2 J / ~  ~ hadrons 
2.1 ± 0 9  28 FELDMAN 77 MRK1 e + e -  



.See key on page IV. 1 

Vli.145 

Meson Full Listings 
J /~ ( IS )  = J / ~ ( 3 0 9 7 )  

l ( @ K± K% =~ ) / r tota, r~3/r 
VALUE (units 10 -4)  EVTS DOCUMENT ID TECN COMMENT 

7.2:t:0.9 OUR AVERAGE 
7.440.9=1:1.1 FALVARD 88 DM2 J / O  ~ hadrons 
7 4-0.69-1.0 163 + 15 BECKER 87 MRK3 e + e -  ~ hadrons 

r (~ 7/) / rtota, r3~Ir 
VALUE (units 10 -3) EVTS DOCUMENT ID TECN COMMENT 
0.714=t=0.030 OUR AVERAGE 
0.661+0.0459-0.078 COFFMAN 88 MRK3 e + e -  ~ K + K -  ~/ 
0.72 ±0.03 ,10.01 330 AUGUSTIN 86 DM2 J/ tb ~ hadrons 

I- (u,' f l ( 1 4 2 0 ) ) / r t o t a  I r 3 5 / r  

'VALUE (units 10 4) EVT5 DOCUMENT IO TEEN COMMENT 

6"8+1"9±1"7--. 1~+31"-26 BECKER 87 MRK3 e + e - -  hadrons 

F ( = - ( 1 5 3 0 ) -  - - + ) / r t o t a l  r s o l r  

VALUE (units 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

0.59±0.09=1:0.12 75 9- 11 HENRARD 87 DM2 e + e- 

IF ( p  K -  ~ ( 1 3 8 5 ) O )  / F t o t a ,  r 3 7 / r  

VALUE (units 10 -3) EVTS DOCUMENT tO TEEN CO MM_ENT 

0.51=t=0.26=1:0.18 89 EATON 84 MRK2 e + e -  

lF (w ~r 0 ) / r t o t a  I r 3 8 / r  

VALUE (units 10 -3)  DOCUMENT tO TEEN COMMENT 

0.482:EO.O19:EO.064 COFFMAN 88 MRK3 e + e-  ~ ~ ~r + ~r- 

r ( ¢ ¢ ( 9 5 8 ) ) / r t o t a l  r 3 9 / r  

VALUE (units 10 3) CL% EVT$ DOCUMENT ID IECN COMMENT 
0.38 +0.04 OUR AVERAGE Error includes scale factor of 1.6. 
0.3089-0.0349-0.036 COFFMAN 88 MRK3 eg- e 

K + K -  ,l ! 
0.40 9-0.0259-0.01 177 AUGUSTIN 86 DM2 J / ~  

hadrons 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.3 90 VANNUCCI 77 MRK1 e + e -  

r (~ f 0 ( 9 7 5 ) ) / r t o t a  I r4olr 
VALUE (units I0 4) EVTS DOCUMENT IP TEEN COMMENT 
3.2±0.5 OUR AVERAGE Error includes scale factor of  1.3. See the ideogram below. 

88 DM2 J / ~  ~ hadrons 
86 DM2 J / O  ~ hadrons 
81 MRK2 e + e -  

4.6 J_ 0.4 + 0.8 16 FALVARD 
3.14-0.6 16 AUGUSTIN 
2.69-0.6 50 16 GIOAL 

16Assuming B(f0(975 ) ~ 7rTr) = 0.78. 

WEIGHTED AVERAGE 
3.2 ± 0 .5  (Error sca led by 1.3) 

X 2 

AUGUSTIN 86 DM2 0.0 
GIDAL 81 MRK2 0.9 

(Con [ idence  Level  = 0.176) 
| 

0 2 4 6 8 10 

r(efo(975))/rtotal (units lo -4) 

r (-(1530) 0 ~ )  / rtotal r41/r 
VALUE (units 10 3) EVT5 DOCUMENT /D TEEN COMMENT 

0.32:EO.12:EO.07 24 ± 9 HENRARD 87 DM2 e + e -  

r ( Z ( 1 3 8 5 ) -  Z-+ (o r  c . c . ) ) / r t o t a  I r 4 2 / r  

VALUE (units 10 3) EVT5 DOCUMENT ID TECN COMMENT 
0 . 3 1 + 0 . 0 5  O U R  AVERAGE 
0.309-0.034-0.07 74 9- 8 HENRARD 87 DM2 e ÷ e -  ~ :E* 
0.34-50.044-0.07 77 9- 9 HENRARD 87 DM2 e + e ~ T * +  
0.294-0.119-0.10 26 EATON 84 MRK2 e + e  ~ T * -  
0.319-0.119-0.11 28 EATON 84 MRK2 e + e -  ~ Z*9- 

r(p~)/r,ota, r43/r 
VALUE (units 10 3) DOCUMENT IO TEEN COMMENT 

0 . 1 9 3 + O . O 1 3 + O . O 2 9  COFFMAN 88 MRK3 e + e-  ~ 7r + ~ -  T/ 

r (w~/(958))/rtotal r44/r 
VALUE (units 10 -3) DOCUMENT ID TECN COMMENT 

0.166:EO.O17=EO.019 COFFMAN 88 MRK3 e + e-  ~ 3 ~  

r ( ~  f 0 ( 9 7 5 ) ) / r t o t a l  r 4 5 / r  

VALUE (units 10 4) DOCUMENT ID TECN COMMENT 

1.41/:0.274-0.21 17 AUGUSTIN 89 DM2 e + e -  

1?Assuming B(f0(975 ) ~ ~Tlr) = 0.78. 

r ( p ~ / ( 9 5 8 ) ) / r t o t a l  r 4 6 / r  

VALUE (units i0 -3 ) EVTS DOCUMENT ID TEEN COMMENT 
0.096±0.018 OUR AVERAGE E r r o ~ c ~ - e  facto~of 1.2. 
0.1149-0.014:E0.016 COFFMAN 88 MRK3 J / ~  ~ 7r + ~r- r /  
0 .078±0 .017 i0 .012  18 AUGUSTIN 86 DM2 J / ~  ~ hadrons 

r ( ¢  f 1 ( 1 2 8 5 ) ) / r t o t a  I r . 7 / r  

VALUE (units 10 4) EVTS DOCUMENT ID TEC N COMMENT 
0.8:1:0.5 OUR AVERAGE Error includes scale factor of 2.2. 
0.6 4-0.29-0.1 16 9- 6 BECKER 87 MRK3 e + e -  ~ hadrons 
1.779-0.49-0.25 10 AUGUSTIN 86 DM2 J/d~ ~ hadrons 

r(p~¢)/rtotal r48/r 
VALUE (units 10 -4 ) DOCUMENT ID TECN COMMENT 

0.45±0.13:1:0.07 FALVARD 88 DM2 J / O  ~ hadrons 

r (a2(1320) : i :  ~ -~ : ) / r to ta l  r 4 9 / r  

VALUE (units 10 -4)  C L ~  DOCUMENT ID TEEN COMMENT 

<43 90 ~ .  76 DASP e + e  - 

r (K~(1430)  + c.c.)/rtotat r5o/r 
VALUE (units lO 4) CL % DOCUMENT ID TEEN COMMENT 

<40 90 VANNUCCI 77 MRK1 e + e - ~  KOK~ 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<66 90 BRAUNSCH... 76 DASP e + e-  ~ K~-K,;  4- 

r ( K ~ ( 1 4 3 0 ) °  K ~ ( 1 4 3 0 ) ° ) / r t o t a l  r ~ l / r  

VALUE (units 10-4) CL% DOCUMENT ID TEEN COMMENT 

<29 90 VANNUCCI 77 MRK1 e + e -  
T + ~ - K + K -  

r ( K * ( 8 9 2 ) °  ~ ' ( 8 9 2 ) 0 ) / r t o t a l  r 5 2 / r  

VALUE (units 10 4) EL% DOCUMENT ID TEEN COMMENT 

<5 90 VANNUCCI 77 MRK1 e + e 
7r+ Tr- K +  K 

r ( ~  f 2 ( 1 2 7 0 ) ) / r t o t a l  r 5 3 / r  

VALUE (units 10 4) CL% DOCUMENT ID TECN COMMENT 

<3.7 90 VANNUCCI 77 MRK1 e + e -  
7r+ Tr K +  K 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<4.5 90 FALVARD 88 DM2 J/tO ~ hadrons 

r ( p ~ p ) / r t o t a  I F54 /F  

VALUE (units 10 3) CL% DOCUMENT ID TECN COMMENT 

<0.31 90 EATON 84 MRK2 e + e -  ~ hadrons .y 

r(ev(1440) ~ d)r/lrlr)/rtotal rss/r 
VALUE (units 10 -4)  C L ~  DOCUMENT ID TEEN COMMENT 

<2.5 90 18 FALVARD 88 DM2 J/t / ,  ~ hadrons 

18Includes unknown branching fraction ,1(1440) ~ ~lTrTr. 

r (~ f£(1525))/I-tota I rss/r 
VALUE (units 10 4) CL% DOCUMENT ID TEEN COMMENT 

<2.2 90 19 VANNUCCI 77 MRK1 e + e -  
7r+ ~ 7rO K +  K -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<2.8 90 19 FALVARD 88 DM2 J/~# ~ hadrons 

19 Re-evaluated assuming B(F£(1525) ~ K K )  0.713. 

r ( Z (  1385)0  A--)/I-total r s 7 / r  

VALUE (units i0 -3) C L ~  DOCUMENT IO TEEN COMMENT 

<0.2 90 HENRARD 87 DM2 e + e -  

F ( A ( 1 2 3 2 )  + ~ )  / r to ta l  r 58  / r 

VALUE (units lO 3) CLe/~ DOCUMENT ID TEEN COMMENT 

<0.1 90 HENRARD 87 DM2 e + e -  



V11.146 

Meson Full Listings 
J/~b(1S)= J / ~ h ( 3 0 9 7 )  

F(TOA) IFtota, 
VALUE (units 10 4) C L ~  DOCUMENT ID 

<0•9 90 HENRARD 

r (@~r°)/rtotal 
VALUE (units 10 -4) EL% DOCUMENT ID 

<0.068 90 COFFMAN 

r (2(~ + ~ -  ) =O)/rtotal 
VALUE EVT5 DOCUMENT ID 
0.03424-0.0(}31 OUR AVERAGE 
0.0325 ± 0.049 46055 AUGUSTIN 
0.0317±0.0042 147 FRANKLIN 
0.0364±0.0052 1500 BURMESTER 77D PLUT e + e-  
0.04 ±0.01 675 JEAN-MARIE 76 MRK1 e + e-  

r (3(=+ = - )  ~ O ) / r t o t a l  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.0294-0.006 OUR AVERAGE 

r59/1- 
TEEN COMMENT 

87 DM2 e + e -  

r6o/r 
TEEN COMMENT 

88 MRK3 e + e-  ~ K + K -  ~r 0 

F61/F 
TECN COMMENT 

89 DM2 e + e 
83C MRK2 e + e-  ~ hadrons 

{-62/{- 

0.028±0.009 11 FRANKLIN 83C MRK2 e + e ~ hadrons 
0.029±0.007 181 JEAN-MARIE 76 MRK1 e+e  - 

r (~+ ~-- ~o)/i-tota I ro31r 
VALUE EVT$ DOCUMENT ID TEEN COMMENT 
0.01504-0.0015 OUR AVERAGE 
0,0149±0.0022 
0.015 :E 0.002 168 

r (=+ ~-  =o K + K -  )/{-total F64/F 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

0.0124-0.003 309 VANNUCCI 77 MRK1 e ± e- 

r (4(7r ± ~ - )  Ir 0 ) / r t o t a  I FosI{-  

VALUE (units 10 4) EVTS DOCUMENT I0~ TECN COMMENT 

904-30 13 JEAN-MARIE 76 MRK1 e+e  - 

F(~ + ~r- g + K-) / r tota I FoUr 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN COMMENT 

724-23 205 VANNUCCI 77 MRK1 e + e-  

r(K~)/rtot~l {-6ur 
VALUE (units 10 4) EVT5 DOCUMENT ID TECN COMMENT 

61 4-10 OUR AVERAGE 
55,2±12.0 25 FRANKLIN 83E MRK2 e + e  ~ K + K - ~  0 

78.0±21.0 126 VANNUCCI 77 MRK1 e + e -  ~ /~sKJ-~r :[  

r (p~,~+ ~-)/rtota~ r68/r 

EINSWEILER 83 MRK3 e + e 
FRANKLIN 83E MRK2 e + e 

VALUE (units I0 3) EVT5 DOCUMENT ID TEEN COMMENT 

6.0 4-0.5 OUR AVERAGE Error includes scale factor of 1.3. See tTe iTeogram below. 
6.46±0.174-0.43 1435 EATON 84 MRK2 e + e-  
3.8 &1.6 48 BESCH 81 BONA e + e  
5.5 ±0.6 533 PERUZZI 78 MRK1 e + e -  

WEIGHTED AVERAGE 
6.0 ± 0.5 (Error scaled by 1.3) 

v 

O 2 4 6 

r ( p # ~ r + ~ - ) / r t o t a l  (units 10 3) 

r (2(Ir+ lr ))/rtota I 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

0.0044-0.001 76 JEAN-MARIE 76 MRK1 e + e 

I- (3(/1" + 7r-  ) ) /F to ta  I 

VALUE (units I0 4) EVTS DOCUMENT ID TECN COMMENT 

404-20 32 JEAN-MARIE 76 MRK1 e+e  - 

X 2 

• EATON 84 MRK2 1.0 
• BESCH 81 BONA 1.9 
- PERUZZI 78 MRKI 0.7 

k 3.8 
(Conf idence Level = 0.168) 

8 10 

{-69/F 

rzo/r 

I- (n#lr+ 7r-)/rtotal r n / r  
VALUE (units 10 -3) EVTS DOCUMENT ID TEEN COMMENT 

3.84-3.6 5 BESCH 81 BONA e ÷ e- 

r (TZ-)/FtotaP r72/r 
VALUE (units 10 3~ EVTS DOCUMENT ID TEEN COMMENT 
3.8 4-0.5 OUR A V E R A G E - -  
3.18±0.12±0.69 884 ± 30 PALLIN 87 DM2 e + e 

4.74--0.48±0,75 90 EATON 84 MRK2 e+e  - - -  zO'~ 0 

7.2 ± 7 8  3 BESEH 81 BONA e+e  - -  Z + Z  
3.9 ± 1 2  52 PERUZZI 78 MRK1 e + e - ~  z O ~  0 

F (2(?r + 7r - ) K + K - ) / r to ta I {-73/{- 

VALUE (units 10 4) EVTS DOCUMENT ID TEEN COMMENT 

314-13 30 VANNUCCI 77 MRKI e + e-  

F(P# 7r+Tr lrO)/rtotal r74/r 
Including p~?r + 7r- "r and excluding ~, q, ~7 t 

VALUE (units 10 3) EVT5 DOCUMENT ID TECN COMMENT 
2.3 4-0.9 OUR AVERAGE Error includes scale factor of 1.9. 
3.36±0•65±0.28 364 EATON 84 MRK2 e + e 
16 ±0.6 39 PERUZZI 78 MRK1 e + e-  

r(o~)Ir tota,  
VALUE (units 10 3) EVTS DOCUMENT 10 TEEN COMMENT 
2.164-0.11 OUR AVERAGE 
1.91±0.04±0.30 PALLIN 87 DM2 e -  e 
2.16±0.07±0.15 1420 EATON 84 MRK2 e ~ e-  
2.5 ±0.4 133 BRANDELIK 79c DASP e~ e 
2.0 ±0.5 BESCH 78 BONA e+e  
2.2 i 0 . 2  331 20 PERUZZI 78 MRK1 e + e 

20Assuming angular distribution (1+cos28). 

r (P~) / r (#+#  ) 
VALUE EVT5 DOCUMENT tD 

0.0514-0.02 2 0  21 WIIK 

21 Assuming angular distribution (l+cos20). 

r (PPTJ)/rtotal 
VALUE (units lO 3) EVTS DOCUMENT ID 
2.094-0.18 OUR AVERAGE 
2.03±0•13±0.15 826 EATON 84 MRK2 e + e -  
2.5 i l , 2  BRANDELIK 79c DASP e+e 
2.3 ±0.4 197 PERUZZl 78 MRK1 e + e -  

r(p~Tr-)/rtotal 
VALUE (units IO 3) EVT5 DOCUMENT /D 
2.00=I=0.10 OUR AVERAGE 
2.02 ± 0.07 ± 0•16 1288 EATO N 84 
1.93 ±0.07~0.16 1191 EATON 84 
1.7 ±0.7 32 BESCH 81 
16 ~12 5 BESCH 8~ 
2.16±0.29 194 PERUZZ' 78 
2.04±0•27 204 PERUZZ' 78 

F ( - -~- ) /Ctota I 
VALUE (units 1o 3) EVTS DOCUMENT ID 
1.8 ±0.4 OUR AVERAGE Error includes scale factor 

1.40±0.12±0.24 132 ± 11 HENRARD 
2.28±0.16±0.40 194 EATON 
3.2 ±0•8 71 PERUZZI 

WEIGHTED AVERAGE 
1.8 + 0 .4  (Error scaled by  1.8) 

TECN COMMENT 

75 PLUT e + e -  

MRK2 e + e ~ plr  
MRK2 e + e-  ~ #~r + 
BONA e+e  - ~  pTr- 
BONA e + e -  ~ pTr + 
MRK1 e+e  ~ pTr 
MRK1 e + e -  ~ #Tr + 

r75/r  

r75/r4 

r~61r 

rz7/r 

rzB/r 
TECN COMMENT 

of 1.8. See t ~  ~ m  below• 

87 DM2 e + e-  ~ E - ~  ---+ 
84 MRK2 e + e . . . .  ~ = =+ 
78 MRK1 e + e 

. . . . . . . .  HENRARD 87 DM2 
\ ~ v 2 z T " t ~  \ . . . . . . .  EATON 84 MRK2 

2 3 4 5 6 

X 2 

1,8 
1.4 
32 

6.5 
0 .039 )  

T(_--~)/Ftota I (units 10 3> 



See key on pace IV.1 

r (rift)/rtota I r ~ 9 / r  

~ALUE (units i0 2) DOCUMENT ID TECN COMMENT 

(I.184-0.09 BESCH 78 BONA e + e-  

F(AA-- ) / r to ta l  r g 0 1 r  

VALUE (units i0 3) EVT5 DOCUMENT ID TECN COMMENT 
1.35=1:0.14 OUR AVERA~" Error i n - - e - f a c t o r  o~ ~ .  
1.38:50.05±0.20 1847 PALLIN 87 DM2 e + e 
1.58±0.089-0.19 365 EATON 84 MRK2 e + e -  
2.6 ±1.6 5 BESCH 81 BONA e + e  - 
1.1 4-0.2 196 PERUZZI 78 MRKI e + e-  

I-(p~,~O)/rtota, rs~/r 
VALUE (units 10 -3) EVT5 DOCUMENT IO TECN COMMENT 
1.094-0.09 OUR AVERAGE 
i.13±0.094-0.09 685 EATON 84 MRK2 eg- e- 
l.4 ±0.4 BRANDELIK 79c DASP e + e- 
1.00±0.15 109 PERUZZI 78 MRK1 e + e -  

l- (AE- ~r + (or c .c . ) ) / r to taJ  r 8 2 / r  

VALUE (units i0 3) EVT5 DOCUMENT IO TECN COMMENT 
3-064-0.12 OUR AVERAGE 
0.90±0.06±0.16 225 ± 15 HENRARD 87 DM2 e + e-  ~ AZ  + ~r- 
1.11±0.06±0.20 342 ± 18 HENRARD 87 DM2 e + e ~ A Z -  ~r + 
1.53±0.17±0.38 135 EATON 84 MRK2 e + e -  ~ A~  + "~- 
1.38:50.21J_0.35 118 EATON 84 MRK2 e-- e -  ~ A Z -  ~7 + 

I - ( p K - - A ) / r t o t a  I r B ~ / r  

.VALUE (uMts l0 -3) EVT5 DOCUMENT ID TECN COMMENT 

0,89±0.074-0.14 307 EATON 84 MRK2 e + e- 

F ( 2 ( K  + K - ) ) / r t o t a  I r g 4 / r  

VALUE (units 10 4) DOCUMENT ID TEEN COMMENT 

74-3 VANNUECI 77 MRKI e + e 

F (p  K -  ~-0)/rtotal r s s / r  

.VALUE (units i0 3) EVT5 DOCUMENT ID TEEN COMMENT 

0.294-0.064-0.05 90 EATON 84 MRK2 e"  e 

IF(K + K - ) / r t o t a  I r g d r  

.VALUE (units i0 4) EVT5 DOCUMENT ID TEEN COMMENT 
2.37+031 OUR AVERAGE 
2.399-0.24±0.22 107 BALTRUSAIT..~5D MRK3 e + e-  
2.2 9-0.9 6 BRANDELIK 79C DASP e + e 

r(AX~°)/rtotal r 8 7 / r  

VALUE (units 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

0.224-0.054-0.05 19 ± 4 HENRARD 87 DM2 e + e- 

r (~r + ~-  ) / I - to ta  I r 8 8 / r  

VALUE (units io 4) EVTS DOCUMENT ID TEEN COMMENT 
1.4"/=1:0.23 OUR AVERAGE 
L58 i0 .20±0 .15  84 BALTRUSAIT..B5D MRK3 e + e-  
t.O :50.5 5 BRANDELIK 78B DASP e + e -  
1.6 ±1.6 1 VANNUCCI 77 MRK1 e+e - 

r (Ko K0)Irtota, r891r 
VALUE (units i0 4) EVT5 DOCUMENT IO TECN COMMENT 

1.01:1=0.16:1:0.09 74 BALTRUSAIT,,85D MRK3 e + e 

F ( A ~  + c . c . ) / r t o t a  I r 9 o / r  

VALUE (units i0 3) CL% DOCUMENT ID TECN COMMENT 

<O.15 90 PERUZZl 78 MRKt  e + e ~ A X 

r ( K ° s K ° ) / r t o t a l  rgl/r  
VALUE (units 10 -4 ) 

<0.052 

22 Forbidden by CP. 

CL% DOCUMENT ID TECN COMMENT 

90 22 BALTRUSAIT..~5£ MRK3 e + e-  

- -  R A D I A T I V E  D E C A Y S  - -  

r ( T T i c ( 1 5 ) ) / r t o t a r  r 9 2 / r  
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.01274-0.0036 GAISER 86 CBAL J / ~  ~ ? X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 16 BALTRUSAIT..34 MRK3 J/ tb  ~ 2¢?  

r (7'K + cT- 2 'K0) / r t o ta l  

VALUE (units 10 3) DOCUMENT ID TECN COMMENT 

8.3±o.2±3a 23 ~ A T T . . ~ 6 S  ~ 3  J/~ - 4 ~  
234~r mass less than 2.0 GeV. 

r 9 3 / r  

V I 1 . 1 4 7  

Meson Full Listings 
J/th(1S) = J / t b ( 3 0 9 7 )  

,xCK. 

r ( 7 2 7 r + 2 ~ r - ) / r t o t a l  (units 10 - 3 )  

r ('7 f4 (2050) ) / r to ta~  

VALUE (units 10 -3) DOCUMENT ID TECN COMMENT 

2.7±0.54-0.8 34 BALTRUSA~T..~7 MRK3 J / ~  ~ ?~r + 7r- 

34Assuming branching fraction f4(2050) ~ 7rTr/ total = 0,167. 

L X2 

. . . . . . .  BISELLO BgB DM2 ~ -  
' ' ' ~ . . . . . . . .  BISELLO 89B DM2 3.7 

- • ' ~ . . . . . . . .  BALTRUSAIT... 86B MRK3 0.3 
. . . .  BURKE 82 MRK2 2.5 

I&--E 
m ~ (Conf idence Level = O.013) 

4 6 8 10 

r 9 9 / r  

r ( ~ ) / r t o t a l  rgdr 
VALUE (units 10 -3) DOCUMENT tD TEEN COMMENT 

61  -t-1.0 OUR AVERAGE 
5 .85±0 .3±105  24 EDWARDS 83B CBAL J/VJ ~ ~1~ + 7 r -  
7.8:51.29:2.4 24 EDWARDS 83B CBAL J / ~  ~ ~/21r 0 

24 Broad enhancement at 1700 MeV. 

r(`7n(144o) ~ ` T K K 1 r ) / r t o t a l  r g s / r  
VALUE DOCUMENT ID TECN COMMENT 
0.00484-0.0006 OUR AVERAGE 
0.00634-0.0014 25 WISNIEWSKI 87 MRK3 J / ~  ~ K K T r ?  
0.0040±0.0007±0.001 25 EDWARDS 82E CBAL J/ t# ~ K + K -  ~ 0 7  
0.0043±0.0017 25,26 SCHARRE 80 MRK2 e + e -  

25Includes unknown branching fraction 7/(1440) ~ K K ~ .  
26 Corrected for spin-zero hypothesis for T/(1440). 

r(̀ 7pp)/rtotal r g d r  

VALUE (units 10 -3) CL% DOCUMENT ID TECN COMMENT 
4.5 ±0.8 OUR AVERAGE 
4.7 ±0.3 ±0.9 27 BALTRUSAIT..B6B MRK3 J/ tb  ~ 47r'1 
3.75:51.0511.20 28 BURKE 82 MRK2 J/ tb ~ 47r7 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.09 90 29 BISELLO 89B J/~b ~ 4~T" 7 i 

2747r mass less than 2.0 GeV. 
2841r mass less than 2.0 GeV, 2p 0 corrected to 2p by factor of 3. 
294~T mass in the range 2.0-25 GeV. I 

r (~ n'(958))/FLoral r97/r 
VALUE (units LO 3) EVTS DOCUMENT ID TECN COMMENT 
4.24-0.4 OUR AVERAGE 
4.1±0.3±0.6  BLOOM 83 CBAL e+e  - ~ 3 7 +  

hadrons ? 
4.6,10.4,10.65 EINSWEILER 83 MRK3 e+e  - - -  ~fT/Tr+Tr - 
4.74-0.3±0.9 EINSWEILER 83 MRK3 e ÷ e  ~ ?p0? 
2.9±1.1 6 BRANDELIK 79c DASP e9- e -  ~ 37 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3.8±1.3 30SCHARRE 79B MRK1 e + e  ~ ? X  
3.4±0.7 SCHARRE 79B MRK1 e + e  - ~ 27r27 
2.4±0.7 57 BARTEL 76 CNTR e + e - ~  27p 

30 From the inclusive ? decay spectrum. 

r (`7 27r + 21r - )  / r to ta I r98 / r 

VALUE (units 10 3) DOCUMENT ID TECN COMMENT 
2.8 ±0.5 OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below. 
4.32:50.144-0.73 31 BISELLO 89B DM2 J / ~  ~ 47r? I 
2.08±0.13±0.35 32 BISELLO 898 DM2 J/ Ib ~ 4~?  I 
3.05:50.08±0.45 32 BALTRUSAIT..B6B MRK3 J/~/, ~ 4Tr? 
4.85±0.45± 1.20 33 BURKE 82 MRK2 e + e -  

314~ mass less than 3.0 GeV. i 
3247r mass less than 2,0 GeV. I 
3347r mass less than 2,5 GeV, 

WEIGHTED AVERAGE 
2.8 4- 0 .5  (Error scaled by  1.9) 
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Meson Full Listings 
J/~(1S) = J/~b(3097) 

r (,-fo~)/rtota I Qoo/r 
VALUE (units 10 -3) EVTS DOCUMENT fD TEEN COMMENT 
1.59±033 OUR AVERAGE 
1.414-0.2 4-0.42 120 ± 17 BISELLO 87 SPEC e + e , hadrons -7 
1.76±0.09J_0.45 8ALTRUSAIT . .35C  MRK3 e + e ~ hadrons -~ 

r('Tr/(1490) ~ l 'p0p0) /Ftotal  Qol/r 
VALUE (units 10 3) DOCUMENT ID TEEN COMMENT 

1.364-0.38 35,36 BISELLO 89B DM2 J / ~  ~ 4~r~ 

35 Estimated by us f rom various fits. 
36 Includes unknown branching fraction to pO p 0  

I" ('7 f 2 ( 1 2 7 0 ) ) / F t o t a  I r l o 2 / r  

VALUE (units 10 "~3 ) EVT5 DOCUMENT tD TEEN CHG COMMENT 
1.38+0.14 OUR AVERAGE 
1 3 3 ± 0 . 0 5 ± 0 , 2 0  37 A U G U S T I N  87 DM2 J / O  ~ 77r + ~r 
1 .36±0 .09±0 .23  37 BALTRUSAIT . .~7  MRK3 J/g~ ~ "7~r ÷ ~T 
1.489-0.254-0.30 178 EDWARDS 82B CBAL e + e ~ 2~07  

2.0 J_0.7 35 A L E X A N D E R  78 P L U T  0 e + e 
1.2 J_0.6 30 38 BRANDEL IK  78B DASP e + e - -  

37Est imated using B(f2(1270 ) - -  7rTr)=0.843 J_ 0.012. The errors do not contain the 
uncertainty in the f2(1270) decay. 

38 Restated by us to take account of spread of  E l ,  M2, E3 transitions. 

r(i, f2(1720) ~ ~fKK-)/Ftota I rl03/r 
VALUE (units 10 4) EL% DOCUMENT ID TEEN COMMENT 

9 . 7 ±  1.2 OUR AVERAGE 
9 . 2 ± 1 . 4 ± 1 . 4  39 A U G U S T I N  88 DM2 J/ '~'  ~ "~K ÷ K -  

K 0 K 0 10 ,4±1 .2±1 .6  39 A U G U S T I N  88 DM2 J/~> ~ q S 

9.6 :~1 .2±1 .8  39 BALTRUSAIT. . ,87 MRK3 J /~ ,  ~ 7 K  ~ K -  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 0 8  90 40 BISELLO 89B J/~p ~ 4 ~ 7  
1 6 ± 0 4 ± 0 . 3  41 BALTRUSAIT . .~7  MRK3 J /a ,  ~ ? = + ~ r  
3 .8±  1.6 42 EDWARDS 82D CBAL e + e ~ ~p~3 

39 Includes unknown branchin 6 fraction to K + K -  or /~5 KO ' We have mult ip l ied K + K 

measurement by 2, and K ~  K O by 4 to obtain K K  result. 

40 Includes unknown branching fraction to p0 p0. 
41includes unknown branching fraction to ~r + ~r . 
42 Includes unknown branching fraction tO ~lq. 

r ("f r/)/rtotal r lo#r  
VALUE (units 10 3) EVTS DOCUMENT ID TECN COMMENT 
0.864-0.08 OUR AVERAGE 
0 . 8 8 ± 0 0 8 4 - 0 1 1  B L O O M  83 CBAL e + e -  
0 .82±0.10 BRANDEL IK  79C DASP e + e 
1.3 ±0 .4  21 BARTEL  77 C N T R  e + e-  

F ("f f~(1525))/rtotal q05 / r  
VALUE (units 10 3) EL% EVT5 DOCUMENT IO TEEN COMMENT 

0.634-0.10 OUR AVERAGE 
0 . 7 0 ± 0 , 1 7 ± 0 1 1  

0 .56±0 ,06±0 .11  

0 .84±0 .20±0 .17  

43 A U G U S T I N  88 DM2 J/~', 

.YK+  K 
43 A U G U S T I N  88 DM2 J/~', 

K 0 K 0 
"~ 5 5 

43 BALTRUSAIT . .~7  MRK3 J /d ;  
. ~ K +  K 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .25±0.14 43 FRANKL IN  838 MRK2 J/%', ~ ~ f K K  
<0.34 90 4 44 BRANDELIK  79C DASP e + e 

<0.23 90 3 A L E X A N D E R  78 PLUT e + e 
K * K - q  

43Using B( f~ (1525)  ~ K K )  = 0.713. 

44Assuming isotropic product ion and decay of the f~ (1525) and isospin. 

r (-7 p#) / I'tota I I- 106 / F 
VALUE (units 10 -3)  EL% EVTS DOCUMENT ID TEEN COMMENT 

0.384-0.074-0.07 49 EATON 84 MRK2 e + e 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.11 90 PERUZZI 78 MRK1 e + d- 

r (l '¢~)/rtotal rl07/r 
VALUE (units 10 ' 4 )  DOCUMENT ID TEEN COMMENT 

3.14-O.74-0.4 45 BISELLO 868 DM2 J /# ,  ~ ? d e  

4 5 ~  mass less than 2.9 GeV, ~lc excluded. 

r (~#2100)  ~ "ypOpO)/Ftota I rt08/r 
VALUE (units 10 3 )  DOCUMENT /D TEEN COMMENT 

o.2~_+O:~o 5 ~6 ,~  B~SELLO 898 DM~ J/~,,, ~ A ~  

46 Estimated by us f rom various fits. 
47 Includes unknown branching fraction to pO pO. 

r(1,r/(1760)--, i~p°p°)/Ftota~ r log/r  
VALUE (units 10 3) DOCUMENT ID TECN COMMENT 

0.134_0.09 48,49 BISELLO 89B DM2 J / tb  ~ 4~T~I I 

48 Estimated by us f rom various fits. | 
49 Includes unknown branching fraction to p0 p0. I 

I- (3'7r0)/Ftotal rno/r  
VALUE (units 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

I 0.039:1:0.O13 OUR AVERAGE 
I 0 .036J-0.011±0.007 B L O O M  83 CBAL e -  e -  

0 .073±0.047 10 BRANDELIK  79C DASP e + e- 

F (~f fl(1285))/Ftotal r m / r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.006 90 50 SCHARRE 80 MRK2 e + e -  

50Using B(f1(1285 ) ~ K K ~ r )  = 0.12. 

F ('7 P ~ +  ~r - ) / Ftota I 
VALUE (units 10 3) EL% DOCUMENT ID TEEN COMMENT 

<0.79 90 E A T O N  84 MRK2 e + e 

r ( ~ ) / r t o t a ,  

VALUE (units 18 3) EL% DOCUMENT ID TEEN COMMENT 

<0.5 90 BARTEL  77 C N T R  e + e 

F (3'AA)/I-total 
VALUE [units i0 3) EL % DOCUMENT ID TEEN COMMENT 

<0.13 90 HENRARD 87 DM2 e + e 

r ( 3 > ) / r t o t a ,  
VALUE (units 10 3) EL% DOCUMENT ID TECN COMMENT 

<0.055 90 PARTRIDGE 80 CBAL e + e 

r ("fX(2200))/rtota t 
VALUE (units 10 4) DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1.5 51 AUGUSTIN  88 DM2 J/~;J ~ "7 KO 5 KO 5 

51 Includ . . . .  k . . . .  branching fractioo to Ko Ko I 

r ( " f  f 4 ( 2 2 2 0 ) )  / r t o ta  I r n T / r  

VALUE(unitslO 5) EVTS DOEUMENT I~  TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 2.3 95 5 2 A U G U S T I N  88 DM2 J / ~  " r K + K -  I 
< 16  95 52 AUGUSTIN  88 DM2 J / t~  ~ "yK05 KOS I 

12.4+6:4  ±2 .8  23 52 BALTRUSAIT . .~6D MRK3 J / O  ~ K 0 K 0 "r S S 

8 4 -+~ :4±1 .6  93 52 BALTRUSAiT. . ,86D MRK3 J / O  ~ * /K  + K 

52 Includes unknown branching fraction to K + K or /~5 KO" 

rz12tr 

r1131r 

r114/r 

r115/r 

rn6/r 

ALEXANDER 89 
AUGUSTIN 89 
BISELLO 89B 
AUGUSTIN 88 
COFFMAN 88 
FALVARD 88 
AUGUSTIN 87 
BAGLIN 87 
BALTRUSAIT. 87 
BECKER 87 
BISELLO 87 
BENRARD 87 
PALLIN 87 
WISN~EWSKI 87 
AUGUSTIN 86 
BALTRUSAIT 86B 
BALTRUSAIT 86D 
BISELLO 86B 
GAISER 86 
BALTRUSAIT.. 85C 
BALTRUSAIT... 85D 
BALTRUSAIT. 84 
EATON 84 
BLOOM 83 
EDWARDS 83B 
EINSWEILER 83 
FRANKLIN 838 
FRANKLIN 83C 
BURKE 82 
EDWARDS 82B 
EDWARDS S2D 

A~so 83 
EDWARDS 82E 
LEMOIGNE 82 
8ESCH 81 
GIDAL 81 
PARTRIDGE 80 
SCHARRE 80 
ZHOLENTZ 80 

Also 81 

J /~ (15 )  REFERENCES 

NP B320 45 + Bonvicini, DrelL Frey, buth (LBL, MICH, SLAC) 
NP B320 ] +Cosine (DM2 Collab ) 
PR D39 701 Busetto+ (DM2 Collab 
PRL 68 2 2 3 8  +Calcaterra~ (DM2 Collab 
PR D38 2695 ~Dubois, Eigen. Hauser+ (Mark III Collab ) 
PR D38 2 7 0 6  ~Ajaltouni~ (CLER. FRAS. LALO. PADO 
ZPHY C3b 369 -Cosme+ (LALO, CLER, FRAS, PADO 
NP 8286 592 ~ (LAPP CERN, GENO, LYON. OSLO, ROMA+ 
PR D35 2077 Baltrusaitis, Coffman, Dubois~ (Mark III Collab 
PRL 59 186 6Blaylock, BoRon, Brown+ (Mark III Collab 
PL B192 239 +Ajalto~ni, Baldini± (PADO, CLER, FRAS, LALO 
NP 8092 670 +Ajaltouni. et al {CLER. FRAS. LALO. PADO 
NP B292 653 +Ajaltouni+ [CLER. FRAS LALO. PADO 
CALT 88 1446 (Mark III Collab ) 
Moriond XXI 421 -AjaltounL Bisello± (LALO, CLER. PADO, FRAS 
PR D33 1222 8altrusaitis, Coffman, Hauser+ (Mark III Collab.) 
PRL 56 107 Baltrusaitis (CIT, UCSC, ILL, SLAC, WASH 
PL B179 294 t-Busetto. Castro. Limentani+ (DM2 Collab 
PR D34 711 +Bloom. Bulos. Godfrey+ (Crystal Ball Co]lab) 
PRL 58 1723 Baitrusaitis+ (CIT, UCSC, ILL, SLAC, WASH 
PR D32 568 Baltrusaitis, Coffman+ (CIT UCSC. ILL, SLAC, WASH) 
PRL 52 2126 8altrusa]tis+ (CIT. UCSC. ILL. SLAC. WASH 
PR D29 804 +Goldhaber. Abrams. Alam. Boyarski+ (LBL. SLAC) 
ARNS 33 143 +Peck (SLAC. CIT) 
PRL 51 859 +Partridge. Peck+ (OT. HARV PRIN. STAN. SLAC) 
Brighton Conf 348 (Mark III Collab.) 
SLAC 254 Thesis (STAN) 
PRL 51 963 ~Franklin, Feidman, Abrams, Alam+ (LBL, SLAC) 
PRL 49 632 ÷Trilling, Abrams. A1am, Blocker+ (LBL, SLAC) 
PR D25 3065 fPartridge, eeck~ (CIT, HARV, PRIN, STAN, SLAC) 
PRL 48 458 +Partridge. Peck~ (CIT. HARV. PRPN. STAN. SLAC) 
ARNS 33 143 Bloom, Peck (SLAC. CfT) 
PRL 49 259 tPartridge. Peck- (EFT. HARV RRIN. STAN. SLAC) 
PL 113B 509 +Barate, Astbury+ (SACL, LOIC, SHMP, IND) 
ZPHY C8 1 +Eisermann, Lohr, Kowalski+ (BONN, DESY, MANZ) 
PL 1078 153 tGoldhaber Guy. Millikan, Abrams* (SLAC. LBL) 
PRL 44 712 +Peck+ (CIT. HARV. PRIN. SLAC. STAN) 
PL 97B 329 +Trilling. Abrams. Alam. Blocker+ (SLAC. LBL) 
PL 96B 214 +Kurdadze. Lelchuk. Mishnev+ (NOVO) 
SJNP 34 814 Zholentz. Kurdadze. Lelchuk+ (NOVO) 
Translated Rum YAF 34 1471 
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ERANDELIK 79C ZPHY C1 233 
SCHARRE 79B SLAC-PUB-2321 

Also 70 LBL-9S02 
ALEXANDER 70 PL 72B 493 
BESCH 78 PL 78B 347 
BRANDELIK 78B PL 74B 292 
F'ERUZZI 78 PR D17 2001 
BARTEL 77 PL 66B 489 
BURMESTER 77D PL 72B 135 
FELDMAN 77 PL 33C 205 
VANNUCCI 77 PR D15 I814 
BARTEL 76 PL 64B 483 
BRAUNSCH... 76 PL 03B 487 
JEAN MARIE 76 PRL 36 201 
BALDINI-... 75 PL SSB 471 
BEMPORAD 75 Stanford Syrup. 113 
BOYARSKI 75 PBL 34 1357 
[)ASP 75 PL 56B 491 
ESPOSITO 7SB LNC 14 73 
FORD 75 PRL 34 604 
LIBERMAN 75 Stanford Syrup. 55 
WRK 75 Stanford Syrup. 69 

+ (AACH, DESY, HAMB, MPIM, TOKY) 
(SLAC, LBL) 

Abrams, Alam, Blocker, Boyarski+ (SLAC, LBL) 
+Criegee+ (DESY, HAM& SIEG, WUPP) 
+Eisermann, Kowalski, Eyss+ (BONN. DESY, MANZ) 
+Cords+ (AACH, DESY, HAMB, MPIM, TOKY) 
+Piccolo, Alam, Boyarski, Goldhaber+ (SLAC, LBL) 
+Duinker, Olsson, Heintze+ (DESY, HELD) 
+Criegee+ (DESY, HAMB, SIEG, WUPP) 
+Perl (LBL, SLAC) 
+Abrams, Alam, Boyarski+ (SLAC, LBL) 
+Duinker, Olsson, Steffen, Heintze+ (DESY. HELD) 

Braunschweig+ (AACH, DESY, HAMB, MPIM+) 
+Abrams, Boyarski, Breidenbach+ (SLAC, LBL)IG 

Baldini-Celio, Bozzo, Capon+ (FBAS, ROMA) 
(PISA, FRAS) 

+Breidenbach, Bulos, Feldman+ (SLAC, LBL)JPC 
Braunschweig+ (AACH, DESY, MPIM, TOKY) 

+Bar,oil, Bisello+ (FRAS, NAPL, PADO, ROMA) 
+Beron, H0ger, Hofstadter+ (SLAC, PENN) 

(STAN) 
(DESY) 

- -  O T H E R  RELATED PAPERS - -  

BAGLIN 85 SLAC Summer Inst. 
BARATE 83 PL 121B 449 
KIRK 79 PBL 42 619 
BIDDICK 77 PRL 38 1324 
CORDEN 77 PL 68B 96 
YAMADA 77 Hamburg Conf. 60 
ANTIPOV 76 Tbilisi Conf. N8 
BUSSER 76 NP Bl13 189 
5NYDER 76 PRL 36 1415 
ANDREWS 75 PRL 34 231 
AUBERT 75 NP B89 1 
BACCI 75B LNC 12 269 
BALDtNI. 75B PL 58B 475 
BLANAR 75 PRL 35 346 
BRAUNSCH... 75 PL 53B 401 
BUSSER 75 Pt 568 482 
CAMEBINI 75 PRL 3S 483 
[)AKIN 75 PL 568 405 
[)ASP 75B PL 57B 297 
(;ITTELMAN 75 PRL 35 1616 
GRE£O 75 PL SbB 367 
HEINTZE 75 Stanford Symp 97 
JACKSON 75 NIM 128 13 
KNAPP 75 PRL 34 1040 
KNAPP 75B PRL 34 1044 
MARTIN 758 PRL 34 288 
5,1MPSON 75 PRL 3S 609 
YENNIE 75 PRL 34 230 
ABRAMS 74 PRL 33 1453 
ASH 74 LNC 11 705 
AUBERT 74 PRL 33 1404 
AUGUSTIN 74 PRL 33 1406 
BACCI 74 PRL 33 1400 

Also 74B PRL 33 1649 
BALDINI .. 74 LNC 11 711 
BARBIELLINI 74 LNC 11 718 
BRAUNSCH-. 74 PL 53B 393 
CHRISTENSON 70 PRL 25 1523 

E09 (LAPP, CERN, GENO, LYON, OSLO, BOMA+) 
+Bareyre, Bonamy+ (SACL. LOIC, SHMP, IND) 
+Goodman+ (FNAL. HARV, ILL, OXF, TUFT) 
+Burnett+ (UCSD, UMD, PAVI, PRIN, 5LAC, STAN) 
+Dowell+ (BIRM, CERN, MPIM, NEUC, EPOL+) 

( DESY, TOKY) 
+Bessubov, Budanov, Bushnin, Derdsov+ (SERP) 
+Blumenfeld, Banner+ (CERN, COLU, ROCK, SACL) 
+Horn, Lederman, Appel+ (£OLU, FNAL, STON) 
+Harvey, Lobkowicz, May+ (ROCH, CORN) 
+Becker, Biggs. Burger, Glenn+ (MIT, BNL) 
+Penso, SteHa, Baldinf-Celio+ (ROMA, FRA5) 

Baldini-Celio, Capon, DelFabbro+ (FRAS, BOMA) 
+Boyer, Faissler. Garelick, Gettner+ (NEAS) 

Braunsch~i8+ (AACH, HAMB, MUNI, TOKY) 
+Blumenfeld, Banner+ (CERN, COLU, ROCK, SACL) 
+Learned, Prepost, Ash, Anderson+ (WlSC, SLAC) 
+Kreisler, BoIon, Helle+ (MASA, MIT, SLAC) 

Braunschwei8+ (AACH, DESY, MPIM, TOKY) 
+Hanson, Larson, Lob+ (CORN) 
+Pancheri 5nvastava, Srivastava (FRAS) 

(HEID) 
+ Scharre (LBL) 
+Lee, Bronstein+ (COLU, HAWA. CORN, ILL, FNAL) 
+Lee, Bronstein+ (COLU, HAWA, CORN, ILL, FNAL) 
+Bolon. Dakin, Feldrnan+ (MIT, MASA, SLAC) 
+Beron, Ford, Hilger, Hofstadter+ (5TAN, PENN) 

(CORN) 
+Briggs, Augustin, Boyarsk]+ (LBL, SLAC) 
+Zorn, Bartoli+ (FRAS, UMD, NAPL, PADO, ROMA) 
+Becker, Bi~gs, Burger, Chen, Everhart (MfT, BNL) 
+Boyarski, Abrams, Briggs+ (SLAC, LBL) 
+Bartoli, Barbarino, Barbiellini+ (FRAS) 

Bacd 
Baldini Cello, Bacci+ (FRAS, ROMA) 

+Bemporad+ (FRAS, NAPL, PISA, ROMA) 
Braunschweig+ (AACH, HAMB, MUNI, TOKY) 

+Hicks, Lederman+ (COLU, BNL CERN) 

Ixco(1P) 
or Xc0(3415) [was x(,,,,)] I 

IG(J PC) = 0+(0 ++) 

Observed in the radiative decay ~(25)  ~ XEO(1P)'~. Therefore C = +. 
The observed decay into ~r+~T or K+K - implies G - + ,  JP - 0 +,  2 +,  
... The angular distribution is consistent with J = 0, JP abnormal excluded 
by = + = -  and K + K decays, JP = 0 + preferred (FELDMAN 77). 

Xco(1P) MASS 

VALUE (MeV) E V T 5  DOCUMENT ID TEEN COMMENT 
~415.1:E 1.0 OUR AVERAGE 

3417.8± 0.4±4 1 GAISER 86 CBAL lb(2S) ~ *f X 
3414.84- 1.1 2,3 HIMEL 79 MRK2 e + e - ~  hadrons 
3422.0±10.0 2 BARTEL 78B CNTR e + e -  ~ J/~b2q 
3416.09- 3 9-4 2 TANENBAUM 78 MRK1 e ÷ e -  
3415.0± 9.0 2BIDDICK 77 CNTR e + e  - ~ ? X  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3407.0:L 8.0 2 4WI IK 75 DASP e + e  ~ J/#~27 

1 Using mass of tb(25) - 3686.0 MeV. 

2Mass value shifted by us by amount appropriate for ~#(2S) mass - 3686 MeV and 
J/tb(1S) mass - 3097 MeV. 

3 Systematic error added linearly by us. 
4 Only two events; this mass apparently never published. 

Xco(]P) WIDTH 

~_'ALUE (MeV) DOCUMENT ID TEEN COMMENT 

13.5+3.3+4.2 GAISER 86 CBAL ~(25)  ~ 7 X, 7-~ 0 rr 0 

VI1 .149  

Meson Full Listings 
J / ~ ( 1 5 )  = J / ~ ( 3 0 9 7 ) ,  Xco(1P) 

Mode 

Xco(1P) DECAY MODES 

Fraction ( r l / r )  Confidence level 

Hadronic decays 
r l  2(~T+ 7F ) (3.74-0.7)% 

r2 ~T + ~--  K + K -  (3.04-0.7) % 

r 3 p07 r+ / r  (1.6-50.5) % 

r4 3 ( ~ + ~  - )  (1.5±0.5) % 
rs K+K*(892)07r - + C.C. (1.2±0.4) % 

r6 =+=- (7.54-2.1) x 10 -3 

r 7 K+K - (7.14-2.4)×10 -3 

re ~+~ pp (5.0±2.0) x i0  - 3  

r 9 p ~  < 9.0 x 10 -4 

Radiative decays 
rl0 ,yJ/tb(iS) (6.64-1.8) x 10 - 3  

r l l  7? < 1.5 x I0 -3 

90% 

90% 

XEo(1P) PARTIAL WIDTHS 

r(~,) r l l  
VALUE (KEY) CL% DOCUMENT ID TECN COMMENT 

4.0~2.8 LEE 85 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<17 95 AIHARA 88D TPC e + e -  ~ e + e X 

Xco(1P) BRANCHING RATIOS 

- -  HADRONIC DECAYS - -  

r (2(7r + 7r-)) /r tota I 
VALUE 

0.037±0.007 

r(~+ ~- K + K - ) / r t o t a  I 
VALUE 

0.030±0.007 

r Co° ~r+ I r - ) / r tota l  
VALUE 

0.016 :E 0.005 

r (3 (=  + = - ) ) / r t o t a  I 
VALUE 

0.0154-0.005 

DOCUMENT ID TEEN COMMENT 

5 T A N E N B A ~  78 MRK1%b(25) ~ "YXcO 

DOCUMENT ID TEEN COMMENT 

5TANENBA~ 78 MRK1 ~ ' ~  "7XC0 

DOCUMENT ID TEEN COMMENT 

5TANENBA~ 78 MRK1 ~(~'~'~ "~XC0 

DOCUMENT ID TEEN COMMENT 

5 TANENBAUM 78 MRK1 ~ ( 2 5 ) - -  ":'Xc0 

r ( K + K * ( 8 9 2 ) ° ~ T  - + c.c.)/rtotal 
VALUE 

0.012=t=0.004 

F(~ '%r - ) / r to ta l  
VALUE (,nits 10 4) 
754-21 OUR AVERAGE 
704-30 

80=530 

r(K + K-)/rtotal 
VALUE (units 10 -4 ) 
714-24 OUR AVERAGE 
609-30 
90±40 

r(~+,r-pp)/rtotal 
VALUE 

0.005 4- 0.002 

r (PP)/rtotal 

DOCUMENT ID TEEN COMMENT 

DOCUMENT ID TECN COMMENT 

5 BRANDELIK 79B DASP #J(25) ~ 7XcO 
5TANENBAUM 78 MRK1 t b ( 2 5 ) ~  ?XcO 

DOCUMENT ID TEEN COMMENT 

5 BRANDELIK 79B DASP tb(25) ~ 7XcO 
5 TANENBAUM 78 MRK1 tb(25) ~ ?XcO 

DOCUMENT ID TECN COMMENT 

5TANENBAUM 78 MRK1 ~ - ' ~ C  ~fXc0 

q / r  

r 2 / r  

r3/r 

r4/r 

rs/r 

r e / r  

rT / r  

rs/r 

r�/r 

rlo/r 

GAISER 86 CBAL t # ( 2 5 ) ~  ~XcO 
6 BRANDELIK 79B DASP tb(25) ~ ?XcO 
6 BARTEL 78B CNTR ~(25) ~ ?XcO 
6 TANENBAUM 78 MRK1 t b ( 2 5 ) ~  ?XcO 

r ("/ J / ~(15) ) /rtota, 
VALUE (units 10 4) 
66=E 18 OUR AVERAGE 
60± 18 

320:5210 
150±100 
210:5210 

- -  RADIATIVE DECAYS - -  

DOCUMENT ID TEEN 

VALUE (units 10 -4) CL% DOCUMENT ID TEEN COMMENT 

<9.0 90 5 BRANDELIK 79B DASP tb(25) ~ 7XcO 

5 Calculated using B(~h(25) ~ ?Xco(1P)) = 0.094; the errors do not contain the uncer 
tainty in the tb(2S) decay. 



Vli.150 

Meson Full Listings 
Xco(1P),xc~(1m) 
r('Y'Y)/rtota, r l~ / r  
VALUE (units 10 4) C L ~  DOCUMENT ID 

<15 90 6 YAMADA 

6 Calculated using B(tb(25) ~ .~Xco(1P)) = 0.094; the errors do not contain the uncer- 
tainty in the ~h(2S) decay. 

WEIGHTED AVERAGE 
3510 .6  ± 0 .5  (Error scaled by 1.3) 

A~HARA 88D PRL 60 2355 +Alston Garnjost+ (TPC Collab ) 
GAISER 86 PR D34 711 +Bloom, Bulos Godfrey+ (Crystal Bal~ Collab) 
LEE 85 SLAC 282 (SLAC) 
BRANDELIK 79B NP B160 426 ~Cords~ (AACH, DESY, HAMB, MPIM, TOKY) 
HIMEL 79 S/AC-223 Thesis (SLAC) 

Also 82 Private Comm Trillin8 (LBL, UCB) 
BARTEL 78B PL 79B 492 +Dittmann, Duinker, Olsson, O'Neill+ (DESY, HELD) 
TANENBAUM 78 PR D17 1731 +Alam, Boyarski+ (SLAC, LBL) 

Also 82 Private Comm• Trilling (LBL, UCB) 
BIDDICK 77 PRL 38 2324 +Burnett+ (UCSD, UMD, PAVI, PRIN, SLAC, STAN) 
FELDMAN 77 PL 33C 285 +Peal (LBL, SLAC) 
YAMADA 77 Hamburg Conf 69 (DESY, TOKY) 
WlIK 75 Stanford Syrup. 69 (DESY) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

OREGLIA 82 PR D25 2 2 5 9  +Partridl~e± (SLAC, CIT, HARV, PRIN, STAN) 
BRANDELIK 79C ZPHY C1 233 4 (AACH, DESY, HAMB, MPIM, TOKY) 
KIRK ?9 PRL 42 619 +Goodman+ (FNAL, HARV, {LL OXF TUFT) 
FELDMAN 77 PL 33C 285 +Perl (LBL, 5LAC) 
FELDMAN 75B PRL 35 821 +Jean Marie, Sadoulet, Vannucci+ (LBL, SLAC) 

Also 75C PRL 35 1189 Feldman 
Erratum 

TANENBAUM 75 PRL 35 1323 +Whitaker, Abrams+ (LBL, SLAC) 

Xco(1P) R E F E R E N C E S  

/ :li > ,,,T,, " I W : : : : : TANENBAUM 
BIDDICK 

. ~ J ~  v~/ L r . ,  , (C°n f idence  Level = 0 2 4 0 ) ,  

3 5 0 0  3 5 0 5  3510  3515 3 5 2 0  3 5 2 5  

. . . . . . . .  BAGLIN 
. . . .  GAISER 

• 0REGLIA 
. . . . . . . .  HIMEL 

BRANDELIK 

I Xc,(1P) I or X E 1 ( 3 5 1 0 )  [ w a s  X ( 3 5 1 0 ) ]  

~ c l ( i P )  mass ( M e V )  

X c l ( 1 P )  W I D T H  

VALUE (MeV) CL ~/o DOCUMENT ID TEEN COMMENT 

<1.3 95 BAGLIN 86B SPEC # p  ~ e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.8 90 GAISER 86 CBAL ~ ( 2 5 ) ~ - ~  X 

IG(J PC) = 0 + ( 1  + + )  

Observed in the radiative sequential decay 9 ( 2 5 )  ~ XEI(1P)% X c l ( 1 P )  
J/~b(lS)'y. Therefore, C = + .  The lack of decays into 7r + 7r- or K + K is 

suggestive of JP -abno rma l .  The decays into 47T and 61r imply 6 -- + ,  thus 
I 0. J=0 ,2  excluded by angular distr ibution in the J/d,([5)~' decay. JP 
- 1+ preferred ( F E L D M A N  77, OREGLIA 82). 

Xcl(1P) M A S S  

VALUE (MeV I EVT5 DOCUMENT IO TEEN COMMENT 
35].0.6=1= 0.5 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 
3511.3± 0 A ± 0 . 4  30 BAGLIN 86n SPEC # p  ~ e + e 
3512.3± 0.3±4.0 1 GAISER 86 CBAL zp(2S) ~ -~ X 
3507.4± 17  91 2 LEMOIGNE 82 GOLI 190 GeV 7r Be ~ 721L 
3510.4± 06  OREGLIA 82 CBAL e+e ~ J/%'~2~ 
3510.1± 11 254 3 HIMEL 80 MRK2 e + e ~ J/tb27 
3509.0±11.0 21 BRANDELIK 79s DASP e + e -  ~ J/tl,2-[ 
3507.0± 30  3 BARTEL 788 CNTR e + e ~ J/~/~2"i 

Xcl(1P) D E C A Y  M O D E S  

Mode Fraction (F i /F)  Confidence level 

Hadron ic  decays 
r I 3 ( ; T + ~  ) ( 2 . 2±0 .8 )% 

r2 2(~T+~ ) ( 1 .6±0 .5 )% 
F 3 FF+'T K + K  - ( 9  = 4  ) x l 0  3 
r4 po~+~ ( 3.9±3.5)×10 3 

F 5 K + K*(892)°~ + c.c. (3,2±2.1) x 10 -3 

r 6 ~+~ pp ( 1 4 ± 0 . 9 )  x i0 3 

r7  pp (5.4-120) × 10 5 

F8 7r + ~ + K + K < 1.7 × 10 3 

r 9 7r 4 7T 

rlo K + K 

Rad ia t i ve  decays 

90% 

3505,0± 4 i 4  3.4 TANENBAUM 78 MRK1 e + e -  
3513.0± 7.0 367 3 BIDDICK 77 CNTR ~(25)  ~ -~ X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

35100120 .0  BARTEL 768 CNTR e + e -  ~ J/~2"~ 
3500 ±10 40 TANENBAUM 75 MRK1 Hadrons~ 
3507.0± 7.0 7 WIIK 75 DASP e + e  ~ J/vJ2-y 

1 Using mass of tb(2S) -- 3686.0 MeV. 
2J/~(15) mass constrained to 3097 MeV. 
3 Mass value shifted by us by amount appropriate for tb(25) mass 3686 MeV and 

J/~b(15) mass - 3097 MeV. 
4 From a simultaneous fit to radiative and hadronic decay channels. 

F11%J/~)(15) <27.3±1.6) % 
r12 %~ < 15 × 10 -3 

Xcl(1P) P A R T I A L  W I D T H S  

r ( p ~ )  
VALUE (eV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

5 7 + ] 1 3 ± 1 i  BAGLIN 86BSPEC # p - -  e + e  

F(3(~+n ))/rtota, 
VALUE DOCUMENT ID TEEN COMMENT 

O.022+0.008 5 ~ U - M  78 MRKI ~ ~Xcl 

r (2(7r + 7 r - ) ) / F t o t a  I 
VALUE DOCUMENT ID TEEN COMMENT 

0.016+0.005 5 T A ~ U - M  78 MRK1 ¢ ( 2 5 ) ~  "YXcl 

r(~+ ~-  K + K - ) / r t o t a  I 
VALUE Curets 10 4) DOCUMENT ID TEEN COMMENT 

90/-40 5 T A N E N B A U M  78 MRK1 ~ ( ~ ) ~  qxcl 

r (pO ~ + ~ -  ) / rtotal 
VALUE (units 10 4) DOCUMENT IO TECN COMMENT 

39+35 5 TANENBAUM 78 MRK1 ~b (25 )~  "rXcl 

Xc1(1P) B R A N C H I N G  R A T I O S  

- -  H A D R O N I C  D E C A Y S  - -  

90% 

F7 

FIlF 

r2/r 

r 3 / r  

r A / r  

2 
X 

86B SPEC 1.7 
86 CBAL 0.2 
82 GOLI 35  
82 CBAL 0.1 
80 MRK2 0.2 
79B DASP 
78B CNTR t.4 
78 MRK1 1.0 
77 CNTR 

8 .0  

TEEN COMMENT 

77 DASP e + e -  - -  37 



See key on page I V. 1 

VI1.151 
Meson Full Listings 

x~l(1f),xc2(1P) 
r ( K + K * ( 8 9 2 ) ° ~ r  - + c . c . ) / r t o t a l  rs/r 
V_'ALUE (units 10 4) DOCUMENT ID TEEN COMMENT 

32±21 5TANENBAUM 78 MRK1 1# (25 )~  ?Xcl 

r(~+=- p ~ ) / I - t o t a  I r6/r 
~_'ALUE (units 10 -4 ) DOCUMENT ID TEEN COMMENT 

144-9 5 TANENBAUM 78 MRK1 1#(25)~  ~fXcl 

r ( p # ) / r t o t a l  r 7 / r  

~ZALUE (units 10 4 } CL~% DOCUMENT ID TECN COMMENT 

> 0.54 95 BAGLIN 86B SPEC PP ~ "re + e -  
<12.0 90 5 BRANDELIK 79B DASP 1#(25) ~ 7Xcl 

[r(.+~ -) + F ( K  + K - ) ] / F t o t a ,  (rg+rlo)/r 
VALUE (units i0 4) EL% DOCUMENT ID TECN COMMENT 

• <21 5 FELDMAN 77 MRK1 1#(25) ~ 7Xcl 
, • • We do not use the following data for averages, fits, limits, etc. • • • 

<38 90 5 BRANDELIK 79B OASP 1#(25) ~ "rXcl 

5Estimated using B(1#(25) ~ 7Xcl(1P)) = 0.087. The errors do not contain the 
uncertainty in the 1#(25) decay. 

- -  R A D I A T I V E  D E C A Y S  - -  

r(.yJ/@(1s))/rtota, r n / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.2734-0.016 OUR AVERAGE 
0.284±0.021 GAISER 86 CBAL 1#(25) ~ 7 X 
0.274±0.046 943 60REGLIA 82 CBAL 1#(25) ~ "fXC1 
CL28 9-0.07 6 HIMEL 80 MRK2 1# (25 )~  "rXcl 
0.19:50.05 6 BRANDELIK 79B DASP 1#(25) ~ "rXcl 
0.29 ±0.05 6 BARTEL 78B CNTR 1#(25) ~ 7Xcl 
0.28 9-0.09 6 TANENBAUM 78 MRK1 1# (25 )~  7Xcl 
,, • • We do not use the following data for averages, fits, limits, etc. • • ,, 

0.57 :k0.17 6 BIDDICK 77 CNTR 1#(25) ~ ? X 

r ( ' Y T ) / r t o t a l  
VALUE ~ DOCUMENT ID TEEN COMM. ENT 

<0.0015 90 6 YAMADA 77 DASP e + e -  ~ 3"f 

6Estimated using B(1#(25) ~ .TXcl(1P)) = 0.087. 
uncertainty in the 1#(25) decay. 

rn l r  

The errors do not contain the 

XcI (1P)  REFERENCES 

BAGLIN 86B PL B172 455 (LAPP, CERN, GENO, LYON, OSLO, ROMA+) 
GAISER 86 PR D34 711 +Bloom, Bu~os. Godfrey+ (Crystal Ball Collab.) 
LEMOIGNE 82 PL 113B 509 +8arate, Astbury+ (SACL, LOIC, SHMP, IND) 
OREGLIA 82 PR D25 2 2 5 9  +Partridge+ (SLAC, CIT, HARV, PRIN, STAN) 

AlSO 828 Private Comm. Oreglia (EFI) 
HIMEL 80 PRL 44 920 +Abrams, Alam, Blocker+ (LBL SLAC) 

Also 82 Private Comm. Trilling (LBL, UCB) 
8RANDELIK 798 NP B160 426 +Cords+ (AACH, OESY, HAMB, MPIM, TOKY) 
BARTEL 78B PL 79B 492 +Dittmann, Duinker, O~sson, O'Neill+ (DESY, HELD) 
TANENBAUM 78 PR D17 1731 +Alam, Boyarski+ (SLAC, LBL) 

Also 82 Private Comm. Trilling (LBL, UC8) 
81DDICK 77 PRL 38 1324 +Burnett+ (UCSD, UMD, PAVl, PRIN, SLAC, STAN) 
PELDMAN 77 PL 33C 285 +Perl (LBL, SLAC) 
"~tAMADA 77 Hamburg Conf. 69 (DESY, TOKY) 
8ARTEL 76B Tbilisi Conf. N75 +Ouinker, Olsson, Heintze+ (DESY, HELD) 
"ANENBAUM 75 PRL 35 1323 +Whitaker, Abrams+ (LBL, SLAC) 
WIIK 75 Stanford Syrup, 69 (DESY) 

- - O T H E R  R E L A T E D  P A P E R S - -  

8ARATE 83 PL 1218 449 
8RANDELIK 79C ZPHY C1 233 
KIRK 79 PRL 42 619 
8RAUNSCH,.. 75B PL 57B 4O7 
FELDMAN 75 Stanford Syrup. 39 
HEINTZE 75 Stanford Syrup. 97 
SIMPSON 75 PRL 35 699 

+8areyre, Bonamy+ (SACL, LOIC, SHMP, IND) 
Goodman+ (AACH, DESY, HAMB, MPIM, TOKY) 

(FNAL, HARV, ILL, OXF, TUFT) 
Braunschweil~+ (AACH, DESY, MPIM, TOKY) 

(SLAC) 
(HELD) 

+Beron, Ford, Hilger, Hofstadter+ (STAN, PENN) 

IX~2(1P) 
or Xc2(3SS5) [was X(35SS)] I 

I 6 ( J  PC) = 0 + ( 2  + +  ) 

Observed in the radiative decay ~ ( 2 5 )  -~ Xc2(1P)7 .  Therefore C = + .  
The observed decay into 41T and 61r imply  G =  + ,  thus / = 0. J = 0 i s  

excluded by the angular distr ibut ion in the hadronic decays. JP abnormal 

excluded by lr + iT- and K + K -  decays. JP = 2 + preferred (FELDMAN 77, 
OREGLIA 82). 

Xc2(1P) M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TECN COMMENT 
3556.34- 0.4 OUR AVERAGE 
3556.94- 0.44-0.5 50 BAGLIN 86B SPEC ~ p  ~ e + e -  
3557.84- 0.24-4 1 GAISER 86 CBAL tb(25) ~ 7 X 
3553.44- 2.2 66 2 LEMOIGNE 82 GOLI 190 GBV 7r- Be ~ ..f2,u 
3555.94, 0.7 30REGLIA 82 CBAL e + e-  ~ J/1#27 
3557 4- 1.5 69 4 HIMEL 80 MRK2 e + e -  ~ J/~J27 
3551.04-11.0 15 BRANDELIK 798 DASP e4- e -  ~ J/1#2-f 
3553.04- 4.0 4 BARTEL 788 CNTR e + e-  ~ J/1#2~ 
3553.0:5 4 ± 4  4,5 TANENBAUM 78 MRK1 e + e -  
3563.04- 7.0 360 4 BIDDICK 77 CNTR e + e -  ~ ~f X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3550.0+10.0 TRILLING 76 MRK1 e + e - ~  hadrons7 
3543.0=}-10.0 4 WHITAKER 76 MRK1 e + e ~ J/~)2*y 

1 Using mass of 1#(25) = 3686.0 MeV. 
2 J/1#(15) mass constrained to 3097 MeV. 
3Assuming 1#(25) mass = 3686 MeV and J/1#(15) mass = 3097 MeV. 
4 Mass value shifted by us by amount appropriate for 1#(25) mass = 3686 MeV and 

J/1#(15) mass = 3097 MeV. 
5 From a simultaneous fit to radiative and hadronic decay channels. 

XE2(1P) W I D T H  

VALUE (MeV) EVTS DOCUMENT IO TEEN COMMENT 

2 6_+~:~, our AVERAGE 
26_+~i~ 50 BAGLIN 8685PEC ~ p ~  e + e  - 

2.8_+~] 1 6GAISER 86 CBAL 1#(25) 4 ~ X  

6 Errors correspond to 90% confidence level; authors give Drily width range. 

X c 2 ( 1 P )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  Confidence level 

Hadron ic  decays 
r l  2 ( ~ + ~  - )  ( 2.29-0.5)% 

r 2 7 r + T r - K + K -  ( 1.94-0.5)% 

F3 3(~+~ -) ( 1.24-0.8)% 
r 4 p ° T r + T r -  ( 7  :E4 ) x t o  - 3  

F8 K + K * ( 8 9 2 ) 0 7 r  - 4- c.c. (4.84-2.8)  x 10 _3 

r8  ; r + T r - p ~  ( 3.3±1.3) x 1 0  - 3  

r7 ~+=- (1.94-1.0)  x 10 - 3  

F 8 K + K  - ( t .54 -1 .1 )  x 10 - 3  

r9 pp ( 9.0+~] 5) x 10 -5 

rlo J/V)(15)~ +Ir-TrO < 1.5 % 

Radiative decays 
rn 7J/~(15) (13.5/:1.1) % 
r12 77 (1.110.6) x 10 -3 

90% 

Xc2(IP) P A R T I A L  WIDTHS 

r(p~) r9 
VALUE (eV) DOCUMENT ID TEEN COMMENT 

233_ +514-48 BAGLIN 86B SPEC ~ p  ~ e + e -  

r(~7) q2 
VALUE (KeV) CL~% DOCUMENT ID TEEN COMMENT 

2.84-2.0 LEE 85 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<4.2 95 AIHARA 88D TPC e + e -  ~ e + e -  X 



Vli.152 

Meson Full Listings 
X ~ ( 1 P ) ,  q ~ ( 2 S ) =  q~ (3590 )  

XE2(1P) BRANCHING RATIOS 

- -  HADRONIC DECAYS - -  

F (2(~ -+ ~r- )) /rtotaI F I / F  
VALUE DOCUMENT ID TEEN COMMENT 

0.022+0.005 7 T A N E N B A U M  78 MRK1 t h ( 2 5 ) ~  "tXc2 

r( /r  + / r -  K + K - ) / r t o t a  I r 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

0.019=I=0.005 7 T A N E N B A U M  78 MRK1 f l ~ ( 2 S ) ~  "YXc2 

F(3(Tr+ l r - ) ) /Ftotal  r3/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.012±0.008 7 T A N E N B A U M  78 M R K I  tb(2S) ~ 3Xc2 

F(p07r+ ~r- ) / r total  r4/r 
VALUE (units 10 -4)  DOCUMENT iD TECN COMMENT 

6 8 ± 4 0  7 T A N E N B A U M  78 MRK1 @ ( 2 5 ) ~  "1Xc2 

F(K+K'* (892)07r  - + c.c.)/rtota I rs/r 
VALUE (units 10 4) DOCUMENT tD TEEN COMMENT 

484-28 7 T A N E N B A U M  78 MRK1 t b ( 2 5 ) ~  ?Xc2 

r(.+~- p#)/Ftotal F 6/r 
VALUE (units 10 4~ DOCUMENT ID TECN COMMENT 

334-13 7 T A N E N B A U M  78 MRK1 t b ( 2 5 ) ~  ~Xc2 

r(~+ =-)/rtotal rT/r 
VALUE (units 10 3) EVT5 DOCUMENT ID TEEN COMMENT 

1.9±1 .0  4 7 BRANDELIK  79C DASP ~#(25) ~ ~fXc2 

[r(=+~ -) + F(K+K-)]/Ftotal (r7+rs)/r 
VALUE (units 10 4) DOCUMENT tD TEEN COMMENT 

2 4 ± 1 0  7 T A N E N B A U M  78 MRK1 tb(25) ~ "7XC2 

r(K + K-)/rtotal r8/r 
VALUE (units 10 -3) EVTS DOCUMENT ID TEEN COMMENT 

1.54-1.1 2 7 BRANDELIK  79C DASP tv(25) ~ ~Xc2 

r(P~)/rtotaq rB/r 
VALUE (units i0 4) CL°/e DOCUMENT ID TEEN COMMENT 

+ 0 41 0 .90_0~26±0 .19  B A G U N  86B SPED # p  ~ e + e -  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<9.5 90 7 BRANDEL IK  79B DASP tb(25) ~ 7~c2  

F(J/@(15)Tr+ Tr-Tr°)/rtota, q0/r 
VALUE CLL~ DOCUMENT ID TEeN COMMENT 

<0.015 90 BARATE 81 SPEC 190 GeV ~ -  Be 
2~r 2# 

Firf/F2otal in p~ ~ XE2(1P) ~ 7"1 F9Ft2/F2 
VALUE (#nits 10 7) EVT5 DOCUMENT ID TEEN COMMENT 

0 o o + 0 . 4 6  6 8 BAGLIN 87B SPED # p  ~ "f~, 
" " - 0 . 3 5  

7 Estimated using B(~h(2S) ~ " fXC2(1P))  = 0.078; the errors do not contain the under 
ta[nty in the ~ ( 2 5 )  decay. 

8Assuming isotropic Xc2(1P)  ~ "r'~ distr ibution. 

- -  RADIATIVE DECAYS - -  

r('yJ/V~(lS))/rtotan rl~/r 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
0.1354-0.011 OUR AVERAGE 
0.124/_0.015 GAISER 86 CBAL ~ ( 2 5 )  ~ ? X 
0 . i 62±0 .028  479 9 0 R E G L I A  82 CBAL %b(25) ~ 7Xc2 
0.14 /_0.04 9 H IMEL 80 MRK2 ~ ( 2 5 ) ~  "fXc2 
0.18 ±0 .05  9 BRANDEL IK  79B DASP ~ b ( 2 5 ) ~  "7Xc2 
0.13 -50,03 9 BARTEL  78B C N T R  tb(25) - -  "fXC2 

0.11 + 0 1 3  9 S P I T Z E R  78 P L U T  ~ ( 2 5 ) -  " fXc2 
0.07 

0.13 ±0 .08  9 T A N E N B A U M  78 MRK1 ~ (25 )~  ?Xc2 
• • • We do not  use the fol lowing data for averages, fits, l imits, etc. • • • 

028  ±0.13 9 BIDDICK 77 C N T R  9 ( 2 5 )  ~ -7 X 

9 Estimated using B (V (25 )  ~ -~Xc2(1P))  = 0.078; the errors do not contain the uncer 
tainty in the ~b(25) decay. 

r~)/rtota, rl~/r 
VALUE (units 10 4) CL% DOCUMENT ID TEEN COMMENT 

11+_5~4  10 BAGLIN 87B SPEC # p  ~ "~'r 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 6 90 7 Y A M A D A  77 DASP e-5 e ~ 3-~ 

10Derived f rom F iF f /F2tota I in p #  ~ XE2(1P) ~ "~'r measurement above. 

XE2(IP) REFERENCES 

AIHARA 88D PRL 60 2355 ~AIston. Garnjost+ (TPC Collab.) 
BAGLIN 87B PL B187 191 ~Baird, Bassompierre, Borreani+ (R704 Collab.) 
BAGLIN 86B PL Bt72 455 (LAPP, CERN, BEND, LYON, OSLO, ROMA+) 
GAISER gg PR D34 711 -Bloom, Bulos, Godfrey+ (Crystal Ball Coltab) 
LEE 85 SLAC 282 (SLAC) 
LEMOIGNE 82 PL 1138 509 -Borate, Astbury+ (SACL, LOIC, SHMP, IND] 
OREGLIA 82 PR D25 2 2 5 9  +Partridge+ (SLAC, ClT. HARV PRIN, STAN) 

Also 82B Private Comm Oreglia (EEl) 
BARATE 81 PR D24 2994 +Astbury+ (SACL. LOIC, SHMP, CERN. tND) 
HIMEL 80 PRL 44 920 ~Abrams, Alam, Blocker* (LBL, SLAC) 

Also 82 Private Comm Trilling (LBL, UCB) 
BRANDELIK 79B NP B160 426 +Cords+ (AACH, DESY, HAMB, MPIM, TOKY) 
BRANDELIK 79C ZPHY Cl 233 ~ (AACH, DESY, HAMB, MPIM. TOKY) 
BARTEL 78B PL 79B 492 +Dittmann, Duinker, OIsson, O'NeiFl+ (DESY, HEFD) 
SPITZER 78 Kyoto Sum Inst 47 (HAMB) 
TANENBAUM 78 PR D17 1731 +Alam, Boyarski+ (SLAC, LBL) 

Also 82 Private Comm. Trilling (LBL, UCB) 
BIDDICK 77 PRL 38 1324 +Burnettt (UCSD, UMD, PAVI, PRIN, SLAC, STAN) 
FELDMAN 77 PL 33C 285 +Red (LBL, SLAC) 
YAMADA 77 Hamburg Conf 69 (DESY, TOKY) 
TRILLING 76 Stanford Syrup. 437 (LBL) 
WHITAKER 76 PRL 37 1 5 9 6  +Tanenbaum, Abrams. Alam+ (SLAC, LBL) 

- -  OTHER RELATED PAPERS - -  

BARATE 83 PL 121B 449 +Bareyre, Bonamy* (SACL, LOIC, SHMP, IND) 
KIRK 79 PRL 42 619 +Goodmant (ENAL, HARM, ILL, OXF, TUFT) 
FELDMAN 77 PL 33C 285 {Ped (LBL, SLAC) 
FELDMAN 75B PRL 35 821 +Jean Made Sadoulet Vannucci+ (LBL. SLAC) 

Also 75C PRL 35 1189 Feldman 
Erratum 

TANENBAUM 75 PRL 35 1323 +Whitaker, Abrams+ (LBL, SLAC) 

or qc(3590) 
O M I T T E D  FROM S U M M A R Y  TABLE 

Our latest mini-review on this particle can be found in the 1984 edition. 
Needs confirmation. 

7/c(25 ) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

3594.0±5.0  1 EDWARDS 82c CBAL e + e -  ~ ~ X 

1Assuming mass of %'~(25) = 3686 MeV. 

~7c(2S) W I D T H  

VALUE (MeV) CL% DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc, • • • 

< 8 0  95 EDWARDS 82C CBAL e + e ~ ~, X 

~7c(25) DECAY M O D E S  

Mode Fraction ( I - i / I - )  

F1 h a d r o n s  seen 

r/c(2S ) BRANCHING RATIOS 

r (hadrons)/rtotal 
VALUE DOCUMENT ID TECN COMMENT 

seen EDWARDS 82E CBAL e -~ e -  ~ "~ X 

F1/F 

EDWARDS 

OREGLIA 
PORTER 
BARTEL 

~ic(25) REFERENCES 

82C PRL 48 70 +ParLridge, Peck+ (CIT, HARV, PRIN, STAN, SLAC) 

- -  OTHER RELATED PAPERS - -  

82 PR D25 2 2 5 9  +Partridge+ (SLAC, CIT, HARV, PRIN, STAN) 
81 SLAC Summer Inst 355~Edwards+ (C[T, HARV, PRIN, STAN. SLAC) 
78B PL 79B 492 +Dittmann, Duinker, Olsson, O'Neill+ (DESY, HELD) 



See key on page IV.1 

l~(2S) l 
o r  ~ b ( 3 6 8 5 )  

I6(J PC) = 0 - ( 1 - - )  

~b(2S) M A S S  

VALUE (MeV~ E V T 5  DOCUMENT 10 TECN COMMENT 

3686.00=1:0.10 413 ZHOLENTZ 80 OLYA e + e -  

~ ( 2 S )  - J / ' C ( l S )  M A S S  D I F F E R E N C E  

VALUE (MeV} DOCUMENT ID TEEN COMMENT 
5 8 9 . 0 7 ± 0 . 1 3  OUR AVERAGE 
589.7 4-1.2 LEMOIGNE 82 GOLI 190 GeV ~ -  Be ~ 2# 
589.074-0.13 1 ZHOLENTZ BO OLYA e + e -  
598.7 ±0 .8  LUTH 75 MRK1 

1Redundant with data in mass above. 

~b(2S) W I D T H  

VALUE (keY) DOCUMENT ID 
2434"43 OUR EVALUATION Uses F(ee) from ALEXANDER 89 and B(ee) = (88 4- 

13) x 10 - 4  from FELDMAN 77. 

tb (2S)  DECAY M O D E S  

Scale factor/ 
Mode Fraction (F i /F)  Confidence level 

[-1 
F2 

F3 
r4 

F5 
F6 

F7 

F8 

F9 

hadrons (98.10±0.30)  % 
v i r tua l  ~f --* hadrons ( 2.9 4-0.4 ) % 

e + e -  ( 8.8 4-1.3 ) x 10 - 3  
/ ~+ /~ -  ( 7.7 4-1.7 ) x l 0  - 3  

Decays i n to  J/@(lS) and any th ing  

J/~h(15) anything (55 ± 7  % 

J / ~ ( 1 S )  neutra ls  (22.6 4-2.9 % 

J / t ~ ( l S )  = +  "/r - (16.2 4-1.6 % 
J /~ ( tS )~ l 'O 'n  "0 ( 8.6 4-1.2 % 

J/tb(1S)q ( 2.7 4-0.4 % 

r i o  J / ~ b ( 1 S ) ~  0 

r l i  3 ( ~ +  ~r - )~r  ° 
F12 2(1r+ 7 r - )T r  0 

F13 7r +Tr K + K  - 

F14 7r+ ~T- p ~  
F15 K + K * ( 8 9 2 )  07r + c.c. 

F16 2(Tr+~T - )  
F17 p 0 / r +  ~ 

F18 PP  
F19 3('n-+Tr - )  
F20 ppTr 0 

F21 K4- K- 
F22 x + ~  
F23 ~+Tr -  ~ 0 

r24  A A  

F25 - - -  ---+ 
r26 pTr 
F27 K + K- ~r 0 
F28 K + K * ( 8 9 2 )  - + c.c. 

r29  ? X c o ( 1 P )  

r30  " T X c l ( 1 P )  

F31 ~ l X c 2 ( 1 P )  

F32 ~f 7/c(1S) 

r33 ~/7/c(25)  
r34 ~y~T 0 

F35 ~f T / (958 )  
F36 "(7/ 

r37  ~f~ 
F38 ~m/(1440) ~ > K K ~ -  

( 9 . 7  

H a d m n i c  decays 

3.5 
3.1 

1.6 

8.0 
6.7 ±2 .5  
4.5 4-1.0 

4.2 4-1.5 
1.9 4-0.5 
1.5 4-i.0 
1.4 4-0.5 

1.0 ±0 .7  
8 4-5 

8 ± 5  

4 

2 

8.3 
2.96 
1.79 

Rad ia t i ve  deca~ 

4-2.1 x I0 4 

±1.6 x 10 -3  

4-0.7 x 10 -3  
±0.4 x 10 -3  

4-2.0 x 10 -4  
x l 0  4 
x 10 -4  

x 10 - 4  
x 10 - 4  
x 10 -4  

x 10 -4  
x l 0  4 

x 10 -5 
x 10 - 5  

x 10 - 4  

x l O  4 

x 10 - 5  
× 10 - 5  
x 10 - 5  

S=1.6 

[a] See 71(1440) min i - rev iew.  

CL=90% 

CL--90% 

CL=90% 

CL-90% 
CL=90% 

( 9.3 4-0.8 ) %  
( 87  ±0 .8  ) %  
( 7.8 4-0.8 ) %  
( 2.8 4-0.6 ) ×  10 - 3  

< 5.4 x 10 - 3  CL--95% 
< 1.1 x 10 - 3  CL=90% 
< 2 x 10 - 4  CL=90% 
< 1.8 x 10 - 4  CL=90% 

[a] < 1.2 x 10 - 4  EL=90% 

V 1 1 . 1 5 3  

Meson Full Listings 
~ ( 2 S )  = t b ( 3 6 8 5 )  

~(2S)  P A R T I A L  W I D T H S  

F (had rons )  F1 
VALUE (keV) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • * • 

224±56  LUTH 75 MRK1 e + e -  

r ( e  + e - )  r 3  
VALUE (keV} DOCUMENT ID TEEN COMMENT 

2.144"0.21 ALEXANDER 89 RVUE See T mini-review 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.0 ±0 .3  BRANDELIK 79c DASP e + e -  
2.1 4-0.3 2 LUTH 75 MRK1 e + e -  

2 From a simultaneous fit to e + e - ,  #+  # - ,  and hadronic channels assuming r (e  + e -  ) 
= r ( # +  # - )  

r(,~-y) r3, 
VALUE (eV} CL~ DOCUMENT 10 TECN COMMENT 

<43 90 BRANDELIK 79C DASP e + e -  

~ ( 2 5 )  F ( i ) r ( e  + e - ) / I - ( t o t a l )  

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 channe~ in the 
e + e -  annihilation. We list only data that have not been used to determine the 
partial width F(I) or the branching ratio F(I) / totaL 

r ( h a d r o n s )  x r ( e  + e - ) / r t o t a l  r l r s / r  
VALUE (keY} DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.24-0.4 ABRAMS 75 MRK1 e + e 

g ' ( 2S )  B R A N C H I N G  R A T I O S  

r ( h a d r o n s ) / r t o t a l  F1/F 
VALUE DOCUMENT ID TEEN CO_MMENT 

0.9814-0.083 3 LUTH 75 MRK1 e + e -  

r ( v i r t u a l  7 ~ h a d r o n s ) / r t o t a l  1"2/1" 
VALUE DOCUMENT ID TECN COMMENT 

0.029=1=0.004 4 LUTH 75 MRK1 e + e 

r(e +e-)/rtotal r3/r 
VALUE (units 10 4) DOCUMENT ID TEEN COMMENT 

884-13 5 FELDMAN 77 RVUE e + e -  

r (#+ l,-)/Ftotal r4/r 
VALUE (units 10 4) DOCUMENT ID TECN COMMENT 

77±17  6 HILGER 75 SPEC e + e -  

r(#+#-)/r(e+e-) r4/r3 
VALUE DOCUMENT 10 TEEN COMMENT 

0.894"0.16 BOYARSKI 75C MRK1 e + e -  

3 Includes cascade decay into J/~)(1S). 
4 Included in r(hadrons)/Ftota I. 
5 From an overall f i t  assuming equal partial widths for e + e -  and #+  p, . For a mea- 

surement of the ratio see the entry F(# + # - ) / r ( e  + e - )  below. Includes LUTH 75, 
HILGER 75, BURMESTER 77. 

6 Restated by us using B(tb(25) ~ J / '~ (15)  anything) = 0.55. 

- -  D E C A Y S  I N T O  J / ¢ ( 1 5 )  A N D  A N Y T H I N G  - -  

F ( J / t b ( 1 S )  a n y t h i n g ) / F t o t a  I r s / r  
VALUE DOCUMENT ID TEEN COMMENT 
0 . 5 5 ± 0 . 0 7  OUR AVERAGE 
0.51±0.12 BRANDELIK 79C DASP e + e -  
0.57,10.08 ABRAMS 75 MRK1 e + e 

r ( J / ~ b ( 1 S )  n e u t r a l s ) / r ( J / ~ ( 1 5 )  any th ing )  r g / r s  
VALUE 

0 . 4 1 ± 0 , 0 2  

r ( J / V ~ ( t S l T r ~ ) / r t o t a l  
VALUE 
0.504-0 .04  OUR AVERAGE 
0,48±0.06 ABRAMS 
0.51±0.087 ABRAMS 
0.54±0.09 WIIK o.54±o.18 W,K 
r ( J / O ( l S ) ~ r % r O ) / r ( J / ~ ( l S ) ~ T +  Tr - )  

VALUE DOCUMENT I0 TEEN COMMENT 

0.53=I=0.06 TANENBAUM 76 MRK1 e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .64+0.15 7 HILGER 75 SPEC e + e -  

DOCUMENT IO TEEN COMMENT 

TANI=NBAUM 76 MRK1 e + e -  

( l . s r 7 + 3 r B ) / r  
DOCUMENT 10 TEEN COMMENT 

758 MRK1 e + e -  ~ J / ~ +  ~-- 
75B MRK1 e+ e -  ~ J / ~ 2 ~  3 
75 DASP e + e -  ~ J /#J~+ ~ -  
75 DASP e + e -  ~ J / tb2~ 0 

r g / r 7  



V I I . 1 5 4  

Meson Full Listings 
~b(2S) = ~h(3685) 

F(J/@(1S)~)/Ftota, r g / r  
VALUE EVT5 DOCUMENT ID TECN CO~fMENT 
0.027:1:0.004 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram 

below. 
0.025 ±0.006 166 HIMEL 80 MRK2 e + e -  
0.0218±0.0014d:0.0035 386 OREGLIA 80 CBAL e+e  - 

J/~2~ 
0.036 ±0.005 164 BARTEL 78B CNTR e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.035 ±0.009 17 8 BRANDELIK 79B DASP e + e -  

0.043 ±0.008 44 8TANENBAUM 76 MRK1 e+Je/-~2?''' 

WEIGHTED AVERAGE 
0.027 ± 0 . 0 0 4  (Error scaled by  1.6) 

. . . .  HIMEL B0 MRK2 0.1 
. . . .  ~ . . . .  0REGLIA 80 CBAL 1.6 

~ .  • BARTEL 78B CNTR 3.6 
EE 

i ~ L . _ .  (C°n f l dence  Level = 0.O73) 

0.01 0 .02  0 . 0 3  0 . 0 4  0 . 0 5  O.06 

r ( J /~ (15 ) ,~ )  / rtota, 

r(sl,h(is)~°)Irtota~ rlolr 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN COMMENT 
9.7±2.1 OUR AVERAGE 

15 +6  7 HIMEL 80 MRK2 e + e 
9 ± 2  ±1  23 OREGLIA 80 EBAL ¢ ) ( 2 5 ) ~  

Jl~b2" 1 
7 Ignoring the J/tb(1S)~7 and J/~h(15)7-r decays. 
8 Low statistics data removed from average. 

- -  H A D R O N I C  D E C A Y S  - -  

r (3(= + ~ - )  ~o) / Ftota, 
VALUE (units 10 -4 )  EVTS DOCUMENT ID 

35:1:16 6 FRANKLIN 

r(2@+=-).O)/Ftotal 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN COMMENT 
31± 7 OUR AVERAGE 
30± 8 42 FRANKLIN 83 MRK2 e + e -  
35±15 ABRAMS 75 MRK1 e + e -  

r(~+~- K+ K - ) / F t o t a  I r13/r 
VALUE (units 10-42 OOCUMENT ID TEEN COMMENT 

16±4 9 TANENBAUM 78 MRK1 e + e 

r(~+~- p~)Irtota I r14/r 
VALUE (units 10 -4 )  - -  DOCUMENT ID TEEN COMMENT 

8:1:2 9 TANENBAUM 78 MRK1 e + e 

F ( K + K * ( B 9 2 ) ° x  - + c . c . ) / r t o t a l  r t s / r  

VALUE (units 10 4) DOCUMENT ID TEEN COMMENT 

6.7±2.5 TANENBAUM 78 MRK1 e + e 

r (2(7r+ I r - ) ) / F t o t a l  r 1 6 1 r  

VALUE (units 10 -4 )  DOCUMENT ID TECN COMMENT 

4.5±1.0 TANENBAUM 78 MRK1 e + e -  

r(p% + It-)/rtota I r171F 
VALUE (units 10 -4 )  DOCUMENT ID TEEN COMMENT 

4.2±1.5 TANENBAUM 78 MRK1 e + e -  

r (PP) / I - to ta l  F l a i r  
VALUE (units I0 4) EVT5 DOCUMENT ID TEEN COMMENT 
1.9+0.5 OUR AVERAGE 
1.4±0.8 4 BRANDELIK 79C DASP e + e -  
2.3-}:0.7 FELDMAN 77 MRK1 e + e -  

r11/r 
TEEN COMMENT 

83 MRK2 e + e -  ~ hadrons 

r12/r 

r (3(~ + ~-))/rtotai 
VALUE (units 10 -4  ) 

1.5±1.0 

r (~p~°) Irtot~, 
VALUE (units 10 _4 ) 

1.4±0.5 

F ( K  + K - ) / r t o t a  I 

VALUE (unit5 10 -4) 
1.0+0.7 

DOCUMENT ID TEEN COMMENT 

9 T A N E N B A U M  78 M R K 1  e + e -  

r19/r 

EVTS 
9 

r2olr 
DOCUMENT ID TEEN COMMENT 

FRANKLIN 83 MRK2 e + e -  

r 2 1 / r  

DOCUMENT 10 TEEN COMMENT 

BRANDELIK 79C DASP e + e -  

EL% 

• • • We do not use the following data for averages, fits, limits, etc. * m • 

<0.5 90 FELDMAN 77 MRK1 e + e -  

F (~T + ~ r - )  / Ftota I 

VALUE (units 10 4 ) CL_.~_~/~ DOCUMENT ID TECN COMMENT 

0.8-1-0.5 BRANDELIK 79C DASP e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • = • 

<0.5 90 FELDMAN 77 MRK1 e + e-  

r (~+ ~ -  ~o)/rtota, r23/r 
VALUE (units 10 4) EVT5 DOCUMENT ID TEEN COMMENT 

0.85±0.46 4 FRANKLIN 83 MRK2 e + e-  ~ hadrons 

r ( A A ) / r t o t a l  r241r 
VALUE (units 10 4) EL% DOCUMENT ID TECN COMMENT 

<4 90 FELDMAN 77 MRK1 e + e -  

r(--_---+)/Ftota, r25/r 
VALUE (units 10 4) EL~% DOCUMENT ID TEEN COMMENT 

<2 90 FELDMAN 77 MRK1 e + e -  

r ( p T r ) / F t o t a l  r 2 d r  

VALUE (units 10 -4 )  CL% EVT5 DOCUMENT ID TECN COMMENT 

< 0.83 90 1 FRANKLIN 83 MRK2 e + e~ 
• = = We do not use the following data for averages, fits, limits, etc. • = • 

<10 90 BARTEL 76 CNTR e + e -  
<10 90 10 ABRAMS 75 MRK1 e + e -  

1-22/I- 

I ' ( K  + K -  7r0) /Ftota l  r 2 7 / r  

VALUE (units L0 5) CL~ EVT5 DOCUMENT IO TEEN COMMENT 

<2.96 90 1 FRANKLIN 83 MRK2 e + e - ~  hadrons 

r ( K + K * ( 8 9 2 )  - + c.c.)/rtotal r 2 8 / r  

VALUE (units 10 5) EL% EVT5 DOCUMENT ID TECN COMMENT 

<1.79 90 0 FRANKLIN 83 MRK2 e + e - ~  hadrons 

9 Assuming entirely strong decay. 
10 Final state p0 ~0. 

- -  R A D I A T I V E  D E C A Y S  - -  

r (Txco(1P)) /Ftota l  r 2 9 / r  

VALUE (unit~ 10 2) DOCUMENT ID TECN COMMENT 
9.3:1:0.8 OUR AVERAGE 
9.9±0.5±0.8  11 GAISER 86 CBAL e + e ~ ~/ X 
7.2±2.3 l l B I D D I C K  77 CNTR e+e  - ~ " i X  
7.5±2.6 11 WHITAKER 76 MRK1 e + e -  

r (Txc l (1P) ) / r to ta l  r 3 0 / r  

VALUE (units 10 -2 )  DOCUMENT tD TEEN COMMENT 
8.7:t:0.8 OUR AVERAGE 
9.0-~0.5±0.7 12GAISER 86 CBAL e+e  - ~ ~fX 
7.1±1.9 I3BIDDICK 77 CNTR e + e - ~  -~X 

r(~xc2(1P))/rtata~ %1/r 
VALUE (units 10 2) DOCUMENT ID TECN COMMENT 
7.8:t:0.8 OUR AVERAGE 
8.0-E0.5-E0.7 14GAISER 86 CBAL e+e  ~ '-/X 
7.0±2.0 13BIDDICK 77 CNTR e+e  - ~ " i X  

r (~nc(lS))Irtotal r321r 
VALUE (units 10 2 ) DOCUMENT ID TECN COMMENT 

0.28±0.06 GAISER 86 CBAL e + e-  ~ ~/ X 

r ( - y , / c ( 2 s ) ) / r t o t a l  r 3 3 / r  

VALUE (units 10 - 2 )  EL% DOCUMENT ID TEEN. COMMENT 

• = = We do not use the following data for averages, fits, limits, etc. • = • 

0.2 to 1.3 95 EDWARDS 82c CBAL e + e -  -4 ~ X 



See key on page IV.1 

r (~,~°)/rtotal 
VALUE (units 10 4) EL% DOCUMENT ID TEEN COMMENT 

< 54 95 15 LIBERMAN 75 SPEC e + e -  

VI1.155 

Meson Full Listings 
~ J ( 2 S )  = ~ ( 3 6 8 5 ) ,  I b ( 3 7 7 0 )  

r34/r 1 (3r7o)1 IG(jPC) = ??(1--)  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<100 90 WIIK 75 DASP e + e -  

r (~ d(958)) / rtotal 
VALUE (units 10 -2)  C L ~  DOCUMENT ID TEEN COMMENT 

<0.11 90 16 BARTEL 76 CNTR e-5 e-  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.6 90 17 BRAUNSCH... 77 DASP e + e -  

F ( ' ) 'T / ) / r to ta l  

VALUE (units 10 -2)  C L ~  DOCUMENT ID 

<0.02 90 YAMADA 

r ( ~ , f / ( 1 4 4 0 ) - - ,  3 , K K ~ ) / r t o t a  I 

VALUE (units 10 3) C L ~ ,  DOCUMENT iO TEDN EO_MMENT 

<0.12 90 18 SCHARRE 80 MRK1 e + e -  

11Angular distribution ( l+cos2e)  assumed. 
12Angular distribution (1 -0 .189  cos2#) assumed. 

13Valid for isotropic distribution of the photon. 
14Angular distribution (1 -0 .052  cos2e) assumed. 
15Restated by us using B(~(2S)  ~ /~+#  ) = 0.0077. 

16The value is normalized to the branching ratio for r ( J / ~ ( 1 5 ) f l ) / r t o t a  I . 

17 Restated by us using total decay width 228 keV. 
18Includes unknown branching fraction 7/(1440 ) ~ KK~r,  

TEEN COMMENT 

77 DASP e + e ~ 3~ 

r35/r 

r36/r 

r38/r 

~b(2S) R E F E R E N C E S  

ALEXANDER 89 NP B320 45 +Bonvidni, Drell, Frey, Luth (LBL. MICH, SLAG) 
GAISER 86 PR D34 711 +Bloom, Bulos, Godfrey+ (Crystal Ball Collab.) 
FRANKLIN 83 PRL 51 963 +Franklin, Feldman, Abrams, Alam+ (LBL, SLAC) 
EDWARDS 82C PRL 48 70 +Partridge, Peck+ (ClT, HARV, PRIN, STAN, SLAC) 
LEMOIGNE 82 PL 113B 509 +Barate, Astbury+ (SACL, LOIC, SHMP, IND) 
HIMEL 80 PRL 44 920 +Abrams, Alam, Blocker+ (LBL, SLAC) 
OREGLIA 80 PRL 45 959 +Partridge+ (SLAC, CIT, HARV, PRIN, STAN) 
SCHARRE 8O PL 97B g29 +Trilling, Abrams, Alam, Blocker+ (SLAC, LBL) 
ZHOLENTZ 80 PL 96B 214 +Kurdadze, Lelchuk, Mishnev+ (NOVO) 

Also 81 SJNP 34 014 Zholentz, Kurdadze, Lelchuk+ (NOVO} 
Translated fTom YAF 34 1471. 

BRANDELIK 79B NP B160 426 +Cords+ (AACH, DESY, HAMB, MPIM, TOKY) 
BRANDELIK 79C ZPHY C1 233 + (AAEH, DESY, HAMB, MPIM, TOKY) 
BARTEL 78B PL 79B 492 +Dittmann, Duinker, Olsson, O'Neill+ (DESY, HELD) 
TANENBAUM 78 PR D17 1731 +Alam, Boyarsk]+ (SLAC, LBL) 
BIDDICK 77 PRL 38 1324 +Burnett+ (UCSD, UMD, PAVI, PRIN, SLAC, STAN) 
BRAUNSCH... 77 PL 67B 249 Braunschweig+ (AACH, DESY, HAMB, MPIM+) 
BURMESTER 77 PL 66B 395 +Criegee+ (DESY, HAMB, SIEG, WUPP) 
FELDMAN 77 PL 33C 285 +Perq (LBL, SLAC / 
YAMADA 77 Hamburg Conf. 69 (DESY, TOKY) 
BARTEL 76 PL 64B 483 +Duinker, OlssOn, 51efTen, Heintze+ (DESY, HELD) 
TANENBAUM 76 PRL 36 4O2 +Abrams, Boyarski, Bulos+ (SLAC, LBL)IG 
WHITAKER 76 PRL 37 1 5 9 6  +Tanenbaum, Abrams, Alam+ (SLAC, LBL) 
ABRAMS 75 Stanford Syrup. 25 (LBL) 
ABRAMS 75B PRL 04 1181 +Briggs, Chlnowsky, Friedberg+ (LBL, SLAC) 
BOYARSKI 75C Palermo Conf. 54 +Breidenbach, Bulos, Abrams, Briggs+ (SLAC, LBL) 
HILGER 75 PRL 35 625 +Beron, Ford, Hofstadter, Howell+ (STAN, PENN) 
LIBERMAN 75 Stanford Syrup, 55 (STAN) 
LUTH 75 PRL 35 1124 +Boyarski, Lynch, Breidenbach+ (SLAC, LBL)JPC 
WIIK 75 Stanford 5ymp 69 (DESY) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

BARATE 83 PL 121B 449 +Bareyre, Bonamy+ (SACL, LOIC, 5HMP, IND) 
FRANKLIN 83B SLACk254 Thesis (STAN) 
BARATE 81 PB 024 2994 +Astbury+ (SACL, LOIC, SHMP, CERN, IND) 
PARTRIDGE 80B PRL 45 1150 +Peck+ (CIT, HABV, PRIN, STAN, SI_AC) 
BURMESTER 77 PL 6EB 095 +Criegee+ (DESY, HAMB, SIEG, WUPP) 
SNYDER 76 PRL 36 1415 +Ham, Lederman, Appel+ (COLU, FNAL, STON) 
AUBERT 75B PRL 33 1624 +Becket, Biggs, Burger, Glenn+ (MIT, BNL) 
BRAUNSCH.. 75B PL 57B 407 Braunschweig+ (AACH, DESY, MPIM, TOKY) 
CAMERINI 75 PRL 35 483 +Learned, Prepost, Ash, Anderson+ (WISE, SLAg) 
FELDMAN 75B PRL 35 821 +Jean Marie, Sadoulet, Vannucci+ (LBL, SLAC) 
GREED 75 PL 56B 367 +Pancheri 5rivastava, Sdvastava (FRAS) 
JACKSON 75 NIM 128 13 +Scharre (LBL} 
SIMPSON 75 PRL 35 699 ~Beron, Ford, Hilger, Hofstadter+ (STAN, PENN) 
ABRAMS 74 PRL 33 1453 +Briggs, Augustin, Boyarski+ (LBL, SLAg) 

~ ( 3 7 7 0 )  M A S S  

VALUE (MeV) DOCUMENT IO TEEN COMMENT 
3769.94-2.5 OUR EVALUATION Error includes scale factor of 1.8. From ~b(3685) mass 

and mass difference below. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

3764.0±5.0 1 SCHINDLER 80 MRK2 e + e 
3770 +6 .0  1 BACINO 78 DLCO e + e -  
3772.0:E6.0 1 RAPIDIS 77 MRK1 e + e -  

l Errors include systematic common to all experiments. 

~ , ( 3 7 7 0 )  - ~ ( 2 S )  M A S S  D I F F E R E N C E  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
83.9-1-2.4 OUR AVERAGE Error includes scale ~actor of 1.8. See the ideogram below. 

80 .0±2.0  SEHINDLER 80 MRK2 e + e  - 
86.0-52,0 2 BAEINO 78 DLCO e + e -  
88.0-53,0 RAPIDIS 77 MRK1 e + e -  

2SPEAR ~b(25) mass subtracted (see SEHINDLER 80). 

WEIGHTED AVERAGE 
8 3 . 9  ~- 2 .4  (Error sca led  by  1.8) 

t . . . . . . .  

~ ' SCHINDLER 
' BACIN0 

RAPIDIS 

75 8 0  8 5  9 0  95  

X 2 

80 MRK2 3.8 
78 DLC0 1.1 
77 MRK1 1.9 

6 .8  
( C o n f i d e n c e  Leve l  = 0 . 0 3 4 )  

I i 

1DO 105 

~b(3770) - ~b(25) mass difference (MeV)  

~b(3770) W I D T H  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 
23.6=t=2.7 OUR FIT Error includes scale factor of 1.1. 
25.3d:2.9 OUR AVERAGE 
24.0±5.0  SCHINDLER 80 MRK2 e + e 
24.0:L5.0 BACINO 78 DLCO e + e -  
28 .0±5.0  RAPIDIS 77 MRK1 e + e -  

~b(3770) D E C A Y  M O D E S  

Mode Fraction ( r i / r )  Scale factor 

r l  D D  dominant 

i- 2 e + e  - (1 .12±0.17)  x 10 5 1.2 

~h(3770) P A R T I A L  W I D T H S  

r(e+e -) 
VALUE (keY) DOCUMENT ID TEEN COMMENT 
0.26 :E0.04 OUR FIT Error includes scale factor of 1.2. 
0.24 =1=0.05 OUR AVERAGE Error includes scale factor of 1.2. 
0.276-50.050 SCHINDLER 80 MRK2 e -L e -  
0.18 ±0 .06  BAClNO 78 DLCO e + e -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.37 -50.09 3 RAPIDIS 77 MRK1 e + e -  

3See also r'(e + e - ) / r t o t a  I below. 

r 2  

~ ' ( 3 7 7 0 )  B R A N C H I N G  R A T I O S  

r(D~/rtotal 
VALUE DOCUMENT ID TEEN COMMENT 

dominant PERUZZI 77 MRK1 e + e - ~  D D  

FUr 
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~ ( 3 7 7 0 ) ,  ~b(4040) ,  ~ ( 4 1 6 0 ) ,  th (4415)  

r (e + e-)/rtota, 
VALOE (unit510 5 ~ 
1.12=E0.17 OUR FIT 
1.3 +0 .2  

DOCUMENT ID TEEN COMMENT 
Error includes scale factor of 1.2. 

RAPIDIS 77 MRK1 e + e -  

r 2 / r  

'0(3770) REFERENCES 

SCHINDLER 8O PR D21 2716 +Siegrist, Alam, Boyarski+ (Mark II Collab.) 
BAClNO 78 PRL 40 671 +Baumgarten, Birkwood+ (SLAC, UCLA, UCl) 
PERUZZI 77 PRL 39 1301 +Piccolo, Feldmaa+ (SLAC. LBL. NWES, HAWA) 
RAPIDIS 77 PRL 39 526 +Gobbi. Luke, Barbaro Ganieri+ (Mark I Collab ) 

l¢(4o4o) I : ,,(1 
jPC for the ~(4040) is known by its production in e t e collisions via single- 
photon annihilation. I G is not known, and the interpretation of this state 
as a single resonance is unclear because of the expectation of substantial 
threshold effects in this energy region. 

jPC for the 9(4160) is known by its production in e + e collisions via single- 
photon annihilation. I G is not known, and the interpretation of this state 
as a single resonance is unclear because of the expectation of substantial 
threshold effects in this energy region. 

V)(4160) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

4159.0+20.0 ~ I K  78c DASP e + e 

~h(4160) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

78.0=E20.0 BRANDELIK  78C DASP e + e-  

'0(4040) MASS 

VALUE (MeV I DOCUMENT I0 TEEN COMMENT 

4040.0410.0  BRANDEL IK  78C DASP e + e 

tb(4040) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

52.04-10.0 BRANDELIK  78C DASP e + e 

'0(4040) DECAY MODES 

Mode Fraction ( F i / F )  

F1 e + e (1 .4±0 .4 )  x 10 - 5  

F 2 D0D 0 seen 

F 3 D*(2010)0D 0 + C.C. seen 

F4 D * ( 2 0 1 0 ) ° D * ( 2 0 1 0 )  0 seen 
F 5 J/~h(1S) hadrons 
F 6 #+ # 

r(~+~-) 
VALUE (ke W 

0.75±0.15  

tb(4040) PARTIAL WIDTHS 

DOCUMENT ID TEEN COMMENT 

BRANDEL IK  78C DASP e + e 

~b(4040) BRANCHING RATIOS 

r (e+ e- ) /F to ta  L 
VALUE (units 10 5) DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, l imits, etc. • • • 

1.0 F E L D M A N  77 MRK1 e + e 

r (DoS°) /r (a*(2010)°~ ° + c.c.) 
VALUE DOCUMENT ID TEEN COMMENT 

0.05+0.03  1 G O L D H A S E R  77 MRK1 e + e -  

l Phase-space factor (/73) explicitly removed. 

r (o* (2OlO)° -D*(2OlO)° ) / r (o* (2OlO)°D 0 + c.c.) 
VALUE DOCUMENT ID TEEN COMMENT 

32.0±12.0  2 G O L D H A B E R  77 MRK1 e + e 

2 Phase-space factor (p3)  explicit ly removed. 

g,(4040) REFERENCES 

~(4160) DECAY MODES 

Mode Fraction ( F i / F )  

F1 e + e  ( l O t 4 )  x 10 - 6  

r(e+e-) 
VALUE (k~V) 
0.77=1=0.23 

~b(4160) PARTIAL WIDTHS 

DOCUMENT ID TEEN COMMENT 

~ I K  78C DASP e + e 

F1 

F1 

'0(4160) REFERENCES 
BRANDELIK 78C PL 76B 361 +Cords~ (AACH, DESY, HAMB, MPIM, TOKY) 

- -  O T H E R  RELATED PAPERS - -  

ONO 84 ZPHY C26 307 (ORSA) 
KIRKBY 79B Fermilab Syrup. t07 (SLAC) 
BURMESTER 77 PL 66B 395 +Criegee+ (DESY, HAMB, SIEG, WUPP) 

1 (441 )1 IG(J PC) = ??(1- - )  

jPC for the V~(4415) is known by its production in e + e collisions via single- 
photon annihilation. I G is not known, and the interpretation of this state 
as a single resonance is unclear because of the expectation of substantial 
threshold effects in this energy region. 

r l / r  

F2/F3 

~b(4415) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
4415 + 6 OUR AVERAGE 
4417.0± 10.0 BRANDELIK  78C DASP e + e 
4414 ± ? SIEGRIST 76 MRK1 e + e -  

• • • We do not use the following; data for averages, fits, l imits, etc. • • • 

4400 KNIES 77 PLUT e + e ~ # +  # 

r4 / r3  

~(4415)  WIDTH 

VALUE (MeV I DOCUMENT ID TEEN COMMENT 
43 =1_15 OUR AVERAGE Error i n ~ a c t o r  of 1.8. 
66 .0±15,0  BRANDELIK  78c DASP e + e -  
33 ± I 0  SIEGRIST 76 MRK1 e + e  

~(4415)  DECAY MODES 

Mode Fraction ( F i / F )  

F1 h a d r o n s  dominant 
F2 e * e ( 1 1 ± 0 . 4 )  × 10 5 

BRANDELIK 78C PL 76B 361 ~Cords+ (AACH, DESY, HAMB, MPIM, TOKY) 
Also 79C ZPHY C1 233 Brandebk~ (AACH, DESY. HAMB, MPIM. TOKY) 

FELDMAN 77 PL 33C 285 +Perl (LBL. SLAC) 
GOLDHABER 77 PL 69e 503 +Wiss, Abrams, Alam+ (LBL. SLAC) 

- -  O T H E R  RELATED PAPERS - -  

HEIKKILA 84 PR D29 110 , Tornqvist, Ono (HELS, TOKY) 
ONO 84 ZPHY C26 307 (ORSA) 
SIEGRIST 82 PR D26 969 +Schwitters, Alam, Chinowsky+ (SLAC. LBL) 
KIRKBY 79B Fermilab Syrup. 107 (SLAC) 
RICHARDSON 79 PL 82B 272 (SLAC) 
LUTH 77 eL 70B 120 + Pierre, Abrams, Alam, Boyarski+ (LBL, SLAC) 
PERUZZI 76 PRL 37 509 +Piccolo, Feldman, Nguyen, Wiss~ (SLAC, LBL) 
AUGUSTIN 75 PRL 34 764 +Boyarski, Abrams, 8Uggs+ (SLAC, LBL) 
BACCl 75 PL 58B 481 +Bidoll, Penso, Stella+ (ROMA, FRAS) 
BOYARSKI 75B PRL 34 762 +Breidenbach, Abrams, Briggs~ (SLAC, LBL) 
ESPOSITO 75 PL SSB 478 +Felicetti, Pefuzzi+ (FRAS, NAPL. PADO, ROMA) 

~b(4415) PARTIAL WIDTHS 

r ( e + e  - )  
VALUE (keV) DOCUMENT ID TEEN COMMENT 

0.47_+0:~ 0 OUR AVERAGE 

0 . 4 9 ± 0 1 3  BRANDELIK  78C DASP e + e -  
0 .44±0.14  SIEGRIST 76 MRK1 e + e -  

F2 
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#J(4415), Bottomonium 

¢ ( 4 4 1 5 )  B R A N C H I N G  RATIOS 

F (hadrons)/l'total 
VALUE DOCUMENT ID TECN COMMENT 

¢lominant SIEGRIST 76 MRK1 e + e -  

r l l r  

¢ ( 4 4 1 5 )  REFERENCES 

BRANDELIK 78C PL 76B 361 +Cc~ds+ (AACH. DESY, HAMB, MPIM. TOKY) 
KNIES 77 Hamburg Syrup. 93 (PLUTO Coltab.) 
51EGRIST 76 PRL 36 700 +Abrams, Boyarski. Breidenbach+ (LBL, SLAC) 

- -  O T H E R  R E L A T E D  PAPERS - -  

BURMESTER 77 PL 66B 395 +Criegee+ (DESY, HAMB, SIEG. WUPP) 
LUTH 77 PL 70B 120 +Pierre, Abrams. Alarn. Boyarski+ (LBL. SLAC) 

N O T E  O N  W I D T H  D E T E R M I N A T I O N S  O F  

T H E  T S T A T E S  

As is the  case for d/W(1S) and ~(2S) ,  the  full widths 

of the  bound  bb s ta tes  T(1S),  T(2S) ,  and T(3S)  are not 

directly measurable,  since they are much smaller t han  the 

energy resolution of the  e+e - storage rings where these s tates  

are produced. The common indirect me thod  to determine F 

s tar ts  from 

r = F~t/B~t , (1) 

T(I1020) 

T00a60) 

T(4S)  

BB threshold 

 b(3s) 

h a d r o n s  

vb(2s) 

T(as)  Xbo xbe(eP) 

ladl  

T H E  B O T T O M O N I U M  S Y S T E M  

T(1S) Y 

jPC = 0 - +  1 - -  1 + -  0 ++ 1++ 2++ 

The level scheme of the  bb s ta tes  showing experimental ly established s ta tes  with solid lines. Singlet s ta tes  are 
called /]b and hb, triplet s ta tes  T and XbJ. In parentheses  it is sufficient to give the  radial q u a n t u m  number  
and  the  orbital angular  m o m e n t u m  to specify the  s ta tes  with all their q u a n t u m  numbers .  E.g., hb(2P) means  
21P1 with n = 2, L = 1, S = 0, J = 1, P C  = + - . I f  found, D-wave s ta tes  would be called qb(nD) and 
Tj (nD) ,  with J = 1,2,3 and n = 1 , 2 , 3 , 4 , . . . .  For the  Xb states,  the  spins of only the  X.b2(1P) and Xbl(1P) 
have been experimental ly established. The  spins of the  other Xb are given as the  preferred values, based on the  
quarkonium models. The  figure also shows the observed hadronic and radiative transit ions.  
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T ( 1 S )  = T ( 9 4 6 0 )  

where Fgg is one leptonic partial width and Be~ is the cor- 

responding branching fraction ( g  = e ,  #, or r).  One then 

assumes e-#-r  universality and uses 

F~f Fee 

Bet = average of B~,e, Bin,  and B ~  . (2) 

The electronic partial width £~: is also not directly measurable 

at e+e storage rings, only' the combination Pe~Fhad/F, where 

Fha d is the hadronic partial width and 

Pha d + 3F,,,, F . (3) 

This combination is obtained experimentally from the energy- 

integrated hadronic cross section 

, cr(e+e - -  T -+ hadrons)dE 
~SOIIRIIC(~ 

6rr r,~rh.a , 6rr r!l~)r,,,.tCio),: 
- ~  g c , . - M 2  r ' (4) 

where M is the T mass, and Cr and C! O) are radiative 
correction factors. Cr is used for obtaining P,,~, as (tefined in 

Eq. (1) and contains corrections from all orders of QED for 

describing (bb) -+ e+e . The lowest order QED value p(0/ 

relevant for the comparison with potential-model calculations, 

is defined by the lowest order QED graph (Born term) alone 

and is about 7% lower than F,.,.. In the past, this distinction 

had been overlooked by some authors as pointed out by 

ALEXANDER 89, BARU 86, COOPER 86, KOENIGSMANN 

86, and others. 

The Listings give experinlental results Oll B,.,,, Bin,, Brr, 
mid PeeFh~,t/F- The entries of the latter quantity tlave been 

re-evaluated using consistently the correction procedure of 

KURAEV 85. The partial width F, ,  is obtained from the 

average values for F,.,.Fhad/F and Bee using 

[,,,,, r,,,£h.d (5) 
F(1 - 3Bee) 

The total width F is then obtained front Eq. (1). \Vc do 

not list P~,,, and F values of individual experiments. The F,,,. 

values in the Meson Summary Table are also those defined in 

Eq. (1) and no longer the lowest order quantities r(°) ~ e e  • 

I T(lS) 
or T(9460) 1 

I G ( J  P C )  = 77( ]  - - )  

T ( 1 5 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
9461).32:1_0.22 OUR AVERAGE Error includes scale factor of 2.5. See the ideogram 

below. 
9460.59±0.12 BARU 86 REDE e + e ~ hadrons 
9460.6 ±0.4 1 ARTAMONOV 84 REDE e + e ~ hadrons 
9459.97~0.11±0.07 MACKAY 84 REDE e + e-  ~ hadrons 

1Value includes data of ARTAMONOV 82. 

WEIGHTED AVERAGE 
9 4 6 0 . 3 2  - 0.22 (Error scaled by 2.5) 

I 

X 

. . . . . . .  BARU 86 REDE 5.1 
. . . . .  ARTAMONOV 84 REDE 

\ 12~" 
W , ~ ' ~ / A  ~ (Conf id . . . .  Level = 0 .002 }  

9459 .5  9 4 6 0 . 0  9 4 6 0 . 5  9461.0 9461.5 9462 .0  

T ( l S )  mass (MeV)  

T ( 1 S )  W I D T H  

VAL UE (keV] DOCUMENT I D 
52.1±2.1 OUR EVALUATION See T mini-review. 

T ( 1 5 )  D E C A Y  M O D E S  

Mode Fraction (Fi / ' r )  Confidence level 

r I T + 7 (2.97±0.35) % 

F 2 I ~ t z (2.57-*0.07) % 
F 3 e + e (2.52±0.17) % 

Hadronic decays 
F4 J / ¢ 9 ( 1 S )  a n y t h i n g  (1.1 ±0.4 ) × 10 3 

r5 /,,~ < 21 x i0  3 90% 

Radiat ive decays 
r6 -vq'(958) < 13 x io 3 90% 

r7 7~/ < 3.5 x 10 -4 90°/0 

r 8 h f~ (1525)  < 1.35 × 10 - 4  90% 

F 9 n ' f2(1720) ~ "? ,KK < 6 4  x l 0  5 90% 

FIO ~,f2(1270) < 48 ×10 5 90% 

Fll ^,f4(2220) ~ 7K+K < 1.5 ×i0 S 90% 

T(15) r(i)r(e +e )/r(total) 

F(hadrons) x F(e + e-)/rtota, 
VALUE (keV~ DOCUMENT tO 
1.24:t-0.04 OUR AVERAGE 
1.23±0.02±0.05 2 JAKUBOWSKI 88 EBAL e + e- ~ hadrons 
1 3 7 ± 0 0 6 ± 0 . 0 9  3 GILES 84B CLEO e + e ~ hadrons 
1 .17±0.06±010 3 TUTS 83 CUSB e + e ~ hadrons 
1.23@008±0,04 3 ALBRECHT 82 DASP e + e ~ hadrons 
1 1 3 ± 0 0 7 ± 0 1 1  3 NICZYPORUK 82 LENA e + e ~ hadrons 
1.09±0.25 3 BeCK 80 CNTR e + e -  ~ hadrons 
1 35±014  4 BERGER 79 PLUT e + e- ~ hadrons 

ror3/r 
TEEN COMMENT 

2 Radiative corrections evaluated following KURAEV 85. 
3 Radiative corrections reevaluated by 8UCHMUELLER 88 following KURAEV 85. 
4 Radiative corrections reevaluated by ALEXANDER 89 using B(##) = 0.026. 
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T(IS) = T(9460) 

T(15) PARTIAL WIDTHS 

r(~+~-) 
yALUE (keY I _DOCUMENT ID 
!L.34+0.04 OUR EVALUATION See T mini-review. 

r3 

T(IS) BRANCHING RATIOS 

l'(r+ r-)/rtota, r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
O.(T297=EO.O035 OUR AVERAGE 
0.027 ±0 .004  ±0 .002  5 A L B R E C H T  85C ARG T ( 2 S )  

0.034 ±0 .004  ±0 .004  GILES 83 CLEO e + e -  ~ ~ + ~  

5Using B ( T ( 1 5 )  ~ ee) = B ( T ( 1 S )  ~ # # )  = 0.0256; not used for width evaluations. 

r(#+#-)/rtota, r2/r 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.02.57=E0.0007 OUR AVERAGE 
0 .0252±0 .0007±0 .0007  89B CLEO e + e -  ~ I CHEN 

#+/~-- 
89 CSB2 e + e -  ~ I 0.0261 ± 0.0009 ± 0.0011 KAARSBERG 

p+/~-- 
0.0230/-0.0025+0.0013 86 ALBRECHT 87 ARG T(25) 

~ +  7 r - / z + / z -  
0 .0284±0.0018J.0.0020 BESSON 84 CLEO T ( 2 5 )  

7r+ ~r-- # + #  - 
0.027 +0 .003 :1 -0 .003  ANDREWS 83 CLEO e + e -  

# + # -  
0 .0270±0 .0028±0 .0014  T U T S  83 CUSB e + e -  

0.032 ±0 .013  -F0.003 A L B R E C H T  82 DASP e + e -  
/~+p- 

0.038 ±0 .015  ±0 .002  N I C Z Y P O R U K  82 LENA e + e -  
/ ~ + # -  

0.014 + 0.034 - 0 . 0 1 4  BOCK 80 C N T R  e + e  - 
# + # - -  

£).022 ±0 .020  BERGER 79 P L U T  e + e -  
#+#- 

r (e + e-) /rtota I ra/r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
(I.0252:£0.0017 OUR AVERAGE 
0.0242 ± 0.0014 ± 0.0014 307 

CL028 ±0 .003  ±0 .002  

CL051 ~0.030 

['(J/~b(15) anything)/rtota I 
~_/ALUE (units lO 3) CL O/~o 

1.1-1-0.4<-0.2 I 
I, • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<20 90 N I C Z Y P O R U K  83 LENA 

6Using B((J/~b) - -  # + / ~  ) = (6.9 ± 0.9)%. I 
r'(plr)/rtotal rs/r  
VALUE (units lO 4) EL% DOCUMENT ID TEEN 

<21 90 N I C Z Y P O R U K  83 LENA 

r ( T T / ( 9 5 8 ) ) / r t o t a l  rb / r  
~ZALUE (units I0 -3  ) EL% DOCUMENT IO TEEN COMMENT 

< 1 3  90 S C H M I T T  88 CBAL T ( 1 S )  ~ ? X I 

r(1,~)/rtotal r7/r 
VALUE (units i0 -4) EL% DOCUMENT IO TEEN COMMENT 

<3.5 90 S C H M I T T  88 CBAL T ( 1 S )  ~ ~f X I 

r ( 7  f ~ ( 1 5 2 5 ) ) / r t o t a l  r g / r  

V_'ALUE (units 10 5) EL% DOCUMENT ID TECN COMMENT 

<13.5 90 7 B E A N  86 CLEO T--~ ~ K + K  - 

A L B R E C H T  87 ARG T ( 2 5 )  
?r+ Tr -  e+  e - 

BESSON 84 CLEO T ( 2 S )  

?r+ Tr -  e +  e 
BERGER 80C P L U T  e + e -  

e + e -  

r4/r 
DOCUMENT ID TEEN COMMEN ! 

6 FULTON 89 CLEO e + e -  ~ # + / 7  X 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<19.4 90 7 A L B R E C H T  89 ARG T ( 1 5 ) ~  ~ K + K  

7Assuming B( f~ (1525)  ~ K K )  = 0.71. 

r ( T f 2 ( 1 7 2 0 ) - ~  7 K K ~ / r t o t a  I r g / r  

V_AL UE (units 10 5) C L ~  DOCUMENT IO TEEN COMMENT 

< 3.2 90 8 BEAN 86 CLEO T ( 1 5 )  ~ ~ K + K -  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 5.0 90 8 A L B R E C H T  89 ARG T ( 1 5 )  ~ ? K + K  - 
< 2.1 90 9 A L B R E C H T  89 ARG T ( 1 S )  ~ "fTr+Tr - 
<43 90 10 S C H M I T T  88 CBAL T ( 1 5 )  ~ q X 
< 2.6 90 9 BEAN 86 ELEO T(I5) ~ ~Tr + 7r 

8Assuming  B(f2(1720 ) ~ K + K ) -- 1.0. 

9Assuming  B ( f 2 ( l ? 2 0 )  ~ 7r+~r ) = 1.0. 

10Assuming B( f2(1720 ) ~ T/~I) = 1.0. 

r(~ f2 (1270))/rtota I rlo/r 
VALUE (units 20 -5)  EL% DOCUMENT ID TEEN COMMENT 

< 4.8 90 1 1 B E A N  86 £LEO T ( 1 5 ) ~  "y~r~r 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<13 90 11 A L B R E C H T  89 ARG T ( 1 5 )  ~ ?~r+ 7r- 
<81 90 S C H M I T T  88 CBAL T ( 1 5 ) ~  " i X  I 
11Using B(f2(1270 ) ~ 7r~r) = 0.84. 

r ( ' ) ' f 4 ( 2 2 2 0 )  --* ") ' K +  K - ) / r t o t a ,  r n / r  

VALUE (units 10 5) EL% DOCUMENT ID TEEN COMMENT 

< 1.5 90 12 FULTON 90B CLEO T ( L S )  ~ ? K  + K -  I 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

< 2.9 90 1 2 A L B R E C H T  89 ARG T ( 1 5 ) ~  - ~ K + K  - I 
<20  90 12 BARU 89 MD1 T ( 1 5 )  ~ ~/K + K -  I 
< 31 90 12 BEAN 86 CLEO T(I5) ~ 7 K-- K- 

12Including unknown branching ratio of f4(2220) ~ K + K - .  I 

T(IS) REFERENCES 

FULTON 90B PR D41 1 4 0 1  +Hempstead (CLEO Collab) 
ALBRECHT 89 ZPHY C42 349 +Boeckmann, Glaeser, Harder+ (ARGUS Collab.) 
ALEXANDER 89 NP B320 45 +Bonvicini, Drell, Frey. Luth (LBL, MICH, SLAC) 
BARU 89 ZPHY C42 505 +Beilin, Blinov+ (NOVO) 
CHEN 89B PR D39 3528 +Mcllwain, Miller+ (CLEO Collab.) 
FULTON 89 PL B224 445 +Haas, Hempstead÷ (CLEO Collab.) 
KAARSBERG 89 PRL 62 2077 +Heintz+ (CUSB Collab.) 
BUCHMUEL.. 88 HE e + e Physics 412 Buchmuetler, Cooper (HANN, MIT) 

Editors: A. All and P. Soeding, World Scientific, Singapore 
JAKUBOWSKI 88 ZPHY C40 49 ~Antreasyan, Barrels+ (Crystal Ball Collab.) IGJPC 
SCHMITT 88 ZPHY C40 199 +Antreasyan+ (Crystal Ball Collab.) 
ALBRECHT 87 ZPHY C35 283 +Binder, Boeckmann, Glaeser+ (ARGUS Collab.) 
RARU 86 ZPHY C30 551 +81inov. Bondar, Bukin+ (NOVO) 
BEAN 86 PR D34 9O5 ~Bobbink, Brock, Engler+ (CLEO Collab) 
ALBRECHT 8SC PL 154B 452 +DrescheL Heller+ (ARGUS Collab.) 
KURAEV 85 SJNP 41 466 +Fadin (ASCI) 

Translated from YAF 41 733. 
ARTAMONOV 84 RE 137B 272 +8aru, Blinov, Bondar+ (NOVO) 
BESSON 84 PR Da0 1433 ~Green, Hicks, Namjoshi, Sannes+ (CLEO Collab.) 
GILES 84B PR D29 1285 tHassard, Hempstead, Kinoshita+ (CLEO Collab.) 
MACKAY 04 PR D29 2483 +Hasard, Giles, Hempstead+ (CUSB Collab.) 
ANDREWS 83 PRL EO 807 +Avery, Berkelman, Cassel+ (CLEO Collab.) 
GILES 83 PRL 50 877 + (HARV, OSU, ROCH, RUTG, SYRA, VAND+) 
NICZYPORUK 83 ZPHY C17 197 +Jakubowski, Zeludziewicz+ (LENA Collab.) 
TUTS 83 Corned Cone 284 (CUSB Collab.) 
ALBRECHT 82 PL 116B 383 +Hofmann+ (DESY, DORT, HELD, LUND, ITEP) 
ARTAMONOV 82 PL II8B 225 +Baru, Blinov, 8ondar, Bukin. Groshev- (NOVO) 
NICZYPORUK 82 ZPHY ClS 299 +Folger, Bienlein+ (LENA Collab.) 
BERGER 80C PL 93B 497 +lackas+ (AACH, DESY, HAMB, SIEG, WUPP) 
ROCK 8O ZPHY C6 125 +Blanar, Blum+ (HELD, MPIM. DESY, HAMB) 
BERGER 79 ZPHY Cl 343 +Alexandert (AACH, DESY, HAM8, SIEG, WUPG) 

- - O T H E R  RELATED P A P E R S - -  
COOPER 86 Berkeley Conf. 67 (MIT 
KOENIGS.. 86 DESY 88/136 Roenigsmann (DESY) 
ALBRECHT 84 PL 1348 137 +Drescher, Heller+ (ARGUS Collab 
ARTAMONOV 84 PL 137B 272 +Baru, Blinov, Bondar+ (NOVO) 
ARTAMONOV 82 PL 118B 225 +Baru, Blinov, Bondar, Bukin, G~oshev+ (NOVO 
MAGERAS 81 PRL 46 1 1 1 5  +Bohringer, Finocchiaro+ (COLU, STON, LSU, MPIM 
MUELLER 81 PRL 46 1181 + (RUTG. SYRA, LEMO, VAND, CORN, ITHA+ 
NICZYPORUK 81 PRL 46 92 +Jakubowski, geludziewicz, Folger+ (LENA Collab 
ALBRECHT 80 PL 93B 500 +Hofmann+ (DESY, DORT, HELD, LUND 
ANDREWS 80 PRL 44 1 1 0 8  +Berkelman, Billing, Cabenda+ (CLEO Collab. 
BOHRINGER 80 PRL 44 1 1 1 1  +Costantini, Finocchiaro (COLU, STON) 
KOURKOU... 80 PL 91B 481 Kourkoumelis+ (ATHU, NTUA, BNL, CERN÷ 
ANGELIS 79 PL 87B 398 +Besch, Blumenfeld+ (CERN, COLU, OXF, ROCK 
BADIER 79 PL 86B 98 +Boucrot+ (SACL, CERN, CDEF. EPOL, LALO 
DARDEN 79 PL 80B 419 +Hofmann, Schubert+ (DESY, DORT, HELD, LUND 
BERGER 78 PL 76B 243 +Alexander+ (AACH, DESY, HAM8, SIEG, WUPG 
81ENLEIN 78 PE ?BB 360 +Glawe, Bock, Blanar÷ (DESY. HAMB, HELD, MPIM 
DARDEN 78 PL 76B 246 +Hofmann, Schubert+ (DESY, DORT, HELD, LUND 
GARELICK 78 PR D18 945 +Gauthier, Hicks, Oliver+ (NEAS. WASH, TUFT 
KAPLAN 70 PRL 40 435 +Appel, Herb, Horn+ (STON, FNAL, COLU 
YOH 78 PRL 41 684 +Herb, Horn, Lederman- (COLU, FNAL, STON 
COBB 77 PL 728 273 +lwata, Fabjan+ (BNL, CERN, SYRA, YALE 
HERB 77 PRL 39 252 +Horn, Lederman, Appel, Ito+ (COLU, FNAL, STON 
INNES 77 PRL 39 1240 +AppeL Brown, Herb, Horn+ (COLU, FNAL, STON 



VII.160 

Meson Full Listings 
Xb0(Im) = Xoo(9860), X0~(im) = Xb1(9890), Xo2(IP) ---- Xo2(9915) 

I Xbo(1P) I 
or Xbo(9860) 

I G ( J  PC)  = ??(0  preferred + + )  

J needs c o n f i r m a t i o n .  

Observed in radiat ive decay of the T ( 2 5 ) ,  therefore C = + .  Branch ing ratio 

requires E1 t rans i t ion,  M1 is s t rongly disfavored, therefore P = + .  

X b o ( 1 P )  M A S S  

VALUE (MeV~ DOCUMENT ID TECN COMMENT 
9859.84-1.3 OUR AVERAGE 
9860.0±0.5/_1.4 1 ALBRECHT 85E ARG T(25) ~ conv. ~ X 
9858.3± 1.6±2.7 1 NERNST 85 CBAL T(25) ~ 7 X 
9864.1±7 ±i 1 HAAS 84 CLEO T(25) -- conv. 7 X 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

9872 .8±0 .7±5 .0  1 KLOPFEN... 83 CUSB T (25 )  ~ "y X 

1From I' energy below, assuming T (25 )  mass - 10023.4 MeV. 

,y ENERGY IN T(2S) DECAY 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
162.34-1.3 OUR AVERAGE 
1621±0 .54-1 .4  ALBRECHT 8SE ARG T (25 )  ~ conv. "r X 
163.8±1.6±2.7 NERNST 85 CBAL T(25) ~ 7 X 
158.0±7 4-1 HAAS 84 CLEO T(2S)  ~ conv. ~f X 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

149 .4±0 .7±5 .0  KLOPFEN... 83 CUSB T (25 )  ~ 7 X 

Xbo(1P) DECAY MODES 

Mode Fraction ( r i / r )  Confidence level 

r l  " y T ( 1 5 )  <6 % 90% 

Xbo(1P) BRANCHING RATIOS 

r('~T(15))/Ftotal r l / r  
VALUE ~ DOCUMENT IO TEEN COMMENT 

<0.06 90 WALK 86 CBAL T (25 )  ~ ?*H~ + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0. i i  90 PAUSS 83 CUSB T(25 )  ~ 7?~ + f- 

Xbo(1P) REFERENCES 

WALK 86 PR D34 2 6 1 1  +Zschorsch+ (Crystal Ball Collab ) 
ALBRECHT 8SE PL 1608 331 +Ore%her, Heller- (ARGUS Collab.) 
NERNST 85 PRL 54 2 1 9 5  +Antreasyan, Aschman~ (Crystal Ball Collab.) 
HAAS 84 PRL 52 799 +Jensen, Kagan, Kass, Behrends~ (CLEO Collab.) 
KLOPFEN.. 83 PRL 51 160 Klopfenstein, Horstkotte+ (CUSB Collab) 
PAUSS 83 PL 130B 439 +Dietl, Eigen+ (MPIM, COLU, CORN, LSU, STONI 

I Xbl(1P) I : 
or Xb1(9890) 1 J needs confirmation. 

Observed in radiat ive decay of the T ( 2 5 ) ,  therefore C = + .  Branch ing rat io 
requires E1 t ransi t ion,  M1 is s t rongly disfavored, therefore P = + .  J = 1 

from SKWARNICKI  87. 

X b l ( 1 P )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
9891,9+0.7 OUR AVERAGE 
9890.84-0.94-1.3 1 WALK 86 CBAL T (25 )  ~ 7R, t + ~-  
9 8 9 0 . 8 ± 0 . 3 / - 1 1  1 ALBRECHT 85E ARG T (25 )  ~ cony. -~ X 
9892.0±0.84-2.4 1 NERNST 85 CBAL T (25 )  ~ "Y X 
9893 .6±0 .8±1 .0  i HAAS 84 CLEO T (25 )  ~ conv. "r X 
9894.4±0.44-3.0 1 KLOPFEN... 83 CUS8 T(2S)  ~ "r X 
9892.04-3.0 1 PAUSS 83 CUSB T (25 )  ~ " , T t + t  

I From 7 energy below, assuming T (25 )  mass = 10023.4 MeV. 

"~ ENERGY IN T(25) DECAY 

VALUE (MeV) DOCUMENT IO TEEN COMMENT 
130.64-0.7 OUR AVERAGE 
131.7±0.9±1.3 WALK 86 CBAL T(25) ~ 7~f + 

131.7±0.3/_1.1 ALBRECHT 85E ARG T(25) ~ cony. ~, X 

130.6±0.8@2.4 NERNST 85 CBAL T(25) ~ 7 X 

129.04-0.8/_1.0 HAAS 84 CLEO T(25) ~ cony. 7 X 

128 .1±0 .4±3 .0  KLOPFEN... 83 CUSB T (25 )  ~ ~, X 
130.64-3.0 PAUSS 83 CUSB T(2S)  ~ 7--ff + f -  

Xb1(1P) DECAY M O D E S  

Mode Fraction ( F i / F )  

r l  7 T ( l S )  ( 3 5 ± 8 )  % 

Xbl(1P) B R A N C H I N G  RATIOS 

I" ('T T ( 1 S ) ) / r t o t a  I r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.354-0.08 OUR AVERAGE 
0 .32±0 .06±0 .07  WALK 86 CBAL T(25 )  ~ . - f . y~ - f -  
0 .47±0.18 KLOPFEN... 83 CUSB T ( 2 5 ) ~  %?f+.~ 

Xbl (1P) REFERENCES 

SKWARNICKI 87 PRL 58 972 ~Antreasyan, Besset~ (Crystal BaH Coliab.)J 
WALK 86 PR D34 2 6 1 1  +Zschorsch+ (Crysta~ Ball Collab.) 
ALBRECHT 85E PL 160B 331 +Orescher, Heller4 (ARGUS Collab) 
NERNST 85 PRL 54 2 1 9 5  ÷Antreasyan, Aschman+ (Crystal Ball Collab) 
HAAS 84 PRL 52 799 ÷Jensen. Kagan, Kass Behrends+ (CLEO Collab.) 
KLOPFEN. 83 PRL 51 160 Klopfenstein, Horstkotte+ (CUSB Collab.} 
PAUSS 83 PL t30B 439 +Oietl, Eigen+ (MPIM, COLU, CORN, LSU. STON) 

I x  (iP) I = 
or Xb2(9915)I J needs confirmation. 

Observed in radiat ive decay of the T ( 2 S ) ,  therefore C = + .  Branch ing rat io 

requires E1 t ransi t ion,  M1 is s t rongly disfavored, therefore P = + .  J = 2 

from SKWARNICKI  87. 

X b 2 ( 1 P )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
9913.24-0.6 OUR AVERAGE 
9915 .8±1 .1±1 .3  I WALK 86 CBAL T (25 )  ~ %'H'~* ~ 
9 9 1 2 . 2 ± 0 . 3 ± 0 9  I ALBRECHT 85E ARG T(2S)  ~ conv. 7 X 
9912 .4±0 .8±2 .2  i NERNST 85 CBAL T (25 )  ~ 7 X 
9 9 1 3 . 3 ± 0 . 7 ± 1 0  i HAAS 84 CLEO T (25 )  ~ cony. -v X 
9 9 1 4 . 6 1 0 . 3 ± 2 0  i KLOPFEN... 83 CUSB T (25 )  ~ "~ X 
9 9 1 4 . 0 ± 4 0  i PAUSS 83 CUSB T(25)  ~ "~7~+, ~-  

1 From % energy below, assuming T (25 )  mass = 10023,4 MeV. 

-y E N E R G Y  IN T ( 2 5 )  D E C A Y  

VALUE (MeV) DOCUMENT tO TECN COMMENT 
109.6=t=0.6 OUR AVERAGE 
107.0±11±1.3 WALK 86 CBAL T(2S) ~ 7~,f + ~- 
110.6±03±0.9 ALBRECHT 85E ARG T(25) ~ cony. -~ X 
110.4±08±2.2 NERNST 85 CBAL T(2S) ~ 7 X 
109.5~0.711.0 HAAS 84 CLEO T(25) ~ cony. 7 X 
108.2±0.3=2.0 KLOPFEN... 83 CUSB T(25) ~ 7 X 
1 0 8 . 8 ± 4 0  PAUSS 83 CUSB T (25 )  - -  ~r 'q + [ 

X b 2 ( 1 P )  D E C A Y  M O D E S  

Mode Fraction (F i /F )  

F1 " r T ( 1 5 )  ( 2 2 ± 4 )  % 

X b 2 ( 1 P )  B R A N C H I N G  R A T I O S  

r(-yT(15))/rtotal FI/F 
VALUE DOCUMENT ID TEEN COMMENT 
0.22:E0,04 OUR AVERAGE 
0.27±0.06:E0.06 WALK 86 CBAL T (25 )  ~ % ~ +  £-  
0 2 0 ± 0 . 0 5  KLOPFEN... 83 CUSB T ( 2 5 ) ~  %~fFF. ~ 

X b 2 ( 1 P )  REFERENCES 

SKWARNICKI 87 PRL 58 972 +Antreasyan, Besset I (Crystal Ball Colbb)J 
WALK 86 PR D34 2 6 1 1  ~Zschorsch~ (Crystal Ball Collab) 
ALBRECHT 85E PL 1608 331 +Drescher, Heller+ (ARGUS Coliab) 
NERNST 85 PRL 54 2 1 9 5  +Antreasyan, Aschrnan+ (Crystal Ball Collab.) 
HAAS 84 PRL 52 799 +Jensen, Kagan, Kass, Behren0st (CLEO Collab ) 
KLOPFEN 83 PRL 51 160 KIopfenstein, Horstkotte+ (CUSB Colbb) 
PAUSS 83 PL 130B 439 +Dietl, Eigen~ (MPIM, COLU. CORN, LSU, STON) 



See key on page IV.1 
VI1.161 

Meson Full Listings 
T(2S) = T(10023) 

IT(2S) 
or T(10023) I IG(J PC) = ? ? ( I - - )  

T ( 2 S )  M A S S  

VALUE (GeV) DOCUMENT ID TEEN COMMENT 
10.0Q3304.:0.00031 OUR AVERAGE 
10.0236 4-0.0005 1 BARU 86B REDE e + e- ~ hadrons 
10.0231 ±0.0004 BARBER 84 REDE e + e- ~ hadrons 

1 Reanalysis of ARTAMONOV 84. 

T ( 2 S )  W I D T H  

VALUE (keV~ DOCUMENT ID 
434-8 OUR EVALUATION See T mini-review. 

T ( 2 5 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  Confidence level 

r l  T ( 1 5 ) ~ r + ~ r  - (18.5 4-0.8 ) %  
F2 T(iS)Tr07r 0 ( 8.8 4-1.1 ) %  

r3  7-+T - ( 1.7 4-1.6 ) %  

r4  # + # -  ( 1.374-0.26)% 
r5  e + e  - ( 1.364-0.26)% 

F6 T (1S)T r  ° < 8 x 10 - 3  90% 

F 7 T (1S)F /  < 2 × 10 . 3  90% 

Radiat ive decays 

F8 7 X b l ( 1 P )  ( 6,7 4-0.9 ) %  

F9 7Xb2(1P) ( 6.6 +0.9 ) %  

rio ~/Xbo(IP) ( 4.3 4 . 1 . 0  ) %  
r n  " f f2(1720)  < 59  x 10 - 4  90% 

r12 3 ' f~ (1525)  < 5.3 x 10 -4  90% 

r13 7 f 2 ( 1 2 7 0 )  < 2.41 x 10 - 4  90% 

F14 ~f f4(2220) 

T ( 2 S )  r ( i ) r ( e  + e - ) / r ( t o t a l )  

r(hadrons) x r ( e + e - ) / r t o t a l  r 0 r s / r  
VALUE (keV~ DOCUMENT ID TEEN COMMENT 
0.562:t:0.027 OUR AVERAGE 
0.54 4-0.04 4-0.02 2 JAKUBOWSKI 88 CBAL e + e -  ~ hadrons I 
0.58 4-0.03 4-0.04 3 GILES 84B CLEO e + e -  ~ hadrons 
0.59 4-0.03 4-0.05 3 TUTS 83 CUSB e + e -  ~ hadrons 
0.60 4-0.12 4-0.07 3 ALBRECHT 82 DASP e + e -  ~ hadrons 

0.54 4-0.07 +0.09 3 NICZYPORUK 81£ LENA e + e -  ~ hadrons -0 .05  
0.41 4-0.18 3 BOCK 80 CNTR e + e -  ~ hadrons 

2 Radiative corrections evaluated foflowing KURAEV 85. I 
3 Radiative corrections reevaluated by BUCHMUELLER 88 following KURAEV 85. 

T ( 2 S )  P A R T I A L  W I D T H S  

r(e±e-) 
VALUE (keV~ DOCUMENT ID 

I].5864"0,029 OUR EVALUATION e + e -  ~ hadrons. See T minl-review. 

r s  

T ( 2 S )  B R A N C H I N G  R A T I O S  

I" ( T ( 1 S )  I t +  7 r - ) / r t o t a l  
VALUE EVTS 
0.185+0.008 OUR AVERAGE 
0.1814-0.0054-0.010 Ii.6k 

0.169 4- 0.040 

0.191±0.0124-0.006 
0.18910.026 

0.21 ±0.07 7 

£ ( T ( 1 5 )  ~r 0 ~r O) / rtota ' 
VALUE EVT$ 
0.068:1:0.011 OUR AVERAGE 
0.095 4- 0.019 4- 0.019 25 
0.0804-0.015 
0,103 4- 0.023 

rz/r 
TEEN COMMENT 

ALBRECHT 87 ARG e + e-  ~ lr + ~ -  
MM 

GELPHMAN 85 CBAL e + e -  
e + e - ~ 4 - ~  - 

BESSON 84 CLEO r + 7r- MM 
FONSECA 84 CUSB e + e -  

t +  { -  ~ + ~r -  
NICZYPORUK 81B LENA e + e -  

t +  ~ -  ~r + Tr- 

r2/r 
DOCUMENT /D TEEN COMMENT 

ALBRECHT 87 ARG e + e -  ~ 7r 0 ~r o £4- ~-  
GELPHMAN 85 CBAL e + e -  ~ r F t -  ~r 0 ~r 0 
FONSECA 84 CUSB e + e -  ~ ~ -  £-  r 0 ~r 0 

r(,+,-)Irtota, r3/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.017::E0.015-1-0.006 HAAS 84B CLEO e + e- ~ ~+ T- 

r (#+ #-)/rtota ' r4/r 
VALUE ~ DOCUMENT 'D TEEN COMMENT 

0.0137+0.0026 OUR AVERAGE 
0,01384-0.00254-0.0015 KAARSBERG 89 CSB2 e + e -  ~ #4- /k- I 
0.009 4-0.006 4-0,006 4 ALBRECHT 85 ARG e + e -  ~ #4 -# -  
0,018 4-0,008 4-0,005 HAAS 84B CLEO e + e -  ~ #+ p -  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0,038 90 NICZYPORUK 81c LENA e + e -  ~ #+  # -  

4Re-evaluated using B(T(1S) ~ # + # - ) = 0 . 0 2 6  

r ( T ( 1 5 ) r ° ) / r t o t a l  r d r  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<0.008 90 LURZ 87 CBAL e + e -  ~ ~ E- 7"f 

r (T(ZS)~/ ) / r to ta l  r T / r  
VALUE ~ DO~VMENT ID TEEN COMMENT 

<0.002 90 FONSECA 84 CUSB 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.005 90 ALBRECHT 87 ARG e+e  - ~ ~ r + r - t - l - t  - 
MM 

<0.007 90 LURZ 87 CBAL e + e  - ~ / ±£ - (~ , , f .  
3~r 0 ) 

<0.010 90 BESSON 84 CLEO 

r ( 7 X b l ( 1 P ) ) / r t o t a l  r e / r  
VALUE DOCUMENT ID TECN COMMENT 
0.067-1-0.009 OUR AVERAGE 
0.091±0.018+0.022 ALBRECHT 85E ARG 
0.065±0.007±0.012 NERNST 85 CBAL 
0.080 +0.017 ± 0,016 HAAS 84 CLEO 
0.059±0.014 KLOPFEN... 83 CUSB 

r (7  Xb2(Z O ) ) / r t o t a l  
VALUE DOCUMENT ID TEEN 
0.0~,=EO.009 OUR AVERAGE 
0.0984-0.0214-0.024 ALBRECHT 8SE ARG 
0.058 4- 0.007 + 0.010 NERNST 85 CBAL 
0,1024-0.0184-0.021 HAAS 84 CLEO 
0.061±0.014 KLOPFEN... 83 CUSB 

r (7 x~o(1P))/rtota I 
VALUE DOCUMENT ID T ~ N  
0.043:1:0.010 OUR AVERAGE 
0.064±0.014±0.016 ALBRECHT 8SE ARG 
0.0364-0.0084-0.009 NERNST 85 CBAL 
0.0444-0.0234-0.009 HAAS 84 CLEO 
• • • We do not use the following data for averages, fits, limits, 

0.0354-0.014 KLOPFEN... 83 CUSB 

r (7 f2(1720))/rtotal 

VALUE (units 10 -5 ) C L . ~  DOCUMENT ID TEEN 

<59 90 5 ALBRECHT 89 ARG T(25)  ~ 7 K  + K -  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 5.9 90 6ALBRECHT 89 ARG T ( 2 5 ) ~  ?~r+~r - 

5Re-evaluated assuming B(f2(1720 ) ~ K + K - )  = 0.19. 
6Includes unknown branching ratio of f2(1720) ~ 7r + ~r-. 

r ( 7  f ~ ( 1 5 2 5 ) ) / r t o t a l  r z 2 / r  

VALUE (units 10 -5 ) CL~.~o DOCUMENT ID TEEN COMMENT 

<53 90 7 ALBRECHT 89 ARG T(25)  ~ " /K + K -  

7Re-evaluated assuming B(f~(1525) ~ K K )  = 0.71. 

r (7 f 2 ( 1 2 7 0 ) ) / r t o t a  I r13/r 
VALUE (units 10 -5 / EL% DOCUMENT ID TEEN COMMENT 

<24.1 9 ~ -  8 ~ T  89 ARG T ( 2 5 ) ~  77r+~r - 

8Using B(f2(1270 ) ~ ~T~)=0.84 

r (7  f 4 ( 2 2 2 0 ) ) / r t o t a l  r 1 4 / r  

VALUE (units 10 5) CL~4 DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<6.8 90 9 ALBRECHT 89 ARG T(2S) ~ 7 K  + K -  

9Includes unknown branching ratio of f4(2220) ~ K + K - .  

e + e -  ~ 7 conv X 
e+e - ~ ~fX 
e+ e - ~ "-f cony X 
e+e  - ~ ~ X  

rg/r 
COMMENT 

e + e  - ~ ~convX 
e + e  - ~ - I X  
e + e  - ~ ",, conv X 
e+e - ~ 7X  

r l 0 / r  
COMMENT 

e + e  - ~ 3"convX 
e+e - ~ ~,X 
e + e -  ~ ~f cony X 
etc. • • • 

r n / r  

COMMENT 
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Meson Full Listings 
T(25)-- T(I0023), Xu0(2m)= Xuo(10235), Xb1(2m)-- Xb1(10255) 

T(25)  REFERENCES 

ALBRECHT 89 ZPHY C42 34g +Boeckmann. Glaeser. Harder4 (ARGUS Collab ) 
KAARSBERG 89 PRL 62 2077 ~Heintz4 (CUSB Col~ab) 
BUCHMUEL 88 HE e+e Physics 412 Buchmueller, Cooper (HANN, MIT) 

Editors: A. All and P Soedin 8, World Scientific. Singapore 
JAKUROWSKI 88 ZPHY C40 49 +Antreasyan, Barrels+ (Crystal Ball Collab)IGJRC 
ALBRECHT 07 ZPHY C35 283 +Binder, Boeckmann, Glaeser~ (ARGUS Collab.) 
LURZ 87 ZPHY C36 383 +Antreasyan, Besset+ (Crystal Ball Collab ) 
BARU 8EB ZPHY C32 662 +81inov, Bondar, Bukin- (NOVO) 
ALBRECHT 85 ZPHY C20 45 +Dreschell, Heller~ (ARGUS Collab) 
ALBRECHT 85E PL 1gOB 331 +Drescher, Holler+ (ARGUS Collab) 
GELPHMAN 85 PR D l l  2893 ~Lurz, Antreasyan~ (Crystal Ball Collab ) 
KURAEV 85 SJNP 41 466 +Fadin (ASCI} 

Translated from YAF 41 733 
NERNST 85 RRL 54 2 1 9 5  tAntreasyan, Aschman+ (Crystal Ball Collab.) 
ARTAMONOV 84 PL 137B 272 +Baru, Blinov, Bondar- (NOVO) 
BARBER 84 PL 135B 498 + (DESY, ARGUS Collab.. Crystal Ball Collab) 
BESSON 84 PR D30 1433 +Green. Hicks, Namjoshi, Sannes+ (CLEO Collab) 
FONSECA 84 NP B242 31 ~MaBeras, Son, Dietl, EiBen4 (CUSB Collab) 
GILES 84B PR D29 1285 +Hassard, Hempstead, Kinoshita+ (CLEO Collab.) 
HAAS 84 PRL 52 799 +Jensen, KaBan, Kass, Behrends+ (CLEO Collab ) 
HAAS 84B PR D30 1996 +Jensen, Kagan, Kass, Behrends+ (CLEO Collab) 
KLOPFEN 83 PRL 51 160 Klopfenstein, Horstkotte+ {CUSB Collab.) 
TUTS 83 Cornell Conf. 284 (CUSB Collab) 
ALBRECHT 82 PL 116B 383 ~Hofmann+ (DESY, DOBT, HELD. LUND. ITEP) 
NICZYPORUK 81B PL 1.0OB 95 +Chen, Folger. Lurz+ (LENA Collab} 
NICZYPORUK 81C PL 99B 169 +Chert. VoseL Wegener+ (LENA Collab.) 
BOCK 80 ZPHY C6 125 { Blanaf, Blum- (HELD, MPIM. DESY, HAMB) 

- -  O T H E R  R E L A T E D  PAPERS - -  

ALEXANDER 89 NP B320 45 +Bonvicini, Orell, Frey, Luth (LBL, M~CH, SLAC) 
COOPER 06 Berkeley Conf. 67 (MIT) 
WALK 86 PR D34 2 6 1 1  +Zschorsch+ (Crystal Ball Collab.) 
ALBRECHT 84 PL 134B 137 +Drescher, Heller+ (ARGUS Collab.) 
ARTAMONOV 84 PL IgTB 272 +Baru, Blinov, Bondar÷ (NOVO) 
ANDREWS 83 PRL 50 807 +Avery, Berkelman, Cassel+ (CLEO Collab.) 
GREEN 82 RRL 49 617 +Sannes, Skubic, SnydeH (CLEO Collab ) 
MAGERAS 81 PRL 46 1115 +Bohringer, Finocchiaro+ (GOLU, STON, LSU, MPIM) 
MUELLER 8] PBL 46 1.181 + {RUTG, SYRA. LEMO, VANO. CORN. ITHA+) 
ANDREWS 80 PRL 44 1 .108  fBerkelman, Billin 8, Cabenda+ (CLEO Collab.) 
ARESTOV 80 IHEP 80 165 +Bogoljubski- (SERP) 
BOHRINGER 80 PRL 44 1.111. +Costant inL ginocchiaro (COLU, STON) 
KOURKOU 80 PL 91B 481 Kourkoumelis* (ATHU, NTUA, BNL. CERN+) 
UENO 79 PRL 42 486 +Brown, Herb, Hem, Fisk+ (FNAL, COLU, STON) 
BIENLEIN 78 RL 78B 360 {Glawe, Bock, B~anar+ (DESY, HAMB, HELD, MRIM) 
DARDEN 78 PL 76B 246 +Hofmann, Schubert4 (DESY, DORT. HELD, LUND) 
KAPLAN 78 PRL 40 435 +Appel. Herb. Hom~ (STON, FNAL, COLU) 
YOH 70 PRL 41 684 +Herb, Horn, Lederman- (COLU, FNAL, STON) 
COBB 77 PL 72B 273 +lwata, Fabjan4 (BNL, CERN, SYRA, YALE) 
HERB 77 PRL 30 252 +Horn, Lederman, Appel, Ito+ (COLU, FNAL, STON) 
INNES ?7 PBL 39 1240 +Appel. Brown, Herb, Horn+ (COLU, FNAL, STON) 

I xb0(2P) I /~(J~) = 7?(0 preferred ++)  
or Xb0(10235)  J needs confirmation. 

Observed in radiat ive decay of  the  T ( 3 5 ) ,  therefore C = + .  Branching; rat io 

requires E1 t rans i t ion ,  M 1  is s t rong ly  disfavored, therefore P = + .  

Xbo(2P) MASS 

VALUE (GeV~ DOCUMENT ID TEEN COMMENT 
10.23533=0.0011 OUR AVERAGE 
10.2353±0.0016 1 LEE FRANZIN I87  CUSB e + e -  ~ -~ X 
102352+0.0016 1 LEE-FRANZ lN I87  CUSB e + e ~ ~ ~ -  ~-,  

1 From ~ energy below assuming T ( 3 5 )  mass = 10355.3 MeV. 

9" ENERGY IN T (35 )  DECAY 

VALUE (MeV} 
119.3:E1.1 OUR AVERAGE 
1 1 9 . 3 ± 1 6  
119.4± 1.6 

DOCUMENT ID TEEN COMMENT 

LEE-FRANZINI87  CUSB e + e  ~ ? X  
LEE-FRANZINI87  CUSB e + e  ~ t - f - q ~  

XbO (2P) REFERENCES 

LEE FRANZINI 07 Hamburg Conf 139 (CUSB Collab.) 

- -  OTHER RELATED PAPERS - -  

TUTS 83 Cornell Conf 284 (CUSB Collab) 
EIGEN 82 PRL 49 1616 tBohringer, Herb+ (CUSB Coliab) 
HAN 82 PRL 49 1 6 1 2  +Horstkotte, Imlay+ (EUS8 Collab) 

I Xbz(2P) I ,G(jPC) = ??(1 preferred ++)  
or Xb1(10255) J needs confirmation. 

Observed in radiat ive decay of  the  T ( 3 S ) ,  therefore C = + .  Branching; rat io 

requires E1 t rans i t ion ,  M 1  is strong;ly disfavored, therefore P = + .  

Xbt(2P) MASS 

VALUE (OeV) DOCUMENT ID TEEN COMMENT 
10.2.552J-O.0004 OUR AVERAGE Error includes scale factor of 1.2. 
10.2556±0.0005 1 LEE-FRANZINI87  CUSB e + e ~ ? X 
10.2548±0.00045 1 LEE-FRANZINI87  CUSB e + e -  ~ f +  f -  "r'~ 

1 From ~. energy below assuming T ( 3 5 )  mass - 10355.3 MeV. 

-/ENERGY IN T(3S)  DECAY 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
99.63=0.4 OUR AVERAGE Error includes scca~ factor of 1.2. 

99 .2±0.5  LEE-FRANZINI87  CUSB e + e -  ~ ~ X 
100.0±0.45 LEE F R A N Z l N I 8 7  CUSB e + e ~ f +  ,~ ~ 

X b l ( 2 P )  D E C A Y  MODES 

Mode Fraction (F i /F )  

r l  ^,T(2S) (25 ±8 )% 
I- 2 ^ , T ( 1 5 )  ( 6 l i l . 7 )  % 

r(-~T(25))/rtotal 
VALUE 

0.2473=0.083 

F ( ' y T ( 1 5 ) ) / r t o t a l  
VALUE 

0,0613= 0.017 

X.bl(2P) BRANCHING RATIOS 

r l / r  
DOCUMENT 119 TEEN COMMENT 

2 ~ - N I 8 7  CUSB e + e  ~ 2~/EI ~ - 

r2/r 
DOCUMENT ID TEEN COMMENT 

2 ~ - I N I 8 7  CUSB e + e - ~  ~,'xtS-E - 

2Using B ( T ( 3 5 )  ~ X b l ( 2 P ) ' z ) = 0  120 ± 0.026. 

Xbt  ( 2 P  ) REFERENCES 

LEE FRANZINI 87 Hamburg Conf. 139 (CUSB Collab ) 

- -  OTHER RELATED PAPERS - -  

TUTS 8] Cornell Ganf 284 (CUSB Collab) 
EIGEN 82 PBL 49 1616 • Bohrirlgeq Herb- (CUSB Coflab ) 
HAN 82 PRL 49 ]612 *Horstkotte, Imlay~ (CUSB Collab ) 

Xbo(2P) DECAY MODES 

Mode Fraction ( r i / r )  

r I - Y T ( 2 S )  (7 ± 4  ) %  

r 2  , ~ , T ( 1 5 )  ( 1 . 4 t l . O ) %  

Xbo(2P) BRANCHING RATIOS 

r ('7 T ( 2 S ) )  / r t o t a  I r l / r  
VALUE DOCUMENT (D TEEN COMMENT 

0.0693=0.041 2 LEE-FRANZINI8?  CUSB e + e ~ q q f +  f -  

F ('7T(15))/Ftota I r2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.0].49=O.O10 2 LEE FRANZINI87  CUSB e + e ~ ~ f f ' f  ~- 

2Using B ( T ( 3 5 )  ~ Xbo(2P)?) = 0048  ± 0.014. 



,See key on page IV.1 

or X b 2 ( 1 0 2 7 0 )  I 

I6(J PC) = ??(2 preferred + +  ) 
J needs confirmation. 

Observed in radiative decay of the T (35 ) ,  therefore C = +.  Branching ratio 
requires E1 transition, M1 is strongly disfavored, therefore P = +.  

Xb2(2P) MASS 

VALUE (GeV) DOCUMENT ID TEEN COMMENT 

10.2690-I-0.0807 OUR AVERAGE Error in~ud~s scale factor of 2,2. 

10.2682±0.0005 1 LEE-FRANZIN I87  CUSB e + e -  ~ 7 X 
10.2697±0.00045 t LEE-FRANZIN I87  CUSB e + e -  ~ E F ~ -  "~--f 

1 From q~ energy below, assuming T ( 3 5 )  mass --  10355.5 MeV. 

3' E N E R G Y  IN T ( 3 S )  D E C A Y  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
85.9:1:0.7 OUR AVERAGE Error includes scale factor of 2.1. 
I]6.7±0.5 LEE-FRANZINI87 CUSB e + e ~ -,f X 
35.39-0.45 LEE FRANZlNI87 CUSB e + e -  - -  ~+ ~- --f? 

Xb2(2P) DECAY M O D E S  

Mode Fraction ( r i / r )  

F 1 "~T(25) (19 ±7 )% 
F 2 "yT( lS) (6.39-1.8) % 

Xb2(2P) B R A N C H I N G  RATIOS 

it (*7 T ( 2 5 ) )  / Ftota I F 1 / F  
VALUE DOCUMENT tD TEEN COMMENT 

0.1894-0.065 2 L E E - F R A N ~ N I 8 7  CUSB e + e -  ~ - ' f -~+ t -  

I : (~T(tS))/rtota, r2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.063:E0.018 2 ~ - I N I 8 7  CUSB e+e ~ 3,?£4-~ - 

2Using B ( T ( 3 S )  ~ X b 2 ( 2 P ) . ~ ) = 0 . 1 2 8  ± 0.029 

Xb2(2P) REFERENCES 

I.EE-FRANZINI 87 Hambur 8 Conf. 139 (CUSB Collab ) 

- -  OTHER RELATED PAPERS - -  

rUTS 83 Cornell Conf. 284 (CUSB Collab.) 
EtGEN 82 PRL 49 101.6 +Bohringer, Herb+ (CUSB Collab.) 
HAN 82 PRL 49 1 6 1 2  +Horstkotte, Imlay+ (CUSB Collab,) 

I 
o~ T(zO3~S) I 

i~ ( j  ;c) = ??(~--) 

T(3S) MASS 

VALUE (GeV) DOCUMENT 10 TEEN COMMENT 

10.3553:1:0.0005 1 BARU 868 REDE e + e -  ~ hadrons 

1 Reanalysis of A R T A M O N O V  84. 

T(35) WIDTH 

VALUE (keY) DOCUMENT ID 
24.34-2.9 OUR EVALUATION See T mini-review. 

Vli .163 

Meson Full Listings 
X o 2 ( 2 P )  = X b 2 ( i 0 2 7 0 ) ,  T ( 3 5 ) =  T ( I 0 3 5 5 )  

Radiative decays 

F 6 "~Xb2(2P) (12.8 ±2.9 ) % 
F 7 "fXbl(2P) (12.0 ±2.6 ) % 
F8 "/Xbo(2P) ( 4.8 ±1.4 )% 

T ( 3 S )  r ( i )F (e  + e - ) / F ( t o t a l )  

F(hadrons) x F ( e + e - ) / r t o t a l  r o r s / r  
VALUE (keV) DOCUMENT 10 TEEN COMMENT 
0.415:1:0.030 OUR AVERAGE Error includes scale factor of 1.1. 
0.45 £0.03 +0.03 2 GILES 848 CLEO e + e ~ hadrons 
0.39 10.02 +0.03 2 TUTS 83 CUSB e + e -  ~ hadrons 

2 Radiative corrections reevaluated by BUCHMUELLER 88 following KURAEV 85. 

T ( 3 S )  P A R T I A L  W I D T H S  

r (e+e  - )  
VALUE (keY) DOCUMENT IO 

0.44=t=0.03 OUR EVALUATION e + e -  ~ hadrons. See T mini-review. 

T ( 3 S )  B R A N C H I N G  RATIOS 

F5 

r(T(25) anything)/Ftota I 
VALUE EVTS 

0 . 1 0 1 i 0 . 0 1 7  1.6k 

F(T(2S)~ + ~-) /rtota,  
VALUE EVTB 
0.022i0.005 OUR AVERAGE 
o021~ooos 31~ 
o o31~oo2o 5 
r (T ( IS )~+; r - ) / r to ta ,  
VALUE EVT5 
0.0363=1=0.11031 OUR AVERAGE 
0.03479-0.0034 3.9k 

o o49 ±0.010 22 
o o39 ±o.o13 2o 

F(p, + # - ) / r t o t a l  
VALUE EVT5 
0.0181=E0.0017 OUR AVERAGE 
0.0202 + 0.0019 ,I 0.0033 

o o173 9- O OOlS ± o.ooli 

o o33 ±o.o13 ±o.oo~ ~o9o 

r('rXb2(2P))lCtotal 
VALUE 

0.128 :EO.O12 +0.026 

F('rXbl(2P))/Ftotal 
VALUE 

0.120=1=0.011 +0.024 

r (~ Xbo(2P) ) /F tota  I 
VALUE 

0.048 +0 .010  4-0.010 

r l / r  
TEEN COMMENT 

BOWCOCK 87 CLEO e + e ~ 7r+ ~ X, 

r2 / r  
DOCUMENT ID TEEN COMMENT 

BOWCOCK 87 CLEO e + e ~ 7r + 7r- X, 
~T+ 7r-- f +  ~ - 

MAGERAS 82 CUSB T ( 3 5 )  ~ ~r+Tr E ~  - 

r3 / r  
DOCUMENT ID TEEN COMMENT 

BOWCOCK 87 CLEO e + e -  ~ 7r + ~r X, 

GREEN 82 CLEO T ( 3 5 )  - -  7r + 7r- t ~ ~ -  
MAGERAS 82 CUSB T ( 3 5 ) ~  ~r+Tr E ~  

F4/F 
DOCUMENT ID TEEN COMMENT 

CHEN 89B CLEO e + e 
4 _ _  

KAARSBERG 89 CSB2 E+~ -~ ' -  
# + # -  

ANDREWS 83 CLEO e + e -  
# + # -  

DOCUMENT ID TECN COMMENT 

LEE-FRANZ lN I87  CUSB e + e -  ~ q X 

DOCUMENT ID TEEN COMMENT 

LEE-FRANZIN I87  CUSB e + e -  ~ -/ X 

DOCUMENT ID TECN COMMENT 

~ N I 8 7  CUSB e + e -  ~ ~ X 

T ( 3 S )  REFERENCES 

rg / r  

rT / r  

rB/r  

CHEN 89B PR D39 3528 +MclIwain, Miller+ (CLEO Collab.) 
KAARSBERG 89 PRL 02 2077 +Heintz+ {CUSB Collab.) 
BUCHMUEL 88 HE e + e- Physics 412 BuchrnueIler, Cooper (HANN, MIT) 

Editors: A. Ali and P, Soeding, World Scientific, Singapore 
BOWCOCK 87 PRL 58 307 ~Giles, Hassard. Kinoshita+ (CLEO Col~ab) 
LEE-FRANZINI 87 Hamburg Conf, 139 [CUSB Collab I 
BARU 868 ZPHY C32 662 +Blinov, Bondar, Bukin+ (NOVO) 

SJNP 41 4 6 733. KURAEV 85 Translated ~rom YAF 41 +padin (ABEl) 
ARTAMONOV 84 PL 137B 272 +Baru, Blinov, Bondar+ (NOVO) 
GILES 84B PR D29 1285 +Hassard, Hernpstead, Kinoshita+ [CLEO Collab.) 
ANDREWS 83 PRL 50 807 +Avery. Berkelrnan, Casse)+ (CLEO Cobab.) 
TUTS 83 Cornell Conf 284 (CUSB Collab) 
GREEN 82 PRL 49 617 +Sannes, Skubic, Snyder+ (CLEO Cobab.) 
MAGERAS 82 PL 1188 453 +Herb, Imlay+ (COLU, CORN, LSU, MPIM, STON) 

T(3S) DECAY MODES - -  OTHER RELATED PAPERS - -  

Mode Fraction ( F i / F )  ALEXANDER 89 He 8320 45 +Bonvicini, Drel[. Frey. Luth (LBL, MIEN, SLAC) 
ARTAMONOV 84 PL 1378 272 +Baru, Blinov, Bondar+ (NOVO) 

I-1 T(2S) anything (10.1 + 1 . 7  ) % GILES 84B PR D29 ]285 +Hassard, Hempstead, KinosMta4 {CLEO Collab) 
HAN 82 PRL 49 1 6 1 2  +Horstkotte, Imlay+ (CUSB Collab) 

I-2 T(2S)~r+Tr - ( 2.2 ± 0 . 5  ) % PETERSON 82 PL 114B 277 +Giannini, Lee Franzini+ (CUSB Codab) 
ANDREWS 80 PRL 44 1 1 0 8  +Berkelman, Billing, Cabenda+ (CLEO Colla6 ) 

I- 3 T(1S)~ + ; ' r -  ( 3 6 3 + 0 . 3 1 )  % BOHRINGER 80 PRL 44 1 1 1 1  ~Costantini, Einocchiaro {COLU, STON) 
I-4 # + / ~ -  ( 1 . 8 1 ± 0 . 1 7 )  % UENO 79 PRL 42 486 -Brown, Herb, Hom, Fisk+ (FNAL, COLU, STON) 

78 PRL 40 435 +Appel, Her6, Horn+ (STON, FNAL. COLU) 
I- 5 e - - e -  (1 .814_0 .25)  % YoHKAPLAN 78 PRL 41 684 +Herb, Horn, Lederman+ (COLU, FNAL, STON) 

COBB 77 PL 728 273 tlwata, Fabjan+ (BNL, CERN, SYRA, YALE) 
HER8 77 PRL 39 252 +Horn, Lederman, Appel, Ito+ (COLU, FNAL, STON) 
INNES 77 PRL 39 1240 +Appel, Brown, Herb, Horn+ (COLU, FNAL, STON) 
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Meson Full Listings 
T(4S) = T(10580), T(10860), T(11020), Non-q~ Candidates 

IT(4S) or T{,o,80) l 
I G ( J  P C )  = ??(1 ) 

7(45) MASS 

VALUE (GeV) DOCUMENT ID TEEN COMMENT 

10.5800:t:0.0035 1 BEBEK 87 CLEO e + e-  ~ hadrons 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

10.5774±0.0010 2 LOVELOCK 85 CUSB e + e -  ~ hadrons 

I Reanalysis of BESSON 85. 
2 No systematic error given. 

T(45) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
23.84-2.2 OUR AVERAGE 
20 .0±2  ± 4  BESSON 85 CLEO e + e -  ~ hadrons 
25 ±2 .5  LOVELOCK 85 CUSB e + e ~ hadrons 

T(4S) DECAY MODES 

Mode Fraction ( F i / F )  

F1 e + e  ( l O 1 ± O . 2 1 )  × 10 5 

T(4S) PARTIAL WIDTHS 

r(e+e - )  
VALUE (keY) DOCUMENT ID TEEN COMMENT 
0,24 4-0.05 OUR AVERAGE Error includes scale factor of 1.7. 
0 .192±0 ,007±0 .038  BESSON 85 CLEO e + e ~ hadrons 
0 .283±0.037 LOVELOCK 85 CUSB e + e ~ hadrons 

7(45) REFERENCES 

BEBEK 87 PR D36 1289 ,Berkelrnan, Blucher, Cassel+ 
BESSON 85 PRL 54 381 +Green, Namjoshi, Sannes+ 
LOVELOCK 85 PRL 54 377 -Horstkotte. Klopfenstein+ 

- -  OTHER RELATED PAPERS - -  

ANDREWS 80B PRL 45 219 * Berkelman, Cabenda. Cassel+ 
FINOCCHI. 80 PRL 45 222 Finocchiaro, Giannini, Lee Franzini* 

1 ( o86o)1 / 6 ( j P C )  = 77(1  ) 

(CLEO Collab ) 
(CLEO Coflab ) 
(CUSB Collab I 

(CLEO Collab ) 
(CUSB Collab ) 

7(10860) MASS 

VALUE (GeV} DOCUMENT ID TEEN COMMENT 
10.865:E0.C118 OUR AVERAGE Error includes scale factor of 1.1. 
1 0 . 8 6 8 ± 0 . 0 0 6 ± 0 0 0 5  BESSON 85 CLEO e~ e ~ hadrons 
10 .845±0020  LOVELOCK 85 CUSB e + e ~ hadrons 

T(10860) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
110 + 1 3  OUR AVERAGE 
112.0+17 ± 2 3  BESSON 85 CLEO e + e ~ hadrons 
110.0±15.0 LOVELOCK 85 CUSB e + e ~ hadrons 

T(10860) DECAY MODES 

Mode Fraction ( r i / r )  

F1 e * e  (2 8 ± 0 . 7 )  × 10 6 

T(10860) PARTIAL WIDTHS 

r ( e + e  - ) 
VALUE (keV) CJOCUMENT tO TECN COMMENT 
0.31 4-0.01 OUR AVERAGE Error includes scale factor of 1.3. 
0.22 ±0 .05  ±0.07 BESSON 85 CLEO e + e ~ hadrons 
0 . 3 6 5 ± 0 0 7 0  LOVELOCK 85 CUSB e + e ~ hadrons 

T(I0860) REFERENCES 

BESSON 85 PRL 54 381 +Green, Namjoshi, Sannes~ (CLEO Collab ) 
LOVELOCK 85 PRL 54 877 +Horstkotte, Klopfenstein + (CUSB Callab.) 

IT(11o2o)I Ia(J PC) = 77(1 ) 

T(11020) MASS 

VALUE (GeV) DOCUMENT tO TEEN COMMENT 
11.019+@008 OUR AVERAGE 

11 019±0 .005±0 .007  BESSON 85 CLEO e + e -  ~ hadrons 
11.020±0.030 LOVELOCK 85 CUSB e + e ~ hadrons 

T(11020) WIDTH 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
79 4-16 OUR AVERAGE 

61 .0±13  ± 2 2  BESSON 85 CLEO e~ e - -  hadrons 
9 0 0 ± 2 0 . 0  LOVELOCK 85 CUSB e + e ~ hadrons 

T(11020) DECAY MODES 

Mode Fraction {Fi. /F ) 

F1 e + e  (1 .6±0 .5 )  x 10 - 6  

T(11020) PARTIAL WIDTHS 

r (e+e - )  
VALUE (keV) DOCUMENT ID TECN COMMENT 
0.1304,0.030 OUR AVERAGE 
0095-t-0.03 ±0 .035  BESSON 85 CLEO e + e ~ hadrons 
0 .156±0.040 LOVELOCK 85 CUSB e + e -  ~ hadrons 

F1 

T(11020) REFERENCES 

BESSON 85 PRL 54 381 ,Green, Namjoshi, Sarlrles+ (CLEO Collab } 
LOVELOCK 85 PRL 54 377 ÷Horstkotte Klopfenstein+ (CUSB Collab) 

NON-q  CANDIDATES 
We include here mini-reviews and reference lists on non-q~-can- 
didates. These are divided into two subsections: 
1) Gluonium candidates, and 
2)  O t h e r  n o n - q ~  cand ida tes :  q ~ q ~  and  q ~ g  hyb r i ds .  

See also N N ( 1 1 0 0 - 3 6 0 0 )  fo r  poss ib le  b o u n d  s ta tes .  

N O T E  O N  N O N - q q  M E S O N S  

The  existence of a gluon self coupling in QCD suggests  

tha t  in addition to the conventional q~ meson states,  there 

may be bound states  in(luding gluons: gluonia or glueballs, 

and hybrids (q~.q). Another  example of non-qq mesons could 

be mult iquark states.  For detailed reviews see, e.g., CLOSE 

87. C O O P E R  86, MESHKOV 86, HEUSCH 86, TOKI  88. 

The  theoretical guidance on the properties of unusual  s tates  

is often contradictory, and models which agree in the q~ sector 

often differ in their predictions about new states.  Among the 

naively expected signatures for gluonium are: 

(i) no place in qq llOnets~ 

(ii) flavor-singlet couplings, 

(iii) enhanced production in gluon-rich channels such as 

J /~,(18)  decay, 

(iv) reduced 72' coupling, 

(v) exotic quan tum numbers  not allowed for qq (in some 

c a s e s ) .  

However it lnust be pointed out tha t  mixing effects and 

other dynanfical effects will obscure these simple signatures.  

If the inixing is large, onlv counting the number  of observed 

states  remains a clear signal for non-exotic non-q~ states.  
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Meson Full Listings 
Non-q~ Candidates, Gluonium Candidates, Other Non-q~ Candidates 
For recent reviews on the  f2(1720), see C O O P E R  86, MAL- TOKI 88 

ALDE 87 
LIK 87. ABTON 87 

AU 87 

The three f2 resonances between 2 and 2.4 OeV, have CHANOWlTZ 87 
CLOSE 87 

been observed in an OZI-rule-forbidden process ~rp---+ 0~n GIDA[ 87 GIDAL 876 
MALLIK 87 

(ETKIN 88). The  OZI suppression has beet, used as a strong PARTRIDGE 87 
SINHA 87 

argument  for favoring a g luonium interpretat ion of these states.  AIHARA 86B 
AIHARA 86C 

The argument  is, however, not fulh' compelling, since broad AIHARA 86D 
AKESSON 86 
ALDE 868 

resonances, by unitarity, are expected to mix substantially, and ALDE 86C 
ALDE 86D 

therefore the  OZI rule may not apply,. Moreover, one of these ANDO 86 
ARMSTRONG 86D 

resonances, the one closest to the OC2 threshold, could possit) ly B,SELLO 86B 
BRAMON 868 

be interpreted as a O¢ molecule (mesonium) candidate.  A CNUNG 86 COOPER 86 
EISNER 86 

similar O0 mass spec t rum is seen by A R M S T R O N G  89B in HEUSCH 86 
LINDENBAUM 86 

the f~ spectrometer.  LONGACRE 86 
MESHHOV 86 

The DM2 and MARK-III  collaborations see threshold O0 AUGUSTIN 85 
' BALTRUSAIT 85D 

production but  favor JP 0 . not 2". COOPERCHUNG 8888 

The ASTERIX collaboration (MAY 89) finds a 2 ++ reso- LINDENBAuMETKIN 8585 
LINDENBAUM 85B 

nance in pp P-wave annihilat ion at 1565 Me\"  in the 7r+rr 7r 0 RYB,CKI 85 
ARMSTRONG 84 
AU 84 final s tate which nlay be a 4-quark s tate  since there is no BINON 84C 

DAUM 84 
natural  place in the  qc~ model. GERSHTEIN 84 

LINDENBAUM 848 
MORGAN 84 

O t h e r  e x o t i c  o r  non-qq  c a n d i d a t e s :  An isovector O~ ° ARMSTRONG 838 
BAUBILLIER 83 
BINON 83 

resonance at 1480 MeV has been reported by BITYUKOV 87 CASON 83 
ONO 83 

in ~r p -* #)rr°n [see p(1450)]. Prel iminary indications favor TEPER 83 
" WEINSTEIN 838 

jPC = 1 , i.e. nonexotic, but  the large OZI rule violating EDWARDS 82E 
ETKIN 82 

branching ratio ~,'r : ~'~T seems peculiar for a Curl-dd) I = 1 qq ETKIN 82B ETKIN 82C 
LIPKIN 

object, (al though ACHASOV 88 shows tha t  a two step process CHABAUD ~21 
DAUM 81[1 

can violate the rule, and an identifieation with p(1450) could DONOGHUE 81 
LINDENBAUM 81 

still be possible). In addition the  small coupling to the photon SCHARRE 81 
DIONISI 80 

makes an identification with the p(1450) difficult (CLEGG 88). JAFFE 80 STkNTON 79 
ROBSON 77 

Therefore a qq~q interpretat ion comes to mind. JAFFE 76 
BAILLON 67 

Another  exotic candidate is the  ~)(1405) (ALDE 88B, 

IDDIR 88) seen in one experiment  under the a2(1320) in 

~r-p ~ 7Fr°n with the  exotic quan t um numbers  jPC 1 +. 

See however TUAN 88 for a critical discussion. For another  

possible 1 -+  candidate see the isosinglet X ( 1 9 1 0 ) .  

A narrow resonance has been reported at ~ 3100 MeV 

(BOURQUIN 86, KEKELIDZE 90) in several CAp + pio~ts) and 

(7{p + pions) states• The observation of the doubly charged 

states  (Ap,'r- and ApTr +) implies I _> 3/2, clearly outside 

the q~ system. In addition, a narrow peak is observed at 

3250 MeV in the "hidden strangeness" combinations containing 

a pair of baryon-ant ibaryon (KEKELIDZE 90). However all 

these observations need confirmation. 

I Gluonium Candidates I 
OMITTED FROM SUMMARY TABLE 

GLUONIUM CANDIDATES REFERENCES 

KEKELIDZE 90 Hadron 89 Conf ,Aleev+ (BIB 2 Collab ) 
ARMSTRONG 898 PL B221 221 +Benayoun- (CERN, CDEF, BIRM, BARI, ATHU, LPNP} 
ARMSTRONG 89D PL 8227 186 ~Benayoun (ATHU. BARI, BIRM, CERN CDEF) 
MAY 89 RL 8225 450 ~ Ouch, Heel- (AETERIX Collab) 
WEINSTEIN 89 UTPT 89 03 ~lsgur (TNTO) 
AEHASOV 88 PL B207 199 4Kozhevnikov (NOVO) 
ALDE 88 PL 8201 160 ~Bellazini, Binon+ (SERP BELG. LANL, LAPP, PISA) 
ALDE 88B PL B205 397 -Binon, Boutemeur- (SERE BELG, LANL, LAPP) 
ASTON 88D NP B30| 525 ~Awaji, Bienz+ (SLAC, NAGO, EINC, TOKY) 
BIRMAN 88 PRL 61 1557 +Chung Peaslee+ [BNL FSU, IND, SMA8) 
CLEGG 88 ZPHY C40 313 • Donnachie (MCHS. LANE) 
ETKIN 88 PL 8201 568 -Fo~ey, Lindenbaum~ (BNL. CUNY} 
GOUNARIS 88 RL B213 541 +Neufeld (CERNi 
IDDIR 88 PL 8205 564 -Le Yaouanc, Ono+ (LPTP, TOKY) 
SLAUGHTER 88 MPL A3 136] (LANL) 

AlP Conf (SLAB) 
PL 8198 286 +Binon, Bricman- (LANL, BRUX, SERE LAPP) 
NP 8292 693 +Awaji, D'Amore+ (SLAC, NAGO, CINC, TOKY) 
PR D35 1633 +Morgan, Pennington (DURH, RAL) 
PL 8187 409 (LBL) 
RPP 51 833 (RHEL) 
PRL 59 2012 +Boyer, Butler, Cords, Abrams+ (LBL, SLAC, HARV) 
PRL 59 2016 +Boyer, Buffer, Cords, Abrams+ (LBL SLAE, HARV) 
SlAB PUB 4238 (Mark Ill Collab ) 
Moriond XXll C o n f  Patridge (BLAC} 
PR D35 952 4Okubo, Tuan (ROCH, HAWA) 
PRL 57 404 +AlBiOn Garnjost+ (TPC 23 Collab.) 
RRL 57 2500 +Alston Garnjost ~ (TPC 27 Collab ) 
PRL 57 51 ~Alston Garnjost+ (TPC-2"~ Collab.} 
NP B264 154 tAIbrow. AImeheda (Axial Field Spec Gollab ) 
PL 8177 120 ~Binon, Bricman~ (SERP, BELG, LANL, LAPP) 
PL 8182 105 +Binon Bricman- (SERP, BELG, LANL, LAPP) 
NP B269 485 ~Binon, Brieman- (BELG, LAPP. SERP, CERN) 
PRL 57 L296 +lmai+ (KEK, KYOT, NIRS, SAGA• TOKY, TSUK-) 
Berkeley Conf 7870 (BERN) 
PL B179 284 f Busetto, Castro, Limentani~ (DM2 Collab ) 
ZPHY C32 467 b Casulleras (BARC) 
Berkeley Conf 725 (BNL) 
Berkeley Conf 67 eMIT) 
Berkeley Conf 1211 (SLAC) 
Seewinkel Symposium on Multiparticle Dynamics (SLAC) 
BNL 37412 p~eprint (BNL) 
PL B177 223 -Etkin4 IBNL, BRAN, CUNY. DUKE NDAM) 
Aspen Winter Conf (NBS) 
Modond XX 1 479 ~Calcaterra, Cosine4 (ORBA, CLEB, PADO, FRAS) 
PR D32 566 BaltrusaiBs, Coffman- (CIT. UCSC, ILL SLAC, WASH) 
PRL 55 779 ~Fernow, Boebnlein- (BNL, FLOR, IND, SMAS) 
Bari Conf 947 (SLAC) 
PL 165B 217 -Foley, Longacre, Lindenbaum+ (BNL, CUNY) 
PL 165B 202 +Longaere (BNL) 
BNL 36610 preprint -Longacre (BNL} 
ZPHY C28 65 -Sakrejda (CRAC) 
PL 146B 273 * Bloodworth, Burns- (ATHU, BARI, BIRM, CERN) 
PL ]67B 889 * Morgan, Pennington (RL} 
NC 8OA 363 ÷Bricman, Donskov+ (BELG, LAPP, SERE CERN) 
ZPHY C23 339 .Hertzberger* (AMST, CERN, CRAC, MPIM, OXF-) 
ZPHY C24 305 ~Likhoded, Prokoshkin (SERP) 
PL 149B 407 -Lipkin (BNL, FNAL) 
PL 137B 411 -Pennington (RHEL, DURH) 
NP 8224 193 (BARI. BIRM, CERN, MILA, LPNP, PAVI) 
ZPHY C17 309 * (BIRM, BERN. GLAS, MSU, LPNP) 
NC 78A 313 , Donskov Duted f (BELG, LAPP, SERP, CERN) 
PR D28 1586 *Cannata, Baumbaugb, Bishop- (NDAM, ANL) 
ZPHY C21 109 +Pone (AACH, ORSA) 
Brighton Conf 4 (LAPP) 
PR D27 588 ,Isgur ITNTO) 
PRL 49 259 ~Partridge, Peck+ (CIT HARV, PRIN, STAN SLAC) 
PRL 49 1620 +Foley, Longacre, Lindenbaum+ (BNL, CUNY) 
PR D25 1786 , FOey, Lai, {BNL CUNY. TUFT, VAND) 
PR D25 2446 -Foley, Lai~ (BNL CUNY, TUFT, VAND] 
PL ]O9B 326 (ANL) 
APP B12 575 - Niczyporuk, Booker • (CERN, CRAC MPIM} 
PL IO4B 246 -Bards~ey- (ACCMOR Collab I 
PL 998 416 *Johnson, Li eMit) 
NC 65A 222 (BNL} 
Bonn Conf 163 [SLAC} 
NP 8169 1 -Oavil~et+ (CERN MADR, (DEF STOH} 
PRL 34 1645 - Johnsor, eMIT) 
PRL 42 346 -Brockulan~ IOSU CARL. MCGI TNTO) 
NP 8130 328 (LIVP] 
PL 6OB 201 • Johnson eMIT) 
NC 50A 393 , Edwards D'Andlau, AstieH (CERN, CDEF IRAD] 

I Other Non-q-~ Candidates I 
OMITTED FROM SUMMARY TABLE 

OTHER NON-q~ CANDIDATES REFERENCES 

KEKELIDZE 90 Hadron 89 Conf 
ACHASOV 88B ZPHY C41 309 
SHOEMAKER 88 PR D37 1120 
BITYUKOV 87 RL B188 383 
CHANOWITZ 87 PL B187 409 
LIU 87 PRL 58 2288 
BALTRUSAIT. 868 PR D33 1222 
BISELLO 86 PL B179 289 
BOURQUIN 86 PL 8172 ]13 
BRIDGES 86 PRL 56 211 
BRIDGES 86B PRL 56 215 
BRIDGES 86C PRL 57 1534 
ACHASOV 85 ZPHY C27 99 
DOVER 84 PL 146B 103 
JENKINS 84 PR D30 1409 
KITAZOE 84 ZPHY C24 143 
ONO 84 ZPHY C26 307 
AGUILAR 81C ZPHV C6 109 
APEL 81 NP B193 269 
BIONTA 81 PRL 46 970 
EVANGELISTA 81 NP 8178 197 
FRAME 81 PL ]07B 301 
IRVING 81B NP B193 1 
KOOIJMAN 80 PRL 45 316 
SEHARRE 80 PL 978 389 
ALAM 78 RRL 40 1685 
ARMSTRONG 76 RL 77B 447 
HOLMGREN 78 PL 77B 304 
BOUCROT 77 NR B12] 251 
HOOGLAND 77 NP B126 109 
MOSER 77 NP B129 28 
BRUNDIERS 76 PL 648 107 
BALTAY 75B RL 57B 293 
DAVIS 758 NP 896 426 
ALAM 74 RL 53B 207 
COHEN 74 Boston Corlf 79 

-Aleew (BIB 2 Collab / 
~Shestakov (NOVO] 
~Ko, Michael, Lander, Pellet+ CUED) 
, Dzhelyadin Dorofeev, Golovkin~ iSERP) 

(LBLI 
-Kiu, Li (STON) 

BaRmsaitis, Coffman, Hauser- (Mark III Collab / 
, Busetto. Castro Limentani+ (DM2 Collab ) 
, Brown, (GEVA RAL, HELD, LABS, BRIS CERN) 
~Brown~ (BLSU, BNL, CASE, COLU, UMD. SYRA} 
~Daftari, Kalogeropoulos, Debbe+ (SYRA CASE) 
*Daftari, Kalogeropoulos~ (SYRAI 
• Devyanln, Shestakov (NOVO) 

(ORSA) 
• Diamond, Kirsch* {FSU, BRAN, BNL, CINC, SMAS) 
+Wad& Kaburagi, Kawaguchi. Mori+ (KOBE. MIT) 

(ORSA) 
Aguilar Benitez* (BERN CDEF, MADR, STOH) 

~Augenstein, BertoluccL Donskov~ (SERE CERN) 
-Carroll, Edelstein+ [BNL, CMU, FNAL SMAB} 
• (BARI, BONN, GERN, DARE, LIVP~) 
• Hughes Colley Armstrong- (GLAS. BIRM, CERN) 
-Loverret (CERN, CDEF, MADR STOH) 
÷Arenton, Ayres Diebold, May+ (ANL. EFI) 
-Trilling, Abrams, Alam, Blocker~ (SLAB, LBLI 
-Baggett, Baglin- (IND. PURD SLAC. VAND) 
~Frame, Hughes, Bienlein~ (GLAS DESY) 
• Penniflgton (STOH. CERN} 
~Navach Rivet~ ILALO, EERN, CDEE EPOL) 
*Grayer, Hyams, Bblm, Dietl~ (AMST, CERN, MPIM) 

(EFI) 
Brun Fluri+ IFREI SACL ETH) 

.CauBs Cohen, Katelkar, Pisello+ ICOLU BINGI 
*Ammar, Kropac. Yarger+ (KANS, CCAC ANL) 
*Rrabson, Galloway- (IND PURD, SLAC VAND) 

(COLU) 



See key on page IV.1 

Other Non-q-~ Candidates, Top and 

VII.167 

Meson Full Listings 
Fourth Generation Hadrons 

OREN 74 NP B71 189 +Cooper, Fields, Rhines, Allison+ (ANL, OXF) 
(OHEN 73B NP B53 i +Ferbel, Slattery, Werner (ROCH) 
DURUSOY 73 PL 45B 517 +Baubillier, George, Arrnenise+ (LPNP, BARI) 
FAIMAN 73 PL 43B 307 +Goldhaber, Zarml (CERN) 
LIPKIN 73 PR D7 2262 (ANL, FNAL) 
EIUHL 72 NP B37 421 +Cline, Terrell (WlSC) 
(HO 70B PL 32B 409 +Derrick, Johnson, Musgrave+ (ANL, NWES, KANS) 
(;IAEOMELLI 70 PL 33(3 373 + (BGNA, SACL, AMST. REHO, EPOL) 
LYS 70 PR D2 2525 + (MICH) 
P.OSNER 70 Exp Meson Spectroscopy 499 
[)ODD 69 PR 177 1991 +Joldersma, Palmer, 5amios (BNL) 
P.OSENFELD 68 Phil Conf 455 (LRL) 
P.OSNER 68 P(JL 2~ 950,1468 (TELA) 

II QUARK SEARCHES II 
I Searches for Top and I 

Fourth Generation Hadrons I 
Experiments at e + e -  colliders search for both top-flavored hadrons and 
vector topon ium states, whereas experiments at p ~  colliders search only for 
top-flavored hadrons. Theoretical uncertainties are relatively small in e + e -  
collisions al though details of the production cross section at threshold are 
not known, but uncertainties in p ~  collisions are somewhat larger due to our 
present ignorance of the details of the parton distr ibutions in a proton and 
(to a lesser extent) of higher-order QCD corrections. Current p ~  coll ider 
experiments have l imits which depend on the assumption that  no two-body 
mode such as t ~ b H  + is available. 

M A S S  L I M I T S  for Top  Hadrons in e + e -  Col l is ions 
The last column specifies measured quantities: 5 - Sphericity, T - Thrust. 

_VALUE (GeV~ CL% DOCUMENT ID TECN COMMENT 

>45.8 95 1 DECAMP 90P ALEP isolated charged 
particle and 
aplanarity 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>30.2 95 ABE 90D VNS Event shape I 
>44.5 95 2 AKRAWY 908 OPAL Acoplanarity 

I >40.7 95 3 ABRAMS 89C MRK2 Event shape 
>42.5 95 ABRAMS 89c MRK2 t ~ bH + ,  

H + ~ c~  
>29.9 95 4 ADACHI 89C TOPZ # I 
>29.9 95 5 ENO 89 AMY /~, e I 
>25.8 95 6 ADACHI 88 TOPZ R, T, Acoplanarity 
>25.9 95 7 IGARASHI 88 AMY T + (#,e) I 
>25.9 95 8 SAGAWA 88 AMY R, T 

none Ecru=50 95 9 ABE 87 VNS R, T, Acoplanarity 
>25.5 95 10 YOSHIDA 87 VNS R, 7", Acoplanarity 

rlone Ecru = 39.79-46 78 95 11 ADEVA 86 MRKJ R, T, # 
none Ecru - 40-46.78 95 12 ADEVA 85 MRKJ # 
none Ecrn - 39.8-45.2 13 ALTHOFF 84C TASS R, event shape 
none Ecru = 12.-43. 14 ALTHOFF 841 TASS Aplanarity 
rone Ecru - 33-36.72 95 15 BEHREND 84D CELL Aplanarity 
rone Ecru = 38.66-46.78 95 15 BEHREND 84D CELL Aplanarity 
rone Ecru < 38.54 99 16 ADEVA 83 MRKJ R, T, (#+ # - X )  
none Ecru < 38 ADEVA 83B MRKJ P T ( # ) ,  T 
none Ecru - 14-36.7 17 BRANDELIK 82 TASS R 
none Ecru = 33-35.8 18 BARTEL 81 JADE # 
none Ecru = 30-36 19 BARBER 80 MRKJ R, 7-, # 
none Ecru = 12-31.6 20 BERGER 80 PLUT # 
none Ecru - 31.6 21 BARBER 79 MRKJ R, 5, T 
none Ecru - 22-31.6 22 BARTEL 79 JADE R 
none Ecru - 22 31.6 23 BARTEL 79B JADE 5 
none Ecru = 22-31.6 24 BERGER 79B PLUT R, 5, 7-, # 

1 DECAMP 90F search was near the Z peak at LEP. 
2 AKRAWY 90B search was restricted to data near the Z peak at , ~  = 91.26 GeV at LEP. 

The excluded region is between 23.4 and 44.5 GeV if no H + decays exist. A charged 
H i~s  decay shrinks the excluded region by increasing 23.4 GeV to (m(H + ) + 5  GeV). 

3The ABRAMS 89c limit from an isolated track search is 40.0 GeV. 
4ADACHI 89c search was at x / ;  = 56.5-60.8 GeV at TRISTAN using multi-hadron events 

accompanying muons. 
5ENO 89 search at x/~ - 50-60.8 GeV at TRISTAN. 
6ADACHI 88 set l imit ¢(top) < 8.2 pb at CL-95% for top-flavored-hadron production 

from event shape analyses at Ecru = 52 GeV. By using the quark-parton model cross- 
section formula with first-order QCD corrections near the threshold, the above limit leads 
to a lower mass limit of 25.8 GeV at 95% confidence level for top quarks. 

7 IGARASHI 88 searches for leptons in low-thrust events and gives A R ( t )  < 0.15 (95% I 
CL) at ~s  = 50-52 GeV. 

8SAGAWA 88 set l imit or(top) < 6.1 pb at CL=95% for top-flavored hadron production 
from event shape analyses at Ecru - 52 GeV. By using the quark parton model cross- 
section formula near threshold, the above limit leads to lower mass bounds of 25.9 GeV 
for charge 2/3 quarks. 

9ABE 87 set limit ~,(top) < 16 pb at CL=95% for top-flavored hadron production, which 
should be compared with the full top-quark production cross section of 45.9 pb. 

10yOSHIDA 87 set l imit (7(top) < 17 pb at CL=95% for top-flavored hadron production 
from event shape analyses at Ecru -- 52 GeV, This l imit should be compared with the 

full top-quark production cross section of 34 pb, which takes into account the effect of 
weak neutral current but neglects its axial-vector coupling contribution expected to be 
suppressed near threshold. After considering the radiative effects, top quarks of mass 
below 25.5 GeV can be excluded by the above l imit. 

11ADEVA 86 give 95%CL upper bound on an excess of the normaJized cross section, AR, as 
a function of the minimum c.m. energy (see their figure 3). An increase of the hadronic 
cross section predicted for full top-quark production (ARto p ~ 1.5) is then excluded 

up to Ecm = 46.6 GeV. Toponium search sets l imit F(e + e-  )B(hadrons) < 3 keV at 
CL-95% at Ecru = 44-46 GeV. Also reported is an observation of eight low-thrust 
hadron events containing muons, which remains unexplained. 

12 ADEVA 85 exclude toponium below 46.6 GeV and open top continuum below 23.3 GeV 
at CL = 95%. Toponium search sets limit r(e + e-)B(hadrons) <3 keV. 

13 ALTHOFF 84c narrow state search sets l imit F(e + e -  )B(hadrons) <2.4 keV CL = 95% 
and heavy charge 2/3 quark pair production m > 22 GeV, CL = 95%. 

14 ALTHOFF 841 exclude heavy quark pair production for masses in GeV 5 < m  <20.3 (2/3 
charge) using aplanarity distributions (CL - 95%). 

15 BEHREND 84D exclude toponium below 46.7 GeV and continuum production below 23.3 
GeV (2/3 charge) and 22.7 GeV (1/3 charge) at CL = 90%. Toponium search sets l imit 
r(e + e-)B(hadrons) <2.9 keV where toponium is expected to have I'(e + e - )  = 4-5 
keV. 

16ADEVA 83 energy scan excludes open top continuum below 38.54 GeV and toponium 
between 29.90 and 38.83 GeV r(e + e -  )B(hadrons) <2.0 keV at CL - 95%). Also set 
l imit B(B ~ ,u+/~ - X) <0.007 (CL - 95%) which excludes flavor-changing neutral 
current in topless models. 

17 BRANDELIK 82 got R = 4.01 ± 0.03 ± 0.2 with no step for W > 1 4  GeV, Narrow state 
search for W--  33-36.7 GeV sets r(e + e -  )B(hadrons) <1.5 keV (CL = 95%), 

18BARTEL 81 measures inclusive muons with momentum >1.4 GeV/c. Agree with ex- 
pected semileptonic decays from charmed and bottom mesons. 

19 BARBER 80 find no evidence for an open top-antitop threshold in R, thrust distributions 
and inclusive muons. Energy scan in the range 29.9 < Ecru <31.6 GeV reveals no 
hadron resonance corresponding to a (top-quark antitop-quark) bound state. 

20 BERGER 80 measures inclusive muons with momentum >2 GeV/c. Agree with expected 
semileptonic decays from charmed and bottom mesons. 

21 BARBER 79 R, thrust, spherocity indicate top production unlikely. 
22 BARTEL 79 saw no evidence of new Q = 2/3 quark production in R-ratio. 
23 BARTEL 79B observe no significant accumulation of spherical events. 
24BERGER 79a find R = 3.88+0.22 which along with sphericity and thrust behaviors is 

against open top-antitop channel below 30 GeV. Final muons are also consistent with 
expectation without top-quark state. 

M A S S  L I M I T S  for Top Hadrons in p ~  Coll isions 
These experiments assume that no two-body mode such as t ~ bH + is available. 

VALUE (6eV) CL °/o DOCUMENT ID TECN COMMENT 

>77 95 25 ABE 90C CDF e + jets + missing E T 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>72 95 26 ABE 908 CDF e + # 
>69 95 27 AKESSON 90 UA2 e + jets + missing E T 
>41 95 28 ALBAJAR 88 UA1 e or # + jets 

25ABE 90C cannot exclude re ( r )  < 40 GeV, but this region is ruled out by other experi- 
ments. They study events with an energetic electron, missing transverse energy and two 
or more jets. Only the t t  contribution (not W ~ tb )  is relevant for these masses. 

26ABE 90B exclude the region 28-72 GeV. 
27AKESSON 90 searched for events having an electron with PT > 12 GeV, missing 

momentum > 15 GeV, and a jet with E T > 10 GeV, Iz~ < 2.2, and excluded r e ( t )  
between 30 and 69 GeV. 

28ALBAJAR 88 study events at Ecru = 546 and 630 GeV with a muon or isolated electron, 
accompanied by one or more jets and find agreement with Monte Carlo predictions for 
the production of charm and bottom, without the need for a new quark. The top-quark 
mass bound is obtained by using the W ~ t b  cross section normalized to their own 
W ~ ~ rate and by adding to i t  the t t  contribution with a conservative value of the 
cross section with the lowest-order calculation. The analysis is not sensitive to the W 
t b  process alone. The value quoted here is revised using the full O(c~s) cross section of 
ALTARELLI 88. 

M A S S  L I M I T S  for b ~ (Fou r th  Generat ion)  Hadrons in e + e -  Coll is ions 
Search for hadrons containing a fourth*generation - 1 / 3  quark denoted b'. 

The last column specifies the assumption for the decay mode ( C C  denotes the con- 
ventional charged-current decay) and the event signature which is looked for. 

VALUE (GeV} CL% DOCUMENT ID TECN COMMENT 

>46.0 95 29 DECAMP 90F ALEP any decay 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

none 19.4-28.2 95 ABE 90D VNS Any decay; event shape I 
>28.3 95 ADACHI 90 TOPZ B(FCNC)=100%; isol.-y I 

or 4 jets 
>41.4 95 30 AKRAWY 90B OPAL Any decay; acoplanarity I 
>45.2 95 30AKRAWY 90B OPAL B(CC) = 1; acopla- I 

narity 
>27.5 95 31 ABE 895 VNS B(CC) =1; #, e I 

none 11.4-27.3 95 32 ABE 89G VNS B(b I ~ b~,) > 10%; I 
isolated -.f 

>44.7 95 33 ABRAMS 89c MRK2 B(CC)=  100%; isol. I 
track 

>42.7 95 33 ABRAMS 89c MRK2 B (bg )=  100%; event I 
shape 

>42.0 95 33 ABRAMS 89c MRK2 Any decay; event shape I 
>28.4 95 34,35 ADACHI 89c TOPZ B(CC) =1; # 

I >28.8 95 36 ENO 89 AMY B(CC) > 90%; #, e 
>27.2 95 36,37 ENO 89 AMY any decay; event shape 
>29.0 95 36 ENO 89 AMY B(b ~ ~ b g )  > 85%; 

event shape 



:See key on page IV.1 

Vl I I . I  

Baryon Full Listings 
P 

II N BARYONS 
(5 = 0, I =  1/2) 

p, N + = uud ;  n, N o = u d d  

r p l  i ( j P )  = 1 i +  : ( :  ) 

p M A S S  

The mass is known much more precisely in u (atomic mass units) than in MeV; 
see the footnote. The conversion from u to MeV, 1 u = 931.494324-0.80028 MeV, 
involves the relatively poorly known electronic charge. 

~_tALUE (MeV~ DOCUMENT ID TEEN COMMENT 

938.27231:E0.00028 1 COHEN 87 RVUE 1986 CODATA value 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

~,38.2796 2_0.0027 COHEN 73 RVUE 1973 CODATA value 

1The mass is known much more precisely in u: m = 1.007276470 4- 0.000000012 u. 

M A S S  

t_tALUE (Me W DOCUMENT ID TEEN COMMENT 
938.22 4-0.04 OUR AVERAGE 
g'38.30 4-0.13 ROBERTS 78 CNTR 
938.229±0.049 ROBERSON 77 CNTR 
838.1794-0.058 HU 75 CNTR Exotic atoms 
~,38.3 ±0 .5  BAMBERGER 70 CNTR 

p MAGNETIC MOMENT 

See the Note on Baryon Magnetic Moments in the h Listings. 

~_~ALUE ElaN) DOCUMENT ID TEEN COMMENT 

2.792847386-1-0.000000063 COHEN 87 RVUE 1986 CODATA value 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.7928456 ±0.0000011 COHEN 73 RVUE 1973 CODATA value 

MAGNETIC MOMENT 

A few early results have been omitted. 

~_~ALUE (UN) DOCUMENT ID TEEN COMMENT 
-2.800 4-0.008 OUR AVERAGE 
-2 .8005+0 .0090  KREISSL 88 CNTR ~ 208pb 1 1 4  10 X-ray 

2.817 4-0.048 ROBERTS 78 CNTR 
-2.791 :I-0.021 HU 75 CNTR Exotic atoms 

p ELECTRIC DIPOLE MOMENT 

A nonzero value is forbidden by both T invariance and P invariance. 

~_'ALUE (10 23 e_cm I E V T S  DOCUMENT ID TEEN COMMENT 

3.7=t= 6.3 CHO 89 NMR TI F molecules 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 400 DZUBA 85 THEO Uses 129Xe moment 
130 -E 200 2 WILKENING 84 
900 ±1400 3 WlLKENING 84 
700 :i: 900 1G HARRISON 69 MBR Molecular beam 

2 This WILKENING 84 value includes a finite-size effect and a magnetic effect. 
3This WlLKENING 84 value is more cautious than the other and excludes the finite-size 

effect, which relies on uncertain nuclear integrals. 

IqP + qel CHARGE MAGNITUDE DIFFERENCE 

See DYLLA 73 for a summary of experiments on the neutrality of matter. See also 
"n CHARGE" in the neutron Listings. 

V_;4LUE (10 -21 e} DOCUMENT ID COMMENT 

<1.0 4 DYLLA 73 Neutrality of SF 6 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.8 MARINELLI 84 Magnetic levitation 

4Assumes that  qn = qp+qe.  

N O T E  ON P R O T O N  M E A N  LIFE  L I M I T S  

(by M. Goldhaber, Brookhaven National Laboratory, and 

F. Reines, University of California, Irvine) 

Current ideas on the unification of the weak, electromag- 

netic, and strong forces suggest that  baryon number might not 

be strictly conserved, so that  the proton could decay. In the 

Particle Properties Summary Tables there are nearly thirty 

particles listed with a mass smaller than that  of the proton 

(if we count both particles and antiparticles and different 

members of multiplets separately). Ten of these particles are 

fermions and the remainder bosons. There are then a great 

many possible two-body decay modes of the proton and an 

even larger number of three-body, etc., decay modes which 

satisfy charge, energy, momentum, and angular momentum 

conservation. Each decay mode has to contain at least one 

fermion to satisfy angular momentum conservation. Figure 1 

shows masses of possible decay products of the proton. 

The "decay signature" distributions as well as the back- 

grounds depend on detector characteristics (the material from 

which the detector is made, the method of detection, timing in- 

formation, time resolution, etc.). The background, due chiefly 

to atmospheric neutrinos, depends also on the geomagnetic 

latitude and on the phase of the solar cycle with which the 

magnetic field of the sun is associated. The depth-dependent 

cosmic ray background is due to cosmic ray muons and their 

progeny. For each possible proton decay signature there is a fi- 

nite probability of a background event with a similar signature, 

where the probability depends on the detector characteristics. 

The simplest grand unified theory, minimal SUE5), predicts 

e+Tr ° to be the predominant proton decay mode; see Table I. 

The IMB lower limit on the partial mean life for this mode, 

3.1 × 1032 years, is a factor of 40 higher than predicted by 

minimal SUE5) theory. 

See also the reviews in Refs. 1-5. 

See also the neutron-antineutron oscillations section in 

the neutron Full Listings below for another test of baryon 
conservation. 

Refe rences  

1. M. Goldhaber, P. Langacker, and R. Slansky, Science 210, 
851 (1980). 

2. D.H. Perkins, Ann. Rev. Nucl. Part. Sci. 34, 1 (1984). 

3. J.M. LoSecco, Comments Nucl. Part. Phys. 15, 23 (1985). 

4. W. Lucha, Comments Nucl. Part. Phys. 16, 155 (1986). 

5. M. Goldhaber et al., in Proceedings XXIII International 
Conference on High Energy Physics, Berkeley, 1986, ed. 
S.C. Loken (World Scientific, Singapore, 1986), p. 248. 
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Baryon Full Listings 
P 

i000 
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< 5 0  

0 . 5 1 1  

< 0 . 2 5  

< 1 8 x l O  -6 
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Z • 

z? 
K 
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v #  

v e 

7,(c)  

P 

T1 

~5 
% 

T8 

1- 9 

T10 

T11 

T12 

T13 

1-14 

T15 

1"16 

r17 

8 GOLDEN 79 value inferred from # / p  ratio in cosmic rays. 
9 BELL 79 stored antiprotons in ICE storage ring for 10 days. 

10BREGMAN 78 stored antiprotons in ICE storage ring at CERN 85 hours. 

p D E C A Y  M O D E S  

For N decays, p and n distinguish proton and neutron partial lifetimes. 

Partial mean life 
Mode (1030 years) 

N ~ e + anything 

N ~ p +  anything 
N ~ v anything 
N ~ e+Tr 0 a n y t h i n g  

N ~ e+Tr 

N ~ p +  

N ~  l)Tr 

N ~ e * K  

N ~  p + K  

N ~  u K  

N ~  e + p  

N - -  I t + p  

N ~  z ip  

p ~ e + ~ ,  
p ~ # +  ~, 

n - -  I /a ;  

p ~ e + q 

Confidence level 

Figure 1. Masses of particles (in MeV) into which a 
proton might decay. The hypothetical graviton (G) is 
included. 

Table I. Approximate ranges of the branching ratios 

BR(N -* ~ + M )  - ~ Z-2-body) 

for the two-body proton decay p ---* ~ + M in the minimal 
conventional SU(5) model. This table was taken from Ref. 4. 

Decay mode Branching ratio (%) 

p ---* e+Tr ° 31 46 
p ~ e+71 0 8 
p ~ e + p  ° 2 18 

p ---* e + a  15 29 
p ---* ~ *  11 17 
p----* ~ep + 1 7 

p ---* p + K  ° l 20 
p ~ ~,l,K + 0-1 

p M E A N  L I F E  

Test of baryon conservation. See proton partial mean lives section for limits which 
depend on decay modes, p -- proton, n -- bound neutron. 

LIMIT 
(~ears} PARTICLE DOCUMENT ID TECN 

>1.6 X 1025 p, n 5,6 EVANS 77 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>3. x 1023 p 6 DIX 70 CNTR 
>3. x 1023 p, n 6,7 FLEROV 58 

5Mean lifetime of nucleons in 130Te nuclei. 
6Converted to mean life by dividing half-life by In(2) - 0.693. 
7Mean lifetime of nucleons in 232Th nuclei. 

MEAN LIFE 

LIMIT 
(~ars) PARTICLE CL% EVT5 DOCUMENT ID TECN COMMENT 

>1.1 x i07 8 GOLDEN 79 SPEC # --  X 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

>0.08 90 1 9 BELL 79 CNTR p ~ e ~0 
>3.7 × 10-3 i0 BREGMAN 78 CNTR ~ ~ X 

r18 
TI9 

T20 

T2t 

T22 

T23 
T24 

T25 

T26 

T27 
128 

T29 

T30 
1"31 

r32 

T33 

T34 
T35 

1-36 

T37 

T38 

r39 

7-4O 

P ~ P +  )7 
n ~ Pt] 

p ~ e + K * ( 8 9 2 )  

N -  I / K * ( 8 9 2 )  

p - -  e+-~ 

p -- e + e + e -  

p ~ p +  ,7 
p ~ # + p + #  

n ~ e + e  z/ 

n ~ # ~  p v 
r l ~  3~ 

p ~ e + # +  p -  

p -- e H+ tz + 
p ~ e ,"r+,'T + 

p ~ # +  ~ +  ,-r 

p ~ I z - / r  + ~r + 

n - -  e ~ +  

n ~ p z + 
n - -  e - K  + 

n ~  # K +  

n - -  e p +  

n - -  p p+  

p PARTIAL MEAN LIVES 

Mean life divided by branching fraction. 

Decaying particle - -  p - proton or n - bound neutron. Same event may appear 
under more than one partial decay mode. Background estimates may be accurate 
tO a factor of 2. 

T ( N  ~ e + a n y t h i n g )  r l  
LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TECN 

>0.6 p, n 90 11 LEARNED 79 RVUE 

11 The electron may be primary or secondary. 

v ( N  -~  p +  a n y t h i n g )  r2  
LIMIT BACKGROUND 
(10 s0 years) PARTICLE CL% EVT5 E S T I M A T E  DOCUMENT ID TECN 

>12 p, n 90 2 12,13 CHERRY 81 HOME 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 1.8 p, n 90 13 COWSIK 80 CNTR 
> 6 p, n 90 13 LEARNED 79 RVUE 

12We have converted 2 possible events to 90% CL limit. 
13The muon may be primary or secondary. 

~ ' (N  -~  u a n y t h i n g )  T3 
Anything = ~, p, K, etc. 

LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVTS ESTtMATE DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>0.0002 p, n 90 0 LEARNED 79 RVUE 

>0.6 (n, p) 90%,, 

>12 (n, p) 90%0 

>0.6 (n, p) 90°% 

>130 (n), >310 (p) 90% 
>100 (n), >270 (p) 90% 

> i 0 0  (n), >25 (p) 90% 

>1.3 (n), >150 (p) 90%o 

>1 . i  (n), >120 (p) 90% 
>86 (n), >100 (p) 90% 
>58 (n), >75 (p) 90% 

>23 (n), >110 (p) 90% 

>19 (n), >27 (p) 9o°/0 
>45 90% 

>57 90% 

>43 90% 

>140 90% 

>69 90% 
>54 90% 

>52 90% 
>22 (n), >20 (p) 90% 

>460 90% 

>510 90% 

>380 90% 

>190 90% 

>9 90% 

>45 90% 

>16 90% 

>0.0005 90% 
>5.0 90% 

>6,0 90% 

>2.0 90% 

> 3 3  90% 

> 7 8  90% 

>65 90% 

>49 90% 
>0.23 90% 

>47  90% 
>62 90% 

>7 90% 



See key on page I V. 1 
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Baryon Full Listings 
P 

' r ( N  -~  e + ~  0 anything) "r 4 
LIMIT BACKGROUND 
(1030 years} PARTICLE EL% EVTS ESTIMATE DOCUMENT ID TEEN 

>0.6 p, n 90 0 LEARNED 79 RVUE 

" r ( N - - *  e + ~ r )  ~'5 
,LIMIT BACKGROUND 
]~1030 yeats} PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>130 n 90 0 <0.2 HIRATA 89(: KAMI 
>310 p 90 0 0.6 SEIDEL 88 IMB 

,D • • We do not use the following data for averages, fits, limits, etc. • • • 

>260 p 90 0 < 0 0 4  HIRATA 89¢ KAMI 
>100 n 90 0 1.6 SEIDEL 88 IMB 
> 1.3 n 90 0 BARTELT 87 SOUD 
> 1.3 p 90 0 BARTELT 87 SOUD 
>250 p 90 0 0.3 HAINES 86 IMB 
> 31 n 90 8 9 HAINES 86 IMB 
> 64 p 90 0 <0.4 ARISAKA 85 KAMI 
> 26 n 90 0 <0.7 ARISAKA 85 KAMI 
> 82 p (free) 90 0 0.2 BLEWlTT 85 IMB 
>250 p 90 0 0.2 BLEWlTT 85 IMB 
> 25 n 90 4 4 PARK 85 IMB 
> 15 p, n 90 0 BATTISTONI 84 NUSX 
> 0.5 p 90 1 0.3 14 BARTELT 83 SOUD 
> 0.5 n 90 1 0.3 14 BARTELT 83 SOUD 
> 5.8 p 90 2 15 KRISHNA... 82 KOLR 
> 5.8 n 90 2 15 KRISHNA... 82 KOLR 
> 0.1 n 90 16 GURR 67 CNTR 

14 Limit based on zero events. 
15We have calculated 90% CL l imit from 1 confined event. 
16We have converted halfAife to 90% CL mean life. 

"F(N ---* 2 bod ies,  u - f r ee )  

LIMIT BACKGROUND 
j3.O 30 yeats) PARTICLE EL% EVTS ESTIMATE DOCUMENT ID 

,D • • We do not use the following data for averages, fits, limits, etc. • • • 

>1.3 p, n 90 0 ALEKSEEV 81 BAKS 

" r ( N  - *  # + T r )  v 6 
LIMIT BACKGROUND 
j'1030 years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>100 n 90 0 <0.2 HIRATA 89c KAMI 
>270 p 90 0 0.5 SEIDEL 88 IMB 

,D • • We do not use the following data for averages, fits, limits, etc. • • • 

90 0 <0.07 HIRATA 89C KAMI >230 p 
> 63 n 
> 76 p 
> 23 n 
> 46 p 
> 20 n 
> 59 p (free) 
>100 p 
> 38 n 
> 10 p , n  
> 1.3 p, n 

:,(N-~ ~,~) 

( r s + r 6 + r g + r 9 )  

TEEN 

90 0 0.5 SEIDEL 88 IMB 
90 2 1 HAINES 86 IMB 
90 8 7 HAINES 86 IMB 
90 0 <0.7 ARISAKA 85 KAMI 
90 0 <0.4 ARISAKA 85 KAMI 
90 0 0.2 BLEWlTT 85 IMB 
90 1 0.4 BLEWITT 85 IMB 
90 1 4 PARK 85 IMB 
90 0 BATTISTONI 84 NUSX 
90 0 ALEKSEEV 81 BAKS 

7" 7 
LIMIT BACKGROUND 
~1030 ~ars) PARTICLE CL% EVTS ESTIMATE DOCUMENT ID TEEN 

> 25 p 90 32 32.8 HIRATA 89C KAMI 
>100 n 90 1 3 HIRATA 89c KAMI 

ib • • We do not use the following data for averages, fits, limits, etc. • • • 

> 13 n 90 I 1.2 
> 10 p 90 11 14 
> 6 n 90 73 60 
> 2 p 90 16 13 
> 40 n 90 0 1 
> 7 n 90 28 19 
> 7 n 90 0 
> 2 p 90 <_ 3 
> 5.8 p 90 1 
> 0.3 p 90 2 
> 0.1 p 9O 

17We have calculated 90% EL l imit from 1 confined event. 
18We have converted 2 possible events to 90% CL limit. 
19We have converted half-life to 90% CL mean life. 

, ' ( N  --* e+  K )  
t IMIT BACKGROUND 
~1030 year~) PARTICLE EL% EVTS ESTIMATE 

>150 p 90 0 <0.27 
> 1.3 n 90 0 

BERGER 89 FREJ 
BERGER 89 FREJ 
HAINES 86 IMB 
KAJITA 86 KAMI 
KAJITA 86 KAMI 
PARK 85 IMB 
BATTISTONI 84 NUSX 
BATTISTONI 84 NUSX 

17 KRISHNA... 82 KOLR 
18 CHERRY 81 HOME 
19 GURR 67 CNTR 

DOCUMENT ID 

r 8  

TEEN 

HIRATA 89C KAMI 
ALEKSEEV 81 BAKS 

• • • We do not use the following data for averages, fits. limits, etc. • • • 

> 70 p 90 0 1.8 SEIDEL 88 IMB 
> 77 p 90 5 4.5 HAINES 86 IMB 
> 38 p 90 0 <0.8 ARISAKA 85 KAMI 
> 24 p (free) 90 7 8.5 BLEWITT 85 IMB 
> 77 p 90 5 4 BLEWlTT 85 IMB 
> 1.3 p 90 0 ALEKSEEV 81 BAKS 

~-(N --, ~ ,+K) 
LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVTS ESTIMATE DOCUMENT ID TEEN 

>120 p 90 1 0.4 HIRATA 89C KAMI 
> 1.1 n 90 0 BARTELT 87 SOUD 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 3.0 p 90 0 0.7 PHILLIPS 89 HPW 
> 19 p 90 3 2.5 SEIDEL 88 IMB 
> 1.5 p 90 0 20 BARTELT 87 SOUD 
> 40 p 90 7 6 HAINES 86 IMB 
> 19 p 90 1 <1.1 ARISAKA 85 KAMI 
> 6.7 p (free) 90 11 13 BLEWITT 85 IMB 
> 40 p 90 7 8 BLEWlTT 85 IMB 
> 6 p 90 1 BATTISTONI 84 NUSX 
> 0.6 p 90 0 21 BARTELT 83 SOUD 
> 0.4 n 90 0 21 BARTELT 83 SOUD 
> 5.8 p 90 2 22 KRISHNA... 82 KOLR 
> 2.0 p 90 0 CHERRY 81 HOME 
> 0.2 n 90 23 GURR 67 CNTR 

^_20BARTELT 87 l imit applies to p ~ # +  K O. 

z z Limit based on zero events. 
zz We have calculated 90% EL l imit from 1 confined event. 
23We have converted half-life to 90% CL mean life. 

r ( N - - *  u K )  . r l 0  
LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>100 p 90 9 7.3 HIRATA 89£ KAMI 
> 86 n 90 0 2,4 HIRATA 89C KAMI 

• • • We do not use the following data for averages, fits. limits, etc. • • • 

> 15 n 90 1 1.8 BERGER 89 FREJ 
> 15 p 90 1 1.8 BERGER 89 FREJ 
> 0.28 p 90 0 0.7 PHILLIPS 89 HPW 
> 0.3 p 90 0 BARTELT 87 SOUD 
> 0.75 n 90 0 24 BARTELT 87 SOUD 
> 10 p 90 6 5 HAINES 86 IMB 
> 15 n 90 3 5 HAINES 86 IMB 
> 28 p 90 3 3 KAJITA 86 KAMI 
> 32 n 90 0 1.4 KAJITA 86 KAMI 
> 1.8 p (free) 90 6 11 BLEWlTT 85 IMB 
> 9.6 p 90 6 5 BLEWITT 85 IMB 
> 10 n 90 2 2 PARK 85 IMB 
> 5 n 90 0 BATTISTONI 84 NUSX 
> 2 p 90 0 BATTISTONI 84 NUSX 
> 0.3 n 90 0 25 BARTELT 83 SOUD 
> 0.1 p 90 0 25 BARTELT 83 SOUD 
> 5.8 p 90 1 26 KRISHNA... 82 KOLR 
> 0.3 n 90 2 27 CHERRY 81 HOME 

24BARTELT 87 l imit applies to n ~ uK  O. 

25 Limit based on zero events. 
26 We have calculated 90% CL l imit from 1 confined event. 
27W h e ave converted 2 possible events to 90% CL limit. 

r ( N  --, e +  p)  
LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT IO TEEN 

>75 p 90 2 2.7 HIRATA 89C KAMI 
>58 n 90 0 1.9 HIRATA 89C KAMI 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>38 n 90 2 4.1 SEIDEL 88 IMB 
> 1.2 p 90 0 BARTELT 87 SOUD 
> 1.5 n 90 0 BARTELT 87 SOUD 
>17 p 90 7 7 HAINES 86 IMB 
>14 n 90 9 4 HAINES 86 IMB 
>12 p 90 0 <1.2 ARISAKA 85 KAMI 
> 6 n 90 2 <1 ARISAKA 85 KAMI 
> 6.7 p (free) 90 6 6 BLEWITT 85 IMB 
>17 p 90 7 7 BLEWITT 85 IMB 
>12 n 90 4 2 PARK 85 IMB 
> 0.6 n 90 1 0.3 28 BARTELT 83 SOUD 
> 0.5 p 90 1 0.3 28 BARTELT 83 SOUD 
> 9.8 p 90 1 29 KRISHNA... 82 KOLR 
> 0.8 p 90 2 30CHERRY 81 HOME 

28 Limit based on zero events. 
29We have calculated 90% CL l imit from 0 confined events. 
30We have converted 2 possible events to 90% CL limit. 

" r ( N  --* # +  p) 

LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 ESTIMATE 

>110 p 90 0 1.7 
> 23 n 90 1 1.8 

,r 9 

" i ' l l  

T12 

TEEN 

H IRATA 89E KAMI I 

I HIRATA 89c KAMI 
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Baryon Full Listings 
P 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 4.3 p 90 0 0.7 PHILLIPS 89 HPW 
> 30 p 90 0 0.5 SEIDEL 88 IM8 
> 11 n 90 1 1 1 SEIDEL 88 IMB 
> 16 p 90 4 4.5 HAINES 86 IMB 
> 7 n 90 6 5 HAINES 86 IMB 
> 12 p 90 0 <0.7 ARISAKA 85 KAMI 
> 5 n 90 1 <1.2 ARISAKA 85 KAMI 
> 5.5 p (free) 90 4 5 BLEWlTT 85 IMB 
> 16 p 90 4 5 BLEWITT 85 IMB 
> 9 n 90 1 2 PARK 85 IMB 

T ( N  ~ vp) "r13 
LIMIT BACKGROUND 
(t030 years) PARTICLE CL% EVT5 ESTIMATE TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

I >100 p 90 0 0,6 SEIDEL 88 IMB 
>200 p 90 5 3.3 HAINES 86 IMB 
> 64 p 90 0 <0.8 ARISAKA 85 KAMI 
> 64 p (free) 90 5 6.5 BLEWITT 85 IMB 
>200 p 90 5 4.7 BLEWlTT 85 IMB 
> 1.2 p 90 2 36 CHERRY 81 HOME 

36 We have converted 2 possible events to 90% CL limit. 

" r ( p ~  # + ' 1 )  T18 
LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 E5TIMATE DOCUMENT ID TECN 

>69 p 90 1 <0.08 HIRATA 89£ KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

DOCUMENT ID 

>27 p 90 5 1.5 HIRATA 89C KAMI 
>19 n 90 0 0.5 SEIDEL 88 IMB 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 9 n 90 4 2 4  BERGER 89 FREJ 
>24 p 90 0 0.9 BERGER 89 FREJ 
>13 n 90 4 36  HIRATA 89C KAMI 
>13 p 90 1 1.1 SEIDEL 88 IMB 
> 8 p 90 6 5 HAINES 86 IMB 
> 2 n 90 15 10 HAINES 86 IMB 
>11 p 90 2 1 KAJITA 86 KAMI 
> 4 n 90 2 2 KAJITA 86 KAMI 
> 4.1 p (free) 90 6 7 BLEWITT 85 IMB 
> 8.4 p 90 6 5 BLEWlTT 85 IMB 
> 2 n 90 7 3 PARK 85 IMB 
> 0.9 p 90 2 31 CHERRY 81 HOME 
> 0.6 n 90 2 31 CHERRY 81 HOME 

31We have converted 2 possible events to 90% CL limit. 

T(p--~ e+c,, ,) T14 
LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVT5 E5TIMATE DOCUMENT IO TECN 

>45 p 90 2 1,45 HIRATA 89C KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>26 p 90 1 1.0 S£1DEL 88 IM8 
> 1.5 p 90 0 BARTELT 87 SOUD 
>37 p 90 6 5.3 HAINES 86 IMB 
>25 p 90 1 <1.4 ARISAKA 85 KAMI 
>12 p (free) 90 6 7.5 BLEWITT 85 IMB 
>37 p 90 6 5.7 BLEWITT 85 IMB 
> 0 6  p 90 1 0.3 32 BARTELT 83 SOUD 
> 9 8  p 90 1 33 KRISHNA... 82 KOLR 
> 2 8  p 90 2 34 CHERRY 81 HOME 

32 Limit based on zero events. 
33We have calculated 90% CL l imit from 0 confined events. 
34We have converted 2 possible events to 90% CL limit. 

T ( p ~  # + w )  TI5 

LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT /O TEEN 

>57 p 90 2 1.9 HIRATA 89C KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 4.4 p 90 0 0.7 PHILLIPS 89 HPW 
>10 p 90 2 1.3 SEIDEL 88 IMB 
>23 p 90 2 1 HAINES 86 IMB 
> 6.5 p (free) 90 9 8.7 BLEWlTT 85 IMB 
>23 p 90 8 7 BLEWITT 85 IMB 

LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVT5 E5TIMATE DOCUMENT ID TEEN 

>43 n 90 3 2.7 HIRATA 89C KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>17 n 90 1 0 7  BERGER 89 FREJ 
> 6 n 90 2 13  SEIDEL 88 IM8 
>12 n 90 6 6 HAINES 86 IMB 
>18 n 90 2 2 KAJITA 86 KAMI 
>16 n 90 1 2 PARK 85 IMB 
> 2.0 n 90 2 35 CHERRY 81 HOME 

35We have converted 2 possible events to 90% CL limit. 

~ ' (p  -~  e+~ / )  ~- 1"/' 
LIMIT BACKGROUND 
(1030 years) PARTICLE CL% EVT5 E5TIMATE DOCUMENT ID TEEN 

>140 p 90 0 <0.04 HIRATA 89C KAMI 

I > 1.3 p 90 0 0.7 PHILLIPS 89 HPW 
>34 p 90 1 1.5 SEIDEL 88 IMB 
>46 p 90 7 6 HAINES 86 IMB 
>26 p 90 1 < 0 8  ARISAKA 85 KAMI 

I >17 p (free) 90 6 6 BLEWlTT 85 IMB 
>46 p 90 7 8 BLEWlTT 85 IMB 

T ( R - - *  . ~ / )  r19 
LIMIT BACKGROUND 
(1030 fears) PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TECN 

>54 n 90 2 0.9 HIRATA 89C KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>29 n 90 0 0 9  BERGER 89 FREJ 
>16 n 90 3 21  SEIDEL 88 IMB 
>25 n 90 7 6 HAINES 86 IM8 
>30 n 90 0 0 4  KAJITA 86 KAMI 
>18 n 90 4 3 PARK 85 IMB 
> 0.6 n 90 2 37 CHERRY 81 HOME 

37We have converted 2 possible events to 90% CL limit. 

~ ' (p  ~ e + K * ( 8 9 2 1 )  "20  
LIMIT BACKGROUNO 
(1030 years) PARTICLE EL% EVT5 E5TIMATE DOCUMENT ID TEEN 

>52 p 90 2 1.55 HIRATA 89£ KAMI 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>10 p 90 1 <1 ARISAKA 85 KAMI 

T ( N  ~ 1 / K * ( 8 9 2 ) )  T21 
LIMIT BACKGROUND 
(]030 years) PARTICLE EL% EVT5 E5TIMATE DOCUMENT ID TEEN 

>22 n 90 0 2.1 BERGER 89 FREJ 
>20 p 90 5 2.1 HIRATA 89¢ KAMI 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

>17 p 90 0 2.4 BERGER 89 FREJ 
>21 n 90 4 2.4 HIRATA 89C KAMI 
>10 p 90 7 6 HAINES 86 IMB 
> 5 n 90 8 7 HAINES 86 IMB 
> 8 p 90 3 2 KAJITA 86 KAMI 
> 6 n 90 2 16  KAJITA 86 KAMI 
> 58  p (free) 90 10 16 BLEWITT 85 IMB 
> 9 6  p 90 7 6 8LEWITT 85 IMB 
> 7 n 90 1 4 PARK 85 IMB 
> 21  p 90 1 38 8ATTISTONI 82 NUSX 

38We have converted 1 possible event to 90% CL limit. 

~'(p ~ e+~)  T22 
LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 EBTIMATE DOCUMENT ID TEEN 

>460 p 90 0 0.6 SEIDEL 88 IMB I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>360 p 90 0 0.3 HAINES 86 IMB 
> 87 p (free) 90 0 0.2 BLEWITT 85 IMB 
>360 p 90 0 0.2 BLEWITT 85 IMB 
> 0.1 p 90 39 GURR 67 CNTR 

39We have converted half-life to 90% CL mean life, 

~-(p ~ e + e + e - )  "r23 
LIMIT BACKGROUND 
(1030 .years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>510 p 90 0 0.3 HAINES 86 IM8 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

> 89 p (free) 90 0 0 5  BLEWITT 85 IMB 
>510 p 90 0 0.7 BLEWITT 85 IMB 

v ( p ~  # + 7 )  ~'24 
LIMIT BACKGROUND 
(1030 years) PARTICLE EL% EVT5 E5TIMATE DOCUMENT ID TECN 

>380 p 90 0 0.5 SEIDEL 88 IMB ] 
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• • • We do not use the following data for averages, fits. limits, etc. • • • 

> 97 p 90 3 2 HA#NES 86 IMB 
> 61 p (free) 90 0 0.2 BLEWITT 85 IMB 
>280 p 90 0 0.6 BLEWITT 85 IMB 
> 0.3 p 90 40 GURR 67 CNTR 

40We have converted half-life to 90% CL mean life. 

7.(P "* # + # + # - )  7-25 
LIMIT BACKGROUND 
~1_030 years} PARTICLE CL% EVTS ESTIMATE DOCUMENT /D TECN 

>190 p 90 1 0.1 HAINES 86 IMB 
G, • • We do not use the following data for averages, fits, limits, etc. • • = 

> I0.5 p 90 0 0.7 I 
> 44 p (free) 90 1 0.7 
>190 p 90 1 0.9 
> 2.1 p 90 1 

41We have converted i possible event to 90% CL limit, 

7.(n ~ v'7) 7.26 
LIMIT BACKGROUND 
[1030 xeats} PARTICLE EL% EVTS ESTIMATE DOCUMENT ID TECN 

> 9 n 90 73 60 HAINES 86 IMB 
• • • We do not use the following data for averages, fits, limits, etc. = = * 

>11 n 90 28 19 PARK 85 IMB 

1- ( n  --~ e +  e -  .u) 7-27 
l IMIT BACKGROUND 
[1030 xears} PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>45 n 90 5 5 HAINES 86 IMB 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

>26 n 90 4 3 PARK 85 IMB 

7.(n -~ . + . -  ~) 7-28 
l IMIT BACKGROUND 
[1030 7eats} PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TECN 

>16 n 90 14 7 HAINES 86 IMB 
4, • • We do not use the following data for averages, fits, limits, etc. • • • 

> 5.1 n 90 0 0.7 PHILLIPS 89 HPW I 
>19 n 90 4 7 PARK 85 IMB 

7 . ( n - - ~  3 / / )  "T29 
l IMIT BACKGROUND 
[1030 xears} PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>0.0@05 n 90 0 LEARNED 79 RVUE 

~ ' ( P ~  e+~+~ -) 7-30 
l IMIT BACKGROUND 
[1030 yearns) PARTICLE EL% EVT5 EBTIMATE DOCUMENT ID TEEN 

>5.0 p 90 0 0.7 PHILLIPS 89 HPW 

7 . ( P ~  e - / ~ + P  , + )  7-31 
t IMIT BACKGROUND 
[1030 ?ears) PARTICLE EL% EVT5 ESTIMATE DOCUMENT IO TEEN 

>6.0 p 90 0 0.7 PHILLIPS 89 HPW 

' r ( p - -  e - ~ + 1 , r  + )  7-32 
l IMIT BACKGROUND 
[1030 ~ears} PARTICLE CL% EVT5 ESTIMATE DOCUMENT IO TEEN 

>2.0 p 90 0 0.7 PHILLIPS 89 H P W  

7 . ( p - -  # +  m'+Tr - )  'T33 
l IMIT BACKGROUND 
[1030 years) PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>3.3 p 90 O O.7 PHILLIPS 89 HPW 

7 . ( p ~  ~,-~r+ ~+)  r34 
LIMIT BACKGROUND 
[1030 xears} PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>7.8 p 90 0 0.7 PHILLIPS 89 HPW 

7.(n ~ e-n -+) 7.35 
LIMIT BACKGROUND 
{1030 ~eat~} PARTICLE el% EVT5 EBTIMATE DOCUMENT ID TEEN 

>65 n 90 0 1.6 SEIDEL 88 IMB 
i, • • We do not use the following data for averages, fits, lim]ts, etc. • * * 

>16 n 90 9 7 HAINES 86 IMB 
>25 n 90 2 4 PARK 85 IMB 

~-(n~ p-~r +) r 3 6  
LIMIT BACKGROUND 
[1030 ~ears} PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TECN 

n 90 0 0.5 SEIDEL 88 IMB I >49 

PHILLIPS 89 HPW 
BLEWITT 85 IMB 
BLEWITT 85 IMB 

41 BATTISTONI 82 NUSX 

• • = We do not use the following data for averages, fits, limits, etc. • • * 

> 2.7 n 90 0 0.7 PHILLIPS 89 HPW I 
>25 n 90 7 6 HAINES 86 IMB 
>27 n 90 2 3 PARK 85 IMB 

~-(n --* e-  K +) 7.37 
LIMIT BACKGROUND 
(1030 xears) PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>0.23 n 90 0 0.7 PHILLIPS 89 HPW I 

, (n -+  . - K + )  "38 
LIMIT BACKGROUND 
(1030 years} PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>4,7 n 90 0 0.7 PHILLIPS 89 HPW I 

7 . (n  --~ e - p  + )  7.39 
LIMIT 8ACKGROUNO 
(1030 years} PARTICLE CL% EVT5 ESTIMATE DOCUMENT ID TEEN 

>62 n 90 2 4.1 SEIDEL 88 IMB | 
• = • We do not use the following data for averages, fits. limits, etc. • • = 

>12 n 90 13 6 HAINES 86 IMB 
>12 n 90 5 3 PARK 85 IMB 

~-(n --~ ~-p+) ~40 
LIMIT BACKGROUND 
(1030 Xears) PARTICLE EL% EVT5 ESTIMATE DOCUMENT ID TEEN 

90 1 1.1 SEIDEL 88 IMB I >7  n 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>2,6 n 90 0 0,7 PHILLIPS 89 HPW I 
>9 n 90 7 5 HAINES 86 IMB 
>9 n 90 2 2 PARK 85 tMB 
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B i ( j P )  = 1 1 +  ~(~ ) 

We have omi t ted some results t ha t  have been superseded by later  exper- 

iments. The omi t ted  results may be found in our  1986 edit ion (Physics 

Letters 170B) or in earlier edit ions. 

n M A S S  

The mass is known much more precisely in u (atomic mass units) than in MeV; see 
the footnotes. The conversion from u to MeV, 1 u = 931.49432±0.00028 MeV, 
involves the relatively poorly known electronic charge. 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

939.56563:t:0.00028 1 COHEN 87 RVUE 1986 CODATA value 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

939.56564±0.00028 2.3 GREENE 86 SPEC np  ~ d'7 
939.5731 -I-0.0027 3 COHEN 73 RVUE 1973 CODATA value 

1 The mass is known much more precisely in u: m = 1.008664904 ± 0.000000014 u. 
2The mass is known much more precisely in u: m - 1.008664919 ± 0.000000014 u. 
3 These determinations are not independent of the n - p mass difference measurements 

below. 

MASS 

VALUE (MeV] EVT5 DOCUMENT ID TECN COMMENT 

939.485±0.051 59 4 CRESTI 86 HBC ~ p  ~ ~ n  

4This is a corrected result (see the erratum). The error is statistical. The maximum 
systematic error is 0.029 MeV. 

n - p M A S S  D I F F E R E N C E  

VALUE (MeV] DOCUMENT ID TECN COMMENT 

1.293318 =EO.O00009 5 COHEN 87 RVUE 1986 CODATA value 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.2933328±0.0000072 GREENE 86 SPEC np ~ d~  
1.293429 ±0.000036 COHEN 73 RVUE 1973 CODATA value 

5 Calculated by us from the COHEN 87 ratio m ( n ) / m ( p )  1.001878404 ± 0.000000009. 
In u, m(n)  - m(p)  - 0.001388434 ± 0.000000009 u. 

n M E A N  L IFE 

We now compiJe only direct measurements of the lifetime, not those inferred from 
decay correlation measurements. (Limits on lifetimes for bound neutrons are given 
in the section "p  PARTIAL MEAN LIVES.") 

For a review, see EROZOLIMSKl l  89 and papers that  follow it. The issue in 
which these articles appear is the "Proceedings of the International Workshop on 
Fundamental Physics with Slow Neutrons" (Grenoble 1989). 

VALUE (s} DOCUMENT ID TECN COMMENT 
888.6-1- 3.5 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 

878 ± 2 7  ± 1 4  KOSSAKOW... 89 TPC Pulsed beam I 

I 887.6± 3.0 MAMPE 89 CNTR Ultracold neutrons 
877 ± 10 PAUL 89 CNTR Ultracold neutrons 
876 ± 1 0  ± 1 9  LAST 88 SPEC Pulsed beam 
891 ± 9 SPIVAK 88 CNTR Thermal neutrons l 

i 

903 ± 13 KOSVINTSEV 86 CNTR Ultracold neutrons 
918 ± 1 4  CHRISTENSEN72 CNTR 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

937 ± 18 6 BYRNE 80 CNTR 
875 ±95  KOSVINTSEV 80 CNTR 
881 ± 8 BONDAREN... 78 CNTR See SPIVAK 88 

6 This measurement has been withdrawn (J. Byrne, private communication, 1990). 

WEIGHTED AVERAGE 
8 8 8 . 6  + 3 .5  (Error sca led  by  1.3) 

X 
. . . . . . . .  KOSSAKOW... 89 TPC 0.1 

MAMPE 89 CNTR 01 
PAUL 89 CNTR t 3  

, i -  • . . . . . . . .  LAST 88 SPEC 0.3 
/ - ' ~ -  SPIVAK 88 CNTR 0.t 
I ~ . . . . . .  KOSVINTSEV 86 CNTR 12 

J ~v/~k ~ ..CHRISTENSEN 72 CNTR 4.4 

7.6 
, ~ , ~ , ( C o n f l d e n c e  Leve l  = O.266)  

8 4 0  8 6 0  8 8 0  9 0 0  9 2 0  9 4 0  9 6 0  9 8 0  

neut ron mean life (s) 

n M A G N E T I C  M O M E N T  

VALUE (F~N) DOCUMENT 10 TEEN COMMENT 

--1.91304278=1=0.00000045 COHEN 87 RVUE 1986 CODATA va~ue 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.9130427710.00000048 7 GREENE 82 MRS 

7GREENE 82 measures the moment to be (1.04187564 ± 0.00000026) x 10 . 3  Bohr 
magnetons. The value above is obtained by mult iplying this by m ( p ) / m ( e )  = 
1836.152701 ± 0.000037 (the 1986 CODATA value from COHEN 87). 

n E L E C T R I C  D I P O L E  M O M E N T  

A nonzero value is forbidden by both T invariance and P invariance, See RAM- 
SEY 82B for a review. A number of early results have been omitted. 

VALUE (10 26 e~cm) CL~/o DOCUMENT ID TECN COMMENT 

< 12 95 SMITH 90 MRS d = ( - 3 ± 5 ) × 1 0  - 2 6  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 26 95 ALTAREV 86 MRS d = ( -  14 ± 6) × 10 - 2 6  
3J.48 PENDLEBURY84 MRS Ultracold neutrons 

< 60 90 ALTAREV 81 MRS d = (21 ± 24) × 10 26 
<160 90 ALTAREV 79 MRS d = (40 ± 75) x 10 - 2 6  

n E L E C T R I C  P O L A R I Z A B I L I T Y  O~n 

Following is the electric polarizability an  defined in terms of the induced electric 
dipole moment by O = 47r~0c~nE. For a review, see SCHMIEDMAYER 89. 

VALUE (10- 3 fm 3) DOCUMENT ID TEEN COMMENT 

1.1 +0.4  OUR AVERAGE 
-0.6 

1.,71 _+0"431.17 ROSE 90 CNTR ~d, ~ " rnp  

0 8  ± 1.0 KOESTER 88 CNTR n Pb, n Bi transmission 
1 .25_ 1.0 SCHMIEDM... 88 CNTR n Pb, n C transmission 

n C H A R G E  

See also " lqp + qel CHARGE MAGNITUDE DIFFERENCE" in the proton Listings. 

VALUE (10" 21 e) DOCUMENT ID TECN COMMENT 

-- 0.4=1= 1.1 8 8AUMANN 88 Cold n deflection I 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

15 J.22 9 GAEHLER 82 CNTR Reactor neutrons 

8The BAUMANN 88 error ± 1.1 gives the 68% CL limits about the the value 0.4. 
9 The GAEHLER 82 error ±22  gives the 90% CL limits about the the value - 15. 
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Limit on nD Oscillations 

MEAN TIME FOR n'fi TRANSITION IN VACUUM 
Test of baryon conservation, Limits are derived from experimental limits on AB = 2 
nuclear decay processes, using theoretical assumptions for nuclear physics effects, The- 
oretical discussions of the motivations for n'h oscillations appear in MOHAPATRA 80 
and MOHAPATRA 89. Phenomenologlcal analyses are in DOVER 83 and DOVER 85. 
There is some controversy about whether nuclear physics and model dependence can 
complicate the analysis for bound neutrons (from which the best limit comes); for a 
discussion see DOVER 89 and KABIR 83 (see also papers submitted to Phys. Rev. C 
by Kabir and Noble and by Dover et aL). 

VALUE (s) CL~ DOCUMENT tD TECN COMMENT 

>1,2 x 108 90 TAKITA 86 CNTR Kamiokande 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

>4.7 x 105 90 BRESSI 89 CNTR Reactor neutrons 
>1.  x 106 90 FIDECARO 85 CNTR Reactor neutrons 
>8.8 x 107 90 PARK 85B CNTR 
>3. x i07 BATTISTONI 84 NUSX 
> 2.7 x 107-1.1 × 108 JONES 84 CNTR 
>2. x 10 7 CHERRY 83 CNTR 
>3. x l0 T ALBERICO 82 THEO 
>1. x 108 CHETYRKIN 81 THEO 
>5. x 107 90 COWSIK 81 THEO 

n DECAY MODES 

Mode Fraction ( r i / r )  Confidence level 

r l  pe-~e 100% 

Charge conservation (O) violating mode 
r 2  p u e ~ e  O < 9 x 10 - 2 4  90% 

n BRANCHING RATIOS 

r(pve~e)/rtota, r2/r 
Forbidden by charge conservation. 

VALUE CL~ DOCUMENT IO TECN COMMENT 
<9 x 10 - 2 4  90 BARABANOV 80 CNTR 71Ga ~ 71Ge X 

! • • We do not use the following data for averages, fits, limits, etc. • • • 

<9.7 x 10 18 90 ROY 83 CNTR l l 3 c d  ~ l l 3 m l n  neut. 
<7.9 x 10 - 2 1  VAIDYA 83 CNTR 87Rb ~ 87mSr neut. 
<3  x 10 - 1 9  NORMAN 79 CNTR 87Rb ~ 87mSr neut. 

N O T E  O N  B A R Y O N  D E C A Y  P A R A M E T E R S  

(by E.D. Commins, University of California, Berkeley) 

Baryon  semi l ep ton ic  dec a ys  

The typical baryon semileptonic decay is described by a 

matrix element, the hadronic part  of which may be writ ten as: 

B/" [ fl(q2)T;~ + i f2(q2)aAttq t~ + gl(q2)7~75 + g3(q2)TDq:~ ] Bi  . 

Here Bi and B y  are spinors describing the initial and final 

baryons and q = P i -  PI, while the terms in f l ,  f2, gl, and 

g3 account for vector, induced tensor ("weak magnetism"),  

axial vector, and induced pseudoscalar contributions. 1 Second- 

class current contributions are ignored here. In the limit of 

zero momentum transfer, f l  reduces to the vector coupling 

constant gv ,  and gl reduces to the axial-vector coupling 

constant gA. The latter coefficients are related by Cabibbo's 

theory? generalized to six quarks (and three mixing angles) 

by Kobayashi and Maskawa. 3 The g3 term is negligible for 

transitions in which an e ± is emitted, and gives a very small 

correction, which can be estimated by PCAC, 4 for #± modes. 

Recoil effects include weak magnetism, and are taken into 

account adequately by considering terms of first order in 

6 = (rni -- m f ) / ( m  i + m y )  , 

where mi and m y  are the masses of the initial and final 

baryons. 

The experimental quantities of interest are the total decay 

rate, the lepton-neutrino angular correlation, the asymmetry 

coefficients in the decay of a polarized initial baryon, and the 

polarization of the decay baryon in its own rest frame for 

an unpolarized initial baryon. Formulae for these quantities 

are derived by standard means 5 and are analogous to similar 

formulae for beta  decay. 6 For comparison with high-precision 

experiments, it is necessary to modify the form factors at 

q2 = 0 by a "dipole" q2 dependence, and also to apply 

appropriate radiative corrections. 7 

The ratio gA/gV  may be writ ten as 

gA/gV  = [gA/gV I d e a r  . 

The presence of a "triple correlation" term in the transition 

probability, proportional to h n ( g A / g v )  and of the form 

o'F(pt x Pv) 

for initial baryon polarization or 

¢r l ' (Pt  × Pv) 

for final baryon polarization, would indicate failure of time- 

reversal invariance. The phase angle ¢ has been measured 

precisely only in neutron decay (and in 19Ne nuclear beta  

decay), and the results are consistent with T invariance. 

H y p e r o n  n o n l e p t o n i c  decays  

The most general decay amplitude for JP  = 1/2 + hyperons 

may be written in the form 

2 . ~ f ( A  B75) B~ M = GF m~ -- , 

where A and B are constants. 1 Then the transition rate is 

proportional to 

R = t + 7  ~ s ~ + ( 1 - 7 ) ( ~ 1 f i ) ( ~ f i ) +  

O~( ~ f "  f i  + ~ i  ' f i )  - -  /3 f i "  ( ~ f  × ~ i )  , 

where fi is a unit vector in the direction of the final baryon 

momentum, and ~i  and ~ f  are unit vectors in the directions 

of the initial and final baryon spins. Also, 

= 2 R e ( s ' p ) / (  I s 12 + I P 12) , 

and 

/3 = 2 I m ( s * p ) / (  I s 12 + I P 12) , 

7 =  ( I s l  2 -  I p f 2 ) / ( I s ?  + [p]2)  , 

where s = A  a n d p =  I P f I B / ( E / + m f ) ;  here E f  and p /  are 
the energy and momentum of the final baryon. The parameters 

a,  /3, and 7 satisfy 

a 2 +/3 2 + 7 2 = 1 . 

An additional parameter ¢ is defined by 

/3 = (1 - a2) 1/2 sine . 

In the Listings, we compile a and ¢ for each decay, since 

these quantities are most closely related to experiment and are 

essentially uncorrelated. When necessary, we have changed the 

signs of reported values to agree with our sign conventions. 
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In the Baryon Summary Table, we give cq ¢, and A (defined 

below) with errors, and also give the value of 7 without error. 

Time-reversal invariance requires, in the absence of final- 

state interactions, that s and p be relatively real, and therefore 

that ~ = 0. However, for the decays discussed here, the 

final-state interaction is strong. Thus 

s = I s I ei~' and p = I Pi e~" , 

where 6~ and @ are the pion-baryon s- and p-wave strong 

interaction phase shifts. We then have 

-21sl Ipl 
I s 12 + I P 12 sin(5~ - 5p) 

One also defines A - - t a n  l(~/ct). If T invariance holds, 

A - b~ @.For A--*p~r-  decay, the value of A may be 

compared with the s- and p-wave phase shifts in low-energy 

~r p scattering, and the results are consistent with T invariance. 

References  

1. E.D. Commins and P.H. Bucksbaum, Weak Interactions of 
Leptons and Quarks (Cambridge University Press, Cam- 
bridge, England, 1983). 

2. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963). 

3. M. Kobayashi and T. Maskawa, Progr. Theor. Phys. 49, 
652 (1973). 

4. M.L. Goldberger and S.B. Treiman, Phys. Rev. 111, 354 
(1958). 

5. P.H. Frampton and W.K. Tllng, Phys. Rev. D3, 1114 
(1971). 

6. J.D. Jackson, S.B. Treiman, and H.W. Wyld, Jr., Phys. 
Rev. 106, 517 (1957), and Nucl. Phys. 4, 206 (1957). 

7. Y. Yokoo, S. Suzuki, and M. Morita, Progr. Theor. Phys. 
50, 1894 (1973). 

n - +  p e -  v D E C A Y  P A R A M E T E R S  

See the above Note on Baryon Decay Parameters. 

/ gv 
VALUE DOCUMENT tD TECN COMMENT 
- 1.2614- 0.004 OUR AVERAGE 
-1 .262:50.005 BOPP 86 SPEC e mom-n  spin corr. 

1 .261±0.012 10 EROZOLIM. . .  79 C N T R  e mom-n  spin corr. 
-1 .259:50.017 10 S T R A T O W A  78 C N T R  proton recoil spectrum 
-1 .258 :50 .015  11 K R O H N  75 C N T R  e m o m - n  spin corr. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1226±0 .042  M O S T O V O Y  83 RVUE 
-1 .263 :50 .015  EROZOLIM. . .  77 C N T R  See EROZOLIMSKI I  79 
-1 .250 :50 .036  10 D O B R O Z E . .  75 C N T R  See S T R A T O W A  78 

1.263±0.016 12 KROPF 74 RVUE n decay alone 
- 1,250±0.009 12 KROPF 74 RVUE n decay + nuclear f t  

t0These experiments measure the absolute value of g A / g V  only. 

11 K R O H N  75 includes events of CHRISTENSEN 70. 
12KROPF 74 reviews all data  through 1972. 

/3 ASYMMETRY PARAMETER A 
This is the neutron-spin e lec t ron-momentum correlation coefficient. 

VALUE DOCUMENT ID TEEN 
--0.1144-1-0.0017 OUR AVERAGE 
- 0 . 1146±0 .0019  13 BOPP 86 SPEC 
- 0 . 1 1 4  :50.005 14 EROZOLIM. . .  79 C N T R  

0.113 ±0 .006  14 K R O H N  75 C N T R  

13The BOPP 86 value is corrected for radiative effects and weak magnetism. | 
14These results are not corrected for radiative effects and weak magnetism, but  the cor- I 

rections are small compared to the errors. 

ASYMMETRY PARAMETER B 
This is the neutron-spin ant ineut r ino-momentum correlation coefficient. 

VALUE DOCUMENT ID TEEN 
0.997:E0.028 OUR AVERAGE 
0.995±0.034 CHRISTENSEN70 C N T R  I 
1.00 ±0.05  EROZOLtM. , ,  70C C N T R  I 

e-P ANGULAR CORRELATION COEFFICIENT a 
VALUE DOCUMENT ID TEEN COMMENT 
--0.102 :1:0.00.5 OUR AVERAGE 
-0.10173_0.0051 S T R A T O W A  78 CNTR Proton recoil spectrum 
- 0 . 0 9 1  ±0 .039  GRIGOREV 68 SPEC Proton recoil spectrum 

CAV, PHASE ANGLE OF gA RELATIVE TO gV 
Time reversal invariance requires this to be 0 or 180 ° ,  

VALUE (o ~ DOCUMENT ID TEEN COMMENT 

180.07:t:0.18 OUR EVALUATION Using the average va luator  q ~  D given in the 
next data block and ,k _= g A / g V  in sinCAV = 
D(1+3,~2) /2A.  

180.09 :E 0.18 OUR AVERAGE 
179.71:50.39 EROZOLIM.. .  78 C N T R  Polarized neutrons 
180.35±0.43 EROZOLIM. . .  74 C N T R  Polarized neutrons 
180.14±0.22 STEINBERG 74 C N T R  Polarized neutrons 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

181 .1 :5  1.3 15 KROPF 74 RVUE n decay 

15KROPF 74 reviews all data through 1972. 

TRIPLE CORRELATION COEFFICIENT D 
These are measurements of the component  of n spin perpendicular to the decay plane 
in /2 decay. Should be zero i f  Tinvar iance is not violated. 

VALUE DOCUMENT ID TEEN COMMENT 

( - 0 . 5  =1=1.4 ) x 10 - 3  OUR AVERAGE 

+ 0.0022±0.0030 EROZOLIM. . .  78 C N T R  Polarized neutrons 
- 0 .0027±0.0050 16 EROZOLIM. . .  74 C N T R  Polarized neutrons 
- 0.0011±0.0017 STEINBERG 74 C N T R  Polarized neutrons 

16 EROZOLIMSKI I  78 says asymmetric proton losses and nonuniform beam polarization 
may give a systematic error up to 0,003, thus increasing the EROZOLIMSKI I  74 error 
to 0.005. STEINBERG 74 and STEINBERG 76 estimate these systematic errors to be 
insignificant in their experiment. 
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Baryon Full Listings 
n, N's and A's 

N O T E  O N  N A N D  A R E S O N A N C E S  

I. I n t r o d u c t i o n  

(by  G.  HShler ,  U n i v e r s i t y  of  K a r l s r u h e )  

T h e  exc i t ed  s t a t e s  of  t h e  n u c l e o n  h a v e  b e e n  s t u d i e d  in a 

l a rge  n u m b e r  of  f o r m a t i o n  a n d  p r o d u c t i o n  e x p e r i m e n t s .  P ro -  

d u c t i o n  e x p e r i m e n t s  a r e  u n s u i t a b l e  for  a c c u r a t e  d e t e r m i n a t i o n  

of  r e s o n a n c e  p a r a m e t e r s  b u t  will  b e  e s sen t i a l  in s e a r c h i n g  for  

t h e  m a n y  n u c l e o n  r e s o n a n c e s  p r e d i c t e d  to  ex is t  b u t  a lso  to  

d e c o u p l e  f r o m  t h e  7rN c h a n n e l .  1 

T h e  masses ,  w i d t h s ,  a n d  e las t i c i t i e s  of  t h e  N a n d  A 

r e s o n a n c e s  in t h e  B a r y o n  S u m m a r y  T a b l e  c o m e  a l m o s t  en t i r e ly  

f r o m  p a r t i a l - w a v e  a n a l y s e s  of  zrN t o t a l ,  e las t ic ,  a n d  c h a r g e -  

e x c h a n g e  s c a t t e r i n g  d a t a  (see Sec. II).  P a r t i a l - w a v e  a n a l y s e s  

have  a lso  b e e n  u sed  o n  m u c h  s m a l l e r  d a t a  se t s  to  ge t  Nr/ ,  A K ,  

a n d  ~ K  b r a n c h i n g  f r ac t i ons .  O t h e r  b r a n c h i n g  f r a c t i o n s  c o m e  

f r o m  i s o b a r - m o d e l  a n a l y s e s  of  r N  ---* NTrTr d a t a  (Sec. III) .  

F ina l ly ,  s o m e  N'~ b r a n c h i n g  f r a c t i o n s  have  b e e n  d e t e r m i n e d  

f r o m  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 s  (Sec. IV).  

T a b l e  1 l ists  al l  t h e  N a n d  A en t r i e s  in t h e  B a r y o n  L i s t i ngs  

a n d  gives  o u r  e v a l u a t i o n  of  t h e  s t a t u s  of  each ,  b o t h  overa l l  a n d  

c h a n n e l  b y  c h a n n e l .  O n l y  t h e  e s t a b l i s h e d  r e s o n a n c e s  (overa l l  

s t a t u s  3 or  4 s t a r s )  a p p e a r  in t h e  B a r y o n  S u m m a r y  Table .  

W e  c o n s i d e r  a r e s o n a n c e  to  be  e s t a b l i s h e d  o n l y  if  it  ha s  b e e n  

seen  in a t  l eas t  two  i n d e p e n d e n t  a n a l y s e s  a n d  t h e  r e l e v a n t  

p a r t i a l - w a v e  a m p l i t u d e s  d o  n o t  b e h a v e  e r r a t i c a l l y  or  h a v e  l a rge  

e r rors .  S o m e  r ecen t  d a t a  2,3 a b o v e  1 G e V / c  differ  a p p r e c i a b l y  

f r o m  ear l ie r  d a t a  a n d  t h u s  a lso  f r o m  p r e d i c t i o n s  of  t h e  e x i s t i n g  

ana ly se s ,  so a c a u t i o u s  a t t i t u d e  is ca l l ed  for.  P r o b l e m s  a t  lower  

m o m e n t a  will b e  d i s c u s s e d  in Sec. II. 

T h e  B a r y o n  L i s t i ngs  give,  in a d d i t i o n  to  t h e  u s u a l  Bre i t -  

W i g n e r  p a r a m e t e r s ,  t h e  p o s i t i o n s  a n d  r e s idues  of  t h e  poles  

of  t h e  r e s o n a n t  p a r t i a l  waves  o n  t h e  s e c o n d  shee t  o f  t h e  

c o m p l e x  e n e r g y  p l ane .  T h e s e  c o m e  f r o m  7rN ---* l r N  p a r t i a l -  

wave  a n a l y s e s  a n d  f r o m  7rN ---+ NTrTr i s o b a r - m o d e l  a n a l y s e s .  

T h e r e  a re  t w o  ex t ens ive  r ev iews  of  n u c l e o n  r e s o n a n c e s ,  4,5 

a n d  t h e r e  have  in r ecen t  y e a r s  b e e n  severa l  C o n f e r e n c e s  a n d  

W o r k s h o p s  o n  7rN Phys i c s .  6 -9  

FUr the r  p r o g r e s s  in u n d e r s t a n d i n g  N a n d  A r e s o n a n c e s  

will  d e p e n d  o n  i n v e s t i g a t i o n s  of  t h r e e  t y p e s .  

(1 )  N e w  data: M u c h  n e w  d a t a  h a s  b e e n  p u b l i s h e d  in 

r ecen t  y e a r s  b y  g r o u p s  w o r k i n g  a t  L A M P F ,  1° a n d  t h e r e  is 

a lso  s o m e  n e w  d a t a  f r o m  L e n i n g r a d  11 a n d  Moscow.  3 T h e  

resu l t s  i nc lude  p r e l i m i n a r y  s p i n - r o t a t i o n  d a t a ,  t h e  f i rs t  s u c h  in  

t h e  r e s o n a n c e  reg ion .  S o m e  re su l t s  were  ava i l ab l e  long  be fo re  

p u b l i c a t i o n  12 a n d  were  i n c l u d e d  in one  of  t h e  K a r l s r u h e  

a n a l y s e s  (see Sec. II).  

N e w  h i g h - p r e c i s i o n  d a t a  in t h e  l o w - e n e r g y  r eg ion  (see 

Ref.  7 a n d  W .  K l u g e ' s  r ev i ew  a n d  o t h e r  c o n t r i b u t i o n s  in 

Table 1. The status of the N and A resonances. Only those with an 
overall status of *** or **** are included in the main Baryon Summary 
Table. 

Status as seen in - -  
Overall 

Particle L21.2j status N r  N~ AK ~K  Ar  Np N~ 

N(939) Pal **** 
N(1440) Pl l  **** **** * 
N(1520) D13 **** **** * 
N(1535) $11 **** **** **** 
N ( 1 5 4 0 )  P 1 3  * 

N(1650) $11 **** **** * 
N(1675) D15 **** **** * 
N(1680) F15 **** **** 
N(1700) D13 *** *** * 
N(1710) Pll  *** *** ** 
N(1720) P13 **** **** * 
N(1960) ? * 
N(1990) F17 ** ** * 
N(2000) F15 ** ** * 
N(2080) D13 ** ** * 
N(2090) $11 * * 
N(2100) Pll  * * 
N(2190) G17 **** **** * 
N(2200) D15 ** ** * 
N(2220) H19 **** **** * 
N(2250) G19 **** **** * 
N(2600) I l l l  *** *** 
N(2700) Ka13 ** ** 

* * *  * *  

* * *  * * * *  

* * * *  * * * *  * * * *  

* * *  * * *  

* * *  * * * *  

* * * *  * * * *  

* * * *  * * * *  * * * *  

* *  * * *  

* *  * * * *  

A(1232) P33 **** **** F **** 
A(1550) P31 * o * * * 
A(1600) P33 ** ** r ** * ** 
A(1620) $31 **** **** b **** **** *** 
A(1700) D a n  **** **** i * *** ** *** 
A(1900) $31 *** *** d * * * 
A(1905) F35 **** **** d * ** * *** 
A(1910) Pal **** **** e * * * * 
A(1920) P33 *** *** n * * * 
A(1930) D35 *** *** F * * 
A(1940) D33 * * o 
A(1950) F37 **** **** r * *** * *** 
A(2000) F35 ** b ** 
A(2150) $31 * * i 
A(2200) G37 * * d 
A(2300) H39 ** ** d 
A(2350) D35 * * e 
A(2390) /'37 * * n 
A(2400) G39 ** ** 
A(2420) H311 **** **** * 
A(2750) 1313 ** ** 
A(2950) K315 ** ** 

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

** Not established; needs confirmation. 
* Evidence weak; could disappear. 

Ref.  6) a r e  of  some  r e l evance  to  t h e  lower  r e s o n a n c e s ,  i n so fa r  

as  d i s p e r s i o n  r e l a t i o n s  need  i n p u t  f r o m  all  m o m e n t a .  T h e y  a re  

m o r e  i m p o r t a n t  for  a n a l y t i c  c o n t i n u a t i o n s  in to  t h e  u n p h y s i c a l  

r eg ion  b e l o w  t h r e s h o l d  for  t e s t s  of  p r e d i c t i o n s  f r o m  ch i r a l  

p e r t u r b a t i o n  t heo ry ,  for  i n s t a n c e  for  t h e  7rN a t e r m  (see 

G a s s e r  a n d  Sa in io ' s  c o n t r i b u t i o n  to  Ref.  6 a n d  m i n e  to  Ref. 7). 

U n f o r t u n a t e l y ,  t h e  new l o w - e n e r g y  e x p e r i m e n t s  d o n ' t  all  ag ree  

w i t h  one  a n o t h e r .  

( 2 )  N e w  ana l y se s :  E x i s t i n g  p a r t i a l - w a v e  so lu t i ons  will  

n e e d  to  b e  a d j u s t e d  to  ge t  a g o o d  fit to  t h e  new d a t a .  

F i r s t  s h o u l d  c o m e  s i n g l e - e n e r g y  a n a l y s e s  c o m b i n e d  w i t h  a 
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study of the zeros of invariant and transversity scattering 

amplitudes, as was done in earlier work of our group 4 and of 

the Leningrad group. 13 The zeros must lie on trajectories and 

fulfill conditions derived from the Mandelstam hypothesis (see 

Sec. 2.4.3 in Ref. 4 and also Ref. 14). Instead of cutting off the 

tail of high partial waves, one should use Koch's results. 15 

Around the A(1232) and below, the electromagnetic cor- 

rections are fairly large. They should be treated using the rela- 

tivistic dispersion-relation method developed by the NORDITA 

group. 16 Less reliable methods based on potential models are 

unfortunately still in use. 

New data on rrN scattering reactions leading to inelastic 

final states should be included. Related to this is the search 

for shadow poles (see Sec. II). 

Finally, a new analysis of the type carried out by the 

CMU-LBL and Karlsruhe-Helsinki groups is essential, but 

these groups lack the manpower to do it. Without  an analysis 

on this level of sophistication, new data  will not significantly 

improve our knowledge of the resonance parameters. 

Single-energy analyses in accord with the program de- 

scribed above have recently been carried out by the Karlsruhe 

group on all new data below 700 MeV/c (excepting data on 

inelastic reactions). Apparently the only other group working 

in this field is the VPI group (see Arndt in Ref. 6). This group's 

SAID facility includes a program for single-energy analysis and 

it also distributes results of an energy-dependent partial-wave 

analysis four times per year. However, the group's methods of 

analysis do not take into account some of the essential points 

noted above. A detailed documentation of the method and a 

comparison with other solutions are not available. See Sec. II 

for further comments. 

(3) N e w  theoretical investigations: Many theoretical 

authors disregard the fact that  the Breit-Wigner resonance 

parameters we give are different from the quantities they 

calculate in their models. This is no problem for Skyrmion 

models, 17 which predict scattering amplitudes, but in quark 

shell models or lattice calculations the authors calculate ener- 

gies of stable excited states and ignore the nmss shifts expected 

from the strong coupling to the decay channels. It is essential 

to estimate these mass shifts before making detailed compar- 

isons between the theoretical results and the experimentally 

determined resonance parameters. 
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II .  T w o - b o d y  partial-wave analyses  and determina-  
t ion of resonance parameters  

(by G. HShler, University of Karlsruhe) 

7rN par t ia l -wave  analysis: Even if all measurable ~p 

r p  scattering data  were known with high accuracy, it would not 

be possible to obtain a unique set of partial waves from the data 

alone, since a common phase of all transversity amplitudes is 

not determined. It is essential to add the theoretical constraints 

of unitarity, isospin invarianee, and analytieity. See Ref. 1 for 

a precise mathematical  s tatement and a discussion of the 

stability problem, and Ref. 2 (Sec. 2.1) for a brief review. 

The strength of the unitarity constraint alone (that is, 

without analyticity) for ~+p scattering was investigated by 

Atkinson et al. 3 The lesson is that  the tail of high partial 

waves should not be cut off sharply (as was done by the 

pioneers in this field, but also in some recent analyses4'5), since 

equally good fits can sometimes be obtained with changes of 

the small tail coupled with substantial changes in low partial 

waves. In general, there are a few high partial waves that  are 

too large to be neglected but too small to be determined 

accurately. We return to this point below. 

In QCD, isospin is not exactly conserved in strong inter- 

actions because the masses of the up and down quarks are not 

identical. However, despite some earlier reports for violations of 

isospin invariance, the only confirmed violation is seen in total 

cross section data in the A(1232) regiom the manifestation 

being the slightly different masses and widths of the A ++ 

and A I). See Ref. 6 for a recent test of isospin invariance at 

intermediate energies. 
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The problem of getting a unique solution remains even if 

one includes differential-cross-section, polarization, and spin- 

rotation data from all three reactions 0r+p--~ ~r±p and 

~T-p ---* ~r°n), plus the constraints of unitarity and isospin 

invariance. It is still necessary to add analyticity constraints, 

and much stronger ones than just the forward dispersion 

relations. Constraints based on the Mandelstam hypothesis 7 

have been used successfully only in the CMU-LBL s and KH 9 

analyses. In these analyses, long tails of high partial waves 

were admitted, but only global results about the high waves, 

not details about a particular one of them, are reliable. The 

two groups worked with different sets of data. For example, 

a large elastic ~r+p data set of Bardsley et al. (Rutherford 

Lab, 1976) was not used in the KH analyses (it was never 

published). The groups made independent decisions in cases 

of discrepancies between data sets or normalizations, and 

they used different dispersion constraints. Nevertheless, there 

is reasonable agreement between the two sets of partial-wave 

amplitudes, which are shown in Fig. 1. The solutions shown in 

]Pig. 1 will be referred to below as the CMU-LBL and KHS0 

solutions. 

In subsequent investigations, the KH group has tested the 

consistency of its KH80 solution with various consequences of 

the Mandelstam hypothesis. 2,1°-12 The results confirm that 

there exists a prescription based on general principles for 

obtaining a unique partial-wave solution. Furthermore, they 

show that at present there is no evidence for additional 

singularities that could possibly follow from QCD. However, 

problems may arise if discrepancies in the low-energy region 

(see Sec. I) are resolved in favor of certain data sets. A 

quantitative calculation of 7rN scattering amplitudes in the 

physical region is far beyond the possibilities of the present 

techniques available in QCD. 

The resonance parameters in the Baryon Summary Table 

are mainly determined from the CMU-LBL and KH analyses. 

More details of the CMU-LBL, KH80, and KA84 (see below) 

solutions, including speed plots, may be found in Ref. 13. 

The results of phase-shift analyses of the VPI group 4 are 

not shown in Fig. 1 for the following reasons. The VPI analyses 

are based on a special parametrization of the partial-wave 

amplitudes using a large number of adjustable parameters. This 

parametrization ignores the well-known left-hand singularities 

of these amplitudes TM (even the nucleon Born term), which 

start not far below threshold. The discontinuities along the 

nearby parts of these cuts have been calculated by many 

authors, in particular by J. Hamilton et al. and more recently 

by R. Koch. u The solution obtained by the VPI group is 

not unique, since it would be equally justified to use other 

parametrizations that would lead to more or less different 

results. Furthermore, the VPI analysis does not use data above 

1.1 GeV, so that it is unlikely that the left wings of the 

strongly coupled resonances located above this energy are well 

described. Finally, electromagnetic corrections are calculated 

using an old method based on a potential model instead of on 

the NORDITA method mentioned in Sec. I. 
It is remarkable that many experimentalists disregard the 

importance of dispersion-relation constraints and uniqueness, 

and treat the VPI analysis on an equal footing with the CMU- 

LBL and KH analyses. They use the SAID program package 

of Arndt et al., although they know only vaguely what these 

programs do. The SAID facility is useful, but it suffers from 

the above-mentioned shortcomings of the phase-shift analysis 

and from a lack of documentation. 
An improvement of the methods used in the CMU-LBL 

and KHS0 analyses has been developed by Koch, based on our 

evaluation of Mandelstam's double spectral function near the 

physical region, 15 and in connection with his new evaluation 

of the 7rN partial-wave dispersion relations, u The result is 

a prediction for the high partial waves. Detailed figures are 

shown in Refs. 13 and 16. 
Since the KH80 solution 9 as well as the "data points" of the 

CMU-LBL solution s shown in Fig. 1 result from an iteration 

procedure that ends with a fit to the data, the amplitudes 

fluctuate somewhat with energy. The CMU-LBL group then 

used energy-dependent fits to obtain smoothed amplitudes (see 

Fig. 1). From the KH80 solution, Koch produced two smooth 

solutions (not shown in Fig. 1) by using KH80 for evaluations 

of the partial-wave dispersion relations u (solution KA84) and 

for evaluations of the partial-wave projections of the fixed-t 

dispersion relations 1~ (KA85). The latter method is an exact 

version of the approach of Chew et al. 17 It can be applied 

only up to about 0.5 GeV/c. These smoothed versions do not 

have the erratic properties seen in Fig. 1 on the left wings of 

some of the resonances. The approximate agreement of the two 

results 12 supports the validity of the Mandelstam hypothesis. 
Plots of the zero trajectories of invariant and transversity 

amplitudes calculated from the CMU-LBL and KA84 solutions 

show that, at some energies, the present results are not 

satisfactory. TM The need for corrections follows also from 

discrepancies of the analyses with some of the new data 

mentioned in Sec. I, in particular with the data of Kim et al. 

(Ref. 10 in Sec. I). 
We have made preliminary single-energy analyses using 

only data up to 700 MeV/c measured after the completion of 

the KH80 analysis. 19 A few of the lower partial waves were 

varied and the higher partial waves were fixed as given by 

the KA84 solution. The analysis will be extended to higher 

momenta. 
The discrepancies of predictions from the KH80 and KA84 

solutions with the data between 427 and 687 MeV/c (see 

Ref. 10 in Sec. I) can easily be removed by relatively small 

changes of a few partial waves. The only resonant amplitude 

in this range, the Pn ,  changes only slightly. The largest 

correction, which occurs in the S]I amplitude, could be used 

in a new analysis of the N(1535)$11 resonance. However, the 

new data lie only on the left wing of this resonance, on which 

the inelasticity increases rapidly due to the opening of the nr/ 
channel. 
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Fig. l(a).  The L21.2.I = Sl l ,  Pl l ,  P13, and D13 partial-wave amplitudes for ~rN 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 nominal 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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Fig. l(b). The L21.2J = Dth, F15, Fz7, and G17 partial-wave amplitudes for 7rN 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 nominal 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). 



VIII.14 

Baryon Full Listings 
N's a n d  A ' s  

I 
I 

z ~ z ~ G ,  t u , v )  

Z~EIIGY ( U , ' 0  

7rN ELASTIC G19 AMPLITUDE 

/ "  '-7--~,, , . . . . . . . .  , ,"~\  
~(2a2o) "\,,\ ,, ~ ,, 

~ J  ' i - 
/ 

: ° ° i l . ~  ...... °°o°° ~ . _  . . . . . . .  ~<~ o::.~> .°° 

(u°v) ~Nz~av ( ~ , v )  

L~oo Leoo 

~ooQ 2 o o o  

i t  . . . . . . . .  

! 

, a  i . . . .  zo'oa . . . .  oo'  ' ' ~ o  as - . o5  
~m ,1 )  z , zeGY (u , v )  

rrN ELASTIC H1LL AMPLITUDE 

Fig. l(c). The L21.2J = G19, H19, and H111 partial-wave amplitudes for 7rN 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 
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Fig. l(d). The L21.2J = S31, P31, P33, and D33 partial-wave amplitudes for 7rN 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 nominal 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 
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Fig. l(e). The L21.2J = D35 , F35, F37, and G37 partial-wave amplitudes for 7rN 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 nominal 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). 



See key on page IV.I 
V111.17 

Baryon Full Listings 
N's and ~ 's  

11oo 

> 
:4oo 

21oo 

Z~ill++~' cw,v} 

10 O~ 

I~00 

,,°o 

ZllOO 

Z.ZllOV (~ov) 

- o ~  o o ~  

i s o o  

z+oo 

2soo 

°* 7 . ~ o ~  ' 

J 
l e o @  2 0 0 0  1 4 0 0  Z S O 0  

z m m w r  C~,V} 

rrN ELASTIC G39 AMPLITUDE 

zc  ~ ( H J i l )  

i s  

os 

e~o'  ' 'ZQ'0Q' ' ' e t~o '  ' '~.'0O' ' 

/ 
l o  16oo 2oDo z . o o  zsoo  

E~ZRGY IX, '~  

7rN E L A S T I C  H 3 1 1  A M P L I T U D E  

j 

to -os o .~s 

l!i!! 
z~zn~Y (u°v) 

~ = ~ l  io 

lSOO 

moo 

:4oo 

zaoo 

~aoo ~ooo z+oo zlo~ 

zNz~oy (M,v) 

~N ELASTIC H39 AMPLITUDE 

XBL 824-9332 

Fig. l(f). The L2ICj = G39, /{39, and H311 partial-wave amplitudes for 7rN 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 nominal 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). 



VII1.18 

Baryon Full Listings 
N's and A's 

The preliminary measurements  of spin-rotat ion 

parameters  2° are in reasonable agreement with the CMU- 

LBL and KH80 solutions, in part icular if one plots the spin- 

rotation angle. These parameters  vary dramatically near the 

kinematical points  where a zero trajectory of the  t ransversi ty 

ampli tude intersects the  physical region and the polarization 

is :t:1 (Ref. 18), but  it seems they are not as helpful as one 

might hope for in the  determinat ion of resonance parameters .  

In principle, they  allow a test  of isospin invariance at each 

energy and scattering angle where da ta  exist, but  due to the 

errors it is not  clear tha t  this test  is usefnl in practice. For 

more on this  subject,  see my contr ibution to Ref. 6 of Sec. I. 

The conclusion from our preliminary analysis is tha t  some 

corrections to the  large partial waves of the  KH and CMU-LBL 

solutions can be est imated,  but  the  small  partial  waves, such 

as the  small  P waves, are still not well determined. Dispersion- 

relation constraints  will be helpful only after the  discrepancies 

between the new low-energy experiments  are resolved. 

Experiments  carried out at Los Alamos and at Leningrad 

have much improved the information on cross sections and po- 

larization parameters.  However, even at six selected momenta ,  

the polarization parameters  in some impor tan t  kinematical  

regions have large errors or have not been measured.  In our 

analysis, we have problems with the  charge-exchange differ- 

ential cross sections of Boreherding et al. 21 (which have not 

been published). The discrepancies between the total cross 

section da ta  are sometimes much larger than  the errors (see 

Sec. 2.2.1.2 in Ref. 2). 

Above 2.2 GeV/c,  the  da ta  are still too sparse for a good 

determinat ion of the larger number  of impor tant  partial waves. 

Evidence for resonances in this region has been reported by 

Hendry 22 and by Koch?  Hendry used an energy-dependent  

parametr izat ion without  analytici ty constraints.  Koch used an- 

alyticity constraints  and addit ional da ta  (Ref. 23, and Ref. 12 

in Sec. I). A table of his partial-wave ampli tudes from 2 to 6 

GeV/c  may be found in Ref. 2, pp. 86 91. 

Determina t ion  of  resonance parameters:  The differ- 

ences between the CMU-LBL and KH partial-wave ampli tudes 

would decrease if the  analyses were repeated with a more 

accurate and uniform set of data.  Tb_is is not true, however, for 

the  differences between the two sets of resonance parameters .  

At present, no dynamical  theory gives a clear prescription for 

gett ing the parameters  from the ampli tudes,  so there is no 

unique and generally accepted definition of these parameters .  

Usually, of course, generalized Breit-Wigner formulas are fit 

to the ampli tudes where appropriate,  but  every author  has 

his favored parametrizat ion,  and the errors are related to the  

choice. The parameters  given by the KH group and in the  ear- 

lier work of the CMU-LBL group are of this sort. The groups 

differ, for example, in the  t rea tment  of thresholds for inelastic 

final s tates  and in assumpt ions  about  the background. A more 

sophisticated nmlt ichannel  coupled resonance scheme was used 

in the final CMU-LBL analysis, ~ and their parameters  should 

be preferred to those of the KH group. 

It is often clear tha t  some who quote resonance parameters  

from the Baryon Summary  Table are not well-informed on 

how these parameters  have been determined. They  treat  the  

values and their errors as "experimental  data," tha t  is, too 

seriously, without  unders tanding the  uncertainties.  Or they do 

not dist inguish clearly between a phase-shift  analysis and the 

determinat ion of resonance parameters .  As noted above, from a 

given phase-shift  solution one can derive considerably different 

resonance parameters .  See also the  last paragraph of See. I. 

One difficulty tha t  becomes increasingly impor tant  as the  

energy increases is tha t  "background terms," namely diffraction 

and p exchange, make contributions to the partial waves tha t  

look like highly inelastic resonances (see Ref. 2, Sec. 2.4.1.1). 

The energy dependences are different, bu t  at high energies 

da ta  are insufficient to determine accurately the speed with 

which a partial-wave ampli tude traverses the  complex plane. 

Furthermore,  it is a dynamical  question whether  or not this 

background is part  of the  resonance mechanism. 

If the resonances are ordered according to the shapes  of 

their Argand plots, there is a continuous transi t ion from clean 

textbook-type resonances to t iny wiggles on large backgrounds. 

The Baryon Summary  Table lists all objects tha t  have a 

"resonance-like" shape on the  Argand diagram and a m a x i m u m  

of the speed. The  reader mus t  decide which of these are 

"resonances" in the  framework of his or her model. 

Resonance poles: The Baryon Listings give a second set 

of resonance parameters ,  the positions and residues of the 

resonance poles of the partial-wave ampli tudes on the  second 

sheet of the  s plane. These may be determined in a more or 

less modeMndependent  way. Table 2 summarizes  some of the  

recent results. 4'8'24 Note, however, tha t  Fonda et a l?  5 were 

able to fit even the Pa3 ampli tude in the vicinity of 1230 

MeV without a pole. A theoretical assmnpt ion  or a rgument  

tha t  excludes such parametr izat ions is needed. 

A special s i tuation arises when a resonance is located near 

the threshold of an inelastic channel tha t  is strongly coupled 

to the  7rN system. For example, the  ATr threshold is near the  

N(1440)Pl l ,  and the  N~] threshold is near the N(1535)$11. In 

these cases, a single resonance usually has poles on more than  

one sheet of the Riemannian  surface. 26 

The  CMU-LBL group has listed only the  poles nearest  

the  real s-axis, s Using a coupled-channel K-matr ix  formalism, 

Arndt  et al. 4 found two poles on different sheets for the  

N(1440)Pu ,  but  only one pole for the N(1535)$11. There was 

speculation about  a "splitting of the Pl l ,"  but  Cutkosky 2r 

concluded tha t  it is most  likely tha t  the  second pole is the  

shadow pole investigated in Ref. 26. Recently, Pearee and 

Gibson studied the  observable effects of poles and shadow 

poles in coupled-channel systems in a model, 2s and pointed 

out  that  for two coupled P waves and small coupling the 

Argand diagram looks remarkably like tha t  of the  KH80 Pll 

ampli tude in the  range up to about  800 MeV. This  may 

suggest a relation between the N(1440)Pl l  and N(1710)Pl l  

resonances. (The latter resonance was not seen in Refl 4.) 
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This interpretation differs from Cutkosky's, so further work is 

necessary. Best would be to use the method of Cutkosky et 

al. s to search for shadow poles. 

In a recent paper, Elsey and Afnan 3° calculated directly 

the complex poles of the S-matrix in the cloudy bag model 

instead of starting as usual with stable bound states. Their 

application to the Roper resonance should be reconsidered, 

taking into account the above-mentioned results. 

It should be emphasized that  the details of the partial-wave 

,;olution are less important  than the method used to extract  

the poles. For example, Arndt using his method finds two poles 

for the N(1440)P11 even when applying it to the KH solution! 

Resonance 

A(1232)P33 

A(1620)$31 

A(1700)Da3 

A(1900)$31 

A(1905)F35 

A(1910)P31 

A(1920)P33 

A(1930)D35 

A(1950)F37 

A(2420)H311 

Table 2. Determinations of pole parameters of 3- and 4-star 
iV and A resonances. Cutkosky et al. s and Arndt  et al. 4 take 
into account inelastic channels in the isobar approximation. 
Sararu 24 uses Koch's smoothed version 11 of the Karlsruhe 
solution without taking into account inelastic scattering. In 
the inelastic region, a resonance generally has poles in several 
sheets of the energy plane. The parameters here are of the pole 
reached most directly from the physical region. This condition 
can be ambiguous when a strong inelastic channel (A~r, Nr  h 
Np, etc.) opens within the width of the resonance. Two poles 
are given for the N(1440)Pll  (Ref. 4). 

Pole position (MeV) Residue 

Resonance ReW - 2 x I m W  Irl(MeV) 0(°) Ref)  

N(1440)P11 13754-30 1804-40 524-5  - 1 0 0 4 - 3 5  C 
1355 200 62 -108  1 
1416 156 118 - 4  ~ A 

N(1520)D13 1510 4- 5 114 4- 10 35 4- 2 - 1 2  ± 5 C 
1508 124 40 - 9  A 

N(1535)$1l 1510 4- 50 260 4- 80 1 2 0 ± 4 0  +15 4- 45 C 
1464 150 40 - 4 4  A 

N(1650)Sll 1640 4- 20 150 4- 30 60 ± 10 - 7 5  4- 25 C 
1656 108 34 - 5 4  A 

N(1675)D15 1660 4- 10 140 4- 10 31 4- 5 - 3 0  4- 10 C 
1658 136 32 - 2 0  A 

N(1680)F15 1 6 6 7 ± 5  1104-10 344-2  - 2 5 ± 5  C 
1668 110 33 - 1 8  A 
1671 122 25 - 2 0  S 

N(1700)D13 1660 4- 30 90 4- 40 6 4- 3 0 4- 50 C 
1676 48 2 +43 A 

N(1710)PI~ 16904-20 804-20 84-2  +1754-35 C 
(not seen) A 

N(1720)P~3 16804-30 1204-40 8 ± 2  - 1 6 0 4 - 3 0  C 
1690 66 3.7 -138  A 
1670 188 8 -127  S 

N(2190)G~7 2100 4- 50 400 4- 160 25 4- 10 - 3 0  4- 50 C 
2056 580 40 - 1 8  S 

N(2220)H19 2160 4- 80 480 4- 100 45 4- 20 - 4 5  4- 25 C 
2130 340 19 - 4 7  S 

N(2250)G19 2150 4- 50 360 4- 100 20 4- 6 - 5 0 4 - 2 0  C 

N(2600)I l l I  2589 460 S 

(continued) 
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Pole position (MeV) Residue 

ReW - 2 x I m W  [r[(MeV) 0(°) Ref. ? 

1210 + 1 100 4- 2 53 + 2 - 4 7  4- 1 C 
1211 102 56 - 3 0  A 
1209 100 S 

1600 4- 15 120+20  15 4-2 - 1 1 0 4 - 2 0  C 
1592 108 13 -117  A 

1675 4- 25 220 4- 40 13 ± 3 - 2 0  4- 25 C 
1674 336 32 - 2 4  A 
1680 226 14 +34 S 

1870 4- 40 180 4- 50 10 4- 3 +20 4- 40 C 

1830 ::t= 40 280 4- 60 25 4- 8 - 5 0  4- 20 C 
1872 228 23 - 1 3  A 
1850 220 10 - 1 1  S 

1880+30  200 4- 40 20 4-4 - 9 0  4- 30 C 
1883 392 27 - 8 9  S 

1900 4- 80 300 4- 100 24 4-4 -150  4- 30 C 
(not seen) A 

1890 4- 50 260 4- 60 18 4- 6 - 2 0  + 40 C 

1890 4- 15 2604-40 5 0 + 7  - 3 3  4-8 C 
1864 216 50 - 2 0  A 
1890 242 32 - 2 2  S 

2360 4-100 420 4-100 18 4-6 - 3 0  4- 40 C 

tC = Cutkosky et al., s A = Arndt et al., 4 and S = Sararu. 24 

It would be of interest to extend the search for a shadow 

pole to the N(1535)$11, which is closely related to the n~ 

threshold (see, for instance, Ref. 29). The rapid increase of 

inelasticity at the nr/ threshold leads in the partial-wave 

dispersion relation to a positive contribution to the real part, 

and thereby to a resonance-like wiggle in the Argand diagram. 31 

Remarkably, there exist families of resonances in which 

the pole positions are the same within errors; i.e., degeneracy 

is not excluded (see Sec. 2.4.1.6 in Ref. 2). For example, all 

six isospin-1/2 partial waves from Sll to F15 have a well- 

established resonance with a pole near ~ = (1665-60i) MeV, 

and at least six of the seven possible isospin-3/2 resonances 

from 5'31 to F37 have a pole near (1880-120i) MeV. 

We have not included in the Listings the zeros of the 

partial-wave amplitudes given in Ref. 4, because a zero in the 

neighborhood of a resonance pole only gives information about 

the background. However, zero trajectories of the invariant and 

transversity amplitudes may be of fundamental importance 

(Ref. 2, Sec. 2.4.3). 

Inelastic 2-body reactions: Analyses of the reactions 

7rN --* N~, 7rN ---* AK, and ~-N ---* E K  are similar to analyses 

of the elastic channel. However, the data are far less complete 

and accurate, and energy-dependent parametrizations must be 

used. 

The best results, giving resonance masses and widths 

as well as couplings, follow from the zr-p---* AK ° data of 

the Rutherford group. 32 One analysis used a reggeized K*- 

exchange term to represent the nonresonant and high partial 
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waves. Another used a Lagrangian model for the long-range 

forces. ~3 In general, agreement with the 7rN-~rrN analyses 

is good, but there are differences about the N(1675)D15 and 

N(1710)Pu widths and the N(2200)D15 mass. 

In an analysis of the less accurate 7r p ~ nr I data, :~4 

partial waves were parametrized as Breit-Wigner resonances 

without background. The resonance spectrum was taken from 

the 7cN ~ ~rN analyses, and the data were used to determine 

the nr/ couplings. For the resonances with relatively large 

couplings, the masses and widths were varied in a second step. 

The results derived from the bubble-chamber data for 

~r+p ~ E + K  ÷ have large uncertainties. 35 Values of the reso- 

nance masses were assumed and Breit-Wigner forms and all 

empirical ansatz for the background were used for partial waves 

up to F waves (the G waves are probably not negligible at 

1.7 GeV/e).  The addition of precise data from 1820 to 2350 

MeV 36 allowed an improved analysis. 37 A unique solution was 

found. Above 2 GeV, all the resonances with two or more stars 

are seen, but none of the 1-star states is supported. Recently 

new 7r+p ~ E + K  - data. polarization parameters from 1.49 to 

2.069 GeV/c and spin-rotation parameters fi'om 1.69 to 1.88 

GeV/e, have been published. 38 These will be important  for 

future analyses. 

Isgur a9 has pointed out that  distortions of resonance 

couplings can occur in cases such as 7rN ~ A ~ E K  if the 

threshold is just below the resonance mass. 
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The 7rN ~ Nzr= reaction has been studied up to c.m. 

energies of about 2000 Me\  ~ using isobar models. Isobar mod- 

els parametrize partial-wave amplitudes with a coherent stun 
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of terms that  describe quasi-2-body scattering processes; e.g., 

.~N --+ A(1232)~r, 7rN ~ Np, and 7rN -~ N(1440)~r. The mod- 

els rest on the observation that  almost all 7rN --~ N~r~r events 

lie in quasi-2-body bands in the Dalitz plots. The couplings 

obtained from the analyses provide stringent constraints on 

quark models of baryon structure. Details of the isobar-model 

formalism are given in our 1982 edition. 1 

The Listings give the results from five analyses, none of 

them new. 

LONGACRE 752 and LONGACRE 783 (LBL-SLAC) es- 

t imated resonance parameters based, in part, on 7rN --~ N~rzr 

partial-wave amplitudes obtained from an analysis of 170,000 

w-p  -~ n~r 7r +, 7r p --* pTr-Tr °, and ~r+p --~ pTr%r ° events 

with c.m. energies between 1300 and 1990 MeV. 4 The analysis 

:included the A(1232)Tr, Np, and N(TrTr)8 intermediate states, 

where (TrTr)s is the strong isospin-0 S-wave 7r~r interaction. 

,Our Listings give masses, widths, and couplings for nine N 

.and five A resonances from LONGACRE 75, and pole posi- 

tions for ten N and seven A resonances from LONGACRE 

78. The resonance parameters included in this edition were 

estimated from a T matrix that  satisfies unitarity and which 

was derived from a K-matrix parametrization of 7rN --~ NTr 

and 7rN --~ N~r~r partial-wave amplitudes. Parameters we give 

from LONGACRE 75 were estimated by drawing Breit-Wigner 

circles through Argand plots (Method II of that  paper). Pa- 

only A resonances. It included the A(1232)~r, N(1440)~r, and 

Np intermediate states. The Listings give masses, widths, and 

couplings for four A resonances. 

MANLEY 84 (VPI & SU) 11 is an analysis of 241,000 

7r p --4 nTr-Tr +, 7r-p --* pr-Tr °, 7r+p --~ p~r+Tr °, and 7r+p --* 

mr+~r + events with c.m. energies between 1320 and 1930 

MeV. It included the A(1232)% N(1440)~r, N(~rTr)s , and 

Np intermediate states. Partial-wave amplitudes were fitted 

to a resonant parametrization of the T matrix to obtain 

smoothed Argand plots; however, resonance parameters were 

not published. The Listings give signs of couplings for eight N 

and eight A resonances, including a A(2000)F35, which this 

analysis suggested for the first time. 

A compilation of the signs of various ~rN --~ NTrTr couplings 

determined from these analyses is given in our 1986 edi t ion)  

For further details of the analyses, see both our 1982 and 1986 
editions.l,5 

At this time, a new multichannel coupled resonance analysis 

based in part on the lrN --~ NTr~r amplitudes of MANLEY 

84 is underway} 3 This analysis parametrizes the amplitudes 

using a manifestly time-reversal-invariant and unitary S matrix, 

somewhat along the lines proposed by Novoseller} 4 The results 

of this analysis will be discussed in our 1992 edition. 
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tudes with a resonant parametrization of the T matrix. Masses 

and widths of resonances were fixed to the results of elastic 

phase-shift analyses. Two solutions are given, one based on the 

:TN --~ NTrTr amplitudes of the LBL-SLAC analysis (referred to 

in the Listings as a Breit-Wigner fit to HERNDON 754), the 

other on a similar analysis that  included the effects of one-pion 

exchange (referred to in the Listings as a Breit-Wigner fit to 

NOVOSELLER 78B9). The Listings give couplings for two N 

and three A resonances between 1650 and 1970 MeV. 

BARNHAM 80 TM (hnperial  College) estimated resonance 

parameters by a procedure similar to Method I of LONGACRE 

75. 2 The 7rN ~ NTr~r amplitudes were obtained from an anal- 

ysis of 44,000 7r+p ~ pTr+Tr ° and ~r+p ~ nTr+Tr + events with 

c.m. energies between 1400 and 1700 MeV; hence, it concerns 

IV.  P h o t o p r o d u c t i o n  a n d  C o m p t o n  s c a t t e r i n g  

(by R.L. Crawford, University of Glasgow) 

Pion photoproduction: The N 7 couplings of the N and 

A resonances have been obtained in a large number of partial- 

wave analyses of single-pion photoproduction, 7 N  ---* ~rN, 

on protons and neutrons. The couplings, A1/2 and A3/2, are 

related to the helicity amplitudes of the process, Ag± and Be± , 

by 

At± = Ta CN~ A1/2 

Be± = =t=4a[(2J - 1)(2J + 3)] -1/2 CN~ A3/2 , 

where 

[1 k 1 MN rrr] 1/2 

a - [ ~ q ( 2 J +  1) MR F2J 
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Here k and q are the  photon and pion c.m. momenta;  J is 

the angular  momentum,  MR the mass,  F the full width, and 

P~ the NTr partial width of the resonance; MN is the  nucleon 

mass; and CN~ is the  Clebsch-Gordan coefficient for the decay 

of the resonance into the relevant Nrr charge state. 

The large amount  of pion photoproduct ion data,  including 

many measurements  from single and double polarization exper- 

iments,  has permit ted an accurate evaluation of the couplings 

for many of the  resonances with masses below 2 GeV, and 

has given at least qualitative information about  most  of the 

others. However, most  photoproduct ion analyses rely heavily 

upon 7rN ~ 7rN analyses for information on the  existence, 

masses, and widths of the resonances. The  only photoproduc- 

tion analyses tha t  give masses and widths as well as couplings 

are BERENDS 75, BERENDS 77, B A R B O U R  78, and CRAW- 

FORD 80. These results are of interest since they concern the 

charge +1 states of the resonances. In particular, the  mass of 

the A(1232)  + seems to be as well determined as are the  masses 

of the A ++ and A °, obtained fi'om rr+p and rr p scattering. 

There are three main methods  of analysis: 

(a) The simple isobar model: This  is the simplest  form 

of energy-dependent  partial-wave analysis (DPWA). The par- 

tial waves are parametrized as Breit-Wigner resonances plus 

smooth  background. The Listings give results from FELLER 

76, TAKEDA 80, and BRATASHEVSKIJ  80. 

(b) Fixed-t dispersion relations (FTDR): The analyses in 

the Listings tha t  use this technique are B A R B O U R  78, ARAI 

80, CRAWFORD 80, FUJII  81, and AWAJI 81. 

(c) Energy-independent partial wave analysis (IPWA): The 

Listings give results frmn BERENDS 77 and C R A W F O R D  83. 

NOELLE 78 is a hybrid analysis using F T D R  in a coupled- 

channel calculation. Further details of these methods  may be 

found in our 1982 edi t ion)  

Compton  scat tering:  Two analyses, ISHII 80 and 

WADA 84, contribute measurements  of the couplings ob- 

tained from Compton scattering on protons. Both are isobar 

analyses. In general, there is good agreement with results from 

photoproduction.  The differences should not be taken seriously 

since the quality and quant i ty  of the photoproduet ion da ta  are 

much higher and constrain the values of the couplings more 

strongly than  do the Compton  scat ter ing data. 

Resonance couplings in the Listings:The Listings 

onfit a number  of analyses tha t  are now obsolete. Most of the 

older results may be found in our 1982 edition. 1 

The errors quoted for the couplings in the  Listings are 

calculated in different ways in different analyses and therefore 

should be used with care. In general, it is likely tha t  the 

systematic  differences between the analyses caused by using 

different parametr izat ion schemes are more indicative of the 

true uncertainties than  are the quoted errors. 

Probably the most  reliable analyses are those from Glasgow 

( B A R B O U R  78, C R A W F O R D  80, and C R A W F O R D  83) and 

ttlose from Tokyo or based on the Tokyo analyses (ARAI 

80, FUJII  81, and AWAJI 81). Table 3 gives a compilation 

of the couplings from these analyses (unchanged since our 

1988 edition). The  errors given are a combination of the 

statist ical  errors quoted in the analyses and the systemat ic  

differences between them. Two values are quoted for A1/2 of 

the A(1620) S:31 to take account of the surprisingly large spread 

in values obtained for it. This seems to be due to the  different 

methods  of treat ing the imaginary background in this partial 

wave. The second value given uses only the Glasgow analyses. 

These have always succeeded in gett ing stable and acceptable 

values for the mass  and width of this resonance, and it seems 

reasonable to infer tha t  the coupling obtained is accurate. 

N'~ branching f rac t ions:  The Baryon Summary  Table 

gives N? branching fractions for those resonances whose 

couplings are considered to have an unambiguous  sign. The 

N? partial width F v is given by 

~.2 2Mx 12 2] 
F-~ ~- (2J  + 1)~I R [I A1/2 + ] A3/2 I - 

where M x  and I~/[R are the  masses of the  nucleon and the 

resonance, J is the resonance spin, and k is the  photon c.m. 

decay momentum.  The couplings A1/, 2 and A3/, 2 are taken from 

Table 3. 

The E 2 / M 1  ratio f o r  the A ( 1 2 3 2 ) P a a :  There is re- 

newed interest in the ratio of electric to magnet ic  multipoles 

(E2/M1 ratio) for the photon couplings of the A(1232)P33, 

and two groups have used da ta  from previous partial wave 

analyses to examine this ratio. Various parametr izat ions of 

the multipoles in terms of resonance plus background have 

been used. Results  from TANABE 85 and DAVIDSON 86 are 

quoted in the Listings. Also given as PDG 86 is the  average 

value from the A(1232)P33 couplings from the most  reliable 

photoproduct ion partial wave analyses. Christillin and Dillon 2 

also look at the E2/M1 ratio but  do not give a specific value. 

a l though their results suggest tha t  it should lie between zero 

and -0 .02 .  They  discuss the  need for better data. Their papers 

conunent  on other analyses in relation to their own. The Par- 

ticle Data  Group value is consistent with the others tha t  t reat  

the A(1232)P33 multipoles in a more detailed way. Effectively, 

the  couplings in the partial wave analyses are given by the 

ratio of the imaginary parts  of the  multipoles at the  resonance 

energy and, as is pointed out by Christillin and Dillon, the 

result is the required ratio if the background phase is small. 
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Table 3. A compilation of measured N'r decay couplings. 
Sources are given in the text. 

(a) Proton-target couplings 
Heli- Couplings 

Resonance city (GeV -1/2 × 10 -3) Status 

.N(1440)PH 1/2 --69 ± 7 good 

N(1520)D13 1/2 -22  4- 10 good 
3/2 +167 4- 10 good 

N(1535)$11 1/2 +73 4- 14 good 

N(1650)$11 1/2 +48 ± 16 good 

N(1675)D15 1/2 +19 4- 12 good, nonzero 
3/2 +19 ± 12 good, nonzero 

.N(1680)F15 1/2 -17  -4- 10 good, nonzero 
3/2 +127 4- 12 good 

N(1700)D13 1/2 -22  ± 13 good, small 
3/2 0 ± 19 fair, small 

N(1710)P11 1/2 +5 ± 16 fair, small 

.N(1720)P13 1/2 +52 + 39 poor 
3/2 -35  4- 24 fair 

N(1990)F17 1/2 +24 4- 30 poor 
3/2 +31 4- 55 bad 

A(1232)P33 1/2 -141 -4- 5 very good 
3/2 -258 + 11 very good 

/k(1550)P31 1/2 +16 4- 16 doubtful 

/',(1600)/)33 1/2 -20  4- 29 poor, small 
3/2 +1 4- 22 fair, small 

/k(1620)$31 1/2 +19 4- 16 fair 
(1/2 +30 4- 10 good - -  see text) 

A(1700)D33 1/2 +116 ± 17 good 
3/2 +77 ± 28 fair 

.A(1900)$31 1/2 +10 4- ? 

/k(1905)F35 1/2 +27 4- 13 good 
3/2 -47  4- 19 fair 

A(1910)P31 1/2 -12  4- 30 poor 

A(1920)P33 1/2 +40 4- ? 
3/2 +23 + ? 

A(1930)D35 1/2 -30  4- 40 poor 
3/2 -10  ± 35 poor 

.A(1950)F37 1/2 -73  ± 14 good 
3/2 -90  ± 13 good 

(continued) 

V111.23 

Baryon Full Listings 
N's and A's 

(b) Neutron-target couplings 
Heli- Couplings 

Resonance city (GeV -1/2 × 10 -3) Status 

N(1440)P11 1/2 +37 -1- 19 fair 

N(1520)D13 1/2 -65  + 13 good 
3/2 -144 4- 14 good 

N(1535)$11 1/2 -76  4- 32 fair 

N(1650)$11 1/2 -17  + 37 poor 

N(1675)D15 1/2 -47  4- 23 fair 
3/2 -69  4- 19 fair 

N(1680)F15 1/2 +31 4- 13 good 
3/2 -30  4- 14 good 

N(1700)D13 1/2 0 4- 56 bad 
3/2 - 2  4- 44 bad 

N(1710)P11 1/2 - 5  + 23 fair, small 

N(1720)P13 1/2 - 2  ± 26 fair, small 
3/2 -43  + 94 very bad 

N(1990)F17 1/2 -49  4- 45 poor 
3/2 -122 4- 55 poor 

K A  photoproduction: The Listings now give results 
from TANABE 89, an isobar analysis of 7/) ---* AK+ that 

includes those resonances which have a non-negligible branching 

ratio to AK +. These are the N(1650)$11, the N(1700)D13, the 

N(1710)P11, the N(1720)P13, and the N(2190)GIT. The mass 
of the D13 is set rather high at 1880 MeV in the analysis. The 

isobar contributions to the electric and magnetic multipoles 
are parametrized in the form 

Me±= { 1 v~(qR) }1/2 
kR qR g(g + 1) vt(qRn) 

MR F ~ exp(i0) 
X 

(M 2 -  s -  iMRF) 

1 v~(qR) ],/2 
E~± = kn qR (g + 1)(e ± 1 + 1) vdqRR) J 

M R F ~ exp(i0) 
X 

( M ~  - s - izRr) 
Here k and q are the photon and kaon momenta, Xp and XK 
are the branching ratios to ~p and AK +, v~(qR) is a barrier 

penetration factor, and 0 is a phase angle. The Listings give 
and the phase angle 0. 

References for section IV 

1. Particle Data Group, Phys. Lett. 111B (1982). 

2. P. Christillin and G. Dillon, Nucl. Phys. A479, 577c 
(1989), and J. Phys. G15, 967 (1989). 



V111.24  

Baryon Full Listings 
N ( 1 4 4 0 )  

I I ~ ( ,  ) S ta tus :  * * * * N(1440) P~  ,u~) = 1,± 

Most of the results publ ished before 1975 are now obsolete and have been 

omit ted.  They may be found in our  1982 edit ion (Physics Letters 111B).  In 
addit ion, results in th is  region from product ion exper iments,  wh ich  used to 

be listed separately as the next entry, have been ent i re ly omit ted.  They too 

may be found in our 1982 edit ion. 

N ( 1 4 4 0 )  M A S S  

VALUE (MeV] DOCUMENT ID TECN COMMENT 
1400 to 1480 OUR ESTIMATE 
1440±30 CUTKOSKY 80 IPWA ~N  ~ ~rN 
1410±12 HOEHLER 79 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1411 CRAWFORD 80 DPWA q N -  ~TN 
1472 1 BAKER 79 DPWA ~r- p ~ n~t 
1417 BARBOUR 78 DPWA 3 N  ~ ~rN 
1460 BERENDS 77 IPWA q N  ~ ~rN 
1380 2 LONGACRE 77 IPWA ~rN ~ N~r= 
1390 3 LONGACRE 75 IPWA ~N  ~ N ~ r  

N ( 1 4 4 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
].20 tO 350 OUR ESTIMATE Our best guess is 200 MeV. 

340±70  CUTKOSKY 80 IPWA ~N  ~ ~rN 
135±10 HOEHLER 79 IPWA ~N  ~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • 

334 CRAWFORD 80 DPWA -,fN ~ ~rN 
113 1 BAKER 79 DPWA ~r- p -*  n7 I 
331 BARBOUR 78 DPWA 7 N  ~ ~N  
279 BERENDS 77 IPWA 7 N  ~ =N  
200 2 LONGACRE 77 IPWA ~rN ~ N = =  
200 3 LONGACRE 75 IPWA =N  ~ N~r~r 

N ( 1 4 4 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1375+30 CUTKOSKY 80 IPWA ~rN ~ = N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

I359 4 A R N D T  85 DPWA ~rN ~ =N  
1381 or 1379 5 LONGACRE 78 IPWA = N  ~ N ~ =  
1360 or 1333 2 LONGACRE 77 IPWA ~rN - -  N ~ =  

- - 2  x I M A G I N A R Y  P A R T  
VALUE (MeV] DOCUMENT ID TEEN COMMENT 

180----_40 CUTKOSKY 80 IPWA ~ N ~  ~rN 
• • • We do not use the following data for averages, fits. limits, etc. • • • 

200 4ARNDT 85 DPWA ~ r N ~  ~rN 
209 or 210 5 LONGACRE 78 IPWA ~rN ~ N~r= 
167 or 234 2 LONGACRE 77 IPWA ~ N  ~ N~r~r 

N ( 1 4 4 0 )  E L A S T I C  P O L E  RESIDUE 

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

- - 9 ± 3 1  CUTKOSKY 80 IPWA ~ N ~  ~rN 

IMAGINARY P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- - 5 1 ± 7  CUTKOSKY 80 IPWA ~ N ~ ~rN 

Mode 

N ( 1 4 4 0 )  D E C A Y  MODES 

Fraction (F i /F )  

Fl N~T 50 70 % 

F2 N q  
F 3 N~:~- 3(F50 % 

[-4 A/~ 1(~20 % 
F5 A ( 1 2 3 2 ) ~ ,  P -wave  

F6 N p  10 15% 

F 7 N p ,  5 = 1 / 2 ,  P -wave  

F 8 N p ,  5 = 3 / 2 ,  P -wave  
I = 0  

[-9 N (~r~r)s_wave 5 20 % 

F l u  P ?  0.08 0 . ] 0 %  

F l l  p %  h e l i c i t y - - 1 / 2  

F12 n~, 0.01-o.o6 % 

F13 n %  h e l i c i t y = l / 2  

T h e  above b r a n c h i n g  f rac t i ons  are ou r  es t imates ,  no t  f i ts  or averages. 

N(1440) BRANCHING RATIOS 

I- ( N ~ r ) / I - t o t a l  r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.5 tO 0.7 OUR ESTIMATE 
0 6 8 ± 0 . 0 4  CUTKOSKY 80 IPWA ~ r N ~  ~rN 
0 5 ] ± 0 . 0 5  HOEHLER 79 IPWA =N  ~ ~rN 

(r~rr)'/~/rtota~ in NTr -~  N ( 1 4 4 0 )  ~ N r  I (rlr//Ur 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen 1 BAKER 79 DPWA = p ~ ml  
+ 0 3 2 8  6 FELTESSE 75 DPWA 1488-1745 MeV 

Note: Signs of couplings from =N  ~ N = ~  analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the &(1620) 531 coupling to Z~(1232)lr. 

( F i r f / / 2 / r t e t a t  in NTr -~  N ( 1 4 4 0 )  ~ ZX(1232)~r,  P -wave  ( F I F 5 ) I / 2 / F  
VALUE DOCUMENT ID TECN COMMENT 

+ (large) 7 MANLEY 84 IPWA ~TN ~ N~T= 
+ 0 4 1  2,8 LONGACRE 77 IPWA l rN  ~ NTr,~ 
+ 0 3 7  3 LONGACRE 75 IPWA = N  ~ NTr= 

(F iF f ) L /2 /F to ta l  in N~r ~ N ( 1 4 4 0 )  ~ N p ,  5 = 1 / 2 ,  P -wave  ( F I F 7 ) l / 2 / F  
VALUE DOCUMENT ID TEEN COMMENT 

0.0 MANLEY 84 IPWA 7rN ~ NTr,'t 
011  2"8LONGACRE 77 IPWA 7 r N ~  NTrTr 

+ 0 2 3  3LONGACRE 75 IPWA ~ N ~  N = =  

(rirr)Valrtotal in N l r  ~ N ( 1 4 4 0 )  --* N p .  5 = 3 / 2 ,  P-wave  (QFs)'/UF 
VALUE DOCUMENT ID TECN COMMENT 

0.0 MANLEY 84 IPWA = N ~  NTr~ 
+0.18 2 '8LONGACRE 77 IPWA = N ~  N~r~r 

( F i F f ) l / 2 / F t o t a l  in N~r ~ N ( 1 4 4 0 )  N __ ( f r ~ ) 5  I = 0  . . . . .  (rlrglt/~/r 
VALUE DOCUMENT ID TECN COMMENT 

(large) MANLEY 84 IPWA = N  - -  NTr= 
018  2 8  LONGACRE 77 IPWA = N ~ N~r~r 
023  3 LONGACRE 75 IPWA ~ N  ~ N=~, 

N ( 1 4 4 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~ N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N ( 1 4 4 0 )  ~ P3',  h e l i c i t y - 1 / 2  a m p l i t u d e  A 1 / 2  

VALUE (Ge~ 1/2 ) DOCUMENT ID TEEN COMMENT 

0.069 ±0.018 CRAWFORD 83 IPWA 7 N  ~ = N  
0.063 ± 0 0 0 8  AWAJI 81 DPWA ? N  ~ ~rN 

-0 .069  ± 0 0 0 4  ARAI 80 DPWA ? N  ~ 7rN (fit 1) 
0.066 i 0 0 0 4  ARAI 80 DPWA 7 N  ~ =N  (fit 2) 
0.079 ±0.009 BRATASHEV...80 DPWA "~N ~ =N  
0.068 i 0 . 0 1 5  CRAWFORD 80 DPWA ~N ~ =N  
0.0584±0.0148 IgHlt 80 DPWA Compton scattering 
0.075 ±0.015 BARBOUR 78 DPWA "~N ~ =N  
0,087 ±0.006 FELLER 76 DPWA -~N ~ 7rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0129 9 WADA 84 DPWA Compton scattering 
0125 10 NOELLE 78 "~N ~ ~rN 
0076 BERENDS 77 IPWA -,N ~ 7rN 

N(1440) ~ nT, helicity-1/2 amplitude A 1 / 2  

VALUE (GeV" 1/2) DOCUMENT ID TECN COMMENT 

0.037±0.010 AWAJI 81 DPWA 7N  ~ ~N  
0.030±0.003 FUJII 81 DPWA -IN ~ ~ N  
0.023±0.009 ARAI 80 DPWA 7 N  ~ 7rN (fit 1) 
0.019±0.012 ARAI 80 DPWA 7 N  ~ 7rN (fit 2) 
0 . 0 5 6 ± 0 0 1 5  CRAWFORD 80 DPWA 7 N  ~ 7rN 
0029±0 .035  TAKEDA 80 DPWA ~fN ~ l rN  

- 0 . 0 5 9 ± 0 . 0 1 6  BARBOUR 78 DPWA ~N ~ = N  
• • • We do not use the following data for averages, fits. limits, etc. • • • 

0 062 10 NOELLE 78 ? N  ~ ~N  



See key on page IV.1 

N ( 1 4 4 0 )  FOOTNOTES 

1 BAKER 79 finds a coupling of the N(1440) to the N~I channel near (but slightly below) 
threshold. 

2 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to ~rN ~ N~r~r data, elastic amplitudes from a 
Satiny (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits wi th Breit-Wigner circles to the T-matr ix amplitudes. 

3 From method II of LONGACRE 75: eyeball fits wi th Breit-Wigner circles to the T-matr ix 
amplitudes. 

4ARNDT 85 finds a second Pl1  pole at (1410, - 8 0 )  MeV. 

5LONGACRE 78 values are from a search for poles in the unitarized T-matr ix. The first 
(second) value uses, in addition to ~rN ~ N~r~ data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

6 An alternative which cannot be distinguished from this is to have a P13 resonance with 
M = 1530 MeV, r 79 MeV, and elasticity +0.271. 

7 MANLEY 84 considers this coupling sign to be well determined. 
8 LONGACRE 77 considers this coupling to be well determined. 
9WADA 84 is inconsistent wi th other analyses; see the Note on N and A Resonances. 

10Converted to our conventions using M = 1486 MeV, r = 613 MeV from NOELLE 78. 

For early 

N(1440)  R E F E R E N C E S  

references, see Physics Letters 111B (1982), 

ARNDT 85 PR D32 1085 +Ford, Roper (VPI) 
MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz (VPI) 
WADA 84 NP B247 313 +Egawa, Irnanishi, Ishii, Kato, Ukai+ ONUS) 
CRAWFORD 83 NP B211 I +Morton (GEAS) 
AWAJI 81 Bonn Eonf 352 +Kajikawa (NAGO) 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
FUJII 81 NP B187 53 +Hayashii, Iwata, Kajikawa+ (TOKY) 
ARAI 80 Toronto Conf 93 (TOKY) 

Also 82 NP B104 251 Arai, Fujii (TOKY) 
BRATASHEV... 80 NP B166 525 Bratashevskij, Gorbenko, Derebchinskij+ (KHAR) 
CRAWFORD 80 Toronto CoM 107 (GLAS) 
CUTKOSKY 80 Toronto Conf 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU. LBL) IJP 
ISHII 80 NP B16S 189 +EBawa, Kato, Miyachi+ (KYOT, TOKY) 
TAKEDA 80 NP B168 17 +Arai, Fujii, Ikeda, Iwasaki+ (TOKY) 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depa&ter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 
NOELLE 78 PTP 60 778 (NAGO) 
BERENDS 77 NP B136 a17 +Donnachie (LEIO, MCHS) IJP 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

Also 76 NP 8108 365 Dolbeau, Triantis, Nevee, Cadiet (5AEL) IJP 
FELLER 76 NP B104 219 +Fuk~shima, Horikawa, Kajikawa+ (NAGO. OSAK) IJP 
FELTESSE 75 NP B93 242 +Ayed, Bareyre, BorBeaud, Davia+ (SACL) IJP 
LONGACRE 75 PL 5SB 415 +Rosenfeld, Lasinski, Srnadja+ (LBL, SLAC) IJP 

l I ' ( '  ) S ta tus :  * >k * * N(1520) D 1 3  ,(jP) = 1 3 -  

Most of the results publ ished before 1975 are now obsolete and have been 

omi t ted.  They may be found in our  1982 edi t ion (Physics Letters 111B),  In 
addi t ion,  results in th is  region from product ion exper iments,  wh ich  used to 
be listed separately as the next entry, have been ent i re ly  omi t ted.  They  too 
may be found in our  1982 edit ion. 

N ( 1 5 2 0 )  M A S S  

VALUE (MeV t DOCUMENT ID TECN COMMENT 
1510 tO 1530 OUR ESTIMATE 
1525±10 CUTKOSKY 80 IPWA ~ N  ~ ~rN 
1519/_ 4 HOEHLER 79 IPWA 7rN ~ = N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1504 CRAWFORD 80 DPWA ? N  ~ 7rN 
1503 BARBOUR 78 DPWA ~fN ~ ~rN 
1510 BERENDS 77 IPWA ~ N ~  ~N  
1510 1 LONGACRE 77 IPWA 7rN ~ N~r~r 
1520 2 LONGACRE 75 IPWA ~ N  ~ N ~ r  

N ( 1 5 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
100 to 140 OUR ESTIMATE Our b ~ 5  MeV. 

120±15  CUTKOSKY 80 IPWA ~rN ~ 7rN 
114± 7 HOEHLER 79 IPWA 7rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

124 CRAWFORD 80 DPWA q N  ~ ~N  
183 BAKER 79 DPWA ~ p ~ nt/  
135 BARBOUR 78 DPWA ~fN ~ ~rN 
105 BERENDS 77 IPWA "TN ~ 7rN 
110 1 LONGACRE 77 IPWA ~ N  ~ N~r~ 
150 2 LONGACRE 75 IPWA ~r N ~ N~r~r 

V I I I . 2 5  

Baryon Full Listings 
N(1440), N(1520) 

R E A L  P A R T  
VALUE (MeV} DOCUMENT ID TECN COMMENT 

3 4 ± 2  CUTKOSKY 80 IPWA trN ~ ~rN 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

- - 7 ± 3  CUTKOSKY 80 IPWA ~rN ~ ~rN 

N ( 1 5 2 0 )  E L A S T I C  P O L E  R E S I D U E  

N ( 1 5 2 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

rl N ~  50-60 % 

F2 NTI ~ 0 .1% 

F3 N ~ T r  40 50% 

I- 4 A 7r 20-30 % 
r 5 A ( 1 2 3 2 ) T r ,  5 -wave  

r 6 A ( 1 2 3 2 )  fr, D - w a v e  

1-7 N p  15-25 % 

1-8 N p ,  5 = 1 / 2 ,  D -wave  

1-9 N p ,  5 = 3 / 2 ,  S-wave 

1-10 N p ,  5 = 3 / 2 ,  D -wave  

F11 N I=0  (~'/r)S_wave <5 % 

1-12 P'Y 0.43-0.57 % 

F13 p~,, h e l i c i t y = l / 2  

F14 P'7,, h e l i c i t y = 3 / 2  

1-15 n7 0.34-0,51% 
1-16 n% h e l i c i t y = l / 2  

F17 n %  h e l i c i t y = 3 / 2  

N ( 1 5 2 0 )  B R A N C H I N G  R A T I O S  

r ( N l r ) / I - t o t a l  r l / r  
VALUE DOCUMENT ID TECN COMMENT 
0,5 t o  0.6 OUR ESTIMATE 
0.58±0.03 CUTKOSKY 80 IPWA 7rN ~ ~rN 
0.54±0.03 HOEHLER 79 IPWA ~N  ~ ~rN 

(rzrrlt/2/rtota, in NTr -~  N(1520) -- N~/ ( r l r 2 ) l / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

0.02 BAKER ?9 DPWA 7r- p ~ n~/ 
+0.011 or +0.058 FELTESSE 75 DPWA 1488-1"745 MeV 

Note: Signs of couplings from ~rN - -  NTrTr analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)~.  

( r i r f ) l / 2 / r t o t a l  in N~r ---* N ( 1 5 2 0 )  ~ A ( 1 2 3 2 ) ~ r ,  5 - w a v e  (rlrs)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

-- (large) 4 MANLEY 84 IPWA 7r N ~ NTrTr 
- 0 . 2 6  I '5LONGACRE 77 IPWA ~rN ~ NTrTr 
- 0 . 2 4  2 LONGACRE 75 IPWA 7rN ~ NTrTr 

( r i r f ) l / 2 / r t o t a l  in N l r  --~ N(1520) ---* A ( 1 2 3 2 ) T r ,  D - w a v e  ( r l r 6 ) l / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

-- (large) 4 MANLEY 84 IPWA 7r N ~ NTrTr 
- 0 . 2 1  1,5 LONGACRE 77 IPWA 7rN ~ N l r~  

0.30 2 LONGACRE 75 IPWA 7rN ~ N~r~r 

N ( 1 5 2 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

1510±5 CUTKOSKY 80 IPWA ~N  ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1510 ARNDT 85 DPWA ~rN ~ 7rN 
1514 or 1511 3 LONGACRE 78 IPWA ~r N ~ N~ r  
1508 or 1505 1 LONGACRE 77 IPWA 7r N ~ NTr~r 

- 2  x I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT IO TEEN COMMENT 

114±10 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

122 ARNDT 85 DPWA 7rN ~ 7rN 
146 or 137 3 LONGACRE 78 IPWA ~r N ~ N ' ~  
109 or 107 1 LONGACRE 77 IPWA 7rN ~ NTr~ 



VIII .26 

Baryon Full Listings 
N(1520) ,  N(1535)  

1/ 
(FiFf)~z/rtotal in N~r ~ N(1520) -~ Np, 5=3/2,  5-wave (FIFg)'Z8/F 
VALUE DOCUMENT I0 TEEN COMMENT 

-- (barge) 4 M A N L E Y  84 IPWA 7rN ~ N~r~ 
0.35 1,5 LONGACRE 77 IPWA ~rN ~ N~r~ 
0.24 2 LONGACRE 75 IPWA ~rN ~ N~r~ 

(rirf)t/2/rtotal in N~r ~ N(1520) N (/rlr)s.wavel=O (FLFI1)V~/F 
VALUE DOCUMENT ID TEEN COMMENT 

0.13 I ' 5 L O N G A C R E  77 IPWA 7 r N ~  N ~ r  
- 0 . 1 7  2 LONGACRE 75 IPWA ~rN ~ N:rTr 

N(1520) PHOTON DECAY AMPLITUDES 

For the definit ion of the -.f N decay ampli tudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N(1520) --* P3', helicity-1/2 amplitude A1/2 
VALUE (6eV ~1/2)  DOCUMENT ID TECN COMMENT 

0.028 ±0.014 CRAWFORD 83 ~PWA - /N  ~ = N  
- 0 0 0 7  d_0.004 AWAJI 81 DPWA 7 N  ~ ~rN 
-0 .032  ±0.005 ARA[  80 DPWA " /N  -~ ~rN (f i t  1) 
- 0 .032  ±0 .004  ARAI  80 DPWA -~N ~ ~rN (f i t  2) 

0.031 ±0 .009  BRATASHEV. . .80  DPWA ? N  ~ ~ N  
- 0 . 0 1 9  ±0 .007  CRAWFORD 80 DPWA " rN  ~ ~rN 

0 0430±0.0063 ISHl l  80 DPWA Compton scattering 
0.016 J_0008 B A R B O U R  78 DPWA - r N  ~ ~rN 
0.005 ±0 .005  FELLER 76 DPWA "yN ~ ~ N  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.012 WADA 84 DPWA Compton scattering 
- 0.008 6 NOELLE 78 -~N - -  7rN 

0021 BERENDS 77 IPWA ~ N ~  ~ N  

N(1520) ~ pq,, helicity-3/2 amplitude A3/2 
VALUE (Ge~F 1/2) DOCUMENT ID TEEN COMMENT 

0156 ±0 .022  CRAWFORD 83 IPWA " / N  ~ ~rN 
0168 ±0 .013  AWAJI 81 DPWA 7 N  ~ ~rN 
0178 -}-0.003 ARAI  80 DPWA "~N ~ ~rN (f i t  1) 
0 162 ±0.003 ARAI  80 DPWA "~N ~ ~rN (f i t  2) 
0.166 ±0 .005  BRATASHEV. . . 80  DPWA 7 N  ~ 7rN 
0.167 ±0 .010  CRAWFORD 80 DPWA "TN ~ ~ N  
0.1695±0.0014 ISHII 80 DPWA Compton scattering 

~0.157 ±0 .007  B A R B O U R  78 DPWA q N  ~ ~ N  

+0.164 ±0 .008  FELLER 76 DPWA ? N  ~ 7rN 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0168  W A D A  84 DPWA Compton scattering 
0206 6 NOELLE 78 * fN  ~ ~ N  

+0.075 BEREND5 77 IPWA ~fN ~ ~ N  

N(1520) -~ n'~, helicity-l/2 amplitude A1/2 
VALUE (GeV ~1/2) DOCUMENT ID TEEN COMMENT 

- 0 . 0 6 6 ± 0 . 0 1 3  AWAJI 81 DPWA " /N  ~ ~rN 
- 0 . 0 6 7 ± 0 . 0 0 4  FUJII 81 DPWA 7 N  ~ 7rN 

0.076±0.006 ARAI  80 DPWA ~fN ~ 7rN (f i t  1) 
0 .071±0.011 ARAI  80 DPWA 3 N  ~ = N  (f i t  2) 
0 0 5 6 ± 0 . 0 1 1  CRAWFORD 80 DPWA -~N ~ : r N  

- 0 . 0 5 0 ± 0 0 1 4  T A K E D A  80 DPWA 7 N - +  ~rN 
0.055±0.014 B A R B O U R  78 DPWA ? N  ~ = N  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0060  6 NOELLE 78 ~ N  ~ ~ N  

N(1520) --* n'y, helicity-3/2 amplitude A3/2 
VALUE (GeV-1/2 ~ DOCUMENT ID TEEN COMMENT 

0.124±0.009 AWAJI 81 DPWA " r N  ~ = N  
0 1 5 8 ± 0 0 0 3  FUJII 81 DPWA ~fN ~ = N  

- 0 . 1 4 7 ± 0 . 0 0 8  ARAI  80 DPWA * fN  ~ ~rN (f i t  1) 
0 .148±0  009 ARAI  80 DPWA " fN  ~ = N  (f i t  2) 

- 0 . 1 4 4 ± 0 . 0 1 5  CRAWFORD 80 DPWA ~fN ~ = N  
0.118±0.011 T A K E D A  80 DPWA ~ N  ~ ~rN 
0.141±0.015 B A R B O U R  78 DPWA -~N ~ 7rN 

* • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.127 6 NOELLE 78 q N  ~ ~ N  

N(1520) FOOTNOTES 
1 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 

first (second) value uses, in addit ion to ~ N  ~ N ~  data, elastic ampli tudes f rom a 
Saclay (CERN) partial wave analysis. The other LONGACRE 77 values are f rom eyeball 
fits w i th  Breit-Wigner circles to the T matr ix ampli tudes. 

2 From method II of  LONGACRE 75: eyeball fits wi th Brei t-Wigner circles to the T -mat r i x  
amplitudes. 

3LONGACRE 78 values are f rom a search for poles in the unitarized T-matr ix .  The first 
(second) value uses, in addit ion to = N  ~ N~r~r data, elastic ampl i tudes f rom a Saclay 
(CERN) partial-wave analysis. 

4 M A N L E Y  84 considers this coupl ing sign to be well determined. 
5 r LONGACRE 77 conside s this coupl ing to be well determined. 
6Converted to our conventions using M = 1528 MeV, F = 187 MeV f rom NOELLE 78. 

N(1520) REFERENCES 

For early references, see Physics Letters 111B (1982). For very early references, se( 
Rev. Mod.  Phys. 37, 633 (1965). 

ARNDT 85 PR D32 1085 
MANLEY 84 PR D30 904 
WAOA 84 NP B247 313 
CRAWFOBD 83 NP B211 1 
AWAJI 81 Bonn Conf. 352 

Also 82 NP B197 365 
FUJII 81 NP B187 53 
ARM 80 Toronto Conf. 93 

Also 82 NP 8194 251 
BRATASHEV.. 80 NP B166 525 
CRAWFORD 80 Toronto Conf. 107 
CUTKOSKY SO Toronto Conf 19 

Also 79 PR D2O 2839 
ISHII 80 NP B]85 189 
TAKEDA 80 NP B168 17 
BAKER 79 NP B156 93 
HOEHLER 79 PDAT 12 ] 

A+so 80 Toronto Conf. 3 
BARBOUR 78 NP B141 253 
LONGACRE 78 PB D17 L795 
NOELLE 78 PTP 60 778 
BERENDS 77 NP B136 317 
LONGACRE 77 NP B122 493 

Also 76 NP B1O8 365 
FELLER 76 NP 8104 219 
FELTESSE 75 NP B93 242 
LONGACRE 75 PL 558 415 

+ Ford, Roper (VPI) 
+Arndt, Goradia, Teplitz (VPI) 
+Egawa, Imanishi, IsaiL Kato, Ukai+ ONUS) 
+Morton (GLAS) 
+Kajikawa (NAGO) 

Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
+Hayashii, Iwata, Kajikawa+ (TOKY) 

(TOKY) 
Arai, Fujii (TOKY) 
Bratashevskij, Gorbenko. Derebchinskij* (KHAR) 

(GLAS) 
+ Forsyth, Babcock. Kelly, Hendrick (CMU, LBL)IJP 

Cutkosky, Forsyth, Hendrick, Ke(ly (CMU, LBL) IJP 
+Esawa, Kato, Miyac~i+ (KYOT, TOKY) 
+Arai, Fujii, Ikeda, Iwasaki+ (TOKY) 
+Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
~Kaiser, Koch, Pietarinen (KARL) IJP 

KOCh (KARL) IJR 
+Crawford, Pa;sons (GLAS) 
+Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 

(NAGO) 
+Donnachie (LEID, MCHS) IJP 
~ Dolbeau (SACL) IJP 

Dolbeau, Tdantis. Neveu, Cadiet (SACL) IJP 
+Fukushima, Hodkawa, Kajikawa+ (NAGO, OSAK))JP 
+ Ayed, Bareyre, Botgeaud, David+ (SACL) IJP 
*Rosenfeld, Lasinski, Smadja+ (LBL, SLAC) UP 

N(1535) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1520 to 1560 OUR EST IMATE 
1550±40  C U T K O S K Y  80 IPWA = N ~  = N  
1526± 7 HOEHLER 79 IPWA ~TN ~ ~TN 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1513 
1511 
1500 
1547± 6 
1520 
1510 

N(1535) WIDTH 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
100 tO 250 OUR EST IMATE Our best guess is 150 MeV. 

2 4 0 ± 8 0  C U T K O S K Y  80 IPWA : r N  ~ 7rN 
120±20  HOEHLER 79 ]PWA ~ N  ~ : r N  

REAL PART 
VALUE (MEW) DOCUMENT ID TECN COMMENT 

1510±50  C U T K O S K Y  80 IPWA ~ r N ~  ~ N  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1461 A R N D T  85 DPWA 7rN ~ ~ N  
1496 or 1499 3 LONGACRE 78 IPWA :TN ~ NTr= 
1519±  4 B H A N D A R I  77 DPWA Uses N?l cusp 
1525 or 1527 1 LONGACRE 77 IPWA 7rN ~ NTrTr 

- 2  x IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2 6 0 ± 8 0  C U T K O S K Y  80 IPWA ~ N - -  7rN 

• • • We do not ~se the fol lowing data for averages, fits, l imits, etc. • • • 

140 A R N D T  85 DPWA ~ N  ~ ~ N  
103 or 105 3 LONGACRE 78 IPWA 7rN ~ N ~ : r  
140±32  B H A N D A R I  77 DPWA Uses N q  cusp 
135 or 123 1 LONGACRE 77 IPWA ~rN ~ N~rTr 

CRAWFORD 80 DPWA "kN ~ = N  

B A R B O U R  78 DPWA " r N - ~  7rN 
BERENDS 77 IPWA 3~N ~ 7rN 
B H A N D A R I  77 DPWA Uses N77 cusp 

1 LONGACRE 77 IPWA = N  ~ Nlr~r 
2 LONGACRE 75 IPWA ~ N  ~ NTr= 

• • • We do not use the fol lowing data for averages, fits, rimits, etc. • • • 

136 CRAWFORD 80 DPWA ~ N  ~ ,-rN 
180 BAKER 79 DPWA 7r p ~ n q  
132 B A R B O U R  78 DPWA ~fN ~ 7rN 

57 BERENDS 77 IPWA "~N ~ = N  
139±33  B H A N D A R I  77 DPWA Uses N7 / cusp 
135 1 LONGACRE 77 IPWA ~ N  ~ N ~  
100 2 LONGACRE 75 IPWA ,~N ~ N ~  

N(1535) POLE POSITION 

I I ~(~ ) Status: ~< • ~< N(1535) Szz ,uP) = 11 

Mos t  o f  the  results pub l ished before 1975 ate now obsolete and have been 

om i t t ed .  T h e y  may be f ound  in ou r  1982 ed i t ion (Physics Let ters I I I B ) ,  



.See key on pace IV.1 

N(1535) E L A S T I C  POLE RESIDUE 

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 
]16±46 CUTKOSKY 80 IPWA ~rN ~ ~ N  
~, • • We do not use the following data for averages, fits, limits, etc. • • • 

20±21 BHANDARI 77 DPWA Uses N~/cusp 

I M A G I N A R Y  P A R T  
_VALUE ~MeV) DOCUMENT ID TECN COMMENT 

31±92 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • We do not use the following data for averages, fits, limits, etc. • • • 

3.3± 8 BHANDARI 77 DPWA Uses N~l cusp 

VII1.27 

Baryon Full Listings 
N(1535) 

N ( 1 5 3 5 )  DECAY MODES 

Mode Fraction (F i / r )  

N (1535 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ?N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N(1535) --* P3', he l i c i t y -1 /2  a m p l i t u d e  A 1 / 2  

l- 1 N ~  35-50 % 

I-2 N~I 45-55 % 

I- 3 N~r~r ~ 10 % 

1"4 /',~r <5 % 

I" 5 A(1232)~T, D-wave 

I- 6 N p  ~ 5 %  
I-7 N p ,  5 = 1 / 2 ,  S-wave 

I" 8 N p ,  5 = 3 / 2 ,  D-wave 

J- 9 N (x~)~---_w0ave -- 5 % 

I'1o p.y o.1-0.2 % 

1-11 p-y, h e l i c i t y = l / 2  

1"12 n 'y  
I-]3 n %  h e l i c i t y = l / 2  

VALUE (6eV ~1/2) DOCUMENT ID TEEN COMMENT 

0.053 ±0.015 CRAWFORD 83 IPWA ?N ~ ~TN 
0.077 ±0.021 AWAJI 81 DPWA ?N ~ ~rN 
0.083 ±0.007 ARAI 80 DPWA "TN ~ ~rN (fit i )  
0.080 +0.007 ARAI 80 DPWA ~/N ~ ~rN (fit 2) 
0.029 ±0.007 BRATASHEV...80 DPWA " iN ~ ~rN 
0.065 :E0.016 CRAWFORD 80 DPWA ?N ~ ~rN 
0.0704±0.0091 ISHII 80 DPWA Compton scattering 

+0.082 ±0.019 BARBOUR 78 DPWA ?N ~ ~TN 

0.15-0.35 % 

The  above branch in$ f ract ions are our  est imates,  no t  f i ts or averages. 

N ( 1 5 3 5 )  B R A N C H I N G  R A T I O S  

l - (N~r) /Ftota I r l / r  
VALUE DOCUMENT ID TECN COMMENT 
0.35 to 0.50 OUR ESTIMATE 
0.50 ±0.10 CUTKOSKY 80 IPWA ~rN ~ ~rN 
0.38 ±0.04 HOEHLER 79 IPWA ~N ~ ~rN 
,, • • We do not use the following data for averages, fits, limits, etc. • • • 

0.297±0.026 BHANDARI 77 DPWA Uses NT/cusp 

(r~r~)Va/rtota~ in N~ ---* N (1535 )  --~ N~/ (rlr2)'/~/r 
VALUE DOCUMENT ID TECN COMMENT 
F0.33 BAKER 79 DPWA ~r- p ~ n~ 1 

+0.070 ±0.004 FELLER 76 DPWA ~fN ~ I rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.055 WADA 84 DPWA Compton scattering 
0046 5 NOELLE 78 " iN ~ ~TN 

+0.034 BERENDS 77 IPWA -.fN ~ ~rN 

N(1535) --, n% helicity-1/2 amplitude All 2 
VALUE (6eV ~1/2) DOCUMENT ID TECN COMMENT 

0.035+0.014 AWAJI 81 DPWA ~,N ~ ~rN 
-0.062±0.003 FUJll 81 DPWA 7N ~ * N  
-0.075±0.019 ARAI 80 DPWA 7N ~ 7rN (fit 1) 
-0 .075±0.018 ARAI 80 DPWA 7N ~ =N (fit 2) 

0.098±0.026 CRAWFORD 80 DPWA ?N ~ ~TN 
--0.011+0.017 TAKEDA 80 DPWA "iN ~ ~rN 
-0.112±0.034 BARBOUR 78 DPWA ~,N ~ ~TN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.048 5 NOELLE 78 7N ~ ~rN 

N (1535 )  F O O T N O T E S  

1 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to 7rN ~ N~r~ data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

2 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matrix 
amplitudes. 

3 LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to 7rN ~ NTr~r data, elastic amplitudes from a 5aclay 
(CERN) partial-wave analysis. 

4 MANLEY 84 considers this coupling sign to be well determined. 
5Converted to our conventions using M = 1548 MeV, F - 73 MeV from NOELLE 78. 

N(1535) REFERENCES 

For early references, see Physics Letters 111B (1982). 

+0.48 FELTESSE 75 DPWA 1488-1745 MeV 

Note: Signs of couplings from ~rN ~ N x w  analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)lr. 

( r / r f )V '2 / r to ta l  in N~r --, N(1535) --, A(1232)~r, D-wave (rlr5)g2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.00 1 LONGACRE 77 IPWA 7rN ~ NTrTr 
-"0.06 2 LONGACRE 75 IPWA 7rN ~ NTr~r 

( r i r f ) l / a / r t o t a l  in NTr --, N (1535 )  --, N O, S = 1 / 2 ,  S-wave (rtrT)3/2/r 
yALUE DOCUMENT ID TECN COMMENT 

(small) 4 MANLEY 84 IPWA ~rN ~ NTr~r 
--0.10 1 LONGACRE 7T IPWA ~N - -  N ~  
--0.09 2 LONGACRE 75 IPWA 7rN ~ N~rTr 

( F i r f ) l / 2 / F t o t a l  in N l r  -~  N(1535)  N _~ (~r~)s_wav eI=o (rlrg)g2/r 
~_~LUE DOCUMENT IO TECN COMMENT 
+ (small) 4 MANLEY 84 IPWA 7r N ~ N~r~r 

0.08 1 LONGACRE 77 IPWA 7rN ~ N~Tr 
H 0.09 2 LONGACRE 75 IPWA ~rN ~ NTrTr 

ARNDT 05 PR D32 1065 
MANLEY 84 PR D30 904 
WADA 84 NP B247 313 
CRAWFORD 80 NP B211 1 
AWAJI 81 Bonn Conf. 352 

Also 82 NP B197 065 
FUJII 81 NP B187 53 
ARAI 80 Toronto Conf. 93 

Also 82 NP B194 251 
BRATASHEV... 8O NP 8166 525 
CRAWFORD 8D Toronto Conf. 107 
CUTKOSKY 60 Toronto Conf. 19 

Also 79 PR D20 2809 
]SHII 80 NP B165 189 
TAKEDA 80 NP B168 17 
BAKER 79 NP 8156 93 
HOEHLER 79 PDAT 12-1 

Also 80 Toronto Conf. 3 
BARBDUR 78 NP B141 253 
LONGACRE 75 PR DI7 1795 
NOELLE 78 PTP 60 778 
BERENDS 77 NP B106 317 
BHANDARI 77 PR DI8 190 
LDNGACRE 77 NP B122 493 

Also 76 NP B108 865 
FELLER 76 NP B104 219 
FELTESSE 75 NR B93 240 
LONGACRE 75 PL 05B 415 

+Ford, Roper (VPI) 
+Arndt, Goradia, Teplitz (VPI) 
+Egawa, Imanishi, Ishi], Kato, Ukai+ (INUS) 
+Morton (GLAS) 
+ Kajikawa (NAG{)) 

Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
+Hayashii, Iwata, Kajikawa+ (TOKY) 

(TOKY) 
Arai, Fujii (TOKY) 
Bratashevskij, Gorbenko, Derebchinskij+ (KHAR) 

(GLAS) 
-Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Cutkosky, Forsyth, Hendrick, Kelly (CMU. LBL) lip 
+Egawa, Kato, Miyachi+ (KYOT, TOKY) 
+Arai, Fujii, Ikeda. Iwasaki+ (TOKY) 
+Brown. Clark, Da~'~, DepaKter. Evar~s+ (RHEL) UP 
+Kaiser, Koch, Pietafinen (KARL) IJP 

Koch (KARL) IJP 
+Crawford, Parsons (GLAS) 
+Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 

(NAGO) 
+Donnachie (LEID, MCHS) I JR 
+Chad (CMU) IJP 
+Dolbeau (SACL) UP 

Dolbeau, Triantis, Neveu, Cadiet (SACL) UP 
+Fukushima, Horikawa, Kajikawa+ (NAGO, OSAK) IJP 
+Ayed, Bareyre, Bor{eaud, David+ (SACL) ~3P 
+RoSenfeld, Lasinski, Smadja+ (LBL, SLAC) UP 

- -  O T H E R  RELATED PAPERS - -  

87B NC 52A 1112 +Moorhouse (GLAS, RHEL) 
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Baryon Full Listings 
N(1540), N(1650) 

I I , ( ,  ) Status: 96 N(1540) P~3 K j P )  = 19+ 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Not seen in ;TN ~ ~rN analyses, and its existence is thus doubt fu l .  

N(1540) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1540 1 LONGACRE 77 IPWA ~TN ~ N~r~r 

N ( 1 5 4 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

200 1 LONGACRE 77 IPWA ~ N  - -  NTrTr 

N ( 1 5 4 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1535 or 1482 1 LONGACRE 77 IPWA =N  ~ N ~ r  

- - 2  x I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

207 or 314 1 LONGACRE 77 [PWA ~ N  ~ N~ : r  

N ( 1 5 4 0 )  D E C A Y  MODES 

Mode 

F 1 N~r 

F2 A ( 1 2 3 2 ) ~ r ,  P -wave  

F 3 N p ,  5 - - 1 / 2 ,  P w a v e  

F4 N p ,  5 = 3 / 2 ,  P -wave  
I=0  

r 5 N (~r~r)S_wave 

F 6 p %  h e l i c i t y - 1 / 2  

F7 p %  h e l i c i t y - 3 / 2  

N(1540) REFERENCES 

CRAWFORD 83 NP B211 1 ~Morton (GLAS) 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

Also 76 NP B108 365 Dolbeau, Triantis, Neveu, Cadiet (SACL} UP 

I I ' ( ~  ) S ta tus :  >k * >k * N(1650) Sll l ( j P )  = 1 1  

Most of the results publ ished before 1975 are now obsolete and have been 

omit ted.  They may be found in our 1982 edit ion (Physics Letters 111B). 

VALUE (MeV] 
1620 to 1680 OUR ESTIMATE 
16503_30 
1670± 8 
• • • We do not use the following 

1688 
1672 
1680 
1680 
1694 
1700± 5 
1680 
1700 
1675 
1660 

N ( 1 6 5 0 )  MASS 

DOCUMENT ID TECN COMMENT 

CUTKOSKY 80 IPWA ~N  ~ ~rN 
HOEHLER 79 IPWA 7rN ~ ~rN 

data for averages, fits, limits, etc. • • • 

CRAWFORD 80 DPWA ~ N  ~ ~N  
MUSETTE 80 IPWA ~r p ~ AK 0 
SAXON 80 DPWA 7r p ~ AK 0 
BAKER 78 DPWA ~r p ~ AK 0 
BARBOUR 78 DPWA ~,N ~ ~rN 

1BAKER 77 IPWA ~ r - p ~  A K  0 
1 BAKER 77 DPWA = p ~ AK 0 
2 LONGAERE 77 IPWA ~rN ~ N~r= 

KNASEL 75 DPWA = p ~ AK 0 
3 LONGACRE 75 IPWA 7rN ~ N = ~  

N ( 1 6 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
100 to 200 OUR ESTIMATE Our best guess is 150 MeV. 

150~-40 CUTKOSKY 80 IPWA =N  ~ ~N  
180&20 HOEHLER 79 IPWA 7 r N -  ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

183 CRAWFORD 80 DPWA " ~ N - -  7rN 
179 MUSETTE 80 IPWA 7r p ~ AK 0 
120 SAXON 80 DPWA :T p ~ AK  0 
90 BAKER 78 DPWA 7 r - p ~  AK 0 

193 BARBOUR 78 DPWA ? N  ~ 7rN 
130±10 1 BAKER 77 IPWA ~r p ~ A K  0 
90 1 BAKER 77 DPWA ~T p ~ AK 0 

170 2 LONGACRE 77 IPWA =N ~ N~r= 
170 KNASEL 75 DPWA ~ T - - p ~  AK 0 
130 3 LONGACRE 75 IPWA ~'N ~ N~r~ 

N(1540) BRANCHING RATIOS 

Note: Signs of couplings from ~ N  ~ NTr~ analyses were changed in the 1986 
edition to agree with the baryon first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232) l r .  

( r i r f ) t / 2 / r t o t a l  in NTr -~  N ( 1 5 4 0 )  - *  A ( 1 2 3 2 ) ~ r ,  P -wave  ( r t r 2 ) l / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

-0 ,11  1 LONGACRE 77 IPWA 7rN ~ NTr~ 

( F i r f ) ~ / 2 / F t o t a l  in NTr ~ N ( 1 5 4 0 )  -~  N p ,  5 = 1 / 2 ,  P -wave  (F1F3)~/2 /F  
VALUE DOCUMENT ID TEEN COMMENT 

+ 0 0 8  ] LONGACRE 77 IPWA l rN  ~ NTrTr 

R E A L  P A R T  
VALUE (MeV~ 

1640 ± 20 

N ( 1 6 5 0 )  P O L E  P O S I T I O N  

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA ~N  ~ ~ N  

( F i F f ) ' n / F t o t a l  in N l r  --~ N ( 1 5 4 0 )  ~ N p ,  5 = 3 / 2 ,  P -wave  ( r l r4)" / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.00 1 LONGACRE 77 IPWA ~ N  ~ N ~  

(rirf)'/2/rtotai in NTr ~ N ( 1 5 4 0 )  ~ N (TrTr)s_wavel=0 (rlrB)'/Ur 
VALUE DOCUMENT ID TEEN COMMENT 

0.00 1 LONGACRE 77 IPWA 7rN - -  N ~  

N ( 1 5 4 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~ N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N ( 1 5 4 0 )  --* P3',  h e l i c i t y - 1 / 2  a m p l i t u d e  A 1 / 2  

VALUE (6eV ~1/2) DOCUMENT ID TEEN COMMENT 

0.014±0.028 CRAWFORO 83 IPWA "vN ~ 7rN 

N ( 1 5 4 0 )  - - '  P3',  h e l i c i t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE (GeV 1/2~ DOCUMENT ID TEEN COMMENT 

0009±0 .027  CRAWFORD 83 IPWA ~ N ~  7rN 

N ( 1 5 4 0 )  FOOTNOTES 
1 LONGACRE 77 pole positions are from a search for poles in the unitarized T matrix; the 

first (second) value uses, in addition to ~ N  ~ NlrTr data, elastic amplitudes from a 
Saclay (CERN) partial wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wlgner circles to the T-matr ix amplitudes. 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1660 ARNDT 85 DPWA =N ~ 7rN 
1648 or 1651 4 LONGACRE 78 IRWA 7rN ~ N~,~ 
1699 or 1698 2 LONGACRE 77 IPWA 7rN ~ N~,~ 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

150±30  CUTKOSKY 80 IPWA ~N  ~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

122 ARNDT 85 DPWA =N ~ ~N  
117 or 119 4 LONGACRE 78 IPWA ~ N  - -  N ~  
174 or 173 2 LONGACRE 77 IPWA 7rN ~ Nr ,=  

N ( 1 6 5 0 )  E L A S T I C  P O L E  RESIDUE 

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

16±25  CUTKOSKY 80 IPWA ~N  ~ = N  

IMAGINARY P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

58±12  CUTKOSKY 80 IPWA ~N  ~ ~TN 



See key on page IV.1 

N(1650) DECAY MODES 

Mode Fraction (FI/F) 

I- 1 N~r 55-65 % 

T2 N~I  ~ 1.5 % 

F 3 A K  ~ 8 %  

F 4 Z K 

F 5 N~ ;T  20-35 % 

F 6 A~r < 1 0 %  

F 7 A(1232)~r ,  D-wave 

F 8 N p  5-30 % 

F 9 N p ,  5 = 1 / 2 ,  S-wave 

F1 o N p ,  S = 3 / 2 ,  D-wave 
I=O 

[-11 N ('tr~')S_wave <15 % 
[-]2 N ( 1 4 4 0 ) ~ ,  S-wave 

[-13 P'Y 0.04-0.16 % 

[-14 P'7, h e l i c i t y = l / 2  

FI5 n~7 0-0.17 % 

[-16 n" t ,  h e l i c i t y = l / 2  

The above branch ing f ract ions are our  est imates,  no t  f i ts or averages. 

N (1650 )  BRANCHING RATIOS 

F(N1 r ) /F to ta  I F 1 / F  
VALUE DOCUMENT ID TECN COMMENT 
0.55 to 0.65 OUR ESTIMATE 
0.65+0.10 CUTKOSKY 80 IPWA ~rN ~ ~rN 
0.61±0.04 HOEHLER 79 IPWA l rN ~ ~rN 

, ( F i F f ) ~ / 2 / r t o t a l  in N~T --, N (1650)  --* N U  (FIF2)I/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

-0 .09 5 BAKER 79 DPWA 7r- p ~ n~ / 

(riFf)g2/rtotal in N i t  - -  N(1650 )  --* A K  (FIFD'IsIF 
VALUE DOCUMENT ID TEEN COMMENT 

0.22 BELL 83 DPWA ~ r - p  ~ A K  0 
-0 .22 SAXON 80 DPWA 7 r - p ~  A K  0 
• • • We do not use the following data for averages, fits, limits, etc. * * • 

0.25 6 BAKER 78 DPWA See SAXON 80 
-0.234-0.01 1 BAKER 77 IPWA ~r p ~ AK 0 
-0.25 1BAKER 77 DPWA ~ r - p ~  AK 0 

0.12 KNASEL 75 DPWA ~T-- p ~ A K  0 

, (F i r f )V '2 / f to ta  I in N~r --* N (1650 )  --* Z K  (F IF4)1 /2 /F  
VALUE DOCUMENT ID TEEN COMMENT 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.254 LIVANOS B0 DPWA ~yp ~ Z K  
0.066 to 0.137 7 DEANS 75 DPWA 7rN ~ Z K  
0.20 KNASEL 75 OPWA 

Note: Signs of couplings from 7r N ~ N ~  analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)yr. 

(F;Ff)V'8/rtota, in NTr --* N(1650) --~ A(1232)Tr, D-wave (r1FT)1121F 
VALUE DOCUMENT ID TECN COMMENT 

4- (large) 8 MANLEY 84 IPWA ~ N  ~ N~ryr 
4-0.29 2,9 LONGACRE 77 IPWA ~yN ~ Nyryr 
4,0.15 3 LONGACRE 75 IPWA l rN ~ Nyr~r 

(rirf)V2/rtota i in N~r ~ N (1650 )  --* NO, 5 = 1 / 2 ,  5 -wave (rzr9)1/2/r 
VALUE DOCUMENT ID TECN COMMENT 

MANLEY 84 IPWA ~ r N ~  N~r~r 
+0.17 2,9 LONGACRE 77 IPWA ~rN ~ N~r~r 

0.16 3LONGACRE 75 IPWA ~ r N ~  Nyr~r 

. (F iF f )~8 / r to ta l  in N~r --* N (1650 )  --* NO, 5 = 3 / 2 ,  D-wave (rlr~0)~/8/r 
VALUE DOCUMENT tO TEEN COMMENT 

large MANLEY 84 IPWA ~TN ~ N~r~r 
4--0.29 2,9 LONGACRE 77 IPWA ~rN ~ N~ryr 

,(r~rf)%/rtotal in N~r -~  N (1650 )  ~ N (/r/r)s_wave/=0 (rlrn)'/Ur 
VALUE DOCUMENT IO TECN COMMENT 

+ MANLEY 84 IPWA ~rN ~ N~T~r 
0.00 2.9 LONGACRE 77 IPWA ~r N ~ N~r~r 

4-0.25 3 LONGACRE 75 IPWA ~rN ~ N=~r 

( r i g f ) V ~ / r t o t a l  in N~r --~ N (1650 )  ~ N(1440)~r ,  S-wave (F IF12)V2 /F  
VALUE DOCUMENT ID TEEN COMMENT 

+ MANLEY 84 IPWA ~rN ~ N~r~r 

Baryon Full 
V I I I . 2 9  

Listings 
N(1650) 

N ( t 6 5 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the 7N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N (1650 )  -- ,  PT ,  he l i c i t y -1 /2  a m p l i t u d e  A 1 / 2  

VALUE (6e~i/2~ DOCUMENT ID TEEN COMMENT 

0.033-F0.015 CRAWFORD 83 IPWA •N ~ ~rN 
0.050:l-0.010 AWAJI 81 DPWA "fN ~ 7rN 
0.06510.005 ARAI 80 DPWA "yN ~ ~rN (fit 1) 
0.061-E0.005 ARAI 80 DPWA "fN ~ 7rN (fit 2) 
0.0314-0.017 CRAWFORD 80 DPWA "yN ~ l rN 

+0.0484-0.017 BARBOUR 78 DPWA "fN ~ 7rN 
+0.068±0.009 FELLER 76 DPWA "yN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.091 WADA 84 DPWA Compton scattering 

N ( 1 6 5 0 )  - ~  n T ,  h e l i d t y - 1 / 2  a m p l i t u d e  A 1 / 2  

VALUE (GeV-1/21 DOCUMENT ID TECN COMMENT 

--0.008±0.004 AWAJI 81 DPWA " y N ~  7rN 
0.004±0.004 FUJII 81 DPWA ?N ~ 7rN 
0.010+0.020 ARAI 80 DPWA 7N ~ =N (fit 1) 
0.008±0.019 ARAI 80 DPWA ?N ~ 7rN (fit 2) 

-0.0684-0.040 CRAWFORD 80 DPWA "yN ~ 7rN 
-0.0114-0,011 TAKEDA 80 DPWA ?N ~ 7rN 

0.045±0.024 BARBOUR 78 DPWA "yN -- 7rN 

N(1650 )  3 'P --~ A K  + A M P L I T U D E S  

For definitions, see Sec. IV of the Note on N and A Resonances preceding the 
N(1440). 

(rirf)V2/rtotal in p~, -~  N(1650)  ---* A K  + (E0+  a m p l i t u d e )  

VALUE (units 10-3~ DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

8.13 TANABE 89 DPWA 

P 7  ~ N (1650 )  -- ,  A K  + phase angle 0 (E0+  a m p l i t u d e )  
VALUE (de~rees~ DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 107.8 TANABE 89 DPWA 

N(1650)  F O O T N O T E S  

1 The two BAKER 77 entries are from an IPWA using the Barrelet-zero method and from 
a conventional energy-dependent analysis. 

2 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to ~rN ~ NTrTr data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

3 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matrix 
amplitudes. 

4LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to 7rN ~ NTr~ data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

5 BAKER 79 fixed this coupling during fitting, but the negative sign relative to the N(1535) 
is well determined. 

6The overall phase of BAKER 78 couplings has been changed to agree with previous 
conventions. Superseded by SAXON 80. 

7The range given for DEANS 75 is from the four best solutions. 
8 MANLEY 84 considers this coupling sign to be well determined. 
9 LONGACRE 77 considers this coupling to be well determined. 

N (1650)  REFERENCES 

For early references, see Physics Letters 111B (1982). 

TANABE 89 PR C39 741 
Also 89 NC 1O0A 193 

ARNDT 85 PR D32 1085 
MANLEY 84 PR D30 904 
WADA 84 NP B247 313 
BELL 83 NP B222 389 
CRAWFORD 83 NP B211 1 
AWAJI 81 Bonn Conf. 352 

AlSO 82 NP B197 365 
FUJII 81 NP B187 53 
ARAI 80 Toronto Conf. 93 

Also 82 NP B194 251 
CRAWFORD 80 Toronto Conf. 107 
CUTKOSKY 80 Toronto Conf. 19 

Also 79 PR D20 2839 
LIVANOS 80 Toronto Conf. 35 
MUSETTE 80 NC 57A 37 

+Kohno, Bennhold (MANZ) 
Kohno, Tanabe, Bennhold (MANZ) 

~Ford, Roper (VPI) 
+Arndt, Goradia, Teplitz (VPI) 
+Egawa, Imanishi, Ishii, Kato, Ukai+ ONUS) 
+Blissett, Broome, Daley, Hart, Lintern+ (RL) IJP 
+Morton (GLAS) 
+Kajikawa (NAGO) 

Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
+Hayashii, Iwata, Kajikawa+ (TOKY) 

(TOKY) 
Arai, Fujii (TOKY) 

(GLAS) 
+Forsyth, Babcock. Kelly. Hendfick (CMU, LBL) IJP 

Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBI) IJP 
+Baton, Coutures, Kochowski. Neveu (SACL) IJP 

(BRUX) IJP 
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Baryon Full Listings 
N(1650), N(1675) 
SAXON 80 NP 8162 522 +Baker. Bell, Blissett, BIoodworth~ (RHEL, BRIS) IJP 
TAKEDA 80 NP B168 17 +Arai, Fujii, Ikeda, Iwasaki+ (TOKY) 
BAKER 79 NP 8156 93 +Brown, Clark, Davies, Depagter, Eva,s+ (RHEL) IJP 
HOEHLER 79 PDAT 12 1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf 3 Koch (KARL) IJP 
BAKER 78 NP 8141 29 *Blissett, Bioodworth, Broome+ (RL, CAMB)IJP 
BARBOUR 78 NP 8141 253 +Crawford. Parsons (GLAS) 
LONGACRE 78 PR D17 1795 *Laslnski, Rosenfeld, Smadja+ (LBL, SLAC) 
BAKER 77 NP 8126 365 *81issett, Btoodworth, 8roome, Hart+ (8HEE) IJP 
LONGACRE 77 NP 8122 493 +Dolbeau (SACL) UP 

Also 76 NP B108 365 Dolbeau, Triantis, Neveu, Cadiet (SACL) IJP 
FELLER 76 NP B104 239 +Fukushima. Horikawa, Kajikawa+ (NAGO, OSAK) I JR 
DEANS 75 NP B% 90 +Mitchell, Mont6omery+ {SFLA, ALAH) IJP 
KNASEE 75 PR Dl1 1 +Lindquist, Nelson+ (CHIC, WUSL, OSU, ANL} IJP 
LONGACRE 75 PL 558 415 +Rosenfeld, Lasinski, Smadja+ (LBL, SLAC) IJP 

I N(1675) D~51 i ( j P )  = 1 5 ~ ( ~  ) S ta tus :  ~ k > k > k *  

Most of the results publ ished before 1975 are now obsolete and have been 

omi t ted.  They may be found in our  1982 edit ion (Physics Letters 111B).  
In addi t ion,  results in th is region from product ion exper iments,  wh ich  used 

to be listed separately in an entry fo l lowing the N(1700) ,  have been ent i re ly 

omit ted.  They too may be found in our  1982 edit ion. 

N ( 1 6 7 5 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1660 to 1690 OUR ESTIMATE 
1675±10 CUTKOSKY 80 IPWA ~N  ~ ~N  
1679± 8 HOEHLER 79 IPWA ~rN ~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1685 ERAWFORD 80 DPWA 7 N  ~ ~ N  
1670 SAXON 80 DPWA 7r- p --~ A K 0 
1680 BARBOUR 78 DPWA 7 N  ~ ~rN 
1650 ] LONGACRE 77 IPWA ~rN ~ N ~ T  
1660 2 LONGACRE 75 IPWA ~rN ~ N~,~ 

N ( 1 6 7 5 )  W I D T H  

VALUE (MeV) OOCUMENT 10 TECN COMMENT 
120 to 180 OUR ESTIMATE Our bestst g~ess ~s 1-55 MeV.  

160±20 CUTKOSKY 80 IPWA =N  ~ =N  
120±15 HOEHLER 79 IPWA ~rN ~-~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

191 CRAWFORD 80 DPWA 7 N  ~ ~,N 
40 SAXON 80 DPWA ~ p ~ AK  0 
88 BAKER 79 DPWA = p ~ nq 

192 BARBOUR 78 DPWA 7 N  ~ ~rN 
130 1 LONGACRE 77 IPWA ~N  ~ N ~  
150 2LONGACRE 75 IPWA 7 r N ~  N ~  

N ( 1 6 7 5 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

1660±10 CUTKOSKY 80 IPWA ~ N ~  7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1661 ARNDT 85 DPWA ~ N  ~ ~rN 
1663 or 1668 3 LONGACRE 78 IPWA 7rN ~ N~r= 
1649 or 1650 1 LONGACRE 77 IPWA ~rN ~ N = ~  

--2 x IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

140±10 CUTKOSKY 80 IPWA = N - *  ~N 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

142 ARNDT 85 DPWA =N ~ ~,N 
146 or 171 3 LONGACRE 78 IPWA = N ~ N= = 
127 or 127 1 LONGACRE 77 IPWA = N  ~ Nx,~ 

N ( 1 6 7 5 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2 7 ± 5  CUTKOSKY 80 IPWA 7 r N - -  ~N  

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

16±5  CUTKOSKY 80 IPWA ~ N - ~  ~N  

Mode 

N ( 1 6 7 5 )  D E C A Y  MODES 

Fraction ( £ i / r )  

F 1 N~T 35 40 % 

F2 N~I ~ 1% 

r 3 A K  -~ 0 . i  % 

r 4 T K 
r5 N ~ T r  60 -65% 

I- 6 A~ ,  55 60% 

r 7 z~(1232)  fr, D -wave  

r 8 A ( 1 2 3 2 ) = ,  C-wave 

I- 9 N p  < 1 0 %  

F10 N p ,  5 - - 1 / 2 ,  D-wave  

r l l  N p ,  5 = 3 / 2 ,  D -wave  

r12  N p ,  5 - - 3 / 2 ,  G-wave 

F ]3  N I = 0  (,'T~T)S_wave <5 % 

F14 N ( 1 5 2 0 ) ~ r ,  P -wave  

r15  p-~ ~ 0 .01% 

F16 p %  h e l i c i t y = l / 2  

1-17 p~., h e l i c i t y = 3 / 2  

F18 n~r 0.07-0.12 % 

F19 n %  h e l i c i t y = l / 2  

F20 n %  h e l i c i t y - 3 / 2  

T h e  above b r a n c h i n g  f rac t ions  are ou r  es t imates,  no t  f i ts  or averages. 

N(1675) BRANCHING RATIOS 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.003 5 DEANS 75 DPWA ~N ~ I K  

Note: Signs of couplings from 7rN ~ N~r~ analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the z&(1620) 531 coupling to z~(1232)~. 

( r i r r ) l / l / r t o t a l  in N~- --~ N ( 1 6 7 5 )  ~ A ( 1 2 3 2 ) ~ r ,  D -wave  (rlrz)l/vr 
VALUE DOCUMENT ID TEEN COMMENT 
+ (large) 6 MANLEY 84 IPWA ~N  ~ N7rTr 
+0.46 1~7 LONGACRE 77 IPWA ~TN ~ N:T~T 
+0.50 2 LONGACRE 75 IPWA ~rN ~ N~r~ 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+ 0  5 8 NOVOSELLER 78 IPWA ~N  ~ N ~  

( r i r f ) l / 2 / r t o t a l  in NTr -+  N ( 1 6 7 5 )  --~ N p ,  5 = 3 / 2 ,  D - w a v e  ( r l r n ) l / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

(small) MANLEY 84 IPWA 7rN ~ N = ~  
0.15 1,7 LONGACRE 77 IPWA ~rN ~ N~T~ 

( r i r f ) l / 2 / r t o t a l  in NTr ~ N ( 1 6 7 5 )  --,  N (Tr/r)5_wav e l = 0  ( r l r 1 3 ) l / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 
+ 0 0 3  1,7 LONGACRE 77 IPWA 7rN ~ N~T~T 

( r i r f ) l / 2 / r t o t a l  in N ~  ~ N ( 1 6 7 5 )  ~ N ( 1 5 2 0 ) ~ ,  P -wave  (Qr14)1/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

015 MANLEY 84 IPWA ~N  ~ NTr~, 

r ( N ~ ) / r t o t a l  q / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.35 to 0.40 OUR ESTIMATE 
0 3 8 ± 0 0 5  CUTKOSKY 80 IPWA ~ r N ~  ~N  
0 3 8 ± 0 . 0 3  HOEHLER 79 IPWA ~ T N ~  7rN 

( r i r f ) t / 2 / r t o t a l  in N~- ~ N ( 1 6 7 5 )  ~ N q  (rlr2)L/2/r 
VALUE DOCUMENT ID TEEN COMMENT 
- 0 07 BAKER 79 DPWA 7r p ~ n~ I 

0 0  or +0.009 FELTESSE 75 DPWA 1488-1745 MeV 

(rirf)l/a/rtotal in NTr --* N ( 1 6 7 5 )  ~ A K  (r lr/ /Vr 
VALUE DOCUMENT ID TECN COMMENT 

0.01 BELL 83 DPWA ~ - p  ~ AK  0 
~ 0 0 3 6  4SAXON 80 DPWA 7r p ~  AK  0 

0.034±0.006 DEVENISH 748 Fixed-t dispersion rel. 

(rirr)l/2/rtotal in N l r  --~ N ( 1 6 7 5 )  -+  T K  (rlr4)l/Vr 
VALUE DOCUMENT ID TECN COMMENT 



:See key on page IV.1 

N ( 1 6 7 5 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~/N decay amplitudes, see Sec. IV of the Note on N and 
Z~ Resonances preceding the Baryon Listings. 

N(1675) -~ p'y, helicity-l/2 amplitude A1/2 
VALUE (Ge~i/2 ~ DOCUMENT ID TEEN COMMENT 

0.021-E0.011 CRAWFORD 83 IPWA "TN ~ ~rN 
0.034±0.005 AWAJI 81 DPWA ~fN ~ ~rN 
0.006+0.005 ARAI 80 DPWA "fN ~ ~ N  (fit 1) 
0.006-E0.004 ARAI 80 DPWA ~rN ~ ~ N  (fit 2) 
0.023:E0.015 CRAWFORD 80 DPWA "fN ~ ~rN 

E0.022+0.010 BARBOUR 78 DPWA "fN ~ ~rN 
+0 .034±0 .004  FELLER 76 DPWA "yN ~ ~rN 

N(1675) -~ p% helicity-3/2 amplitude A3/2 
~/ALUE (Ge~  1/2 ) DOCUMENT ID TEEN COMMENT 

0.015±0,009 CRAWFORD 83 IPWA "fN ~ ~TN 
0.024±0.008 AWAJI 81 DPWA "~N ~ ~rN 
0.030~-0.004 ARAI 80 DPWA ? N  ~ 7rN (fit 1) 
0.029±0.004 ARAI 80 DPWA ~fN ~ ~rN (fit 2) 
0.003±0.012 CRAWFORD 80 DPWA "TN ~ ~rN 

+0 .015±0 .006  BARBOUR 78 DPWA ? N  ~ 7rN 
+0 .019±0 .009  FELLER 76 DPWA ~N ~ 7rN 

N(1675) -~ n% helicity-l/2 amplitude A1/2 
VALUE (GeV~I/2 ~ DOCUMENT I0 TEEN COMMENT 

- -0 .057±0.024 AWAJI 81 DPWA "fN ~ ~rN 
0.033±0.004 FUJII 81 DPWA "fN ~ ~ N  

- 0 . 0 3 9 ± 0 , 0 1 7  ARAI 80 DPWA ~fN ~ ~rN (fit 1) 
- 0 . 0 2 5 ± 0 . 0 2 7  ARAI 80 DPWA ~ N  ~ ~rN (fit 2) 

0.059±0.015 CRAWFORD 80 DPWA "fN ~ ; rN 
-0.021±0.011 TAKEDA 80 DPWA *rN ~ ~rN 
-0 .066±0 .020  BARBOUR 78 DPWA 3 N  ~ ~rN 

N ( 1 6 7 5 )  - - '  ns ' ,  h e l i c i t y - 3 / 2  amplitude A3/2 
~_/ALUE (GeV~l/2~ DOCUMENT ID TEEN COMMENT 

0.077±0.018 AWAJI 81 DPWA ~fN ~ ~rN 
0.069J_0.004 FUJII 81 DPWA ~fN ~ 7rN 

- 0 . 0 6 6 ± 0 . 0 2 6  ARAI 80 DPWA ~ N  ~ ; rN (fit 1) 
0.071±0.022 ARAI 80 DPWA "fN ~ ~rN (fit 2) 

- -0 .059±0.020 CRAWFORD 80 DPWA ~fN ~ 7rN 
0.030±0.012 TAKEDA 80 DPWA ? N  ~ ~rN 

-0 .073±0 .014  BARBOUR 78 DPWA ? N  ~ ~rN 

N ( 1 6 7 5 )  F O O T N O T E S  

1 LONGAERE 77 pole positions are from a search for poles in the unitarized T-matr ix;  the 
first (second) value uses, in addition to f rN ~ Nlr~r data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matr ix amplitudes. 

2 From method II of LONGAERE 75: eyeball fits wi th Breit-Wigner circles to the T-matr ix 
amplitudes. 

3 LONGACRE 78 values are from a search for poles in the unitarized T-matr ix. The first 
(second) value uses, in addition to ; rN ~ N=Tr data, elastic amplitudes from a Saclay 
(£ERN) partial-wave analysis. 

4 SAXON 80 finds the coupling phase is near 90 ° . 
5The range given is from the four best solutions. DEANS 75 disagrees wi th ~T + p 

~-+ K + data of WlNNIK 77 around 1920 MeV. 
6 MANLEY 84 considers this coupling sign to be well determined. 
? LONGACRE 77 considers this coupling to be well determined. 
8A Breit-Wigner fit to the HERNDON 75 IPWA. 

N(1675) R E F E R E N C E S  

For early references, see Physics Letters 111B (1982). 

ARNDT 85 PR DS2 1085 
MANLEY 84 PR D3O 904 
BELL 83 NP B222 389 
CRAWFORD 83 NP B211 1 
AWAJI 81 Bonn Conf 352 

Also 82 NP B197 365 
FUJII 81 NP B187 53 
ARAI 80 Toronto Conf 93 

Also 82 NP B194 251 
CRAWFORD 80 Toronto Conf. 107 
CUTKOSKY 80 To{onto Conf. 19 

Also 79 PR D20 2839 
SAXON 80 NP B162 522 
TAKEDA 80 NP B168 17 
BAKER 79 NP B156 93 
HOEHLER 79 PDAT 12-1 

Also 80 Toronto Conf. 3 

+Ford. Roper (VPI) 
+Arndt, Goradia, Teplitz (VPI) 
+Blissett, Broome, Daley. Hart. Lintern+ (RL) IJe 
+Morton (GLAS) 
+Kajikawa (NAGO) 

Fujii, Hayashii. Iwata, Kajikawa+ (NAGO) 
+Hayashii. Iwata. Kajikawa+ (TOKY) 

(TOKY) 
Arai, Fujii (TOKY) 

(GLAS) 
+Forsyth, Babcock, Kelly, Hendrick (CMU. LBL) IJP 

Cutkosky, Forsyth, Hendrick, Kelly (CMU. LBL) IJP 
+Baker. Bell. Blissett, Bloodworth+ (RHEL, BRIS)IJP 
+Arai, Fujii, Ikeda, Iwasaki+ (TOKY) 
+Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
+Kaiser. Koch, Pietarinen (KARL) IJP 

Koch (KARL) IJP 
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Baryon Full Listings 
N(1675), N(1680) 

BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, SmaBja+ (LBL, SLAC) 
NOVOSELLER 78 NP B137 509 (£1T) IJP 

Also 78B NP B137 445 Novoseller (CIT) IJP 
LONGACRE 77 NP B122 493 +DObeau (SACL) IJP 

Also 76 NP B108 365 Dolbeau, Triantis, Neveu, Cadiet (SACL) IJP 
WlNNIK 77 NP B128 66 +Toaff, Revel, Goldberg, Berny (HALF) I 
FELLER 76 NP B104 219 +Fukushima, Horikawa, Kajikawa+ (NAGO, OSAK) IJP 
DEANS 75 NP B96 9O +Mitchell, Montgomery+ (SFLA, ALAH) I JR 
FELTESSE 75 NP B93 242 +Ayed, Bareyre, Bo~geaud, David+ (SACL) IJP 
HERNDON 75 PR D l l  3183 +Loa6acre. Miller, Rosenfeld+ (LBL. SLAC) 
LONGACRE 75 PL 55B 415 +Rosenfeld, Lasinski. Smadja+ (LBL, SLAC) IJP 
DEVENISH 74B NP B81 33O +Froggatt, MarUn (DESY. NORD, LOUC) 

IN(168°) 6,1 , , , ~ ,  = ,',1/5+~, S ta tus :  >I< ~< >}c >I< 

Most of the results publ ished before 1975 are now obsolete and have been 

omi t ted.  They may be found in our  1982 edit ion (Physics Letters 111B).  
In addi t ion,  results in th is  region f rom product ion exper iments,  wh ich  used 

to be listed separately in an ent ry  fo l lowing the N(1700) ,  have been ent i re ly 

omi t ted.  They too may be found in our  1982 edit ion. 

N ( 2 6 8 0 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
1670 tO 1690 OUR ESTIMATE 
1680±10 CUTKOSKY 80 IPWA ; rN ~ ~TN 
1684± 3 HOEHLER 79 IPWA ~ N  ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1682 CRAWFORD 80 DPWA "TN ~ ~N  
1680 BARBOUR 78 DPWA --fN ~ 7rN 
1660 1 LONGACRE 77 IPWA ; rN ~ NTr~r 
1685 KNASEL 75 DPWA ;r p ~ A K  0 
1670 2 LONGACRE 75 IPWA 7rN ~ NTr~r 

N ( 1 6 8 0 )  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
110 to 140 OUR ESTIMATE Our b~st ~ ~s 1-25 MeV. 

120-}-10 CUTKOSKY 80 IPWA 7rN ~ ~rN 
128-}- 8 HOEHLER 79 IPWA ;rN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

121 CRAWFORD 80 DPWA ?N ~ 7rN 
119 BARBOUR 78 DPWA 3N ~ 7rN 
150 1 LONGACRE 77 IPWA ~rN ~ N~TTr 

155 KNASEL 75 DPWA 7r- p ~ AK  0 
130 2 LONGAERE 75 IPWA =N  ~ NTr;r 

N ( 1 6 8 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV} DOCUMENT IO TEEN COMMENT 

1667±5  CUTKOSKY 80 IPWA 7rN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1680 ARNDT 85 DPWA l rN  ~ ; rN  
1668 or 1674 3 LONGACRE 78 IPWA 7r N ~ N1rTr 
1656 or 1653 1 LONGACRE 77 IPWA ~rN ~ NTrTr 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

110±10  CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

120 ARNDT 85 DPWA 7rN ~ ~ N  
132 or 137 3 LONGACRE 78 IPWA ~rN ~ N~r~r 
145 or 143 1 LONGACRE 77 IPWA ~rN ~ NTr;r 

N ( 1 6 8 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

3 1 ± 2  CUTKOSKY 80 IPWA 7rN ~ 7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

- 1 4 ± 3  CUTKOSKY 80 IPWA ~rN ~ 7rN 



V I I I . 3 2  

Baryon 
N(1680) 

Full Listings 

Mode 

N(1680)  D E C A Y  M O D E S  

Fraction (Fi/I-) 

r l  N~r 55-65 % 

r 2 N q  < 1 %  

r 3 A K not seen 

r4  }~K  

r5 N~r~r 35-45 % 

[-6 A f~  10 15% 

[-7 A ( 1 2 3 2 )  % P-wave 

[-8 A ( 1 2 3 2 )  ~r, F-wave 

[-9 N p  10-20 % 

Ft0 N p ,  5 = 1 / 2 ,  F-wave 

F ] I  N p ,  5 = 3 / 2 ,  P-wave 

F12 N p ,  5 = 3 / 2 ,  F-wave 
/=0  F13 N (~T~T)S_wave 15 20 % 

F14 p" f  0.21-0.30 % 

F15 p %  h e l i c i t y = l / 2  

F16 p %  h e l i c i t y = 3 / 2  

[-17 n'~ 0.02 0.05 % 

F18 n-~, h e l i e i t y = l / 2  

F19 n q ,  h e l i c i t y = 3 / 2  

The  above branch ing fract ions are our  est imates, no t  fits or averages. 

N(1680) BRANCHING RATIOS 

r ( N ~ r ) / F t o t a l  r t / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.55 tO 0.65 OUR ESTIMATE 
0.624-0.05 CUTKOSKY 80 IPWA ~N ~ ~N 
0.65±0.02 HOEHLER 79 IPWA ~N ~ ~rN 

( r i r f ) ] / 2 / r t o t a l  in N ~  ~ N(1680)  ~ N~/ ( r l r 2 ) ~ / 2 / r  
VALUE DOCUMENT tD TECN COMMENT 
not seen BAKER 79 DPWA ~r- p ~ n~l 

r ( N f / ) / r t o t a  I r 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.0005 or 0.001 4 CARRERAS 70 MPWA t pole t resonance 
0.0004 4 BOTKE 69 MPWA t pole + resonance 
0.003 ±0002  4 DEANS 69 MPWA t pole + resonance 

r ( N ~ ) / r ( N ~ r )  r 2 / r ~  
VALUE DOCUMENT IO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.027 HEUSCH 66 RVUE ~0, q photoproduction 

( r i r f ) V 2 / r t o t a l  in N~r ~ N(1680)  -~  AK (rlr3)'/=/r 
Coupling to AK  not required in the analyses of BAKER 77, SAXON 80, or BELL 83. 

VALUE DOCUMENT ID TEEN COMMENT_ 
0.01 KNASEL 75 DPWA ~ p ~ AK 0 

- 0.009 ± 0.009 DEVENISH 748 Fixed- t dispersion rel. 

(r~r~)'/~/rtota~ in N~r -~ N(1680) ~ T K  (rlr4)'/~/r 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.00] 5DEANS 75 DPWA ~ N ~  T K  

Note: Signs of couplings from ~N ~ N = =  analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)~r. 

( r i r f ) ~ / 2 / r t e t a l  in N~r ~ N(1680)  ~ ~ (1232)~ r ,  P-wave ( r t r 7 ) ~ / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

(large) 6MANLEY 84 IPWA 7 r N ~  N=Tr 
0.27 1,7 LONGACRE 77 IPWA =N ~ N = =  
0.25 2 LONGACRE 75 IPWA =N ~ N=Tr 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0 .38 8NOVOSELLER 78 IPWA ~N ~ N~Tr 

( r i r f ) l / 2 / r t o t a l  in N ~  ~ N(1680)  -~  ~ ( t 2 3 2 ) ~ r ,  F-wave ( r l r 8 ) ~ / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 
± (small) 6MANLEY 84 IPWA ~N ~ N~,~ 
+0.07 1.7 LONGACBE 77 IPWA =N ~ N ~ r  
+0.08 2LONGACRE 75 IPWA = N ~  N ~ r  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.05 8 NOVOSELLER 78 IPWA =N ~ N ~  

1/_ 
( r i r f ) ~ z / r t o t a l  in N~r ~ N(1680)  --, N p ,  S = 3 / 2 ,  P-wave ( r z r 1 1 ) - ~ z / r  
VALUE DOCUMENT ID TECN COMMENT 

(large) 6MANLEY 84 IPWA 7 r N ~  N ~ r  
--023 1,7 LONGACRE 77 IPWA ~N ~ N ~ r  
0 3 0  2LONGACRE 75 iPWA ~ T N ~  N~r,'T 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.34 8 NOVOSELLER 78 IPWA 7rN ~ N ~  

( r i r f ) t / 2 / r t o t a l  in N~r ~ N(1680)  ~ N p ,  5 = 3 / 2 ,  F-wave (rlr12)t/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

(small) MANLEY 84 IPWA =N ~ NTrTr 
015 1.7 LONGACRE 77 IPWA = N ~ NTrTr 

( r i r f ) l / 2 / r t o t a l  in N l r  ~ N(1680)  N (/r/r)S_wave/=0 (rlr13),/qr 
VALUE DOCUMENT ID TEEN COMMENT 
÷ (large) 6 MANLEY 84 IPWA ~N ~ N;r= 
~ 0 3 1  I '7LONGACRE 77 IPWA ~ N ~  NTr~ 
+ 0 3 0  2 LONGACRE 75 IPWA =N ~ NTr= 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+ 0 4 2  8 NOVOSELLER 78 IPWA ~N ~ NTr,~ 

N(1680) PHOTON DECAY AMPLITUDES 

For the definition of the ~N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N (1680)  ~ p~f, he l i c i t y -1 /2  a m p l i t u d e  A 1 / 2  

VALUE (5eV -112) DOCUMENT ID TEEN COMMENT 

0.017±0.018 CRAWFORD 83 IPWA 7N ~ 7rN 
0009±0006  AWAJI 81 DPWA ~fN-~ 7rN 
0028±0.003 ARAI 80 DPWA 3N ~ =N (fit 1) 
0026±0003  ARAI 80 DPWA 3N ~ =N (fit 2) 
0018±0.014 CRAWFORD 80 DPWA 7N ~ 7rN 
0005±0.015 BARBOUR 78 DPWA 7N ~ ~,N 
0.009±0.002 FELLER 76 DPWA ~/N ~ ~N 

N(1680 )  -~  p %  he l i c i t y -3 /2  a m p l i t u d e  A 3 / 2  

VALUE (Ge~ 1/2) DOCUMENT ID TEEN COMMENT 

0132±0.010 CRAWFORD 83 IPWA ~fN ~ ~N 
0.115~0.008 AWAJI 81 DPWA ~fN ~ ~N 
0115±0003  ARAI 80 DPWA "rN ~ 7rN (fit 1) 
0.122±0003 ARAI 80 DPWA ~N ~ ~N (fit 2) 
0141±0.014 CRAWFORD 80 DPWA ~fN ~ 7rN 
0138±0.021 BARBOUR 78 DPWA ?N ~ ~N 

+0121±0.010 FELLER 76 DPWA 7N ~ ~N 

N(1680 )  ~ n'y,  he l i c i tT -1 /2  a m p l i t u d e  A1 /2  

VALUE (GeV -1/2) _ _  DOCUMENT ID TECN COMMENT 

0.017±0014 AWAJI 81 DPWA 7N ~ 7rN 
0.032±0.003 FUJII 81 DPWA ?N ~ ~N 
0.026±0.005 ARAI 80 DPWA -yN ~ T,N (fit 1) 
0.028±0.014 ARAI 80 DPWA ~,N ~ ~N (fit 2) 
0044±0012  CRAWFORD 80 DPWA " / N ~  ;rN 
0.025±0.010 TAKEDA 80 DPWA 7N ~ ~N 

+0037 t0 .010  BARBOUR 78 DPWA ?N ~ ~N 

N(1680) ~ n'7, he l i c i t y -3 /2  a m p l i t u d e  A3 /2  

VALUE (de~ 112) DOCUMENT ID TECN COMMENT 

0033±0013  AWAJI 81 DPWA "rN ~ ;rN 
0.023±0005 FUJII 81 DPWA ?N ~ ~rN 
0024±0.009 ARAI 80 DPWA ~fN - -  ~N (fit 1) 
0029¢0017  ARAI 80 DPWA ~,N ~ ~,N (fit 2) 
0033±0  015 CRAWFORD 80 DPWA "IN ~ ;rN 
0035=0  012 TAKEDA 80 DPWA ?N ~ ~N 
0.038±0.018 BARBOUR 78 DPWA 7N ~ =N 

N(1680)  F O O T N O T E S  

i LONGACRE 77 pole positions are from a search for poles in the unitadzed T-matrix; the 
first (second) value uses, in addition to ,~N ~ N ~  data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis, The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

2 From method II of LONGACBE 75: eyeball fits with Breit Wigner circles to the T-matrix 
amplitudes. 

3 LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to ~N ~ N ~ r  data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

4The parametrization used may be double counting. 
5The range given is from 3 of 4 best solutions; not present in solution i .  DEANS 75 

disagrees with ,'7+p ~ ~-+ K + data of WINNIK 77 around 1920 MeV. 
6 MANLEY 84 considers this coupling sign to be well determined. 
7 LONGACBE 77 considers this coupling to be well determined. 
8A Breit Wigner fit to the HERNDON 75 IPWA. 



See key on page IV. 1 

N(1680) REFERENCES 

For early references, see Physics Letters 111B (1982). For very early references, see 
Rev. Mod. Phys. 37, 633 (1965). 

ARNDT 85 PR D32 1085 +Ford, Roper (VPI) 
MANLEY 84 PR D30 904 +Arndt, Geradia, Teplitz (VPI) 
EIELL 83 NP B222 389 +Blissett, Broome, Daley, Hart, Lintern+ (RL) IJP 
CRAWFORD 83 NP B211 1 +Morton (GLAS) 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

Also 82 NP B197 365 Fuji[, Hayashii, Iwata, Kajikawa+ (NAGO) 
FUJII 81 NP B187 53 +Hayashii, Iwata. Kaj~kawa+ (TOKY) 
ARAI 80 Toronto Conf. 98 (TOKY) 

Also 82 NP B194 25]. Arai, Fuji[ (TOKY) 
CRAWFORD 80 Toronto ConE 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D2O 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) IJP 
SAXON 80 NP B182 522 +Baker, Bell, Bli~ett, Bloodworth+ (RHEL, BRIS) IJP 
] AKEDA 80 NP B188 17 +Arai, Fuji[, Ikeda, Iwasaki+ (TOKY) 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, Smadja+ (LBL, 8LAC) 
NOVOSELLER 78 NP B137 509 (CIT) IJP 

Also 78B NP B137 445 Novoseller CELT) IJP 
BAKER 77 NP B126 885 +Blissett, Bloodworth, Broerne, Hart+ (RHEL) IJP 
L ONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

Also 76 NP B108 385 Dolbeau. Trlantis, Neveu, Cadiet (SACL) IJP 
WINNIK 77 NP B128 68 +Toaff, Revel, Goldber 8, Berny (HALF) I 
FELLER 76 NP B104 219 +Fukushima, Horikawa, Kajikawa+ (NAGO, OSAK) IJP 
DEANS 75 NP B96 90 +Mitchell, Mont~ornery+ (SEA, ALAH) IJP 
HERNDON 75 PR O1] 3183 +Lon8acre, Miller, Rosenfeld+ (LBL, 8LAC) 
KNASEL 75 PR D l l  1 +Lindquist, Nelson+ (CHIC, WUSL, OSU, ANL) IJP 
[ONGACRE 75 PL 55B 415 +Rosenfeld, Lasinski, Smadja+ (LBL, SLAC) IJP 
DEVENISH 74B NP B81 330 +Fro~att. Martin (DESY, NORD, LOUC) 
CARRERAS 70 NP B18 35 +Donnachie (DARE MCHS) 
BOTKE 89 PR 180 1417 (UCSB) 
DEANS 89 PR 185 1797 +Wooten (SFLA) 
HEUSCH 66 PRL 17 1019 +Prescott, Dashen COT) 

I I ' ( '  ) S ta tus :  * * * N ( 1 7 0 0 )  D13 /(jR) = 1~- 
i 

Most of the results publ ished before 1975 are now obsolete and have been 
omi t ted.  They  may be found in our  1982 edit ion (Physics Letters 111B).  In 

addi t ion,  results in th is region f rom product ion exper iments,  wh ich  used to 
be listed separately as the next  entry, have been ent i re ly omi t ted.  They too 

may be found in our  1982 edit ion. 

The  various par t ia l -wave analyses do not  agree very wel l .  

N ( 1 7 0 0 )  M A S S  

/ALUE (MeV~ DOCUMENT ID TEEN COMMENT 
1670 to  1730 OUR ESTIMATE 
1675±25 CUTKOSKY 80 IPWA ~rN ~ ~rN 
1731±15 HOEHLER 79 IPWA ~rN ~ ~TN 
,~ • • We do not use the following data for averages, fits, limits, etc. • • • 

:[709 CRAWFORD 80 DPWA ~fN ~ ~rN 
:[650 SAXON 80 DPWA ~r p ~ A K  0 
1880 1 BAKER 79 DPWA ~, -  p ~ n~ 1 
1690 to1710  BAKER 78 DPWA 7 r - p ~  AK  0 
:[719 BARBOUR 78 DPWA "~N ~ ~rN 
1670:510 2BAKER 77 IPWA ~ r - p ~  AK  0 
L690 2 BAKER 77 DPWA ~r p ~ A K  0 
:[660 3 LONGACRE 77 IPWA ~r N ~ N ~ r  
L710 4 LONGACRE 75 IPWA ~r N ~ N~r~r 

N ( 1 7 0 0 )  W I D T H  

.VALUE (MeV~ DOCUMENT ID TEC N COMMENT 
70 tO 120 OUR ESTIMATE Our best guess is 100 MeV, 

9 0 ± 4 0  CUTKOSKY 80 IPWA 7rN ~ 7rN 
110+30 HOEHLER 79 IPWA ~TN ~ l r N  
,B • • We do not use the following data for averages, fits, limits, etc. • • • 

[66 CRAWFOBD 80 DPWA "7N ~ 7rN 
70 SAXON 80 DPWA l r -  p ~ A K  0 
87 1 BAKER 79 DPWA 7r- p ~ n~ I 
70 to 100 BAKER 78 DPWA ~r p ~ A K  0 

126 BARBOUR 78 DPWA " iN ~ 7rN 
904-25 2BAKER 77 IPWA 7 r - p ~  AK  0 

tOO 2 BAKER 77 DPWA 7 r - p  ~ A K  0 
600 3 LONGACRE 77 IPWA 7rN ~ N~r~T 
300 4 LONGACRE 75 IPWA ~TN ~ NTr~T 

N ( 1 7 0 0 )  P O L E  POSITION 

DOCUMENT ID TECN COMMENT 

V I I I . 3 3  

Baryon Full Listings 
N(1680), N(1700) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1670 ARNDT 85 DPWA = N  ~ 7rN 
1710 or 1678 5 LONGACRE 78 IPWA 7rN ~ N=Tr 
1616 or 1613 3 LONGACRE 77 IPWA 7rN ~ N~rTr 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT 10 TEEN COMMENT 

90J.40 CUTKOSKY 80 IPWA ~rN ~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

80 ARNDT 85 DPWA ~TN ~ 7rN 
607 or 567 5 LONGACRE 78 IPWA ~r N ~ N~T~r 
577 or 575 3 LONGACRE 77 IPWA 7rN ~ N~T~r 

N ( 1 7 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

6:53 CUTKOSKY 80 IPWA ~rN ~ 7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV~) DOCUMENT ID TEEN COMMENT 

0:55 CUTKOSKY 80 IPWA 7rN ~ ~rN 

Mode 

N ( 1 7 0 0 )  D E C A Y  M O D E S  

Fraction ( r i / r )  

F l  N ~  5-15 % 

F2 N r l  ~ 4 % 

I- 3 A K  ~ 0.2 % 

F4 T K 

F 5 NTrTr 80-90 % 

r 6 A 7r 15-70 % 

F 7 A ( 1 2 3 2 ) ~ r ,  5 - w a v e  

r 8 A(1232)~T,  D - w a v e  

F9 N p  <20 % 

r i o  N p ,  5 = 1 / 2 ,  D - w a v e  

r l l  N p ,  5 = 3 / 2 ,  S-wave 

F12 N p ,  5 = 3 / 2 ,  D - w a v e  

F13 N / = 0  ( ~ r ) 5 _ w a v e  <70 % 

F14 P l '  ~ 0 .01% 

r15  p,,f, h e l i c i t y = l / 2  

r 16  p-,f, h e l i c i t y = 3 / 2  

F17 n~( 
F18 n %  h e l i d t y = l / 2  

F19 n %  h e l i c i t y = 3 / 2  

T h e  above b r a n c h i n g  f rac t i ons  are o u r  es t imates,  no t  f i ts  or averages.  

N ( 1 7 0 0 )  B R A N C H I N G  R A T I O S  

F ( N ~ ) / F t o t a l  F1 / I -  
VALUE DOCUMENT ID TEEN COMMENT 
0.05 to 0.15 OUR ESTIMATE 
0,11±0,05 CUTKOSKY 80 IPWA ~N  ~ ~ N  
0.08:50.03 HOEHLER 79 IPWA 7rN ~ ~ N  

(rtrfll/2/rtotal in NTr ~ N ( 1 7 0 0 )  ~ N r /  (r1F2)l/2/r 
VALUE DOCUMENT tD TEEN COMMENT 

0.065 BAKER 79 DPWA 7r- p ~ n7 l 

(rirr)V2/rtotal in NTr ~ N ( 1 7 0 0 )  --* A K  (rlr3)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.012 BELL 83 DPWA 7r p ~ A K  0 
- 0 . 0 1 2  SAXON 80 DPWA 7r-  p ~ A K  0 
+0.026,10.019 DEVENISH 74B Fixed-t dispersion rel, 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 0 4  6 BAKER 78 DPWA See SAXON 80 
- 0 . 0 3  d_O.O04 2 BAKER 77 IPWA 7r p ~ A K 0 
- 0 . 0 3  2BAKER 77 DPWA 7 r - p ~  AK  0 

(r;r~)Vo/rtota, in N i t  --* N ( 1 7 0 0 )  --* T K  (rlr4)1/2/r 
VALUE OOCUMENT IO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

not seen LIVANOS 80 DPWA Trp ~ Z K  
<0.017 7 DEANS 75 DPWA 7rN ~ Z K  

R E A L  P A R T  
VALUE (M~V) 

[ 660±30  CUTKOSKY 80 IPWA 7rN ~ 7rN 



VI I I .34  

Baryon Full Listings 
N(1700), N(1710) 

Note: Signs of couplings from 7rN ~ N~r~ analyses were changed in the 1986 
edition to agree with the baryon first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the /',(1620) 531 coupling to A(1232)~r. 

(rirf)l/2/rtotal in N~r --, N(1700) -~ A(1232)~r, S-wave (r~r7)*/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

small MANLEY 84 IPWA ~ r N ~  N~r~r 
0.00 3LONGACRE 77 IPWA ~ r N ~  N~r~r 

- 0 1 6  4LONGACRE 75 IPWA ~ r N ~  N~r~r 

(rir'f)~2/rtota I in N?r -~ N(1700) ~ A(1232)~r, D-wave (FIF8)V2/F 
VALUE DOCUMENT ID TEEN COMMENT 

+ (small) MANLEY 84 IPWA ~rN ~ N=~r 
0.12 3 LONGACRE 77 IPWA ~ N  ~ N=~r 

+0.14 4 LONGACRE 75 IPWA ~rN ~ N~r~r 

(r#f)~/2/rtota~ in N~r ~ N (1700 )  -~ N p ,  5 = 3 / 2 ,  S-wave (FLFL1)I/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

0.07 3 LONGACRE 77 IPWA ~rN ~ N~r~r 
+0.07 4 LONGACRE 75 IPWA ~rN ~ N~r~r 

(FiFf)~/2/Ftota, in N= ~ N(1700) ~ N ('tr'tr)s_wavel=° (rff13)L/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

+ (small) MANLEY 84 IPWA = N  ~ N~r= 
0.00 3 LONGACRE 77 IPWA ~rN ~ N~r~r 

+0.2 4LONGACRE 75 IPWA = N ~  N~r~T 

(rirf)l/2/Ftotal in P3' --* N( I?00)  --* A K  + ( M  2_ amplitude) 
VALUE (unit~ lO 3) DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

7.09 TANABE 89 DPWA I 

p~" ~ N(1700) --, A K  + phase angle 8 (E2- amplitude) 
VALUE (de,fees I DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-35.9 TANABE 89 DPWA I 

N ( 1 7 0 0 )  FOOTNOTES 

1The high mass found by BAKER 79 may be influenced by the N(2080). 
2The two BAKER 77 entries are from an IPWA using the Barrelet-zero method and from 

a conventional energy-dependent analysis. 
3 LONGACRE 77 pole positions are from a search for poles in the unitarized T matrix; the 

first (second) value uses, in addition to 7rN ~ N~r~r data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

4 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matrix 
amplitudes. 

5LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to ~rN ~ N~r~r data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

6The overall phase of BAKER 78 couplings has been changed to agree with previous 
conventions. 

7 The range given is from the four best solutions. 

N(1700) PHOTON DECAY AMPLITUDES 

For the definition of the 7 N  decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N ( 1 7 0 0 )  ~ p" f ,  he l ic i ty -1 /2  a m p l i t u d e  A 1 / 2  

VALUE (Ge~ l / 2  ~ DOCUMENT ID TECN COMMENT 

-0.016-50.014 CRAWFORD 83 IPWA ? N  ~ 7rN 
-0.002±0.013 AWAJI 81 DPWA "~N ~ ~ N  

0.028±0.007 ARAI 80 DPWA "~N ~ = N  (fit 1) 
-0.029-50.006 ARAI 80 DPWA "TN ~ ~ N  (fit 2) 
-0.024±0.019 CRAWFORD 80 DPWA 7 N  ~ = N  

0.033±0.021 BARBOUR 78 DPWA "TN ~ l rN  
0.014±0.025 FELLER 76 DPWA 3'N ~ 7rN 

N(1700) -~ PT, helicity-3/2 amplitude A3/2 
VALUE (GeV ~1/2 ) DOCUMENT ID TECN COMMENT 

0.009-50.012 CRAWFORD 83 IPWA 7 N  ~ ~rN 
0.029±0.014 AWAJI 81 DPWA 7 N  ~ 7rN 
0.002±0.005 ARAI 80 DPWA ~fN ~ ~rN (fit 1) 
0.014±0.005 ARAI 80 DPWA "fN ~ 7rN (fit 2) 

-0.017±0.014 CRAWFORD 80 DPWA ~fN ~ ~ N  
-0.014±0.025 BARBOUR 78 DPWA 7 N  ~ ~ N  

0.0 ±0.014 FELLER 76 DPWA -~N ~ ~rN 

N(1700) -~ nT, helicity-l/2 amplitude A1/2  
VALUE (GeV ~1/2 ) DOCUMENT tO TEEN COMMENT 

0.006±0.024 AWAJI 81 DPWA "yN ~ 7rN 
0.002±0.013 FUJII 81 DPWA 7 N  ~ ~ N  
0.052±0.030 ARAI 80 DPWA "~N ~ 7rN (fit 1) 

-0.055-50.030 ARAI 80 DPWA "~N ~ 7rN (fit 2) 
0.052±0.035 CRAWFORD 80 DPWA "rN ~ 7rN 

+0.050-50.042 BARBOUR 78 DPWA 7 N  ~ ~rN 

N(1700) --* nT, helicity-3/2 amplitude A3/2 
VALUE (GeV -'I/2) DOCUMENT ID TECN COMMENT 

0.033-50.017 AWAJI 81 DPWA ~ N  ~ 7rN 
0.018-50.018 FUJII 81 DPWA ~,N ~ 7rN 
0.037-50.036 ARAI 80 DPWA 7 N  ~ 7rN (fit 1) 
0.035-50.024 ARAI 80 DPWA "~N ~ 7rN (fit 2) 
0.041±0.030 CRAWFORD 80 DPWA "~N ~ 7rN 

+0.035±0030 BARBOUR 78 DPWA ~,N ~ = N  

N(1700) "-fp ~ A K  + AMPLITUDES 

For definitions, see Sec. IV of the Note on N and ~. Resonances preceding the 
N(1440). 

(Fj-Ff)V2/rtotal in p'y - *  N(1700) ~ A K  + (E2-  amplitude) 
VALUE(units 10 3) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

4.09 TANABE 89 DPWA 

N(1700) REFERENCES 

FOr early references, see Physics Letters 111B (1982). 

TANABE 89 PR C39 74t +Kohno, Bennhold 
Also 89 NC 102A 193 Kohno, Tanabe, Bennhold 

ARNDT 85 PR D32 1085 +Ford Roper 
MANLEY 84 PR D30 904 +Arndt. Goradia. Tepiitz 
BELL 83 NP B222 389 +Blissett. Broome, Datey, Hart. Linternt 
CRAWFORD 83 NP B2L1 t +Morton 
AWAJI 81 Bonn Conf. 352 +Kajikawa 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa- 
FUJII 8] NP B187 53 +Hayashii. Iwata. Kajihawa+ 
ARAI 80 Toronto Conf 93 

Also 82 NP B194 251 Arai, Fujii 
CRAWFORD 80 Toronto Conf 107 
CUTKOSKY 80 Toronto Conf 19 +Forsyth. Babcock, Kelly, Henduck 

Also 79 PR D2O 2839 Cutkosky, Forsyth, Hendrick, Kelly 
LIVANOS 80 Toronto Conf 35 +Baton, Coutures, Kochowski, Neveu 
SAXON 80 NP B162 522 +Baker, Bell, Blissett, Bloedworth+ 
BAKER 79 NP B156 93 
HOEHLER 79 PDAT 12-1 

Also 80 Toronto Conf 3 
BAKER 78 NP B141 29 
BARBOUR 78 NP B141 253 
LONGACRE 78 RR D17 1795 
BAKER 77 NP 8126 365 
LONGACRE 77 NP B122 493 

Also 76 NP B108 365 
FELLER 76 NP B104 219 
DEANS 75 NP B96 90 
LONGACRE 75 RL 55B 415 
DEVENISH 74B NP B8] 830 

+Brown, Clark. Davies, Depagter, Evans+ 
-Kaiser, Koch, Pietarinen 
K0ch 

+Blissett, Bloodworth. Broome* 
* Crawford. Parsons 
+Lasinski. Rosenfeld. Smadja+ 
+Blissett, BloodwOrth, Broome. Hart+ 
-Dolbeau 

Dolbeau. Triantis. Neveu. Cadiet 
~Fukushima, Horikawa, Kajikawa+ 
+Mitchell, Montgomery+ 
+Rosenfeld. EasinskL Smadja+ 
-Frog[[att. Martin 

(MANZ) 
(MANZ) 

(VPI) 
(VPI) 
(RL) IJP 

(GLAS) 
(NAGO) 
(NAGO) 
(TOKY) 
(TOKY) 
(TOKY) 
(GLAS) 

(CMU, LBL) UP 
(CMU, LBL) IJP 

(SACL) IJP 
(RHEL, BRIS) I JR 

(RHEL) UP 
(KARL) IJP 
(KARL) IJP 

(RL. CAMB) IJP 
(GLAS) 

(LBL, SLAC) 
(RHEL) IJP 
(SACL) I JR 
(SACL) IJP 

(NAGO, OSAK) IJP 
(SFLA, ALAH) IJP 

(LBL, SLAC) IJP 
(DESY. NORD, LOUC) 

I I , ( ,  ) status: • > k ,  N(1710) /:)11 j(jP) =1~. 

Most of the results published before 1975 are now obsolete and have been 

omitted. They may be found in our 1982 edition (Physics Letters 111B). 

The various partial-wave analyses do not agree very well, 

N(1710) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1680 to 1740 OUR ESTIMATE 
1700±50 CUTKOSKY 80 IPWA = N ~  = N  
1723± 9 HOEHLER 79 IPWA ~rN ~ 7rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1692 CRAWFORD 80 DPWA ~fN ~ 7rN 
1730 SAXON 80 DPWA ~ - p  ~ A K  0 
1690 BAKER 79 DPWA 7 r - p -  n~ 
1650to1680 BAKER 78 DPWA " ~ - p ~  AK 0 
1721 BARBOUR 78 DPWA ~ N  ~ 7rN 
1625±10 t BAKER 77 IPWA ~r p ~ A K  0 
1650 1 BAKER 77 DPWA ~r- p ~ A K  0 
1720 2 LONGACRE 77 IPWA 7r N ~ Nx~r 
1670 KNASEL 75 DPWA 7r -p  ~ A K  0 
1710 3 LONGACRE 75 IPWA 7rN ~ NTr= 



.See key on page IV.1 

N(1710) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
90 to 130 OUR ESTIMATE Our b e ~  1?0 MeV. 

9 0 ± 3 0  CUTKOSKY 80 IPWA ~rN ~ ~rN 
320±15 HOEHLER 79 IPWA ~ T N ~  ~TN 

• • We do not use the following data for averages, fits, limits, etc. • • • 

540 BELL 83 DPWA ~ r - p ~  AK  0 
200 CRAWFORD 80 DPWA "7N ~ ~rN 
550 SAXON 80 DPWA ~r- p ~ A K 0 

97 BAKER 79 DPWA ~r p ~ n~! 
90 to 150 BAKER 78 DPWA = -  p ~ AK  0 

:.67 BARBOUR 78 DPWA 7N ~ ~TN 
: .60± 6 1 BAKER 77 IPWA ; r -  p ~ A K  0 
95 1 BAKER 77 DPWA ~r p ~ AK  0 

!.20 2 LONGACRE 77 IRWA ~rN ~ N~r~r 
L74 KNASEL 75 DPWA ~r p ~  AK  0 
75 3 LONGACRE 75 IPWA ~rN ~ N~r~ 

R E A L  P A R T  
VALUE (MeV) 

:L690+20 

N(1710) POLE POSITION 

DOCUMENT ID TECN COMMENT 

CUTKOSKY 80 IPWA ~rN ~ ~rN 
. • • We do not use the following data for averages, fits, limits, etc. • • • 

1708 or 1712 4 LONGACRE 78 IPWA ~rN ~ N=~r 
].720 or 1711 2 LONGACRE 77 IPWA ~rN ~ N~r~r 

--2 x IMAGINARY PART 
)/ALUE (MeV) DOCUMENT ID TEEN COMMENT 

80±20  CUTKOSKY 80 IPWA ~rN ~ ~rN 
. • • We do not use the following data for averages, fits, limits, etc. • • * 

1 7 o r 2 2  4LONGAERE 78 IPWA ~ N ~  N~r~r 
:.23 or 115 2 LONGACRE 77 IPWA 7rN ~ N~r~r 

VII I .35 

Baryon Full Listings 
N(1710) 

N(1710) ELASTIC POLE RESIDUE 

R E A L  P A R T  
VALUE (MeV~ 

8 ± 2  

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1 ± 5  EUTKOSKY 80 IPWA ~rN ~ ~ N  

N(1710)  DECAY M O D E S  

Mode Fraction ( r i / r )  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA ~rN ~ ~tN 

r I N~F 10-20 % 

1"2 N~I ~ 25 % 

I" 3 AK ~ 15 % 

I" 4 T K 2-i0 % 
I" 5 N~r~r <50 % 

I- 6 A~r  10-20 % 

I" 7 A ( 1 2 3 2 )  ~r, P -wave  

I- 8 N p  5-35 % 

I" 9 N p ,  5 = 1 / 2 ,  P-wave  

F10 N p ,  5 = 3 / 2 ,  P -wave  

[-11 N I = 0  (~f r )5_wave 5-35 % 

['12 P %  h e l i c i t y = l / 2  

r13  n %  h e l i c i t y = l / 2  

0.12 5 BAKER 78 DRWA See SAXON 80 
- 0 . 0 5 ± 0 . 0 3  1 BAKER 77 IPWA ~r- p ~ A K  0 

0.10 1 BAKER 77 DPWA ? r - p  ~ A K  0 
0.10 KNASEL 75 DPWA ~ - - p ~  ^ K  0 

(rirf)l/2/rtota~ in N~r --, N(1710) --, E K  (rlr.)'/=/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.034 LIVANOS 80 DPWA ;rp ~ ~:K 
0.075 to 0.203 6 DEANS 75 DPWA ~r N ~ T K 

Note: Signs of couplings from 7rN ~ NTr~ analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)Tr. 

(r~rf)~/Urtota~ in N~ -*  N(1710) -~ A(1232)Tr, P-wave (rlrT)VUr 
VALUE DOCUMENT ID TEEN COMMENT 

MANLEY 84 IPWA ~ N ~  NTrTr 
- 0 . 1 7  2 LONGACRE 77 IPWA 7rN ~ NTr~r 
+0.20 3 LONGACRE 75 IPWA 7rN ~ NTrTr 

( r i r f ) V 2 / r t o t a l  in NTr --* N ( 1 7 1 0 )  --* N p ,  5 = 1 / 2 ,  P -wave  ( r l r 9 ) l / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

+ MANLEY 84 IPWA 7rN ~ N~Tr 
+0.19 2 LONGACRE 77 IPWA ~rN ~ NTrTr 
- 0 . 2 0  3 LONGACRE 75 IPWA ;rN ~ N = ~  

( r i r f ) V 2 / r t o t a l  in NTr --* N ( 1 7 1 0 )  --* N p ,  5 = 3 / 2 ,  P -wave  (rlrl0)'/2/r 
VALUE DOCUMENT ID TECN COMMENT 

+0.31 2LONGACRE 77 IPWA 7 r N ~  NTr~r 

(r~rr)~'2/rtota~ in N~r -~ N(1710) N ('/r~T)S_wavel=0 (rlrll)VVr 
VALUE DOCUMENT ID TECN COMMENT 

0.26 2LONGACRE 77 IPWA : r N ~  N~r~r 
- 0 . 2 8  3 LONGACRE 75 IPWA 7rN ~ N ~ r  

N(1710) PHOTON DECAY AMPLITUDES 

For the definition of the -yN decay amplitudes, see See. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N(1710)  --* PT, helicity-1/2 amplitude A1/2 
VALUE (Ge~F1/2 ~ DOCUMENT ID 

0.006 ± 0.018 CRAWFORD 83 
0.028 ± 0.009 AWAJI 81 
0.009 ± 0.006 ARAI 80 

- 0.012 ± 0.005 ARAI 80 
0.015 ±0.025 CRAWFORD 80 

+0 .001±0 .039  BARBOUR 78 
+0 .053±0 .019  FELLER 76 

N(1710)  -~ nT, helicity-1/2 amplitude A 1 / 2  

TECN COMMENT 

IPWA 7 N  ~ 7rN 
DPWA 7 N  ~ 7rN 
DPWA ? N  ~ 7rN (fit 1) 
DPWA " fN ~ ~ N  (fit 2) 
DPWA ? N  ~ 7rN 
DPWA *fN ~ 7rN 
DPWA "fN ~ ~rN 

VALUE (GeV -1 /2 )  DOCUMENT ID 

0.000±0.018 AWAJI 81 
- 0 . 0 0 1 ± 0 . 0 0 3  FUJfl 81 

0.005 &0.013 ARAI 80 
0.011 ± 0.021 ARAI 80 

- 0 . 0 1 7 ± 0 . 0 2 0  CRAWFORD 80 
- 0 .028± 0.045 BARBOUR 78 

TEEN COMMENT 

DPWA "fN ~ ~TN 
DPWA " ~ N -  7rN 
DPWA ? N  ~ 7rN (fit 1) 
DPWA "fN ~ 7rN (fit 2) 
DPWA *zN ~ 7rN 
DPWA "~N ~ 7rN 

N ( 1 7 1 0 )  " f p  ~ A K  + A M P L I T U D E S  

T h e  above b r a n c h i n g  f rac t i ons  are o u r  es t imates ,  no t  f i ts  or averages.  

N ( 1 7 1 0 )  B R A N C H I N G  R A T I O S  

r'(NTr)/I-total r t / r  
VALUE DOCUMENT ID TECN COMMENT 
0.10 to 0.20 OUR ESTIMATE 
CI.20:E0.04 CUTKOSKY 80 IPWA ~ N  ~ 7rN 
CL12d-0.04 HOEHLER 79 IPWA 7rN ~ 7rN 

(rirf)g21rtotal in N~r -~ N(1710) --* N~/ (rlr2)VUr 
VALUE DOCUMENT tO TECN COMMENT 

i • • We do not use the following data for averages, fits, limits, etc. • • • 

0.22 BAKER 79 DPWA ~- p -  n~ 1 

(rirf)V21rtotal in  N~r --~ N ( 1 7 1 0 )  ~ A K  (rlr3)'/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.16 BELL 83 DPWA 7 r - p ~  ^ K  0 
--0.14 SAXON 80 DPWA ~ - p ~  AK  0 

For definitions, see Sec. IV of the Note on N and /x Resonances preceding the 
N(1440). 

( r / r f ) t / 2 / r t o t a l  in P 7  ~ N ( 1 7 1 0 )  ~ A K  + ( M  1_  a m p l i t u d e )  

VALUE (units lO 3) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 7 . 2 1  TANABE 89 DPWA 

P 7  ~ N ( 1 7 1 0 )  --* A K  + phase ang le  0 ( M 1 -  a m p l i t u d e )  
VALUE (def(ree$) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

176.3 TANABE 89 DPWA 



VI I I . 36  

Baryon Full Listings 
N ( 1 7 1 0 ) ,  N ( 1 7 2 0 )  

N(1710) FOOTNOTES 
t T h e  two BAKER 77 entries are f rom an IPWA using the Barrelet zero method and f rom 

a conventional energy-dependent analysis. 
2 LONGACRE 77 pole positions are f rom a search for poles in the unitarized T-matr ix ;  the 

first (second) value uses, in addit ion to ~rN ~ N ~ r  data, elastic ampl i tudes f rom a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are f rom eyeball 
fits wi th Breit-Wigner circles to the T matr ix  ampli tudes. 

3 From method II of  LONGACRE 75: eyeball fits w i th  Breit-Wigner circles to the T matr ix 
amplitudes. 

4LONGACRE 78 values are f rom a search for poles in the unitarized T matrix. The first 
(second) value uses, in addit ion to ~ N  ~ N ~ r  data, elastic ampli tudes f rom a Saclay 
(CERN) partial-wave analysis. 

5The  overall phase of BAKER 78 couplings has been changed to agree wi th previous 

N(1720) POLE POSITION 

conventions. 
6 T h e  range given for DEANS 75 is f rom the four best solutions. 

TANABE 89 PR C39 741 * Kohno, Bennhold (MANZ) 
Also 89 NC 102A 193 Kohno, Tanabe, Bennhold (MANZ) 

MANLEY 84 PR DS0 904 +Arndt Goradia, Teplitz (VPI) 
BELL 83 NP B222 389 +Blissett, Broome, Daley, Hart, Lintern+ (RL) UP 
CBAWFOBD 83 NP B2L1 1 +Morton (GLAS) 
AWAJI 81 Bonn Conf 352 +Kajikawa (NAGO) 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa4 (NAGO) 
FUJII 81 NP B187 53 +Hayashii, Iwata, Kajikawa+ (TOKY) 
ARAI 80 Toronto Conf. 93 (TOKY) 

Also 82 NP B194 25] Arai, Fujii (TOKY) 
CRAWFORD 80 Toronto Conf 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 -Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2819 Cutkosky, Forsyth. Hendrick, Kelly (CMU, LBL) IJP 
LIVANOS 80 Toronto Conf. 35 +Baton, Coutures, Kocho~shi, Nevea {SACL) IJP 
SAXON 80 NP B162 522 +Baker, Bell, Blissettt Bioodwortha (RHEL, BRIS) UP 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12 1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf 3 Koch (KARL) IJP 
BAKER 78 NP B141 29 +Btissett, Bloodworth, Broome+ (RL. CAMB) IJP 
BARBOUR 78 NP Bt41 253 .£rawford, Parsons (GLAS) 
LONGAERE 78 PR DI7 1795 ~Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 
BAKER 77 NP B126 365 ~Blissett, Bloodworth, Broome, Hart+ (RHEL) IJP 
LONGACRE 77 NP 8122 493 +Dolbeau (SACL) IJP 

Also 76 NP B108 365 Dolbeau, Triantis, Neveu, Cadiet (SACL) l ip 
FELLER 76 NP B104 219 +Fukushima, Horikawa, Kajikawa. (NAGO, OSAK) IJP 
DEANS 75 NP B96 90 +Mitchell, Montgomery~ (SFLA, ALAH) IJP 
KNASEL 75 PR D l l  1 *Lindquist, Nelson* (CHIC, WUSL, OSU, ANL) IJP 
LONGACRE 75 PL 55B 415 *Rosenfeld, tasinski, Smadja+ (LBL, SLAC) IJP 

N(1710) REFERENCES 

For early references, see Physics Letters 111B (1982). 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

80 ARNDT 85 DPWA ~N ~ ~N 

124 or 126 4 LONGACRE 78 IPWA ~TN ~ N~r,'r 
135 or 123 2 LONGACRE 77 IPWA = N  ~ N~r,v 

N(1720) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

8 ± 2  E U T K O S K Y  80 IPWA ~ r N ~  ~ N  

IMAGINARY PART 
VALUE (MeV~ DOCUMENT iD TEEN COMMENT 

3 ± 4  C U T K O S K Y  80 IPWA ~ N ~  %N 

N(1720) DECAY MODES 

Mode Fraction ( f - i /F )  

1-1 N:r  10-20 % 
1-2 Nq ~3.5% 
1-3 A K  ~ 5 %  
1-4 ~- K 2-5 % 

I I ~(~ ) Status: ~< >~ >~ >k N ( 1 7 2 0 )  P13 /(je) = 1 3+ 

Most of the results published before 1975 are now obsolete and have been 
omitted. They may be found in our 1982 edition (Physics Letters l l lB) .  

1-5 N = =  
F 6 A 
F 7 A(1232) ~-, P-wave 
F 8 Np 
F 9 Np, 5-1/2, P-wave 
1-10 Np, 5-3/2, P-wave 
F l l  N I=0 (~rVT)S_wave 

1-12 P~' 

1-13 p'~, he l ic i ty= l /2  
1-14 p-v, helicity--3/2 
1-15 n^, 

<75 % 
<15 % 

<75 % 

<20 % 

N(1720) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1690 to 1800 OUR ESTIMATE 
1700±50 C U T K O S K Y  80 IPWA 7rN ~ ,'TN 
1710±20 HOEHLER 79 IPWA ~rN ~ = N  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1785 CRAWFORD 80 DPWA 7 N  ~ = N  
1690 SAXON 80 DPWA = p -  A K  0 
1710 to 1790 BAKER 78 DPWA ~ p ~ A K  0 
1809 B A R B O U R  78 DPWA v N  ~ ~ N  
1640±10 1 BAKER 77 IPWA ~ -  p ~ A K  0 
1710 1 BAKER 77 DPWA = p ~ A K  0 
1750 2 LONGACRE 77 IPWA = N  ~ N = =  
1850 KNASEL 75 DPWA ~T p ~ A K  0 
1720 3 LONGACRE 75 IPWA = N  ~ N = =  

N(1720) WIDTH 

VALUE (MeV) DOCUMENT ID 1 TEEN COMMENT 

125 tO 250 OUR E S T I M A T E  Our best guess is 200 MeV. 

125170  C U T K O S K Y  80 IPWA = N ~  ~TN 
190±30  HOEHLER 79 IPWA ~ N ~  : rN  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

308 CRAWFORD 80 DPWA ? N  ~ ,-rN 
120 SAXON 80 DPWA ~T p ~ A K  0 
447 BAKER 79 DPWA ~ p ~ nyi 
300 tO 400 BAKER 78 DPWA = p ~ A K  O 
285 B A R B O U R  78 DPWA ~rN ~ = N  
200±50  1 BAKER 77 IPWA ~ -  p ~ A K  0 
500 1 BAKER 77 DPWA = p ~ A K  0 
130 2 LONGACRE 77 IPWA T,N ~ N ~  
327 KNASEL 75 DPWA ~ p ~ A K  0 
150 3 LONGACRE 75 IPWA = N  ~ Nyryr 

F16 n-, helicity=l/2 
1-17 n% helicity=3/2 

The above branching fractions are our estimates, not fits or averages. 

N(1720) BRANCHING RATIOS 

r(N=)/rtota, I-I/L- 
VALUE DOCUMENT ID TEEN COMMENT 
0.10 to 0.20 OUR ESTIMATE 
0.10±0.04  C U T K O S K Y  80 IPWA : rN  ~ ~TN 
0 .14~0.03  HOEHLER 79 IPWA : rN  ~ 7rN 

(FiFr)l/2/Ftotal in Nyr ~ N(1720) ~ N71 ([-1r2)~/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.08 BAKER 79 DPWA 7r-  p ~ nzl 

( r iD)~ /Vr to ta l  in Nzr ~ N(1720) ~ A K  (r~rs)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.09 BELL 83 DPWA : r - p  ~ A K  0 

0.11 SAXON 80 DPWA 7 r - p ~  A K  0 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0.09 5 BAKER 78 DPWA See SAXON 80 
0 .06±0.02  1 BAKER 77 IPWA = -  p ~ A K  0 
0.09 1 BAKER 77 DPWA = - p  ~ A K  0 

(['irf)l/2/Ftetal in N~- --~ N(1720) ~ T K  (FIF4)l/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

0.051 tO 0087 6 DEANS 75 DPWA ~TN ~ T K  

Note: Signs of couplings f rom ~ N  - -  N,~= analyses were changed in the 1986 
edition to agree wi th the baryon first convention; the overalP phase ambigui ty  is 
resolved by choosing a negative sign for the D,(1620) 531 coupl ing to A (1232)~ .  

1/2 r (r iD) / total in N~- ~ N(1720) --, A(1232)~,  P-wave ' , , t r l r T / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.17 2 LONGACRE 77 IPWA ~TN ~ N = =  

REAL PART 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1680±30  C U T K O S K Y  80 IPWA ~ r N ~  ~rN 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

t705 A R N D T  85 DPWA 7 r N - -  ~ N  
1716 or 1716 4 LONGACRE 78 IPWA ~TN ~ N~TYr 
1745 or 1748 2 LONGACRE 77 IPWA 7rN ~ Niter 

- 2  x IMAGINARY PART 
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

120±40  C U T K O S K Y  80 IPWA 7rN ~ ,'rN 



See key on page IV. 1 

V I I I . 3 7  

Baryon Full Listings 
N(1720), N(1960) 

(rirf)V2/rtotal in N i t  ---* N(1720) --* Np, S=1/2,  P-wave (FIF9)V'2/F 
VALUE DOCUMENT IO TEEN COMMENT 

- 0 . 2 6  2 LONGACRE 77 IPWA 7rN ~ NTrTr 
+0.40 3 LONGACRE 75 IPWA ~rN ~ NTrTr 

(i-irf)~/2/rtotal in  N~r --~ N ( 1 7 2 0 )  --~ N O ,  5 = 3 / 2 ,  P - w a v e  (rlrl0)g2/r 
VALUE DOCUMENT ID TEEN COMMENT 

+0.15 2LONGACRE 77 IPWA 7 r N ~  NTrTr 

( i F i r f ) V 2 / r t o t a l  in N l r  --,  N ( 1 7 2 0 )  N I = 0  -~ (~)s . . . . .  (rlr~1)l/2/r 
VALUE DOCUMENT 10 TEEN COMMENT 

- 0 . 1 9  2LONGACRE 77 IPWA ~rN ~ N ~ r  

N ( 1 7 2 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~f N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N ( 1 7 2 0 )  ---, P'7, h e l i c i t y - 1 / 2  a m p l i t u d e  A 1 / 2  

y.4LUE (6eV -1/2) DOCUMENT ID TEEN COMMENT 

0.044:L0.066 CRAWFORD 83 IPWA ~ N  ~ ~N  
- 0 . 0 0 4 ± 0 . 0 0 7  AWAJI 81 DPWA ? N  ~ 7rN 

0.051,10.009 ARAI 80 DPWA ? N  ~ ~N  (fit 1) 
0.071±0.010 ARAI 80 DPWA 7 N  ~ EN  (fit 2) 
0.038±0.050 CRAWFORD 80 DPWA ? N  ~ ?rN 

-~0.111±0.047 BARBOUR 78 DPWA "FN ~ 7rN 

N(1720) --, p'y, helicity-3/2 amplitude A3/2 

V4LUE (Ge~ I/2 ) DOCUMENT ID TEEN COMMENT 

- 0 . 0 2 4 ± 0 . 0 0 6  CRAWFORD 83 IPWA ? N  ~ 7rN 
- 0.040±0.016 AWAJI 81 DPWA 7 N  ~ 7rN 

0.058±0.010 ARAI 80 DPWA " iN ~ 7rN (fit 1) 
- 0 .011±0 .011  ARAI 80 DPWA ~fN ~ 7rN (fit 2) 

0.014±0.040 CRAWFORD 80 DPWA ? N  ~ l rN  
- 0 . 0 6 3 ± 0 . 0 3 2  BARBOUR 78 DPWA ~fN ~ 7rN 

N ( 1 7 2 0 )  --* n T ,  h e l i c i t y - 1 / 2  a m p l i t u d e  A 1 / 2  

_V~LUE (6eV ~1/2) DOCUMENT ID TEEN COMMENT 

0.002±0.005 AWAJI 81 DPWA ~ N  ~ ~ N  
- 0 . 0 1 9 ± 0 . 0 3 3  ARAI 80 DPWA ~fN ~ ~ N  (fit 1) 

0.001±0.038 ARAI 80 DPWA 7 N  ~ ~rN (fit 2) 
- 0 . 0 0 3 ± 0 . 0 3 4  CRAWFORD 80 DPWA ~ f N ~  ~TN 
~0.007J_0.020 BARBOUR 78 DPWA ~ f N ~  ~rN 

N ( 1 7 2 0 )  --~ n3,, h e l i c i t y - 3 / 2  a m p l i t u d e  A 3 / 2  

_V;~LUE (GeV ~1/2 ) DOCUMENT ID TEEN COMMENT 

0.018±0.019 AWAJI 81 DPWA ? N  ~ 7rN 
- -0.239±0.039 ARAI 80 DPWA ? N  ~ l rN  (fit 1) 

0.134±0.044 ARAI 80 DPWA "TN ~ 7rN (fit 2) 
0.018/_0.028 CRAWFORD 80 DPWA ? N  ~ 7rN 

+0 .051±0.051  BARBOUR 78 DPWA "~N ~ l rN  

N ( 1 7 2 0 )  "TP ~ A K +  A M P L I T U D E S  

For definitions, see Sec. IV of the Note on N and ~, Resonances preceding the 
N(1440). 

(FiFf)I/2/Ftotal in P7 ~ N(1720) --, A K  + (E l+  amplitude) 
V;4LUE (unitslO 3) OOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

9.52 TANABE 89 DPWA 

( r i r f ) l / 2 / r t o t a l  in p .y  - - ,  N ( 1 7 2 0 )  -~  A K  + ( M I +  a m p l i t u d e )  

V~L UE (units 10 -3) DOCUMENT ID TECN 

• • • We do not use the following data for averages, tits, limits, etc. • • • 

3.18 TANABE 89 DPWA 

/;,"f - - ,  N ( 1 7 2 0 )  - - ,  A K  + phase ang le  8 ( E l +  a m p l i t u d e )  
V~LUE (de~rees) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

103.4 TANABE 89 DPWA 

N ( 1 7 2 0 )  FOOTNOTES 

1The two BAKER 77 entries are from an IPWA using the Barrelet-zero method and from 
a conventional energy-dependent analysis. 

2 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to 7rN ~ NTr~T data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

3 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T matrix 
amplitudes. 

4LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to ~rN ~ N~r~T data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

5The overall phase of BAKER 78 copulings has been changed to agree with previous 
conventions. 

6The range given is from the four best solutions. DEANS 75 disagrees with ~r + p 
T + K + data of WINNIK 77 around 1920 MeV. 

N ( 1 7 2 0 )  REFERENCES 

For early references, see Physics Letters 111B (1982). 

TANABE 89 PR C39 741 +Kohno, Bennhold (MANZ) 
Also 59 NC 102A 193 Kohno, Tanabe, Bennhoid (MANZ) 

ARNDT 85 PR D32 1085 +Ford. Roper (VPI) 
BELL 83 NP B222 389 +Blissett, Broome, Daley, Hart, Lintern+ (RL) IJP 
CRAWFORD 83 NP B211 1 +Morton (GLAS) 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

Also 82 NP B197 865 Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
ARAI 80 Toronto Conf. 93 (TOKY) 

Also 82 NP B194 251 Arai, Fujii (TOKY) 
CRAWFORD 80 Toronto Conf. 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) IJP 
SAXON 80 NP B162 520 +Baker, Bell, Blissett, Bloodworth+ (RHEL, BRIS)IJP 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BAKER 78 NP 5141 29 +Blissett, Bloodworth, Broome+ (RL, CAMB)IJP 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 *Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 
BAKER 77 NP 5120 305 *Blissett, Bloodworth, Broome, Hart+ (RHEL) IJP 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

Also 76 NP BIO8 365 Dolbeau, Triantis, Neveu, Cadiet (SACL) IJP 
WlNNIK 77 NP 5128 E6 +Toaff, Revel, Goldberg, Berny (HALF) I 
DEANS 75 NP B96 9O +M}tchell, Montgomery+ (SFLA, ALAH) IJP 
KNASEL 75 PR Ol l  1 +Lindquist, Nelson+ (CHIC, WUSL, OSU, ANL)IJP 
LONGACRE 75 PL 55B 415 +Rosenfeld, Lasinski, Smadja+ (LBL, 5LAC) IJP 

I I I ( J P )  = ½(??) S ta tus :  ~< N(1960) : ,  P need c o n f i r m a t i o n .  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

A narrow peak in ~E(1385)-  K + di f f ract ively produced by neutrons on quasi- 

free nucleons of carbon, a lum inum,  and copper. The  spin-par i ty  is one of 

5 /2  + ,  7/2 - ,  etc. 

N ( 1 9 6 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1956_+68 ALEEV 84B BIS2 T (1385) -  K + 

N ( 1 9 6 0 )  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

27115 ALEEV B4B BIS2 T(1385)- K + 

N(1960) REFERENCES 

ALEEV 84B ZPHY C25 205 + (JINR. BERL, LEBD, MOSU, PRAG, SOFI, TBLI) 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

AMAGLOBELI 87 SJNP 45 632 +Ozhordzhadze, Kekelidze+ (JINR) 
Translated from YAF 45 1020. 

ALEEV 86 SJNP 44 652 + (BERL, JINR, MOSU, PRAG, SOFI, TaLl) 
Translated from YAF 441010 



VIII .38 

Baryon Full Listings 
N ( 1 9 9 0 ) ,  N ( 2 0 0 0 )  

I I =(: ) Status: * *  N ( 1 9 9 0 )  F17 i(jP) = 17~ 

OMITTED FROM SUMMARY TABLE 

Most of the results published before 1975 are now obsolete and have been 

omitted. They may be found in our 1982 edition (Physics Letters 1].1B). 

The various analyses do not agree very well with one another. 

N(1990) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2018 CRAWFORD 80 DPWA ~ N  ~ ~rN 
1970= 50 CUTKOSKY 80 IPWA ~rN ~ : rN 
2005±150 HOEHLER 79 IPWA = N - -  ~rN 
1999 BARBOUR 78 DPWA ~ N  ~ ~ N  

N(1990) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

295 CRAWFORD 80 DPWA 7 N  ~ ~rN 
350±120 CUTKOSKY 80 IPWA 7 r N ~  ~rN 
350 i100 HOEHLER 79 IPWA ~ r N ~  ~rN 
216 BARBOUR 78 DPWA ~ N  ~ ~ N  

N(1990) POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

1900±30 CUTKOSKY 80 IPWA ~ N  ~ ~ N  

- 2  x IMAGINARY PART 
VALUE (MeV) DOCUMENT iD TECN COMMENT 

260J-60 CUTKOSKY 80 IPWA ~rN ~ ~rN 

N(1990) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

5±4  CUTKOSKY 80 IPWA ~rN ~ ~rN 

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

--89-4 CUTKOSKY 80 IPWA ~ N  ~ ~rN 

N(1990) DECAY MODES 

Mode 

r l  N x  

F2 N~I  

F3 A K  

r 4 ' £ K  

F5 N~r : r  

F6 p %  h e l i c i t y = l / 2  

F7 p--f, he l i c i t y=3 /2  

F 8 n %  he l i c i t y - -1 /2  

F 9 nv ,  h e l i c i t y = 3 / 2  

N(1990) BRANCHING RATIOS 

F(N~r)/Ftotal 
VALUE DOCUMENT ID 

0,06 -E 0.02 CUTKOSKY 
0,04±0.02 HOEHLER 

(rirf)3/2/Ftotal in N~r -~ N(1990) ~ N~ I 
VALUE DOCUMENT ID 

- 0,043 BAKER 

(FiFf)l/2/Ftotal in NTr ~ N(1990) ~ AK 
VALUE DOCUMENT ID 

+0.01 BELL 
not seen SAXON 
0.021±0.033 DEVENISH 

(riFf)~/~lFtota~ in N~r ~ N(1990) ~ ]EK 
VALUE DOCUMENT ID 

0.010 tO 0.023 1 DEANS 
0.06 LANGBEIN 

r l /r 
TEEN COMMENT 

80 IPWA 7rN ~ ~ N  
79 IPWA l rN  ~ ~ N  

(rlr2)L/~/r 
TECN COMMENT 

79 DPWA 7r p ~ n~ l 

(rlr3)Ltur 
TEEN COMMENT 

83 DPWA ~ ^.o 
80 DPWA ~ p ~ AK 0 
74B Fixed-t dispersion rel. 

(Flr4)V2/F 
TECN COMMENT 

75 DPWA 7rN ~ T K  
73 IPWA 7rN ~ ~-K (sol. 1) 

(Firf)t/21rtotal in NTr ~ N(1990) ~ N~rTr (QFs)3/Ur 
VALUE DOCUMENT ID TEEN COMMENT 

not seen MANLEY 84 IPWA ~ N  ~ N:r~r 
not seen LONGACRE 75 IPWA x N  ~ NTrTr 

N(1990) PHOTON DECAY AMPLITUDES 

For the definition of the ? N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N(19cJO) ~ p% helicity-1/2 amplitude A l l  2 
VALUE (6e~ 1/2) DOCUMENT IO TECN COMMENT 

0.030:~0.029 AWAJI 81 DPWA "YN ~ 7rN 
0.001±0.040 CRAWFORD 80 DPWA ? N  ~ 7rN 
0040 BARBOUR 78 DPWA ? N  ~ l rN 

N(1990) ~ PT, helicity-3/2 amplitude A3/2 
VALUE (Ge~ 1/2 ) DOCUMENT ID TECN COMMENT 

0.086±0.060 AWAJI 81 DPWA "~N ~ 7rN 
0.004±0.025 CRAWFORD 80 DPWA " ~ N -  = N  

+0.004 BARBOUR 78 DPWA "~N ~ ~rN 

N(1990) ~ n-/, helicity-1/2 amplitude A1/2 
VALUE (GeV" 1/2) DOCUMENT ID TEEN COMMENT 

0.001 AWAJI 81 DPWA q N  ~ l rN  
-0 .078±0030  CRAWFORD 80 DPWA " fN ~ 7rN 

0.069 BARBOUR 78 DPWA q N -  7rN 

N(1990) --, nT, helicity-3/2 amplitude A3/2 
VALUE (6~V 1/2) DOCUMENT tD TEEN COMMENT 

-.0178 AWAJI 81 DPWA q N  ~ ~ N  
-0 .116±0045  CRAWFORD 80 DPWA q N -  : r N  

0.072 BARBOUR 78 DPWA q N  ~ l rN  

N(1990) FOOTNOTES 
1 The range given for DEANS 75 is from the four best solutions. 

N(1990) REFERENCES 

For early references, see Physics Letters 111B (1982). 

MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz (VPI) 
BELL 83 NP B222 389 tBlissett, Broome. Daley, Hart, Lintern+ (RL) IJP 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kagkawa+ (NAGO) 
CRAWFORD 8O Toronto Conf. 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) IJP 
SAXON 80 NP Bt62 522 ~Baker, Bell. Blissett, Bloodworth+ (RHEL, BRIS) UP 
BAKER 79 NP 8156 93 +Brown, Clark, Davies, Depagter, Evans~ (RHEL) tJP 
HOEHLER 79 PDAT ]2-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 8O Toronto Conf 3 Koch (KARL) UP 
BARBOUR 78 NP BIB1 253 +Crawford, Parsons (GLAS) 
DEANS 75 NP B96 9O +Mitchell, Montgomery+ (SFLA. ALAH) IJP 
LONGACRE 75 PL 55B 415 .Rosenfeld, Lasinski, Srnadja+ (LBL, SLAC) IJP 
DEVENISH 74B NP B81 330 +Froggatt, Martin (DESY, NORD, LOUC) 
LANGBEIN 73 NP B53 251 . Wagner (MUNI) IJP 

I I , ( ,  ) Status: N ( 2 0 0 0 )  F1s /uP) = ,5+ 

OMITTED FROM SUMMARY TABLE 

Older results have been retained simply because there is l i tt le information at 

all about this possible state. 

VALUE (MeV) 

1882 ± 10 
2025 
1970 
2175 
1930 

VALUE (MeV) 

9 5 i 2 0  
157 
170 
150 
112 

N(2000) MASS 

DOCUMENT ID TECN COMMENT 

HOEHLER 79 IPWA ~ N ~  7rN 
AYED 76 IPWA ~ N  ~ 7rN 

1 LANGBEIN 73 IPWA 7rN - -  T K  (sol. 2) 
ALMEHED 72 IPWA ~ N ~  ~ N  
DEANS 72 MPWA ?p ~ A K  (sol. D) 

N(2000) WIDTH 

DOCUMENT ID TEEN COMMENT 

HOEHLER 79 IPWA ~ T N -  7rN 
AYED 76 IPWA 7rN ~ 7rN 

1 LANGBEIN 73 IPWA 7rN ~ ~-K (sol. 2) 
ALMEHED 72 IPWA ~ N  ~ ~ N  
DEANS 72 MPWA ?p  ~ A K  (sol. D) 



See key on page IV.1 

Mode 

r I N~ 
r 2 N q 
r 3 A K 
r 4  T K 

F5 P'Y 

N ( 2 0 0 0 )  DECAY M O D E S  

V I I I . 3 9  

Baryon Full Listings 
N(2000) ,  N(2080)  

N ( 2 0 0 0 )  BRANCHING RATIOS 

r (N'. ' I )  / r total  
VALUE DOCUMENT ID TEEN COMMENT 

0.049-0.02 HOEHLER 79 IPWA ~ N  ~ ~ N  
0.08 AYED 76 IPWA ~ N  ~ ~ N  

r l / r  

0.25 ALMEHED 72 IPWA ~r N ~ ~, N 

(r~r~)'/=/rtota, in N~r  -~  N ( 2 0 0 0 )  --~ N r /  ( r z r 2 ) V 2 / r  
VALUE DOCUMENT IO TEEN COMMENT 

+0,03 BAKER 79 DPWA ~ -  p ~ n~ I 

( l ' iF f )V2/ r to ta l  in N ~  ~ N ( 2 0 0 0 )  ~ A K  ( r z r 3 ) g 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

not seen SAXON 80 DPWA ~ -  p ~ A K 0 

( [ ' i r f ) l /2 / r to ta l  in N~r --* N ( 2 0 0 0 )  ~ T K  ( r l r 4 ) g ~ / r  
WlLUE DOCUMENT ID TEEN COMMENT 
0.022 2 DEANS 75 DPWA ~r N ~ Z K 
0.05 1 LANGBEIN 73 IPWA ~rN ~ Z K  (sol. 2) 

( r i r f ) t / ~ / r t o ta l  in p'~ -~  N ( 2 0 0 0 )  -~ A K  ( r s r 3 ) g 2 / r  
WlLUE DOCUMENT IO TEEN COMMENT 

0.0022 DEANS 72 MPWA 7P ~ A K  (sol. D) 

N ( 2 0 8 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) 

1880 ± i00 

2050± 70 

- 2  x I M A G I N A R Y  P A R T  
VALUE (MeV) 

160±80 

200 ± 80 

DOCUMENT ID TEEN COMMENT 
1 CUTKOSKY 80 IPWA ~rN ~ ~ N  (lower 

mass) 
1 CUTKOSKY 80 IPWA ~ N  ~ ~ N  (higher 

mass) 

DOCUMENT ID TEEN COMMENT 
1 C U T K O S K Y  80 IPWA ~rN ~ ~ N  (lower 

1 CUTKOSKY 80 IPWA 
mass) 

N ~ ~ N  (higher 
mass) 

N ( 2 0 8 0 )  E L A S T I C  P O L E  R E S I D U E  

N ( 2 0 0 0 )  F O O T N O T E S  

1 Not seen in solution 1 of LANGBEIN 73. 
2Value given is from solution 1 of DEANS 75; not present in solutions 2, 3, or 4. 

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- 2 ± i 4  1CUTKOSKY 80 IPWA ~ r N ~  "~N(Iower 
mass) 

30±20  1 CUTKOSKY 80 IPWA 7rN ~ ~ N  (higher 
mass) 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

10±  5 l ~ y -  80 IPWA 7 r N ~  ~rN(lower 

0 ± 5 2  1 CUTKOSKY 80 IPWA 

N ( 2 0 8 0 )  D E C A Y  M O D E S  

Mode 

mass) 
~ N  ~ ~ N  (higher 

mass) 

N ( 2 0 0 0 )  REFERENCES 

r l  N~T 

r 2 N~" I 
F3 A K  
F4 T K  

r 5 NTr~T 
r 6 p ? ,  h e l i c i t y = l / 2  

r7  p T ,  h e l i c i t y = 3 / 2  

r8  n-y, h e l i c i t y = l / 2  

r 9 nT ,  h e l i c i t y = 3 / 2  

S,~,XON 80 NP B1E2 522 +Baker, Bell, Blissett, Bloodworth+ (RHEL, 8RIS)IJP 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12-I +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf 3 Koch {KARL) IJP 
AYED 76 EEA-N-I92t Thesis (SACL) IJP 
DEANS 75 NP B9E 90 +Mitchell, Montgomery+ (SFLA, ALAH) IJP 
LANGBEIN 73 NP B53 251 +Wagner (MUNI) IJP 
A[MEHED 72 NP B40 157 +Lovelace (LUND, RUTG)IJP 
DEANS 72 PR DE 1906 +Jacobs, Lyons, Montgomery (SFLA) IJP 

I I , ( ,  ) Status: N(2080)  D13 ,U~) = 13- 

OM,TTED FROM SUMMARY TABLE 

There is some evidence for two resonances in this wave between 1800 and 
2200 MBV (see C U T K O S K Y  80). However, the solution of  HOEHLER 79 is 
quite different. 

Most  o f  the results published before 1975 are now obsolete and have been 
omit ted.  They may be found in our 1982 edit ion (Physics Letters I I I B ) .  

N ( 2 0 8 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1920 BELL 83 DPWA 7r- p ~ A K  0 
1880±100 1 CUTKOSKY 80 IPWA l rN ~ 7rN 
2060± 80 1 CUTKOSKY 80 IPWA 7rN ~ ~ N  
1900 SAXON 80 DPWA ~r p ~ A K  0 
2081± 20 HOEHLER 79 IPWA ~rN ~ ~ N  

N ( 2 0 8 0 )  W I D T H  

~ L U E  (MeV} DOCUMENT ID TEEN COMMENT 

3:!0 BELL 83 DPWA l r - p  ~ A K  0 
180± 60 1 CUTKOSKY 80 IPWA I rN ~ 7rN (lower 

mass) 
300±100 1 CUTKOSKY 80 IPWA 7rN ~ ~rN (higher 

mass) 
2~,0 SAXON 80 DPWA 7 r - p ~  A K  0 
2(,5± 40 HOEHLER 79 IPWA ~rN ~ ~ N  

r i o  P"f 

N(2080) BRANCHING R A T I O S  

r (N~T) / r t o t a ,  q / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.10-50.04 1 ¢UTKOSKY 80 IPWA 7rN ~ ~TN (lower 
mass) 

0.14±0.07 1 CUTKOSKY 80 IPWA 7rN ~ 7rN (higher 
mass) 

0.06±0.02 HOEHLER 79 IPWA ~ N - -  7rN 

( F i r f ) V 2 / r t o t a l  in N1r -~  N ( 2 0 8 0 )  - *  N r /  ( r z r 2 ) Z / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

not seen BAKER 79 DPWA 7r- p ~ n~ I 

( r i r f l V 2 / r t o t a l  in N f r  -- ,  N ( 2 0 8 0 )  --+ A K  ( r l r s ) l / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

+0.04 BELL 83 DPWA ~T-- p ~ A K  0 
+0.03 SAXON 80 DPWA 7 r - p ~  A K  0 

( r i r f ) t / 2 / r t o t a l  in N;T ~ N ( 2 0 8 0 )  --~ Z K  (rlr4)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.014 to 0.037 2 DEANS 75 DPWA l rN ~ Z K 

( r i r f )~ /2 / r to ta l  in p 7  "-'* N ( 2 0 8 0 )  -~ N r /  ( r l 0 r 2 ) Y 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.0037 HICKS 73 MPWA 7P ~ P77 

N ( 2 0 8 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the 7 N  decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

N ( 2 0 8 0 )  ---, PT, he l i c i t y -1 /2  amp l i t ude  A I / 2  

VALUE ( G e ~  1/2 } DOCUMENT tD TEEN COMMENT 

0,020±0.008 AWAJI 81 DPWA ~ N  ~ ~ N  
0.026±0.052 DEVENISH 74 DPWA 7 N  ~ 7rN 



V l l l . 4 0  

Baryon Full Listings 
N(2080), N(2090), N(2100) 
N(2080) -~ p-y, helicity-3/2 amplitude A3/2 
VALUE (GeV- 1/2) DOCUMENT ID TEEN COMMENT 

0.017±0.011 AWAJI 81 DPWA ? N  ~ 7rN 
0128~:0.057 DEVENISH 74 DPWA 7 N  ~ 7rN 

N(2080) -~  n ' h  h e l i c i t y - l / 2  amplitude A1/2 
VALUE (GeV "1 /2  ) DOCUMENT ID TEEN COMMENT 

0.007±0.013 AWAJI 81 DPWA "tN ~ 7rN 
0 .053±0083  DEVENISH 74 DPWA ? N  ~ 7rN 

N ( 2 0 8 0 )  - - '  nq¢, h e l i d t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE ( G e ~  1/2) DOCUMENT ID TEEN COMMENT 

- -0 .053±0.034 AWAJI 8]  DPWA ~fN ~ 7rN 
0.100±0.141 DEVENISH 74 DPWA "yN ~ ~rN 

N ( 2 0 8 0 )  F O O T N O T E S  

1CUTKOSKY 80 finds a lower mass D13 resonance, as well as one in this region. Both 
are listed here. 

2The range given for DEANS 75 is from the four best solutions. Disagrees with 7r + p 
E + K + data of WlNNIK 77 around 1920 MeV. 

N(2080)  REFERENCES 
For early references, see Physics Letters ] . l i b  (1982). 

BELL 83 NP B222 389 +Bllssett, Broome, Daley, Hart, Lintern~ {RL) IJP 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

AlSo 82 NP B197 365 Fuji±, Hayasflii, Iwata, Kajikawa~ (NAGO) 
CUTKOSKY 80 Toronto Conf 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D2O 2839 Cutkosky, Fofsyth, Hendrick, Kelly (CMU, LBL) IJP 
SAXON 80 NP B162 522 +Baker, Bell, Blissett, Bloodworth÷ (RHEL, BRIS) UP 
BAKER 79 NP 8156 93 +Brown, Clark, Davies. Depagter, Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12 1 + Kaiser, Koch, Pietarinen (KARL) IJP 

Also 88 Toronto Conf 3 Koch (KARL) IJP 
WlNNIK 77 NP B128 66 +TOM< Revel, Goldberg. Berny (HALF) I 
DEANS 75 NP B96 90 +Mitchell, Montgomery* (SFLA, ALAH) UP 
DEVENISH 74 PL S2B 227 pLyth, Rankin {DESY, LANE, BONN) IJP 
HICKS 73 PR D7 2614 ~Oeans, Jambs, Lyons+ (CMU, ORNL. SFLA) IJP 

N(2090) S l l  i ( j P )  = 1 1 -  S ta tus :  >k 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Any s t ructure in the .511 wave above 1800 MeV is listed here. A few early 
results tha t  are now obsolete have been omit ted.  

N ( 2 0 9 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2180±80 CUTKOSKY 80 IPWA : r N ~  :rN 
1880±20 HOEHLER 79 IPWA 7rN ~ 7rN 

N ( 2 0 9 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

350±100 CUTKOSKY 80 IPWA ~ N ~  ~N  
95±  30 HOEHLER 79 IPWA ~ N  ~ ~rN 

N ( 2 0 9 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

2150±70 EUTKOSKY 80 IPWA ~ N  ~ x N  
1937 or 1949 1 LONGACRE 78 IPWA ~N  ~ NTr?r 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

350±100 CUTKOSKY 80 IPWA ~N  ~ ~N  
139 or 131 i LONGACRE 78 IPWA 7rN ~ N ~  

N(2090) E L A S T I C  P O L E  R E S I D U E  

REAL PART 
VALUE (MeV] DOCUMENT ID TEEN COMMENT 

40±20  CUTKOSKY 80 IPWA ~ N ~  ~N  

IMAGINARY PART 
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

0 ± 6 0  CUTKOSKY 80 IPWA 7rN -~ TrN 

N ( 2 0 9 0 )  D E C A Y  MODES 

Mode 

r I NTr 

F2 A K  

r3  NTrTr 

N(2090) BRANCHING RATIOS 

r(N~)/rtotal q / r  
VALUE DOCUMENT ID TECN COMMENT 

0 1 8 ± 0 . 0 8  CUTKOSKY 80 IPWA 7 r N ~  7rN 
0.09±0.05 HOEHLER 79 IPWA 7 r N ~  ~rN 

(orr)ll21rtotaJ in NTr ~ N ( 2 0 9 0 )  ~ A K  (rlr2)t/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

notseen SAXON 80 DPWA ~ t - - p - -  AK 0 

N ( 2 0 9 0 )  F O O T N O T E S  

1 LONGACRE 78 values are from a search for poles in the unitarized T-matr ix. The first 
(second) value uses, in addition to ~rN ~ NTrTr data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

N(2090) R E F E R E N C E S  

CUTKOSKY 80 Toronto Conf. 19 ~Forsytfl, Babcock, Belly, Hendrick {CMU, LBL)IJe 
Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU. LBL) 

SAXON 80 NP B162 522 +Baker, Bell, Blissett, Bloodworth+ (RHEL, BRIS)IJP 
HOEHLER 79 PDAT 12 I +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 88 Toronto Conf 3 Koch {KARL) IJe 
LONGACRE 78 PR D17 1795 ~Lasinski, Rosenfeld. Smadja+ (LBL, SLAC) 

I I , ( ,  ) Status: N ( 2 1 0 0 )  Pl1 /(jP) = 1 1-- 

OMITTED F R O M  S U M M A R Y  T A B L E  

N ( 2 1 0 0 )  MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2125.:-75 CUTKOSKY 80 IPWA 7rN ~ ~TN 
2050±20 HOEHLER 79 IPWA ~ T N ~  ~ N  

N ( 2 1 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

260±100 CUTKOSKY 80 IPWA 7rN ~ 7rN 
200±  30 HOEHLER 79 IPWA ~rN ~ ~TN 

N ( 2 1 0 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV} DOCUMENT IO TECN COMMENT 

2120±40 CUTKOSKY 80 IPWA ~TN ~ ~TN 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV I DOCUMENT ID TEEN COMMENT 

240±80  CUTKOSKY 80 IPWA ~rN ~ 7rN 

N ( 2 1 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1 1 ± 7  CUTKOSKY 80 IPWA ~N  * ~N  

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

8 ± 6  CUTKOSKY 80 IPWA 7rN ~ 7TN 

N ( 2 1 0 0 )  D E C A Y  MODES 

Mode 

F1 NTr 

N(2100) BRANCHING RATIOS 

r(N~)/rtota I 
VALUE DOCUMENT ID TECN COMMENT 

0.12±0.03 CUTKOSKY 80 IPWA ; r N ~  ~ N  
0 1 0 ± 0 . 0 4  HOEHLER 79 IPWA 7 r N ~  : rN 

h/r  



.See key on page IV.1 

N(2100 )  R E F E R E N C E S  

CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL)IJP 
AlSO 79 PR D20 2839 Cutkosky. Forsyth. Hendrick, Kelly (CMU, LBL) 

HOEHLEB 79 PDAT 12 1 +Kaiser. Koch. Pietarinen (KARL) IJP 
Also 80 Toronto Conf 3 Koch (KARL) IJP 

I N(2 9°) i ( jP)  = 1 7-  2 ( 2  ) Status:  ~ < ~ < ~ < *  

Most of the results published before 1975 are now obsolete and have been 
omit ted.  They may be found in our 1982 edition (Physics Letters 111B). 

N(2190) M A S S  

I/ALUE (MeV~ DOCUMENT tO TEEN COMMENT 
2120 to 2230 OUR ESTIMATE 
2200±70 CUTKOSKY 80 IPWA ~rN ~ ~rN 
2140±12 HOEHLER 79 IPWA ~rN ~ ~rN 
2140±40 HENDRY 78 MPWA ~rN ~ ~rN 
. • • We do not use the following data for averages, fits, limits, etc. • • • 

2098 CRAWFORD 80 DPWA ~N ~ ~rN 
2180 SAXON 80 DPWA ~r- p ~ A K  0 
2140 BAKER 79 DPWA = -  p ~ n~ 
2117 BARBOUR 78 DPWA ~N ~ ~N 

N(2190)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
200 to 500 OUR ESTIMATE Our best guess is 350 MeV. 
500±150 CUTKOSKY 80 IPWA 7rN ~ 7rN 
390± 30 HOEHLER 79 IPWA rrN ~ ~TN 
270± 50 HENDRY 78 MPWA 7rN ~ 7rN 
,I • • We do not use the following data for averages, fits, limits, etc. • • • 

:.)38 CRAWFORD 80 DPWA " iN ~ 7rN 
80 SAXON 80 DPWA 7 r - p  ~ AK 0 

319 BAKER 79 DPWA I t -  p ~ nT/ 
:-)20 BARBOUR 78 DPWA ~fN ~ ~rN 

N(2190) POLE POSITION 

REAL P A R T  
VALUE (MeV) DOCUMENT IO TECN COMMENT 

:.)100±50 CUTKOSKY 80 IPWA ~rN ~ ~TN 

--2 X I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT IO TEEN COMMENT 

400-E160 CUTKOSKY 80 IPWA 7rN ~ ~TN 

N(2190) ELASTIC POLE RESIDUE 

REAL P A R T  
.VALUE (MeV) DOCUMENT IO TEEN COMMENT 

22±14 CUTKOSKY 80 IPWA 7rN ~ ~TN 

I I M A G I N A R Y  P A R T  
.VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

13±20 CUTKOSKY 80 IPWA ~rN ~ ~TN 

N(2190 )  D E C A Y  M O D E S  

Mode Fraction (Fi /F)  

[-1 NTi" ~ 14 % 

F2 N~I ~ 3 % 
F 3 A K ~ 0.3 % 
F 4 T K 
:F 5 NTrTr 

£6 N p, 5-3/2,  D-wave 

iF 7 p 'y ,  h e l i c i t y = l / 2  

IF 8 p %  h e l i c i t y = 3 / 2  

F 9 n"f ,  he l i c i t y=  1 / 2  

IF10 n-y, h e l i c i t y = 3 / 2  

The  above branch ing  f ract ions are our  est imates,  no t  f i ts or averages. 

V I I I . 4 1  

Baryon Full Listings 
N(2100), N(2190) 

N(2190)  BRANCHING RATIOS 

r ( N T r ) / r t o t a  I r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0.14 OUR ESTIMATE 
0.12±0.06 CUTKOSKY 80 IPWA 7rN ~ 7rN 
0.14±0.02 HOEHLER 79 IPWA ~rN ~ ~TN 
0.16+0.04 HENDRY 78 MPWA TTN ~ rrN 

(Firf)l/2/rtotal in N f r  --~ N(2190)  --* NF/ (F iF2)1 /2 /F  
VALUE DOCUMENT ID TEEN COMMENT 

+0.052 BAKER 79 DPWA 7 r - p ~  n~/ 

(r ir f)I /2/rtotat in N~r ~ N(2190) --, AK  (rlr3)I/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

-0 .02 BELL 83 DPWA 7 r - p ~  AK 0 
-0 .02 SAXON 80 DPWA ~T-p ~ AK 0 

(FiFf)l/2/Ftotal in N~r -~  N(2190)  -~  Z K  (rlr4)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.014 to 0.019 1 DEANS 75 DPWA 7r N ~ T K 

(riFf)l/2/rtotal in NTr ~ N(2190)  --* Np, 5 = 3 / 2 ,  D-wave (7176)1/2/F 
VALUE DOCUMENT IO TECN COMMENT 

- (large) MANLEY 84 IPWA ~TN ~ NTrlr 

N (2190 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~,N decay amplitudes, see Sec. IV of the Note on N and 
z~ Resonances preceding the Baryon Listings. 

N(2190)  --* p';,, he l i c i t y -1 /2  a m p l i t u d e  A1/2 

VALUE (GeV -1 /2  ) DOCUMENT tD TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.055 CRAWFORD 80 DPWA *YN ~ ~rN 
-0.030 BARBOUR 78 DPWA -YN ~ 7rN 

N (2190 )  --, P ' I ,  h e l i d t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE (GeV ~1/2 ) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.081 CRAWFORD 80 DPWA ?N ~ 7rN 
+0.180 BARBOUR 78 DPWA -FN ~ 7rN 

N (2190 )  - - '  n') ' ,  h e l i d t y - 1 / 2  a m p l i t u d e  A 1 / 2  

VALUE (Ge~ l / 2  ~ DOCUMENT /D TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.042 CRAWFORD 80 DPWA -yN ~ ~rN 
0.085 BARBOUR 78 DPWA ~fN ~ 7rN 

N (2190 )  -- ,  n '~,  h e l i d t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE (GeV -1 /2  } DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.126 CRAWFORD 80 DPWA -KN ~ 7rN 
+0.007 BARBOUR 78 DPWA "fN ~ 7rN 

N(2190)  "7P ~ A K  + A M P L I T U D E S  

For definitions, see Sec. IV of the Note on N and D, Resonances preceding the 
N(1440). 

(Firf)l/2/rtotal in p " f  --, N (2190)  --* A K  + ( E 4 -  a m p l i t u d e )  

VALUE (units 10 3) DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2.04 TANABE 89 DPWA 

(Firf)l/2/rtotal in p'), -~  N(2190)  --* A K  + ( M 4 _  amp l i t ude )  

VALUE (units 10 3) DOCUMENT ID TEEN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-5 .78 TANABE 89 DPWA 

p ' y  --* N (2290)  --* A K  + phase angle (~ ( E 4 -  a m p l i t u d e )  
VAL UE (de~rees) DOCUMENT ID TECN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-27 .5  TANABE 89 DPWA 

N(2190) FOOTNOTES 
I Jr i The range given for DEANS 75 is from the four best solutions. D'sagrees with 7r p 

T+ K + data of WlNNIK 77 around 1920 MeV. 



V111.42 

Baryon Full Listings 
N(2190), N(2200), N(2220) 

N(2190) REFERENCES 
For early references, see Physics Letters 111B (1982). 

TANABE 89 PR C39 741 ~ Kohno, Bennhold (MANZ) 
Also 89 NC 102A 193 Kohno, Tanabe, Bennhold (MANZ) 

MANLEY 84 PR D3O 9O4 +Arndt, Goradia, Teplitz (VPI) 
Also 84B PRL 52 2122 Manley (VPI) 

BELL 83 NP B222 389 +B~issett, Broome, Daley, Hart, Lintern+ (RL) IJP 
ERAWFORD 80 Toronto Conf. 107 (GLAS) 
CUTKOSKY 80 To~onto Conf 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

A)so 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (EMU, LBL) IJe 
SAXON 80 NP B]62 522 +Baker, Bell, Blissett, Bloodworth+ (RHEL BRIS)IJP 
BAKER 79 NP BlS8 93 +Brown. Clark. Davies. Depagter. Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12 1 +Kaiser. Koch. Pietarinen (KARL) IJP 

A{so 80 Toronto Conf 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 +Crawford. Parsons (GLAS) 
HENDRY 78 PRL 41 222 (IND. LBL) IJP 

Also 81 ANP 136 1 Hendry (IND) 
WINNIK 77 NP B128 66 +Toaff. Revel. Gol0berg. Berny (HALF) I 
DEANS 75 NP 896 90 +Mitchell. Montgomery+ (SFLA ALAH) IJP 

I I 2 ( :  ) S ta tus :  > k *  N(2200) D15 I(jP) : 1 5  

O~,TTED F"O~ SUMM~.Y TABLE 
The mass is not  wel l  determined.  A few early results have been omit ted.  

N(2200) MASS 
VALUE (MeV I DOCUMENT ID TEEN COMMENT 

1900 BELL 83 DPWA ~ r - p ~  AK 0 
2180±80 CUTKOSKY 80 IPWA ~rN ~ ~rN 
1920 SAXON 80 DPWA ~r- p -~ AK 0 
2228±30 HOEHLER 79 IPWA ~ N  ~ ~rN 

N(2200) WIDTH 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

130 BELL 83 DPWA ~T p ~ AK  0 
400±100 CUTKOSKY 80 IPWA ~rN ~ ~rN 
220 SAXON 80 DPWA ~T p ~ AK  0 
310± 50 HOEHLER 79 IPWA = N  ~ =N  

N ( 2 2 0 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT IO TEEN COMMENT 

2100±60 CUTKOSKY 80 IPWA ~ N ~  ~rN 

2 x I M A G I N A R Y  P A R T  
VALUE (MeV] DOCUMENT ID TEEN COMMENT 

360±80  CUTKOSKY 80 IPWA ~ r N ~  =N  

N ( 2 2 0 0 )  E L A S T I C  P O L E  R E S I D U E  

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

0 ± 1 7  CUTKOSKY 80 IPWA ~ N ~  ~N  

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- - 2 0 ± 1 0  CUTKOSKY 80 IPWA 7 rN -~  =N  

N ( 2 2 0 0 )  D E C A Y  M O D E S  

Mode 

r l  N ~  

F2 N ~ I  

r 3 A K  

N ( 2 2 0 0 )  B R A N C H I N G  R A T I O S  

r(N~)/rtota~ r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0 1 0 ± 0 . 0 3  CUTKOSKY 80 IPWA ~ N  ~ ~N  
0 . 0 7 ± 0 0 2  HOEHLER 79 IPWA ~ N ~  ~N 

(r~rr)l/2/rtota, in NTr --~ N ( 2 2 0 0 )  --~ N71 (rlr2)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.066 BAKER 79 DPWA ~t p ~ nT/ 

( r i r f ) l / 2 / r t o t a l  in  N~r ~ N ( 2 2 0 0 )  ~ A K  (rlr3)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.03 BELL 83 DPWA 7r p ~ AK  0 
0.05 SAXON 80 DPWA 7r- p ~ AK  0 

N(2200) REFERENCES 

BELL 83 NP B222 389 
CUTKOSKY 80 Toronto Cont. 19 

Also 79 PR D2O 2839 
SAXON 80 NP B182 522 
BAKER 79 NP B156 93 
HOEHLER 79 PDAT 12 1 

Also 80 Toronto Conf 3 

+Blissett, Broome, Daley, Hart. Lintern+ (RL) IJP 
+Forsyth, Babcock, Kelly, Hendrick (£MU, LBL)IJP 

Cutkosky, Forsyth, HendBck, Kelly (CMU, LBL) 
+Baker, Bell, Blissett, Btoodworth+ (RHEL, BRIS)IJP 
+Brown, Clark, Davies, Depagter, Evans~ (RHEL) IJP 
+Kaiser, Koch, Pietarinen (KARL) IJP 

Koch (KARL) IJP 

i N(2220) H,91 : S atus: * * * *  

Most of the results publ ished before 1975 are now obsolete and have been 

omit ted.  They may be found in our 1982 edit ion (Physics Letters 111B).  

N ( 2 2 2 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
2150 to 2300 OUR ESTIMATE 
2230J_ 80 CUTKOSKY 80 IPWA 7rN ~ ~N  
2205± 10 HOEHLER 79 IPWA ~N  ~ ~rN 
2300±100 HENDRY 78 MPWA ~N ~ ~N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2050 BAKER 79 DPWA 7r p ~ nq  

N ( 2 2 2 0 )  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

300 tO 500 OUR ESTIMATE Our best guess is 400 MeV. 

500±150 CUTKOSKY 80 IPWA ~ N - -  ~N  
365± 30 HOEHLER 79 IPWA ~ T N ~  ~rN 
450±150  HENDRY 78 MPWA ~ N  - -  ~TN 

N ( 2 2 2 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2160=80 CUTKOSKY 80 IPWA ~ N ~  7rN 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

480±100 CUTKOSKY 80 IPWA ~ r N ~  ~rN 

N ( 2 2 2 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

32±20  CUTKOSKY 80 IPWA ~TN ~ ,'TN 

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

32±20  CUTKOSKY 80 IPWA ~TN ~ ~TN 

Mode 

N ( 2 2 2 0 )  D E C A Y  M O D E S  

Fraction ( r i / r )  

rl NTT - 18 % 

r 2 N r }  ~ 0 . 5 %  

r3  A K  ~ 0 . 2 %  

T h e  above b r a n c h i n g  f rac t ions  are ou r  es t imates,  no t  f i ts  or averages. 

N(2220) BRANCHING RATIOS 

r(N~T)Irtota, rllr 
VALUE DOCUMENT ID TEEN COMMENT 

0.18 OUR ESTIMATE 
0 . 1 5 ± 0 0 3  CUTKOSKY 80 IPWA ~N  ~ ~N  
0 1 8 ± 0 0 1 5  HOEHLER 79 IPWA ~N  ~ ~ N  
0 , 1 2 ± 0 0 4  HENDRY 78 MPWA 7rN ~ 7rN 

( r i r f ) l / 8 / r t o t a ,  in NTr ~ N ( 2 2 2 0 )  ~ N ~  1 (rlr2)l/2/r 
VALUE DOCUMENT IO TEEN COMMENT 

0.034 BAKER 79 DPWA ~r- p ~ nr} 

(rirr)l/2/rtota, in N~r ~ N ( 2 2 2 0 )  ~ A K  (rlr3)l/2/r 
VALUE DOCUMENT ID TECN COMMENT 

not required BELL 83 DPWA ~ p ~ AK  0 
notseen SAXON 80 DPWA ~ r - p ~  AK 0 



.See key on page IV. 1 

N(2220) REFERENCES 

For early references, see Physics Letters 111B (1982), 

BELL 83 NP B222 389 +Blissett, Broome, Daley, Hart, Lintern+ (RL) IJP 
CUTKOSKY 80 Toronto Conf. [9 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) UP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Henddck, Kelly (£MU, LBL) IJP 
SAXON 80 NP B162 522 +Baker, Bell, Blissett, Bloo~worth+ (RHEL, BRIS) IJP 
BAKER 79 NP B156 93 +Brown, Clark, Davies, Depa~ter, Evans+ (RHEL) IJP 
BOEHLER 79 PDAT 12 I +Kaiser, Koch, Pietarinen (KARL) UP 

AlSO 80 Toronto Conf. 3 Koch (KARL) IJP 
BENDRY 78 PRL 41 222 (IND, LBL) IJP 

Also B1 ANP 136 1 Hendry fIND) 

I N(225°) / ( j P )  = t 9 -  '2(2 ) Status:  * ~ * > l <  

N (2250 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

21310 to 2270 OUR ESTIMATE 
2250,1 80 EUTKOSKY 80 IPWA ~rN ~ ~ N  
:-)268± 15 HOEHLER 79 IPWA ~rN ~ ~rN 
2200±100 HENDRY 78 MPWA ~rN ~ = N  

N(2250)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
200 to 500 OUR ESTIMATE Our b~st Ts Too MeV~- 
480±120 CUTKOSKY 80 IPWA ~rN ~ ~rN 
300± 40 HOEHLER 79 IPWA ~N ~ ~rN 
:]50±100 HENDRY 78 MPWA ~rN ~ ~N 

N(2250 )  P O L E  P O S I T I O N  

REAL P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2150±50 CUTKOSKY 80 IPWA ~rN ~ ~rN 

- -2 X I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

360±100 CUTKOSKY 80 IPWA 7rN ~ ~rN 

N (2250 )  E L A S T I C  P O L E  RESIDUE 

REAL PART 
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

t 3 ± 7  CUTKOSKY 80 IPWA = N  ~ ~TN 

I I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

- 1 5 ± 6  CUTKOSKY 80 IPWA ~rN ~ ~TN 

Mode 

N (2250 )  D E C A Y  M O D E S  

Fraction ( r i / r )  

F 1 NTr ~ 1 0 %  

It'2 N71 ~ 2 % 
F 3 A K  ~ 0 . 3 %  

The  above branch ing  f ract ions are our  est imates,  no t  f i ts or averages. 

N(2250) BRANCHING RATIOS 

I- (NTr)/rtota, r d r  
VALUE DOCUMENT ID TEEN COMMENT 
,~ 0.10 OUR ESTIMATE 

0.10±0.02 CUTKOSKY 80 IPWA 7rN ~ 7rN 
0.10±0.02 HOEHLER 79 IPWA l rN ~ 7rN 
0.09±0.02 HENDRY 78 MPWA 7rN ~ 7rN 

(rirr)l/2/rtotal in NTr -~  N (2250 )  --* N q  ( q r J 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.043 BAKER 79 DPWA 7r- p ~ n71 

(rjr~)g2/rtotal in NTr --* N (2250 )  ~ A K  (qr3)'/Ur 
VALUE DOCUMENT IO TEEN COMMENT 

-0.02 BELL 83 DPWA 7r- p ~ AK 0 
not seen SAXON 80 DPWA 7r p ~ AK 0 

VIII.43 
Baryon Full Listings 

N(2220), N(2250), N(2600), N(2700) 
N(2250)  REFERENCES 

BELL 83 NP B222 389 +Blissett, Broome, Daley, Hart, Lintern+ (RL) IJP 
EUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Eorsyth, Hendrick, Kelly (CMU, LBL) IJP 
SAXON 80 NP B162 522 +Baker, Bell, Blissett, Bloodworth+ (RHEL, BRIS)IJP 
BAKER 79 NP B156 93 +B~own, Clark, Davies, Depagter, Evans+ (RHEL) IJP 
HOEHL~R 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) I JR 
HENDRY 78 PRL 41 222 fIND, LBL)IJP 

Also 81 ANP 136 1 Hendry fIND) 

IN(2600) &u l  I ( j P )  = 1 1 1 -  2 ( T  ) Status:  • • 

N (2600)  M A S S  

VALUE (Met/) DOCUMENT ID TEEN COMMENT 

2580 to 2700 OUR ESTIMATE 
2577± 50 HOEHLER 79 IPWA 7rN ~ ~ N  
2700±100 HENDRY 78 MPWA 7rN ~ ~TN 

N(2600)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

>300 OUR ESTIMATE Our best g u ~ M e V .  
400±100 HOEHLER 79 IPWA 7rN ~ =N 
900±100 HENDRY 78 MPWA =N ~ 7rN 

N (2600 )  D E C A Y  M O D E S  

Mode Fraction (Fi /F)  

F 1 N ~  ~ 5 % 

N(2600) BRANCHING R A T I O S  

r(N~)/rtotal 
VALUE DOCUMENT ID TEEN COMMENT 

0.05 OUR ESTIMATE 
0.05±0.01 HOEHLER 79 IPWA 7rN ~ 7rN 
0.08:L0.02 HENDRY 78 MPWA 7rN ~ 7rN 

Q/r 

N(2600 )  REFERENCES 

HOEHLER 79 PDAT 12 i +Kaiser, Koch, Pietarinen 
Also 80 Toronto Conf. 3 Koch 

HENDRY 78 PBL 41 222 
Also 81 ANP 136 1 Hendry 

I N(2700) K1,131 = 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

(KARL) IJP 
(KARL) IJP 

(IND, LBL) IJP 
fIND) 

N(2700)  M A S S  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 

2612± 45 HOEHLER 79 IPWA ~TN ~ 7rN 
3000±100 HENDRY 78 MPWA 7rN ~ ~N 

N(2700)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

350± 50 HOEHLER 79 IPWA 7rN ~ 7rN 
900±150 HENDRY 78 MPWA 7rN ~ ~N 

N(2700 )  D E C A Y  M O D E S  

Mode 

r l  NTr 

N(2700) BRANCHING RATIOS 

r (N~) / Ftota I 
VALUE DOCUMENT ID TEEN COMMENT 

0.04-E0.01 HOEHLER 79 IPWA 7rN ~ 7rN 
0.07:t:0.02 HENDRY 78 MPWA =N ~ 7rN 

r f f r  



VI11.44 

Baryon Full Listings 
N(2700), N(~ 3000), A(1232) 

N ( 2 7 0 0 )  REFERENCES 

HOEHLER 79 PDAT 12 1 +Kaiser, Koch, Pietarinen {KARL) IJP 
AlSO 80 Toronto Conf. 3 Koch (KARL) IJP 

HENDRY 78 PRL 41 222 (}ND, LBL) IJP 
Also 81 ANP 136 1 Hendry (~ND) 

I N(~ 3000 Region) I 
Partial-Wave Analysesl 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

We list here miscellaneous high-mass candidates for isospin-1/2 resonances 
found in part ia l -wave analyses. 

Our  1982 edit ion had an N(3245) ,  an N(3690) ,  and an N(3755) ,  each a 
narrow peak seen in a product ion exper iment .  Since no th ing  has been heard 
from them since the 1960%, we declare them to be dead. There was also 

an N(3030) ,  deduced from tota l  cross-section and 180 ° elastic cross-section 

measurements; i t  is the KOCH 80 L1.15 state below. 

N(~ 3000) M A S S  

DOCUMENT ID TEEN COMMENT VALUE (Me W 

2600 KOCH 
3100 KOCH 

3500 KOCH 

3500 to 4000 KOCH 

3500=200 HENDRY 

3800±200 HENDRY 

4100±200 HENDRY 

80 IPWA ~rN ~ = N  D13 
80 IPWA = N  - -  ~ N  LI,15 wave 

80 IPWA ~TN ~ ~-N M1.17 wave 

80 IPWA ~rN ~ ~rN N1,19 wave 

78 MPWA = N  ~ ~ N  L1.15 wave 

78 MPWA =N ~ =N  M1.17 wave 

78 MPWA ~rN ~ ~rN N1.19 wave 

VALUE (MeV] 

1300 ± 200 H E N D RY 

1600±200 HENDRY 

1900±300 HENDRY 

N(~ 3000) W I D T H  

DOCUMENT ID TECN COMMENT 

78 MPWA 7rN ~ =N  Ll ,15 wave 

78 MPWA ~rN ~ ~rN Ml ,17 wave 

78 MPWA =N ~ 7rN N1,19 wave 

N ( ~  3000 )  D E C A Y  M O D E S  

Mode 

F1 N ~  

N(~ 3000) BRANCHING RATIOS 

r(N~)/rtota, r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0.055±0.02 HENDRY 78 MPWA 7rN ~ 7rN L1,15 wave 

0.040±0.015 HENDRY 78 MPWA l rN  ~ ~ N  Ml.17 wave 

0 0 3 0 ± 0 0 1 5  HENDRY 78 MPWA =N - -  = N  NL19 wave 

IJ  BARYONS IJ (5 = 0, I =  3/2) 
A + +  = u u u ,  A + = u u d ,  A ° = u d d ,  A -  = d d d  

I  ( 232) : * * * *  

Most of the results publ ished before 1977 are now obsolete and have been 

omit ted.  They may be found in our 1982 edit ion (Physics Letters 111B). In 
addi t ion,  results in th is region f rom product ion exper iments,  wh ich  used to 

be listed separately as the next entry, have been ent i re ly omit ted.  They too 
may be found in our  1982 edit ion. 

M I X E D  C H A R G E S  
VALUE (MeV~ 
1230 tO 1234 OUR ESTIMATE 
1232 ± 3 
1233±2 

A(1232) ++ MASS 
VALUE (MeV) 

1230,9=-0,3 
1230.6±0.2 
1231.1±0.2 

A ( 1 2 3 2 )  + M A S S  
VALUE ( MeV) 

1 2 3 4 9 ± 1 . 4  
• • • We do not use the following 

1231 6 
1231.2 
12318 

A(1232) ° M A S S  
VALUE (MeV} 

1233.6±0.5 
1232 5~0 .3  
12338=-02  

A ( 1 2 3 2 )  M A S S E S  

N(~ 3000) REFERENCES 

KOCH 80 Toronto Conf. 3 (KARL) UP 
HENDRY 78 PRL 41 222 (IND. LBL) IJP 

Also 81 ANP 136 t Hendry (IND) IJn 

DOCUMENT ID TECN COMMENT 

CUTKOSKY 80 IPWA 7rN ~ 7rN 
HOEHLER 79 IPWA =N  ~ ~rN 

DOCUMENT ID TECN COMMENT 

KOCH 80B IPWA 7rN ~ ~rN 
ZIDELL 80 DPWA ~rN ~ 7rN 0-350 MeV 
PEDRONI 78 7rN ~ ~rN 70 370 

MeV 

DOCUMENT ID TECN COMMENT 

MIROSHNIC... 79 Fit photoproduct;on 
data for averages, fits, limits, etc. • • • 

CRAWFORD 80 DPWA 7 N  ~ 7rN 
BARBOUR 78 DPWA ? N  ~ ~rN 
8ERENDS 75 IPWA ~p ~ ~TN 

DOCUMENT ID TECN COMMENT 

KOCH 80B IPWA ~rN -- ~TN 
ZIDELL 80 DPWA 7rN ~ 7rN 0-350 MeV 
PEDRONI 78 =N  ~ ,~N 70 370 

MeV 

/ ' , ( 1 2 3 2 )  + W I D T H  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1 3 1 1 ± 2 . 4  MIROSHNIC... 79 Fit photoproduction 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

111 2 CRAWFORD 80 DPWA -~N ~ 7rN 
111 0 BARBOUR 78 DPWA ~fN ~ ~rN 

A(1232) ° WIDTH 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

113.0±1.5 KOCH 80B IPWA ~TN ~ ~TN 
1 2 1 3 ± 0  4 ZIDELL 80 DPWA 7rN ~ 7rN 0-350 MeV 
1 1 7 9 ± 0 9  PEDRONI 78 ~ r N ~  7r N 70-370 

MeV 

DOCUMENT ID TEEN COMMENT 

KOCH 80B IPWA 7rN ~ = N  
ZIDELL 80 DPWA = N - -  7r N 0-350 MeV 
PEDRONI 78 : r N ~  7r N 70-370 

MeV 

DOCUMENT ID TECN COMMENT 
Our best guess is 115 MeV. 

CUTKOSKY 80 IPWA ~ N ~  ~N 
HOEHLER 79 IPWA ~ N  ~ ~ N  

M I X E D  C H A R G E S  
VALUE (MeV} 
110 tO 120 OUR ESTIMATE 

120/_5 

116±5 

A ( 1 2 3 2 )  + +  W I D T H  
VALUE (MeV) 

iii 0 ± 1 . 0  
113.2±0.3 

111 3±0.5 

A ( 1 2 3 2 )  W I D T H S  

VALUE (MeV I DOCUMENT /D COMMENT 

• • • We do not use the followin 6 data for averages, fits, limits, etc. • i • 

2 7 ± 0 3  1 PEDRONI 78 See the masses 

A 0  - A + +  M A S S  D I F F E R E N C E  



See key on page IV.1 Baryon Full 

/ , o  _ / , + +  W I D T H  D I F F E R E N C E  

VALUE (MeV) DOCUMENT ID COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

6.6-E1.0 PEDRONI 78 See the widths 

/ ` ( 1 2 3 2 )  P O L E  P O S I T I O N S  

R E A L  P A R T ,  M I X E D  C H A R G E S  
VALUE (MeV.) DOCUMENT ID TEEN COMMENT 

1210±1 CUTKOSKY 80 IPWA ; rN ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1210 ARNDT 85 DPWA 7rN ~ 7rN 

- I M A G I N A R Y  P A R T ,  M I X E D  C H A R G E S  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

50±1  CUTKOSKY 80 IPWA 7rN ~ 1TN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

50 ARNDT 85 DPWA ~rN ~ ~TN 

R E A L  P A R T ,  A(1232) ++ 
VALUE (MeV) DOCUMENT IP TEEN COMMENT 

1210.70±0.18 2 ZIDELL 80 DPWA ~rN ~ ~TN 0--350 MeV 
1209.6 ±0 .5  3 VASAN 76B Fit to CARTER 73 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1210.4 ±0 .17  4 ZlDELL 78 
1210.5 to 1210.8 5 VASAN 76B Fit to CARTER 73 

- I M A G I N A R Y  P A R T ,  A(1232) ++ 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

49.61 :E0.12 2 ZlDELL 80 DPWA 7rN ~ ~rN 0-350 MeV 
50.4 ±0 .5  3 VASAN 76B Fit to CARTER 73 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

49.745 ± 0.14 4 ZlDELL 78 
49.9 to 50.0 5 VASAN 76B Fit to CARTER 73 

R E A L  P A R T , / ` ( 1 2 3 2 )  + 
VALUE (MeV~ DOCUMENT ID COMMENT 

1206.9±0.9 tO 1210.5 ± 1.8 MIROSHNIC... 79 Fit photoproduction 
1208.0±2.0 CAMPBELL 76 Fit photoproduction 

- I M A G I N A R Y  P A R T ,  A(1232) + 
VALUE (MeV~ DOCUMENT ID COMMENT 

55.6±1.0  tO 58.3 ± 1.1 MIROSHNIC... 79 Fit photoproduction 
53.0±2.0  CAMPBELL 78 Fit photoproduction 

REAL PART, /,(1232) 0 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1210.309-0.36 2 ZlDELL 80 DPWA 7rN ~ ~rN 0-350 MeV 
1210.75 ± 0.6 3 VASAN 76B Fit to CARTER 73 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1209.5 ±0.41 4 ZlDELL 78 
1210.2 5 VASAN 76B Fit to CARTER 73 

- I M A G I N A R Y  P A R T ,  A(1232) ° 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

54.0 ±0.26 2 ZlDELL 80 DPWA 7rN ~ l rN  0-350 MeV 
52.8 ±0 .6  3 VASAN 76B Fit to CARTER 73 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

52.45±0.2 4 ZIDELL 78 
52.9 to 53.1 5 VASAN 78B Fit to CARTER 73 

A ( 1 2 3 2 )  E L A S T I C  P O L E  R E S I D U E S  

ABSOLUTE VALUE, MIXED C H A R G E S  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

53±2  CUTKOSKY 80 IPWA ~ N  ~ ~ N  

P H A S E ,  M I X E D  C H A R G E S  
VALUE DOCUMENT ID TEEN COMMENT 

- 0 . 8 2 ± 0 . 0 2  CUTKOSKY 80 IPWA 7 r N ~  ~N  

A B S O L U T E  V A L U E ,  A(1232) ++ 
.VALUE (MeV,) DOCUMENT IO COMMENT 

.I • • We do not use the following data for averages, fits, limits, etc. • • • 

52.4 to 53.2 3 VASAN 76B Fit to CARTER 73 
52.1 to 52.4 5 VASAN 76B Fit to CARTER 73 

P H A S E ,  A ( 1 2 3 2 )  + +  
VALUE DOCUMENT ID COMMENT 

• • • We do riot use the following data for averages, fits, limits, etc. • • • 

- 0 8 2 2  to - 0 . 8 3 3  3 VASAN 76B Fit to CARTER 73 
- 0 8 2 3  to 0.830 5 VASAN 76B Fit tO CARTER 73 

V I I I , 4 5  

Listings 
A(1232) 

Mode 

A ( 1 2 3 2 )  D E C A Y  M O D E S  

Fraction ( r i / r )  

r I N ; r  99.4 % 

[-2 N-y 0.56-0.66 % 

r 3 N 'y ,  h e l i c i t y = l / 2  

r 4  N ? ,  h e l i c i t y = 3 / 2  

T h e  above b r a n c h i n g  f rac t i ons  are ou r  es t imates ,  no t  f i ts  or averages. 

/ ` ( 1 2 3 2 )  B R A N C H I N G  R A T I O S  

r ( N l r ) / r t o t a l  
VALUE DOCUMENT ID TEEN COMMENT 
0.994 OUR ESTIMATE 
1.0 CUTKOSKY 80 IPWA TrN ~ 1TN 
1.0 HOEHLER 79 IPWA ~rN ~ x N  

r l / r  

A ( 1 2 3 2 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the " iN decay amplitudes, see Sec. IV of the Note on N and 
Z~ Resonances preceding the Baryon Listings. 

Z1(1232) -~ N'y, helidty-1/2 amplitude A 1 / 2  

VALUE(Ge~.~I/2~ DOCUMENT ID TEEN COMMENT 

0.145:J:0.015 CRAWFORD 83 IPWA " iN ~ 7rN 
- 0 . 1 3 8 ± 0 . 0 0 4  AWAJI 81 DPWA " iN ~ 7rN 

0.147±0.001 ARAI 80 DPWA ~fN ~ 7rN (fit 1) 
- 0 . 1 4 5 ± 0 . 0 0 1  ARAI 80 DPWA ";,N ~ ~TN (fit 2) 
- 0 . 1 3 6 ± 0 . 0 0 6  CRAWFORD 80 DPWA ? N  ~ 7rN 

0.142:L0.007 BARBOUR 78 DPWA " iN ~ ~rN 
- 0 . 1 4 1 ± 0 . 0 0 4  FELLER 76 DPWA ? N  ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 1 4 0  6 NOELLE 78 ? N  ~ ~rN 

/%(1232)  - - ,  N3 ' ,  h e l i c i t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE (GetF1/2 ~ DOCUMENT ID TECN COMMENT 

0.263±0.026 CRAWFORD 83 IPWA ? N  ~ 7rN 
-0.2599_0.006 AWAJI 81 DPWA "(N ~ ~rN 
- 0 . 2 6 4 ± 0 . 0 0 2  ARAI 80 DPWA "yN ~ ~rN (fit 1) 

0.261:E0.002 ARAI 80 DPWA "yN ~ 7rN (fit 2) 
- 0 . 2 4 7 ± 0 . 0 1 0  CRAWFORD 80 DPWA ? N  ~ ~TN 

0.271±0.010 BARBOUR 78 DPWA ~fN ~ 7rN 
0.256±0.003 FELLER 76 DPWA "FN ~ 7rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 2 4 7  6 NOELLE 78 *FN ~ ; rN 

A ( 1 2 3 2 )  ~ N ' 7 ,  E 2 / M 1  ra t io  
VALUE DOCUMENT IO TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 0 1 5 ± 0 . 0 0 2  DAVIDSON 86 FIT ~/N ~ ~N  
0.013±0.005 PDG 86 FIT ~ N  ~ 7rN 

+0.037:E0.004 TANABE 85 FIT ~,N ~ 7rN 

A ( 1 2 3 2 )  P H A S E  O F  M 1 + ( 3 / 2 )  PHOTOPRODUCTION 
M U L T I P O L E  A M P L I T U D E  P O L E  R E S I D U E  

Information on the phase (and magnitude) of the M 1 + ( 3 / 2 )  mult ipole amplitude 
pole residue is contained implicit ly in the paper of MIROSHNICHENKO 79. They 
find that  the phase is consistent wi th being equal to that  of the elastic pole residue. 

A ( 1 2 3 2 )  + +  M A G N E T I C  M O M E N T  

See also HELLER 87. 

VALUE (n.m.) DOCUMENT IO COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

+4 .7  to +6.7  NEFKENS 78 ~T -F p ~ 7r ~ p"f 

ABSOLUTE VALUE, A(1232) ° 
VALUE (MeV~ DOCUMENT ID COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

54.8 to 55.0 3 VASAN 76B Fit to CARTER 73 
55.2 to 55.3 5 VASAN 78B Fit to CARTER 73 

P H A S E ,  /`(1232) o 
VALUE DOCUMENT ID COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.840 to 0.847 3 VASAN 76B Fit to CARTER 73 
-0.848 to 0.856 5 VASAN 76B Fit to CARTER 73 



VIII.46 

Baryon Full Listings 
A(1232) ,  A(1550) ,  A(1600)  

A(1232) FOOTNOTES 
1Using = ± d  as well, PEDRONI  78 determine (M - M + + )  + (M 0 M + ) / 3  

4.6 ± 0.2 MeV. 
2 The accuracy claimed by Z lDELL 80 on the real part is considerably better than is allowed 

by uncertainties in the beam momentum.  
3Th is  VASAN 76B value is f rom fits to the coulomb barrier-corrected CARTER 73 phase 

shift. 
4 Z lDELL 78 fits the nuclear phase shift w i thout  coulomb barrier corrections. 
5This  V A S A N  76B value is f rom fits to the CARTER 73 nuclear phase shift w i thout  

coulomb barrier corrections. 
6Converted to our conventions using M 1232 MeV, F - 110 MeV f rom NOELLE 78. 

A(1232) REFERENCES 

For early references, see Physics Letters 111B (1982). 

HELLER 87 PR C35 718 +Kumano, Martinez, Moniz 
DAVIDSON 86 PRL 56 804 +Mukhopadhyay, Wittman 
PDG 86 PL 170B Aguilar Benitez, Porter+ 
ARNDT 85 PR D32 1085 +Fold. Roper 
TANABE 85 PR C31 1876 +Ohta 
CRAWFORD 83 NP B211 1 +Morton 
AWAJI 81 Bonn Conf. 352 +Kajikawa 

Also 82 NP B197 385 Fuji±. Hayashii. Iwata. Kajikawa + 
ARA~ 80 Toronto Conf 93 

Also 82 NP B194 251 Arai, Fuji± 
CRAWFORD 80 Toronto Conf 107 
CUTKOSKY 8O Toronto Conf 19 ~ Forsyth, Babcock, Kelly, Hendrick 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick Kelly 
KOCH 80B NP A336 331 +Pietadnen 
ZlDELL 80 PR D21 1255 ~Arndt, Rope[ 
HOEHLER 29 PDAT 12 1 +Kaiser, Koch, Pietarinen 

Also 80 Toronto Conf 3 Koch 
MIROSHNIC. 79 SJNP 29 94 Miroshnichenko, Nikiforov, San±n+ 

Translated from YAF 29 188 
BARBOBR 78 NR B141 253 +Crawford, Parsons 
NEFKENS 78 PR D18 3911 ~Arman, Ballagh, Giodis, Haddock • 
NOELLE 78 PTP 60 778 
PEDRONI 78 NP A30O 321 -Gabathuler, Dominso, Hirt+ 
ZIDELL 78 LNC 21 140 +Arndt, Roper 
CAMPBELL 76 PR D14 2431 +Shaw, Ball 
FELLER 78 NP B184 219 + Fukushima, Horikawa, Kaj~kawa- 
VASAN 26B NP B106 535 

Also 76 NP BIO6 526 Vasan 
BEREND5 75 NP B84 342 ~Donnachie 
CARTER 73 NP B58 378 ~Bug 8, Carte~ 

(LANL, MIT, ~LL) 
(RPl) 

(VPI) 
(TOKY) 
(GLAS) 

(NAGO) 
(NAGO) 
(TOKY) 
(TOKY) 
(GLAS) 

(CMU, LBL) UP 
(CMU, LBL) 

(KARL) UP 
(VPI) UP 

(KARL) IJP 
(KARL) IJP 
(KHAR) IJP 

{GLAS) 
(UCLA, CATH) IJP 

(NAGO) 
(SIN. ISNG. KARL+) IJP 

(VPI) IJP 
(BOI5, UCI, UTAH)UP 

(NAGO, OSAK) IJP 
(CMU) IJP 
(CMU) rJP 

(LEID, MCHS) 
(CAVE, LOQM)IJP 

I I 2(2 ) Status: A(1550)  P31 z(jP) = 31. 
OMITTED FROM SUMMARY TABLE 

Not seen in ,-N ~ ~N analyses, and its existence is thus doubtful, 

A(1550) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1525 B A R N H A M  80 IPWA z - N - -  N: rz-  
1506 CRAWFORD 80 DPWA 3 N  ~ = N  
1550 1 LONGACRE 77 IPWA ~rN - -  N~T~r 

A(1550) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

40 B A R N H A M  80 IPWA ~ N  - -  N = =  
137 CRAWFORD 80 DPWA " rN  ~ ~ N  
110 1 LONGACRE 77 IPWA z-N ~ Nr,~T 

A(1550) POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1554 or 1553 1 LONGACRE 77 IPWA ,~N ~ N ~  

- 2  x IMAGINARY PART 
VALUE (MeV I DOCUMENT ID TEEN COMMENT 

105 or 104 1 LONGACRE 77 IPWA ~rN ~ N ~  

Mode 

A(1550) DECAY MODES 

F1 N ;  
F2 A(1232):r, P-wave 
F 3 Np, S=3/2, P-wave 
F4 N't, helicity-1/2 

A(1550) BRANCHING RATIOS 

Note: Signs of couplings f rom ~ N  ~ NTrTr analyses were changed in the 1986 
edition to agree wi th the baryon first convention; the overall phase ambigui ty  is 
resolved by choosing a negative sign for the A(1620)  531 coupl ing to A(1232)z- .  

( r i r f ) l / 2 1 r t o t a l  in N ~ r  - ~  A ( 1 5 S 0 )  --* A ( 1 2 3 2 ) f r ,  P - w a v e  (F1F2 )L /2 /F  
VALUE DOCUMENT ID TEEN COMMENT 

0 1 3 i 0 . 0 5  B A R N H A M  80 IPWA 7rN - -  NTr:r 
011 1 LONGACRE 77 IPWA 7rN - -  N~z-  

(rirf)Lt21rtotal in Nfr -* A(1550) --* Np, S=3/2, P-wave (rlr3)1/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0 1 7 : L 0 0 5  B A R N H A M  80 IPWA z-N ~ Nz -~  
0.08 1 LONGACRE 77 IPWA ~rN ~ N~r~r 

A(1550) PHOTON DECAY AMPLITUDES 

For the definit ion of the ~ N  decay amplitudes, see Se¢. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A(1550) ~ N'y, helicity-I/2 amplitude A1/2 
VALUE (GeV - 1 / 2 )  DOCUMENT ID TEEN COMMENT 

0.0163-0.016 CRAWFORD 83 IPWA " , N ~  7rN 
0013  CRAWFORD 80 DPWA ? N  ~ 7rN 

A(1550) FOOTNOTES 
1 LONGACRE 77 pole positions are f rom a search for poles in the unitarized T-matr ix ;  the 

first (second) value uses, in addit ion to ~ N  ~ NTrTr data, elastic ampl i tudes f rom a 
Saclay (CERN) partial wave analysis. The other LONGACRE 77 values are f rom eyeball 
fits wi th Breit-Wigner circles to the T matr ix  amplitudes. 

A(1550) REFERENCES 

CRAWFORD 83 NP B211 1 ÷Morton (GLAS) 
BARNHAM 80 NP B168 243 . Glickman. Mier Jedrzejowicz- (LOIC) 
CRAWFORD 80 Toronto Conf 107 (GLAS) 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) UP 

Also 76 NP B1O8 365 Dolbeau. Triantis. Neveu Cadiet (SACL) IJP 

I I ,<, ' ) Status: >k >k A(1600)  P33 ,(j~) =~3-  
OMITTED FROM SUMMARY TABLE 

M o s t  o f  the  results publ ished before 1975 are now obsolete and have been 

om i t t ed .  T h e y  may be found  in our  1982 ed i t ion (Physics Let ters } , l i B ) ,  

T h e  various analyses are no t  in good  agreement .  

A(1600) MASS 

VALUE (MeV) DOCUMENT /D TEEN COMMENT 

1690 B A R N H A M  80 IPWA 7rN ~ N~r~ 
1600~50 C U T K O S K Y  80 IPWA : r N  ~ ~rN 
1522±13  HOEHLER 79 IPWA ~rN ~ ~ N  
1560 1 LONGACRE 77 IPWA ~ N  ~ N ~  
1640 2 LONGACRE 75 IPWA ~ N  ~ N ~  

A(1600) WIDTH 

VALUE (MeV! DOCUMENT /0 TEEN COMMENT 

250 B A R N H A M  80 IPWA 7rN ~ NTr= 
300±100  C U T K O S K Y  80 IPWA = N  ~ z-N 
2 2 0 ±  40 HOEHLER 79 IPWA = N  ~ = N  
180 1 LONGACRE 77 IPWA • N  ~ N ~  
300 2 LONGACRE 75 IPWA ~ N  ~ N z - z  

A(1600) POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1581 A R N D T  85 DPWA 7rN ~ : r N  
1550±40 C U T K O S K Y  80 IPWA 7rN ~ = N  
1609 or 1610 3 LONGACRE 78 [PWA z-N ~ NTrz- 
1541 or 1542 1 LONGACRE 77 IPWA ~rN ~ N~r~ 

- 2  x IMAGINARY PART 
VALUE (MeV I _ _  DOCUMENT ID TEEN COMMENT 

300 A R N D T  85 DPWA z-N ~ = N  
2 0 0 ± 6 0  C U T K O S K Y  80 IPWA = N ~  ~rN 
323 or 325 3 LONGACRE 78 IPWA = N  ~ NTr= 
178 or 178 1 LONGACRE 77 IPWA = N  ~ N = =  



See key on page IV.I 

R E A L  P A R T  
VALUE (MW) 
- 15-56 

I M A G I N A R Y  P A R T  
VALUE (MeV) 

8 ± 8  

V I I 1 . 4 7  

Baryon Full Listings 
A ( 1 6 0 0 ) ,  A ( 1 6 2 0 )  

A ( 1 6 0 0 )  E L A S T I C  P O L E  R E S I D U E  

DOCUMENT ID TEEN COMMENT 
CUTKOSKY 80 IPWA ~rN ~ ;rN 

DOCUMENT ID TEEN COMMENT 
CUTKOSKY 80 IPWA ~rN ~ ~rN 

Mode 

A ( 1 6 0 0 )  D E C A Y  M O D E S  

r l  N~r 
F2 T K  

r3  L~(1232) ~r, P-wave 

r4  L~(1232) ~r, F-wave 

r5  Np, 5 = 1 / 2 ,  P-wave 

r8  N p ,  5 = 3 / 2 ,  P-wave 

r7  N p ,  5 = 3 / 2 ,  F-wave 

r 8 N(1440)  ~r, P-wave 

r9  N- / ,  h e l i c i t y = l / 2  

rz0 N- f ,  h e l i c i t y = 3 / 2  

A ( 1 6 0 0 )  B R A N C H I N G  R A T I O S  

A(1600) ~ NT, helidty-3/2 amplitude A3/2 
VALUE (GeV -1/2) DOCUMENT ID TEEN COMMENT 

-0.013-50.014 CRAWFORD 83 IPWA 7N ~ ~rN 
0.025i:0.031 AWAJI 81 DPWA 7N ~ ~rN 

-0.009-50.020 CRAWFORD 80 DPWA "fN ~ ~rN 
0.000-50.045 BARBOUR 78 DPWA 7N ~ ~rN 
0.0 ±0.015 FELLER 78 DPWA ?N ~ ~N 

• ! • We do not use the following data for averages, fits, limits, etc. • • • 

0.023 WADA 84 DPWA Compton scattering 

/" , (1600) F O O T N O T E S  

1 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to ~rN ~ N~r~r data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matrix amplitudes. 

2 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matrix 
amplitudes. 

3 LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to ~rN ~ N~r~r data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

4The range given is from the four best solutions. DEANS 75 disagrees with ~r + p 
T +  K + data of WINNIK 77 around 1920 MeV. 

5 MANLEY 84 considers this coupling sign to be well determined. 
6 LONGACRE 77 considers this coupling to be well determined. 
7WADA 84 is inconsistent with other analyses - -  see the Note on N and A Resonances. 

r ( N ~ r ) / r t o t a l  r l / r  

A ( 1 6 0 0 )  R E F E R E N C E S  

For early references, see Physics Letters 111B (1982). 

VALUE DOCUMENT ID TEEN COMMENT 

0.18:1=0.04 CUTKOSKY 80 IPWA ~rN ~ ~rN 
0.21-50.06 HOEHLER 79 IPWA ~ r N ~  rrN 

(FiFf)t/21Ftota~ in N~r -~  A ( 1 6 0 0 )  --* E K  ( r l r 2 ) g 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.006tO0.042 4DEANS 75 DPWA ~ r N ~  T K  

Note: Signs of couplings from ~rN ~ N~r~ analyses were changed in the 1988 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1820) 531 coupling to ~(1232)~r. 

(r,-rr)g=/rtota~ in N~r --* A ( 1 6 0 0 )  ~ Z~(1232)~r, P-wave (rlr~)gVr 
VALUE DOCUMENT ID TECN COMMENT 

+ (large) 5 MANLEY 84 IPWA ~rN ~ N~r~r 

ARNDT 85 PR D32 1085 +Ford, Roper (VPI) 
MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz (VPI) 
WADA 84 NP [3247 313 +Egawa, Imanishi, Ishii, Kato, Ukai+ (INUS) 
CRAWFORD 83 NP B211 t +Morton (GLAS) 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

AlSO 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
BARNHAM 80 NP B168 243 +Glickman, Mier Jedrzejowicz+ (LOlC) 
CRAWFORO 80 Toronto Conf 107 (GLAS) 
CUTKOSKY 80 Toronto CoM 19 +Fotsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PB D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) UP 
HOEHLER 79 PDAT 12 1 +Kaiser, Koch, P]etarinen (KARL) IJP 

Also 80 Toronto Conf 3 Koch (KARL) IJn 
BARBOUR 78 NP B]4]. 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR DI7 1795 +Lasinski, Rosenfeld, Smadja+ (LBL, SLAE) 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

Also 76 NP B108 365 Dolbeau, Triantis. Neveu, Cadiet (SACL) UP 
WlNNIK 77 NP B128 66 +Toaff. Revel, Goldberg, Berny (HAIF) I 
FELLER 76 NP BI04 219 +Fekushirna, Hor]kawa. Kajikawa+ (NAGO. OSAK) IJP 
DEANS 75 NP B96 90 +Mitchell. Montgomery+ (SFLA. ALAH) IJP 
LONGACRE 75 PL 55B 415 +Rosenfeld, Lasinski, Smadja+ (LBL, $LAC) IJP 

+0 .24 i0 .05  BARNHAM 80 IPWA 7 r N ~  NTrTr 
+0.34 1,6 LONGACRE 77 IPWA 7rN ~ NTrTr 
+0.30 2 LONGACRE 75 IPWA ~T N ~ NTrTr 

( r i r f )g2 / r to ta l  in N~r ~ A(1600) ---* A(1232)~r ,  F-wave (FLF4)~/2/F 
VALUE DOCUMENT IO TEEN COMMENT 

0.07 1,6 LONGACRE 77 IPWA 7rN ~ NTrTr 

( r i r f )g2 / r to ta l  in NTr --~ A ( 1 6 0 0 )  --* N p ,  5 = 1 / 2 ,  P-wave ( r t r s ) ~ / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

+0.10 I '6LONGACRE 77 IPWA ~ N ~  N ~  

( r i r f )~/2/r total  in N~r ~ A ( 1 6 0 0 )  -~  N p ,  5 = 3 / 2 ,  P-wave ( r l r s ) ~ / 2 / r  
VALUE DOCUMENT I_O TEEN COMMENT 

+0.10 I 'gLONGACRE 77 IPWA ~rN ~ N~r~r 

(r i r f )~/~/r total  in N~r -~  A ( 1 6 0 0 )  --* N(1440)~r ,  P-wave (rlrs)VUr 
VALUE DOCUMENT 10 TEEN COMMENT 

+ (large) 5 MANLEY 84 IPWA ~rN ~ N~r~r 
+0.23±0.04 BARNHAM 80 IPWA ~rN ~ N~r~r 

A ( 1 6 0 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~fN decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A(1600) - ~  N T ,  h e l i c i t y - l / 2  a m p l i t u d e  A 1 / 2  

VALUE (GeV -1 /2 }  DOCUMENT ID TEEN COMMENT 

0.039±0.030 CRAWFORD 83 IPWA "fN ~ l rN 
-0.0464-0.013 AWAJI 81 DPWA ~fN ~ 7rN 

0.0054-0.020 CRAWFORD 80 DPWA ~fN ~ ;rN 
0.000±0.030 BARBOUR 78 DPWA ?N ~ ~N 
0.0 ±0.020 FELLER 76 DPWA q N  ~ ~rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.200 7 WADA 84 DPWA Compton scattering 

I I , ( ,  ) Status:  # # ¢< A(1620) 531 ,(j~) = 31 

Most of the results published before 1975 are now obsolete and have been 
omit ted. They may be found in our 1982 edition (Physics Letters 111B). 

A ( 1 6 2 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1600 tO 1650 OUR ESTIMATE 
1620 ±20 CUTKOSKY 80 IPWA 7rN ~ 7rN 
1610 ± 7 HOEHLER 79 IPWA ;rN ~ ~N 
• = • We do not use the following data for averages, fits, limits, etc. • • • 

1620 BARNHAM 80 IPWA ;rN ~ N~rTr 
1712.8~ 6.0 1CHEW 80 BPWA ~ + p ~  I r + p  
1786.7± 2.0 1CHEW 80 BPWA ~ + p ~  ~r+p 
1657 CRAWFORD 80 DPWA "/N ~ ;rN 
1662 BARBOUR 78 DPWA ' ~ N -  7rN 
1580 2 LONGACRE 77 IPWA 7rN ~ N~rTr 
1600 3 LONGACRE 75 IPWA ~N ~ N;rTr 

A ( 1 6 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
120 to 160 OUR ESTIMATE Our b ~ T 4 0  MeV. 
140 ±20 CUTKOSKY 80 IPWA 7rN ~ 7rN 
139 d:18 HOEHLER 79 IPWA 7rN ~ 7rN 
• * • We do not use the following data for averages, fits, limits, etc. • • * 

120 BARNHAM 80 IPWA 7rN ~ N;rTr 
228.3d_ 18.0 1 CHEW 80 BPWA 7r + p ~ 7r + p (lower 

mass) 
30 .0 i  8.4 1 CHEW 80 BPWA 7r+p ~ 7r+p (higher 

mass) 
161 CRAWFORD 80 DPWA "TN ~ ;rN 
180 BARBOUR 78 DPWA "/N ~ ~N 
120 2 LONGACRE 77 IPWA 7r N ~ Nlr~r 
150 3 LONGACRE 75 IPWA 7r N ~ N ~  
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Baryon Full Listings 
A(1620), A(1700) 

6 ( 1 6 2 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT tD TECN COMMENT 

1600±15 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1599 ARNDT 85 DPWA ~rN-~  ~rN 
1583 or 1583 4 LONGACRE 78 IPWA ~rN ~ NnTr 
1575 or 1572 2 LONGACRE 77 IPWA 7rN ~ N ~ r  

- - 2  x I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TECN COMMENT 

120±20 CUTKOSKY 80 IPWA ~ r N ~  ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

120 ARNDT 85 DPWA ~rN ~ ~N  
143 or 149 4 LONGACRE 78 IPWA ~r N ~ NTrTr 
119 or 128 2 LONGACRE 77 IPWA ~r N ~ NTr~ 

6 ( 1 6 2 0 )  E L A S T I C  P O L E  R E S I D U E  

REAL PART 
VALUE {MeV~ DOCUMENT ID TEEN COMMENT 

5 ± 5  CUTKOSKY 80 IPWA ~rN ~ ~rN 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

1 4 ± 3  CUTKOSKY 80 IPWA 7rN ~ ~N  

6 ( 1 6 2 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

r l  NTT 25-35 % 

F 2 N=~T 65-75 % 

F 3 A ~ 60-70 % 

F4 A ( 1 2 3 2 ) ~ r ,  D -wave  

F 8 N p  lO-2O % 

F6 N p ,  5 = 1 / 2 ,  S-wave 

F 7 N p ,  5 - 3 / 2 ,  D w a v e  

F 8 N ( 1 4 4 0 ) = ,  S-wave 

F 9 N~, 

F10 

0.03 % 

N %  h e l i c i t y = l / 2  

T h e  above b r a n c h i n g  f rac t ions  are ou r  es t imates,  no t  f i ts or averages. 

6 ( 1 6 2 0 )  BRANCHING RATIOS 

r(N~)/rtota~ rl/r 
VALUE DOCUMENT IO TEEN COMMENT 
8.28 to 0.35 OUR ESTIMATE 
0.25±0.03 CUTKOSKY 80 IPWA ,~N ~ ~ N  
0 . 3 5 ± 0 0 6  HOEHLER 79 IPWA ~ r N ~  ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

060  1 CHEW 80 BPWA =÷  p ~ ~r + p (lower 
mass) 

0.36 1 CHEW 80 BPWA = -  p ~ ~r + p (higher 
mass) 

Note: Signs of couplings from =N  ~ N~rTr analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to ~,(1232)~. 

(r;rr)t/~/rtota~ in  N~r -~  6 ( 1 6 2 0 )  ~ A ( 1 2 3 2 ) ~ r ,  D - w a v e  (rlr41/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

-- (large) 5 MANLEY 84 IPWA zrN ~ N = n  
0.33±0.06 BARNHAM 80 IPWA =N  ~ N ~ =  
0.39 2,6 LONGACRE 77 IPWA ~rN ~* N = =  
0.40 3LONGACRE 75 IPWA ,~N * N n n  

( F i F f ) l / ~ / F t o t a l  in NTr ~ 6 ( 1 6 2 0 )  ~ N p ,  S = 1 / 2 ,  S-wave (rlro)~/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

+ (large) 5 MANLEY 84 IPWA 7rN ~ N ~ n  
+0 .40±0 .10  BARNHAM 80 IPWA ~N  ~ N ~  
+0.08 2,6 LONGACRE 77 IPWA ~N  ~ N ~  
+0.28 3 LONGACRE 75 IPWA ~ N ~ N~ 

( F i r f ) l / 2 / F t o t a l  in N~r -~  6 ( 1 6 2 0 )  ~ N p ,  5 = 3 / 2 ,  D - w a v e  ( r l F 7 ) 1 / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

- (small) MANLEY 84 IPWA n N  , N = =  
013  2 '6LONGACRE 77 IPWA 7 r N ~  N=~T 

( F i F f ) t / 2 / r t o t a l  in N~r ~ 6 ( 1 6 2 0 )  -~  N (1440 )T r ,  5 -wave  (FIFg)~/VF 
VALUE DOCUMENT ID TEEN COMMENT 

0.11±0.05 BARNHAM 80 IPWA = N  ~ N ~ =  

6 ( 1 6 2 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the q N  decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A(1620)  ~ N %  helicity-1/2 amplitude A1/2 
VALUE (Ge~ 1/2) DOCUMENT ID TECN COMMENT 

0 . 0 3 5 ± 0 0 1 0  CRAWFORD 83 IPWA "rN ~ 7rN 
0 .01010015  AWAJI 81 DPWA ? N  ~ ~N  
0.022±0.007 ARAI 80 DPWA 7 N  ~ ~N  (fit 1) 
0 .026±0008  ARAI 80 DPWA 7 N  ~ ~N  (fit 2) 
0.021±0.020 CRAWFORD 80 DPWA q N  ~ ~N  
0 .126±0021  TAKEDA 80 DPWA ? N  ~ ~N  

+0 .034±0.028  BARBOUR 78 DPWA "~N ~ 7rN 
0.005±0.016 FELLER 76 DPWA "~N ~ n N  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 066 WADA 84 DPWA Compton scattering 

A ( 1 6 2 0 )  F O O T N O T E S  

1CHEW 80 reports two .531 resonances at somewhat higher masses than other analyses. 
Problems with this analysis are discussed in section 2.1.11 of HOEHLER 83. 

2 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matrix; the 
first (second) value uses, in addition to ~TN ~ N=Tr data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit Wigner circles to the T-matr ix amplitudes. 

3From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T matrix 
amplitudes. 

4LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to =N  -~ NTrTr data, elastic amplitudes from a Saclay 
(CERN) partial wave analysis. 

5 MANLEY 84 considers this coupling sign to be well determined. 
6 LONGACRE 77 considers this coupling to be well determined. 

A ( 1 6 2 0 )  REFERENCES 
For early references, see Physics Letters 111B (1982). 

ARNDT 85 PR D32 1085 , Ford. Roper (VP0 
MANLEY 84 PR D30 904 +Arndt, Goradia. Teplitz (VPI) 
WADA 84 NP B247 113 +Egawa, Imanishi, Ishii, Kato, Ukai+ (INUS) 
CRAWFORD 83 NP B211 1 *Morton (GLAS) 
HOEHLER 83 Landolt Boernstein 1,9B2 (KARL) 
AWAJI 81 Bonn Conf 352 +Kajikawa (NAGO) 

AlSO 82 NP B197 365 Fujii, Hayashii. Iwata. Kajikawa+ (NAGO) 
ARM 80 Toronto Conf 93 (TOKY) 

AJso 82 NP B194 251 Arai, Fuji± (TOKY) 
BARNHAM 80 NP B168 243 • Blickrnan, Mier Jedrzejowicz { (LOIC) 
CHEW 80 Toronto Conf. 123 (LBL) IJP 
CRAWFORD 8O Toronto Conf 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 , Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR 020 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL)iJP 
TAKEDA 80 NP Bt68 17 ~Arai, Fuji±, Ikeda, Iwasaki+ (TOKY) 
HOEHLER 79 PDAT 12 1 , Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 -Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 + Lasinski, Rosenfeld, Smadja + (LBL, SLAC) 
LONBAERE 77 NP B122 493 ~ Dolbeau (SACL) IJP 

Also 76 NP B108 365 Dolbeau, Triantis, Neveu. Cadiet (SACL) IJP 
FELLER 76 NP B104 219 +Fukushima, Horikawa, Kajikawa÷ (NAGO, OSAK)UP 
LONBACRE 75 PL 55B 415 + Rosenfeld, Lasinsk], Srnadja+ (LBL, SLAC) IJP 

I I ~(:~ ) S ta tus :  > k * * > k  A(1700) D33 1(j;) = 3 3 

Most of the results publ ished before 1975 are now obsolete and have been 

omit ted.  They may be found in our 1982 edit ion (Physics Letters I I I B ) .  

A ( 1 7 0 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1630 to 1740 OUR ESTIMATE 
1710 ±30  CUTKOSKY 80 IPWA ~N  ~ ~N 
1680 ±70  HOEHLER 79 IPWA =N  ~ =N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1650 BARNHAM 80 IPWA =N  ~ N = =  
+13  1 =+ 1718.4 1310 1 CHEW 80 BPWA =+ p ~ p 

1622 CRAWFORD 80 DPWA 2 N  ~ 7rN 
1629 BARBOUR 78 DPWA "~N ~ =N 
1600 2 LONGACRE 77 IPWA ~, N ~ NTrTr 
1680 3 LONGACRE 75 IPWA 7- N ~ NTr~r 

6 ( 1 7 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
190 tO 300 OUR ESTIMATE Our best guess is 250 MeV. 

280 ±80  CUTKOSKY 80 IPWA ~N  ~ n N  
230 ±80  HOEHLER 79 IPWA ~ N  ~ 7rN 



.See key on pace IV.1 

,~ • • We do not use the following data for averages, fits, limits, etc. • • • 

l b0  BARNHAM 80 IPWA ~rN ~ N~r~r 
193.3±26.0 1CHEW 80 BPWA r r + p ~  ~r+p 
209 CRAWFORD 80 DPWA " iN ~ ~rN 
216 BARBOUR 78 DPWA ~ N  ~ 7rN 
200 2 LONGACRE 77 IPWA ~rN ~ N~T~r 
240 3 LONGACRE 75 IPWA ~rN ~ N ~ r  

Baryon Full 
V I I I . 4 9  

Listings 
A(1700) 

Z~(1700)  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT IP TECN COMMENT 

1675±25 CUTKOSKY 80 IPWA ~rN ~ ~rN 
,, • • We do not use the following data for averages, fits, limits, etc. • • • 

t668 ARNDT 85 DPWA ~rN ~ ~rN 
t681 or 1672 4 LONGACRE 78 IPWA ~rN ~ N ~ r  
t600 or 1594 2 LONGACRE 77 IPWA ~rN ~ N~r~r 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

220±40  CUTKOSKY 80 IPWA ~rN ~ 7rN 
,, • ! We do not use the following data for averages, fits, limits, etc. * • • 

320 ARNDT 85 DPWA ~rN ~ ; rN 
245 or 241 4 LONGACRE 78 ]PWA ~r N ~ N~r~r 
208 or 201 2 LONGACRE 77 IPWA ~r N ~ N~r~r 

A ( 1 7 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1 2 ± 3  CUTKOSKY 80 IPWA ~rN ~ ; rN 

~ M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

-4 - } -5  CUTKOSKY 80 IPWA ~rN ~ ~rN 

A ( 1 7 0 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

F 1 N ~  10-20 % 

F 2 ][ K 

[-3 N/TIT 80--90 % 

IF 4 A IT 50-90 % 

!- 5 A ( 1 2 3 2 )  IT, S-wave 

C 6 A(1232)~T,  D - w a v e  

I'- 7 N p  <35 % 

I- 8 N p ,  5 : i / 2 ,  D - w a v e  

T 9 N p ,  5 = 3 / 2 ,  5 - w a v e  

I'1o N p ,  5 = 3 / 2 ,  D - w a v e  

1-11 N q  0.14-0.33 % 

1-12 N %  h e l i c i t y = l / 2  

1-13 N ' f ,  h e l i c i t y = 3 / 2  

T h e  above b r a n c h i n g  f rac t i ons  are o u r  es t imates ,  no t  f i ts  or averages.  

A(1700) B R A N C H I N G  R A T I O S  

I- ( N ~ ) / r t o t a l  
VALUE DOCUMENT ID TECN COMMENT 
0.10 tO 0.20 OUR ESTIMATE 
0.12±0.03 CUTKOSKY 80 IPWA ~rN ~ rrN 
0.20±0.03 HOEHLER 79 IPWA ~rN ~ ~rN 
,~ ! • We do not use the following data for averages, fits, limits, e t c . •  • • 

r l / r  

(r~rr)t/~Irtot., in NTr --* A(1700) --* A(1232)Ir, D - w a v e  (qrJqr 
VALUE DOCUMENT ID TECN COMMENT 

+ 6 M A N L E Y  84 IPWA 7 r N ~  NTrTr 
0 .14±0.04 BARNHAM 80 IPWA I rN ~ N~rTr 

+0 .05  2,7 LONGACRE 77 IPWA ~rN ~ N~rTr 
+0.10 3 LONGACRE 75 IPWA 7rN ~ NTr~ 

( r i r f ) V 2 / r t o t a l  in NIT --* A ( 1 7 0 0 )  ~ N O, 5 = 1 / 2 ,  D - w a v e  ( r l r s ) t / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

+0 .17±0 .05  BARNHAM 80 IPWA TrN ~ N~T~T 

(rirr)V2/rtotal in N1r  --* A ( 1 7 0 0 )  -~  N p ,  5 = 3 / 2 ,  S -wave  ( r l r 9 ) t / 2 / F  
VALUE DOCUMENT ID TEEN COMMENT 

+ MANLEY 84 IPWA TTN ~ N;r~r 
+0.04 2,7 LONGACRE 77 IPWA 7rN ~ NTr~T 
--0.30 3 LONGACRE 75 IPWA 7rN ~ N~r~r 

( r i r f ) ~ / 2 / r t o t a l  in N~r  --* A ( 1 7 0 0 )  -~  N p ,  5 = 3 / 2 ,  D - w a v e  (rtr]0)*/~/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.18±0.07 BARNHAM 80 IPWA ~ N  ~ N~r;r 

Z~(1700)  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the "rN decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A(1700) --* NT, helicity-1/2 amplitude A 1 / 2  

VALUE (Ge~ I/2) DOCUMENT ID TECN COMMENT 

0.111+0.017 CRAWFORD 83 IPWA "/N ~ ~TN 
0.089-E0.033 AWAJI 81 DPWA 7 N  ~ ~TN 
0.112±0.006 ARAI 80 DPWA ? N  ~ ;TN (fit 1) 
0.130±0.006 ARAI 80 DPWA ? N  ~ ~rN (fit 2) 
0.123~-0.022 CRAWFORD B0 DPWA 7 N  ~ ; rN 

+0.130-E0.037 BARBOUR 78 DPWA q N  ~ ~TN 
+0 .072±0 .033  FELLER 76 DPWA ~N ~ 7rN 

A ( 1 7 0 0 )  - - '  N " / ,  h e l i c i t y - 3 / 2  a m p l i t u d e  A 3 / 2  

VALUE (Ge~L/2 ~ DOCUMENT ID TECN COMMENT 

0.1074-0.015 CRAWFORD 83 IPWA "fN ~ 7rN 
0.060±0.015 AWAJI 81 DPWA " iN ~ ~rN 
0.0474-0.007 ARAI 80 DPWA "fN ~ 7rN (fit 1) 
0.050+0.007 ARAI 80 DPWA " iN ~ 7rN (fit 2) 
0.102-E0.015 CRAWFORD 80 DPWA "yN ~ ; rN 

+0 .098±0 .036  BARBOUR 78 DPWA " iN ~ ; rN 
+0 .087±0 .023  FELLER 76 DPWA ? N  ~ 7rN 

A ( 1 7 0 0 )  F O O T N O T E S  

1 Problems with CHEW 80 are discussed in section 2.1.11 of HOEHLER 83. 
2 LONGACRE 77 pole positions are from a search for poles in the unitarized T-matr ix; the 

first (second) value uses, in addition to ; rN ~ NTr~T data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T-matr ix amplitudes. 

3 From method II of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matr ix 
amplitudes. 

4LONGACRE 78 values are from a search for poles in the unitarized T-matr ix.  The first 
(second) value uses, in addition to ; rN ~ N~TTr data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

5The range given is from the four best solutions. DEANS 75 disagrees wi th lr ~ p 
) -+  K + data of WINNIK 77 around 1920 MeV. 

6 MANLEY 84 considers this coupling sign to be well determined. 
7 LONGACRE 77 considers this coupling to be well determined. 

A(1700) REFERENCES 

For early references, see Physics Letters 111B (1982). 

0.16 1CHEW 80 BPWA ~ T + p ~  ~T+p 

( r F f ) V 2 1 r t o t a l  in N~r  --* A ( 1 7 0 0 )  - - ,  I L K  (rlr2)t/2/r 
VALUE DOCUMENT IO TEEN COMMENT 

Q • • We do not use the following data for averages, fits, limits, etc. • • • 

0.002 LIVANOS 80 DPWA 7 r p ~  T K  
0.001tO0.011 5DEANS 75 DPWA 7rN~ TK 

Note: Signs of couplings from ~TN ~ NTrTr analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to A(1232)Tr. 

(rirr)l/2/rtota, in NIT ~ A ( 1 7 0 0 )  --~ A ( 1 2 3 2 ) I T ,  5 - w a v e  (rlrs)'/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

4- 6 MANLEY 84 IPWA 7rN ~ N;rTr 
4,0.18±0.04 BARNHAM 80 IPWA 7rN ~ N l r ~  
4--0.30 2.7 LONGACRE 77 IPWA 7r N ~ N l r l r  
4-0.24 3 LONGACRE 75 IPWA ~rN ~ N l r l r  

ARNDT 
MANLEY 
CRAWFORD 
HOEHLER 
AWAJI 

Also 
ARAI 

Also 
BARNHAM 
CHEW 
CRAWFORD 
CUTKOSKY 

Also 
LIVANOS 
HOEHLER 

Also 
BARBOUR 
LONGACRE 
LONGACRE 

Also 
WlNNIK 
FELLER 
DEANS 
LONGACRE 

85 PR D32 1085 +Fo~d, Roper (VPl) 
84 PR D30 904 +Arndt, Goradia. Teplitz (VPI) 
83 NP B211 1 +Morton (GLAS) 
83 Landolt-Boernstein 1/9B2 (KARL) 
81 Bonn Conf. 352 +Kajikawa (NAGO) 
82 NP B197 365 Fuji•. Hayashii. Iwata. Kajikawa+ (NAGO) 
80 Toronto Conf 93 (TOKY} 
82 NP B194 251 Arai. Fuji• (TOKY) 
80 NP B168 243 +Glickman. M]er Jedrzejowicz+ (LOIC) 
80 Toronto Conf 123 (LBL) I JR 
80 Toronto Conf 107 (GLAS) 
80 Toronto Conf 19 +Forsyth. Babcock. Kelly. Hendrick (CMU. LBL) IJP 
79 PR D20 2839 Cutkosky. Forsyth. Hendrick. Kelly (CMU. LBL) I JR 
80 Toronto Conf. 35 +Baton. Coutures. Kochowskl. Neveu (SACL) IJP 
79 PDAT 12 1 +Kaiser. Koch. P]etarinen (KARL) IJP 
80 Toronto Conf 3 Koch (KARL) IJP 
78 NP B141 253 +Crawford. Parsons (GLAS) 
78 PR D17 1795 +Lasinski. Rosenfeld. Smadja+ (LBL, SLAC) 
77 NP B122 493 +Dolbeau (SACL) IJP 
76 NP B108 365 Dolbeau. Triantis, Neveu. Cadiet (SACL) UP 
77 NP BL28 66 +Toaff. Revel. Goldberg, Bemy (HAlf) I 
76 NP B104 219 +Fukushima, Horikawa. Kajikawa+ (NAGO. OSAK) IJP 
75 NP B96 90 +Mitchell, Montgomery+ (SFLA. ALAH) IJP 
75 PL 55B 415 +Rosenfeld. Lasinski, Srnadja+ (LBL. SLAC) IJP 



VIII.50 

Baryon Full Listings 
A(1900), A(1905) 

( Q r f ) # ~ / r t o t a ~  in N~r ~ A(1900 )  -~ N(1440)~r,  S-wave (FIF~)V=/F 
VALUE DOCUMENT ID TEEN COMMENT 

4 (large) MANLEY 84 IPWA ~rN ~ N~r~r 
In(1900) &l I l ( j P )  = 3(1  ) Status: ~ > k  

2 2 

A ( 1 9 0 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1850 to 2000 OUR ESTIMATE 
1890 ±50 CUTKOSKY 80 IPWA ~ N  ~ ~rN 
1908 ±30 HOEHLER 79 IPWA ~ N ~  ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1918.5±23.0 CHEW 80 BPWA 7r+p ~ ~r+p 
1803 CRAWFORD 80 DPWA -~N ~ ~ N  

A ( 1 9 0 0 )  W I D T H  

VALUE (MeV I DOCUMENT IO TEEN COMMENT 
130 tO 300 OUR ESTIMATE Our best guess is 150 MeV. 

170 ±50 CUTKOSKY 80 IPWA ~ T N ~  ~rN 
140 ±40 HOEHLER 79 IPWA ;rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

93.5~L54.0 CHEW 80 BPWA ~r+p ~ ~r-~p 
137 CRAWFORD 80 DPWA ? N - ~  ~rN 

REAL PART 
VALUE (MeV I 

1870 ± 40 

A(1900) POLE POSITION 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA ~ N  ~ ~rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2029 or 2025 1 LONGACRE 78 IPWA ~ N  ~ N ~  

- - 2  x IMAGINARY P A R T  
VALUE (Met/) DOCUMENT ID TEEN COMMENT 

180-1-50 CUTKOSKY 80 IPWA ~rN ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

164 or 163 1 LONGACRE 78 IPWA 7rN ~ N~r~ 

A ( 1 9 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

9±4  CUTKOSKY 80 IPWA ~ N ~  7rN 

IMAGINARY PART 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

3±7 CUTKOSKY 80 IPWA ~rN ~ ~ N  

A(1900 )  D E C A Y  MODES 

Mode Fraction (Fi /F) 

F] N~r 5-15 % 

F2 ~ K not seen 

F3 N p ,  S - 3 / 2 ,  D-wave 

F4 N ( 1 4 4 0 ) ~ ,  S w a v e  

F 5 N %  h e l i c i t y = l / 2  

T h e  above branchinl~ f ract ions are our  est imates, not  f i ts or averages. 

A(1900) PHOTON DECAY AMPLITUDES 

For the definition of the -~ N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A ( 1 9 0 0 )  --~ N ' y ,  h e l i c i t y - I / 2  amp l i t ude  A 1 / 2  

VALUE (GeV -1 /2 )  DOCUMENT ID TEEN COMMENT 

- 0,004±0.016 CRAWFORD 83 IPWA ~fN ~ ~rN 
0.029±0.008 AWAJI 81 DPWA ? N  ~ ~rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0006 to 0025 CRAWFORD 80 DPWA ? N ~ ~r N 

A(1900) FOOTNOTES 
i LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 

(second) value uses, in addition to ~r N ~ N ~ r  data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

2The value given is from solution 1; the resonance is not present in solutions 2, 3, or 4. 

A(1900) REFERENCES 
For early references, see Physics Letters 111B (1982). 

CANDLIN 84 NP B238477 ~ Lowe, Peach, Scotland÷ 
MANLEY 84 PR D30904 +ArndC Goradia, Teplitz 
CRAWFORD 83 NP B211 I ~Morton 
AWAJI 81 Bonn Conf 352 + Kajikawa 

Also 82 NP B197365 Fuji], Hayashii, Iwata, Kajikawa~ 
CHEW 80 Toronto Conf. 123 
CRAWFORD 80 Toronto Conf, 107 
CUTKOSKY 80 Toronto Conf 19 ~Forsyth, Babcock, Kelly, Hefldrick 

Also 79 PR D202839 
HOEHLER 79 POAT 12-1 

Also 80 Toronto Conf. 3 
LONGACRE 78 PR D17 1795 
DEANS 75 NP B9690 
LANGBEIN 73 NP B53 251 

Cutkosky, Fotsyth, Hendrick, Kelly 
+Kaiser, Koch, Pietarinen 

Koch 
~Lasinski. Rosenfeld, Smadja+ 
~MitchelL Montgomery~ 
+Wagner 

(EDIN. RAL, LOWC) 
(vPi] 

(GLAS) 
(NAGO) 
(NAGO) 

(LBL} UP 
{GLAS) 

(CMU, LBL) UP 
(CMU, LBL) IJP 

(KARL} IJP 
(KARL} UP 

(LBL, SLAC) 
(SFLA, ALAH) UP 

(MUNI) IJP 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1830 ARNDT 
1813 or 1808 2 LONGACRE 

r(N~)/rtota, r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
O.05 tO 0.15 OUR ESTIMATE 
0.10±0.03 CUTKOSKY 80 IPWA ~ N ~  ~ N  
008±0.04 HOEHLER 79 IPWA 7 r N ~  ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

028 CHEW 80 BPWA 7r + p -* ~+ p 

(r;rr)V~/rtota, in NTr --~ A ( 1 9 0 0 )  -~ l E E  (rlr2)L/~/r 
VALUE DOCUMENT ID TEEN COMMENT 

<0.03 CANDLIN 84 DPWA ~ *  p ~ ~E + K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.076 2DEANS 75 DPWA ~ N - -  E K  
0.11 LANGBEIN 73 IPWA 7rN ~ ~ K  (sol. 1) 
0.12 LANGBEIN 73 IPWA ~ N  ~ T K  (sol, 2) 

( r i r f ) V 2 / F t o t a l  in NTr ~ A ( 1 9 0 0 )  ~ N p ,  5 = 3 / 2 ,  D-wave ( r l r 3 ) t / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

large MANLEY 84 IPWA 7rN-~ N ~ r  

1960 ±40 CANDLIN 84 DPWA 7 r + p ~  Z - K  ~ 

1787"0+ 576"0 CHEW 80 BPWA ~ + p ~  ~r + p 

1880 CRAWFORD 80 DPWA ? N  ~ 7rN 
1892 BARBOUR 78 DPWA ~,N ~ 7rN 
1830 1 LONGACRE 75 IPWA 7rN ~ N~,~ 

A ( 1 9 0 5 )  W I D T H  

A(1900) BRANCHING RATIOS VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
250 tO 400 OUR ESTIMATE Our best guess is 300 MeV. 

400 ±100 CUTKOSKY 80 IPWA 7rN ~ ~ N  
260 ± 20 HOEHLER 79 IPWA ~ N  ~ 7rN 
• • • We do not use the folFowing data for averages, fits, Fimits, etc. • • • 

270 ± 40 
240 

66"0+ 160 

193 
159 
220 

R E A L  P A R T  
VALUE (MeV) 

1830±40 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA 7rN ~ ~ N  

85 DPWA ~rN ~ ~ N  
78 IPWA ~rN ~ NTr~ 

A(1905) MASS 

VALUE (MeV~ DOCUMENT ID TECN COMMENT 
1890 to 1920 OUR ESTIMATE 
1910 ±30 CUTKOSKY 80 IPWA ~ N ~  7rN 
1905 ±20 HOEHLER 79 IPWA ~ r N ~  ~rN 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

CANDLIN 84 DPWA ~ + p ~  Z + K  + 

CHEW 80 BPWA ~+ p ~ ~+ p 

CRAWFORD 80 DPWA ~ N  ~ ~ N  
BARBOUR 78 DPWA ~ N -  ~ N  

1 LONGACRE 75 IPWA ~rN ~ NTr~ 

A ( 1 9 0 5 )  POLE P O S I T I O N  

Most of the results published before 1975 are now obsolete and have been 

omitted. They may be found in our 1982 edition (Physics Letters 111B). 



See key on page IV. 1 

- 2  x IMAGINARY PART 
VALUE (MeV} DOCUMENT /D TEEN COMMENT 

2 8 0 ± 6 0  CUTKOSKY 80 IPWA ~ N  ~ ~tN 
• • • We do not use the following data for averages, fits, limits, ete. • • • 

180 ARNDT 85 DPWA ~TN ~ ~rN 
193 or 187 2 LONGACRE 78 IPWA ~r N ~ N~r~ 

A(1905) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1 6 ± 8  CUTKOSKY 80 IPWA ~rN ~ ~rN 

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- -194-8 CUTKOSKY 80 IPWA ~ N  ~ ~ N  

L~(1905) DECAY MODES 

Mode Fraction ( r i / r )  

VII I .51 

Baryon Full Listings 
A(1905), A(1910) 

r l  N~r 5-15 % 

r 2  T K  < 3 %  

r 3 N~r~T <75 % 

r4 A~r ~ 25 % 
r 5 A(1232) ?T, P-wave 
F6 A(1232)~r, F-wave 
r 7 N p  <50 % 

F8 N p ,  5 = 3 / 2 ,  P -wave  

r9 N p, 5 = 3 / 2 ,  F -wave  

r l 0  N p ,  5 = 1 / 2 ,  F -wave  

r l l  N-~ o.01-o.05 % 

r12  N '7 ,  h e l i c i t y = l / 2  

r13  N %  h e l i c i t y = 3 / 2  

T h e  above b r a n c h i n g  f r ac t i ons  are o u r  es t imates ,  no t  f i ts  or averages.  

A(1905) PHOTON DECAY AMPLITUDES 

For the definition of the " iN decay amplitudes, see Sec. IV of the Note on N and 
Z~ Resonances preceding the Baryon Listings. 

A(1905) --~ N')', helicity-1/2 amplitude A 1 / 2  

VALUE (GeV -1/2) DOCUMENT ID TEEN 

0.021:1:0.010 CRAWFORD 83 IPWA 
0.043 ± 0.020 AWAJI 81 DPWA 
0.022 d_ 0.010 ARAI 80 DPWA 
0.031±0.009 ARAI 80 DPWA 
0.0244-0.014 CRAWFORD 80 DPWA 

+0 .033±0 .018  BARBOUR 78 DPWA 

A ( 1 9 0 5 )  --~ N-),,  h e l i d t y - 3 / 2  a m p l i t u d e  A 3 / 2  

COMMENT 

? N  ~ ?rN 

' i N  ~ ~ N  
' i N  ~ x N  (fit I) 
" iN ~ ~rN (fit 2) 
" iN ~ ~rN 
" iN ~ ~rN 

A ( 1 9 0 5 )  B R A N C H I N G  R A T I O S  

VALUE (GeV-1/2 ) DOCUMENT ID 

--0.0564-0.028 CRAWFORD 
- 0 . 0 2 5 ± 0 . 0 2 3  AWAJI 
- 0.029 4- 0.007 ARAI 
- 0.045 4- 0.006 ARAI 
- 0.072 ±0.035 CRAWFORD 
- 0 . 0 5 5 ± 0 . 0 1 9  BARBOUR 

TEEN COMMENT 

83 IPWA " iN ~ ~ N  
81 DPWA " iN ~ ~rN 
80 DPWA " iN ~ ~rN (fit 1) 
80 DPWA " iN ~ ~rN (fit 2) 
80 DPWA ~fN ~ ~rN 
78 DPWA "yN ~ ~rN 

A(1905) FOOTNOTES 

r(NTr)/rtota, r l / r  
VAL~E DOCUMENT ID TEEN COMMENT 
0.05 tO 0.15 OUR E S T I M A T E  
0.084-0.03 CUTKOSKY 80 IPWA I rN ~ ~rN 
0.15±0.02 HOEHLER 79 IPWA ~TN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.11 CHEW 80 BPWA ~T + p ~ ~r + p 

(rFF)V=/rtota, in N~T --* A(1905) -~ ZK (r lr2)V=/r  
VALUE DOCUMENT ID TEEN COMMENT 
- -0 .015±0.003 CANDLIN 84 DPWA ~r + p ~ T +  K + 
• • • We do not use the following data for averages, fits, limits, ere. • • • 

- 0 . 0 1 3  LIVANOS 80 DPWA ~ p  ~ T K 
0 .021 to0 .054  3DEANS 75 DPWA ~ N ~  T K  

1 From method II of LONGACRE 75: eyeball fits wi th Breit-Wigner circles to the T-matr ix 
amplitudes. 

2LONGACRE 78 values are from a search for poles in the unitarized T-matr ix. The first 
(second) value uses, in addition to 7rN ~ N~T~r data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

3 The range given for DEANS 75 is from the four best solutions. 
4 MANLEY 84 considers this coupling sign to be well determined and suggests that  the 

large Np decay seen in previous analyses is predominantly from a higher mass F35 
resonance. See the Listings for the A(2000) F35. 

5A Breit-Wigner fit to the HERNDON 75 IPWA. 
6A Breit-Wigner fit to the NOVOSELLER 78B IPWA. 
7A Breit-Wigner fit to the NOVOSELLER 78B IPWA; the phase is near 90 ° . 

A(1905) REFERENCES 

For early references, see Physics Letters 111B (1982). 

ARNDT 85 PR D32 1085 +Ford, Roper (VPI) 
CANDLIN 84 NP 8238 477 +Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz (VPI) 

Also 84B PRL 52 2122 Manley (VPI) 
CRAWFORD 83 NP 8211 1 +Morton (GLAS} 
AWAJI 81 Bonn Conf. 352 +Kajikawa (NAGO) 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa+ (NAGO) 
ARAI 80 Tc~'onto Conf. 93 (TOKY) 

Also 82 NP B194 251 Arai, Fujii (TOKY) 
CHEW 80 Toronto Conf. 123 (LBL) IJP 
CRAWFOBD 80 Toronto Conf. 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (EMU, LBL) IJP 
UVANOS 80 Toronto Conf. 35 +Baton, Coutures. Kochowski, Neveu (SAEL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, Smadja+ (LBL, SLAC) 
NOVOSELLER 78 NP B137 509 (ClT) IJP 
NOVOSELLER 78B NP Bt37 445 (CIT) IJP 
DEANS 75 NP 896 90 +Mitchell, Montgomery+ (SFLA, ALAH) IJP 
HERNDON 75 PR D l l  3183 +Longacre, Miller, Rosenfeld+ (LBL, SLAC) 
LONGACRE 75 PL 558 415 +Rosenfela, Lasinski, Smadja+ (LBL, SLAC) IJn 

Note: Signs of couplings from ~r N ~ N ~ r  analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the Z~(1620) 531 coupling to A(1232) I t .  

(F iF f )~ /2 / r to ta l  in  N i t  --* A ( 1 9 0 5 )  - - ,  A ( 1 2 3 2 ) T r ,  P - w a v e  (FtFs)V2/F 
VALUE DOCUMENT ID TEEN COMMENT 
+ (small) MANLEY 84 IPWA 7rN ~ Nyr~ 

(rirr)Va/rtotai in N;T --* A(1905) --* A(1232)~r, F-wave (FIF6)V2/F 
VALUE DOCUMENT ID TECN COMMENT 
+ 4 M A N L E Y  84 IPWA ~ T N ~  N~r~T 
+0.17 5 NOVOSELLER 78 IPWA ~rN ~ N l r ~  
+0.06 6 NOVOSELLER 78 IPWA ?rN ~ Nyryr 
+0.20 1 LONGACRE 75 IPWA ?rN ~ Nyryr 

( r i r f ) Z / 2 / r t o t a l  in  N~r -~  A ( 1 9 0 5 )  ~ N p ,  5 = 3 / 2 ,  P -wave  ( r l r 8 ) Z / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 
+0.26 5 ~ L E R  78 IPWA 7rN ~ N~r~ 
+0.11 tO +0.33 7 NOVOSELLER 78 IPWA 7TN ~ N~TTT 
+0.33 1 LONGACRE 75 IPWA 7rN ~ NTr~ 

l A(191°) i ( j P )  = 3 ~ 1 + ~  S ta tus :  ~<>I<>]<~< 2~'2 J 

A(1910) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
18,50 to 1950 OUR E S T I M A T E  
1910 + 4 0  CUTKOSKY 80 IPWA 7rN ~ ~rN 
1888 ± 2 0  HOEHLER 79 IPWA 7rN ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1715.2:E21.0 1 CHEW 80 BPWA ~r+p ~ 7r+p 
1778.4± 9.0 1 CHEW 80 BPWA ?r + p ~ ~r + p 
1960.1±21.0 i CHEW 80 BPWA 7r + p ~ ~T + p 

2131 , l +  13.0 . . . .  --14.3 1 CHEW 80 BPWA ?r+p ~ 7r+p 

1921 CRAWFORD 80 DPWA ~ N  ~ 7rN 
1899 BARBOUR 78 DPWA " iN ~ ~rN 
1790 2 LONGACRE 77 IPWA Ir N ~ N l r l r  

Most of the results publ ished before 1975 are now obsolete and have been 
omi t ted.  They may be found in our  1982 edit ion (Physics Letters 111B).  



VII1.52 

Baryon Full Listings 
A(1910), A(1920) 

A(1910) W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
200 to 330 OUR ESTIMATE Our best guess is 220 MeV. 
225 ±50 CUTKOSKY 80 IPWA ~rN ~ ~rN 
280 ±50 HOEHLER 79 IPWA ~TN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

93.3±55.0 1CHEW 80 BPWA ~ r + p ~  ~r+p 
23.0J.29.0 1CHEW 80 BPWA ~ r + p ~  ~r+p 

152.9±60.0 1CHEW 80 BPWA ~ ± p ~  ~r+p 
172.2±37.0 1 CHEW 80 BPWA ~r + p ~ ~r + p 
351 CRAWFORD 80 DPWA ~N ~ ~rN 
230 BARBOUR 78 DPWA ~,N ~ ~rN 
170 2 LONGACRE 77 IPWA ~r N ~ N~rTr 

A ( 1 9 1 0 )  P O L E  P O S I T I O N  

REAL P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

1880±30 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1792 or 1801 2 LONGACRE 77 IPWA ~rN ~ N~r~r 

- -2  x I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

200±40 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

172or165 2LONGACRE 77 IPWA ~ T N ~  N~r;T 

A(1910) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

0±10 CUTKOSKY 80 IPWA ~ r N ~  7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

20±4 CUTKOSKY 80 IPWA ~rN ~ TrN 

Mode 

A ( 1 9 1 0 )  D E C A Y  M O D E S  

Fraction (F i /F)  

r I N~r 15-25 % 
r2  5- K not seen 

r 3 NTr ~T <75 % 

r 4 A~r  small 

F 5 A ( 1 2 3 2 )  ~r, P-wave 

F6 Np small 

F7 Np, 5-3/2, P-wave 

F8 N(1440)~r large 

F 9 N(1440)',T, P-wave 

FlO N q ,  h e l i c i t y = l / 2  

The above branch ing f ract ions are our  est imates,  no t  f i ts or averages. 

A ( 1 9 1 0 )  B R A N C H I N G  RAT IOS 

r (NTr ) / r t o ta ,  r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.15 to 0.25 OUR ESTIMATE 
0.19±0.03 CUTKOSKY 80 IPWA ~rN ~ 7rN 
0.24±0.06 HOEHLER 79 IPWA 7rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.18 1CHEW 80 BPWA ~r~Lp~ ~ + p  
0.20 1CHEW 80 BPWA ~ r + p ~  ~r+p 
0.17 1CHEW 80 BPWA ~ r + p ~  ~r+p 
0.40 1CHEW 80 BPWA ~ T + p ~  ~r+p 

(r;rf)~/rto, a, in N~r ~ A(1910) --* T K  (rlr2)'/2/r 
VALUE DOCUMENT IO TEEN COMMENT 

< 0.03 CANDLIN 84 DPWA 7r + p ~ :E + K + 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

0.019 LIVANOS 80 DPWA ~ T p ~  ~-K 
0.082to0.184 3DEANS 75 DPWA ~ r N ~  } -K  

Note: Signs of couplings from = N ~ NTrTr analyses were changed in the 1986 
edition to agree with the baryon first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the A(1620) 531 coupling to z~(1232)Tr. 

(rirf)~/2/Ftotal in N~r --, /%(1910) --~ A(1232)Tr ,  P-wave (F IFs)1 /2 /F  
VALUE DOCUMENT ID TEEN COMMENT 

+0.06 2 LONGACRE 77 IPWA 7rN ~ N ~ r  

1/- 1/_ 
(rirf)-~zlrtotal in N~r ~ A ( 1 9 1 0 )  ~ N p ,  S = 3 / 2 ,  P-wave (F1F7) -~ /F  
VALUE DOCUMENT ID TEEN COMMENT 

+0.29 2 LONGACRE 77 IPWA 7rN ~ NTrTr 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.17 4 NOVOSELLER 78 IPWA ~rN ~ NTrTr 

(FiFf)l/2/rtotal in NTr -~  A ( 1 9 1 0 )  --* N(1440)Tr,  P-wave ( F I F 9 ) l / 2 / F  
VALUE DOCUMENT ID TEEN COMMENT 

+ (large) 5 MANLEY 84 IPWA ~rN ~ N=Tr 

A ( 1 9 1 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the 3~N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A ( 1 9 1 0 )  - ~  N %  he l i c i t y -1 /2  a m p l i t u d e  A 1 / 2  

VALUE ( G e ~ l / 2  ~ DOCUMENT ID TEEN COMMENT 

0.014±0.030 CRAWFORD 83 IPWA ")'N ~ ~rN 
0.025±0.011 AWAJI 81 DPWA ?N ~ 7rN 
0.012J.0.005 ARAI 80 DPWA ~'N ~ 7rN (fit 1) 
0.031±0.004 ARAI 80 DPWA ~'N ~ ~rN (fit 2) 
0.005±0.030 CRAWFORD 80 DPWA ~fN ~ ~rN 

-0.035±0.021 BARBOUR 78 DPWA 7N ~ ~TN 

A(1910) FOOTNOTES 

1CHEW 80 reports four resonances in the P31 wave. Problems with this analysis are 
discussed in section 2.1.11 of HOEHLER 83. 

2 LONGACRE 77 pole positions are from a search for po~es in the unitarized T-matrix; the 
first (second) value uses, in addition to 7rN ~ NTr~r data, elastic amplitudes from a 
Saclay (CERN) partial-wave analysis. The other LONGACRE 77 values are from eyeball 
fits with Breit-Wigner circles to the T~matrix amplitudes. 

3The range given for DEANS 75 is from the four best solutions. 
4Evidence for this coupling is weak; see NOVOSELLER 78. This coupling assumes the 

mass is near 1820 MeV. 
5 MANLEY 84 finds this decay mode accounts for all the inelasticity. 

A(1910) REFERENCES 

For early references, see Physics Letters 111B (1982). 

CANDLIN 84 NP B238 477 ~Lowe, Peach, Scotland+ (EDIN. RAL, LOWC) 
MANLEY 84 PR D30 904 +Arndt, Gorad)a, Teplffz (VPI) 
CRAWFORD 83 NP B211 1 tMorton (GLAS) 
HOEHLER 83 Landolt Boernstein I/9B2 (KARL) 
AWAJI 81 Bonn Conf. 352 -Kajikawa (NAGO) 

Also 82 NP B197 365 Fujii, HayashiL Iwata, Kajikawa+ (NAGO) 
ARAI B0 Toronto Conf. 93 (TOKY) 

Also 82 NP B194 251 Arai, Fujii (TOKY) 
CHEW 8D Toronto Conf. 123 (LBL) IJP 
CRAWFORD 80 Toronto Conf. 107 (GLAS) 
CUTKOSKY eo Toronto Conf. 19 -Eorsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Porsyth, Hendrick, Kelly (CMU, LBL) IJP 
LIVANOS 80 Toronto Conf. 35 +Baton, Coutures, Kochowski, Neveu (SACL) IJP 
HOEHLER 79 PDAT 12 1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
NOVOSELLER 78 NP B137 5O9 (ClT) IJP 

Also 788 NP B137 445 Novoseller (CIT) IJP 
LONGAeRE 77 NP B122 493 +Dolbeau (SACL) IJP 

A~so 76 NP B108 365 Dolbeau, Triantis, Neveu. Cadiet (SACL) IJP 
DEANS 75 NP B96 90 ~Mitchell, Montgomery+ (SFLA, ALAH) IJn 

Most of the results published before 1975 are now obsolete and have been 
omit ted. They may be found in our 1982 edition (Physics Letters 111B). 

A(1920) MASS 

VALUE (MeV I DOCUMENT ID TECN COMMENT 

1860 to 2160 OUR ESTIMATE 
1920 ±80 CUTKOSKY 80 IPWA 7rN ~ ~TN 
1868 ±10 HOEHLER 79 IPWA 7rN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1840 ±40 CANDLIN 84 DPWA 7r + p ~ Z + K + 
1955.0±13.0 1CHEW 80 BPWA ; T + p ~  l r + p  

+ 13 6 1 CHEW BPWA ~T + p 2065.0 1219 80 7r + p 

A ( 1 9 2 0 )  W I D T H  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 

190 to 300 OUR ESTIMATE Our b ~ s 7 5 0  MeV~ 
300 ±100 CUTKOSKY 80 IPWA ~N ~ ~ N  
220 ± 80 HOEHLER 79 IPWA 7TN ~ ~rN 



See key on page IV.1 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

200 ± 40 CANDLIN 84 DPWA ~r + p ~ T +  K + 
88.3± 35.0 1CHEW 80 BPWA ~ r + p ~  ~r+p 
62.0± 44.0 1CHEW 80 BPWA ~ + p ~  ~r+p 

A ( 1 9 2 0 )  POLE POSITION 

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1900+80 CUTKOSKY 80 IPWA ~rN ~ ~rN 

- -2  X I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

300:5100 CUTKOSKY 80 IPWA ~rN ~ ~rN 

Z1(1920) E L A S T I C  P O L E  R E S I D U E  

V111.53 

Baryon Full Listings 
A(1920), A(1930) 

REAL PART 
VALUE (MeV~ DOCUMENT IO TEEN COMMENT 

- -21±7 CUTKOSKY 80 IPWA ~N ~ ~ N  

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

- -12±11 CUTKOSKY 80 IPWA ~rN ~ ~rN 

Mode 

A ( 1 9 2 0 )  F O O T N O T E S  

1CHEW 80 reports two '033 resonances in this mass region. Problems with this analysis 
are discussed in section 2.1.11 of HOEHLER 83. 

2 The range given for DEANS 75 is from the four best solutions. 
3A Breit-Wigner fit to the HERNDON 75 IPWA; the phase is near - 9 0  ° .  
4A  Breit-Wigner fit to the NOVOSELLER 78B IPWA; the phase is near - 9 0  ° . 

A ( 1 9 2 0 )  REFERENCES 

For early references, see Physics Letters 111B (1982). 

CANDLIN 84 NP B238 477 +Lc~e, Peach, Scotland+ 
MANLEY 84 PR D30 904 +Arndt, Goradia, Tepfitz 
HOEHLER 83 Landolt- Boernstein 1/9B2 
AWAJI 81 Bonn Conf. 352 +Kajikawa 

Also 82 NP 8197 365 Fujii, Hayashii, Iwata, Kajikawa+ 
CHEW 80 Toronto Conf. 123 
CUTKOSKY 80 Toronto Conf, 19 +Forsyth, Babcock, Kelly, Hendrick 

Also 79 PR D2O 2839 Cutkosky, Fotsyth, Hendrick, Kelly 
LIVANOS 80 Toronto Conf. 35 +Baton, Coutures, Kochowski, Neveu 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietafinen 

Also 80 Toronto Conf. 3 Koch 
NOVOSELLER 78 NP B137 509 
NOVOSELLER 78B NP B137 445 
DEANS 75 NP B96 90 +Mitchell, Montgomery+ 
HERNDON 75 PR Dl1 3183 +Longacre, Miller, Rosenfeld+ 

I  (193°) 

(EDIN, RAL, LOWC) 
(VPI) 

(KARL) 
(NAGO) 
(NAGO) 

(LBL) IJP 
(EMU, LBL) IJP 
(CMU, LBL) IJP 

(SACL) IJP 
(KARL) UP 
(KARL) UP 

(CIT) 
(ClT) 

(SFLA, ALAN) UP 
(LBL, SLAC) 

rl N ~  

r 2 TK 
r 3 A(1232)~r, P-wave 
F4 N(1440)~r, P-wave 
F5 N% helicity=i/2 
r 6 N% helicity=3/2 

A(1920) DECAY MODES 

Fraction (Fi/F) 

15-20 % 

~ 5 %  

Most of the results published before 1975 are now obsolete and have been 
omit ted.  They may be found in our 1982 edition (Physics Letters 111B). 

The various analyses are not in good agreement. 

VALUE (MeV} 
1890 tO 1960 OUR ESTIMATE 

ZI(1930) M A S S  

DOCUMENT ID TEEN COMMENT 

The  above branch ing  f ract ions are ou r  est imates,  no t  f i ts or averages. 

A ( 1 9 2 0 )  BRANCHING R A T I O S  

r(N~)/rtota, r l / r  
VALUE OOCUMENT ID TEEN COMMENT 
0.15 to 0.20 OUR ESTIMATE 
0,20±0.05 CUTKOSKY 80 IPWA l rN ~ 7rN 
0,14±0.04 HOEHLER 79 IPWA ~ N  ~ IrN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.24 1 CHEW 80 BPWA ~ + p  ~ ~r+p 
0.18 1 CHEW 80 BPWA 7r + p ~ 7r + p 

(rirf)l/2/rtotal in N l r  -- ,  Z~(1920) -- ,  T K  (rlr2)L/2/r 
VALUE DOCUMENT ID TE~N COMMENT 

--0.052+0.015 CANDLIN 84 DPWA 7r + p ~ T +  K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0,049 LIVANO5 80 DPWA ~ p  ~ ~EK 
0.048to0.120 2DEANS 75 DPWA 7 r N ~  Z K  

( r i r f ) V 2 / r t o t a l  in N~- ---+ A ( 1 9 2 0 )  -- ,  A (1232)~- ,  P-wave (rlr3)~/2/r 
VALUE DOCUMENT ID TECN COMMENT 

+ MANLEY 84 IPWA ~N ~ N ~  
0,3 3 NOVOSELLER 78 IPWA IrN ~ N~rlr 
0,27 4 NOVOSELLER 78 IPWA 7r N ~ NTr~r 

( r i r f ) V 2 / r t o t a l  in N ~  ---, A ( 1 9 2 0 )  --, N(1440)~- ,  P-wave ( r l r 4 ) V ' 2 / r  
VALUE DOCUMENT IO TECN COMMENT 

+ MANLEY 84 IPWA ~N ~ N ~  

A ( 1 9 2 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~fN decay amplitudes, see Sec. W of the Note on N and 
D, Resonances preceding the Baryon Listings. 

~ ( 1 9 2 0 )  --~ N') ' ,  he l i c i t y -1 /2  a m p l i t u d e  A z / 2  

VALUE (GeV-1/2 )~ DOCUMENT ID TEEN COMMENT 

0.040±0.014 AWAJI 81 DPWA "yN ~ 7rN 

A ( 1 9 2 0 )  - - '  N ' y ,  he l i c i t y -3 /2  amplitude A 3 / 2  

VALUE (GeV -1 /2 )  DOCUMENT ID TEEN COMMENT 

0.023±0.017 AWAJI 81 DPWA ~fN ~ ~rN 

1940 ±30 CUTKOSKY 80 IPWA ~ r N ~  l rN 
1901 +15 HOEHLER 79 IPWA l rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1910n +15"0 CHEW 80 BPWA 7 r + p ~  7r+p "v-17.2  
2000 CRAWFORD 80 DPWA ~/N ~ 7rN 
2024 BARBOUR 78 DPWA "~N ~ 7rN 

A ( 1 9 3 0 )  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
150 tO 350 OUR ESTIMATE Our best guess is 250 MeV. 
320 ±60 CUTKO5KY 80 IPWA l rN ~ IrN 
195 ±60 HOEHLER 79 IPWA ~rN ~ IrN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

74 ~+17"0 CHEW 80 BPWA ~ + p  ~ 7 r + p  ,v_ 16.0 
442 CRAWFORD 80 DPWA ~fN ~ l rN 
462 BARBOUR 78 DPWA ~fN ~ ~rN 

• (1(1930) P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1890±50 CUTKOSKY 80 IPWA 7rN ~ ~rN 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

260±60 CUTKOSKY 80 IPWA 7rN ~ l rN 

Z1(1930) E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

17+7 CUTKOSKY 80 IPWA IrN ~ ~rN 

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

- -6±12  CUTKOSKY 80 IPWA 7rN ~ ~rN 

i ( j P )  = 3 5 -  2( '2 ) Status:  ~< ~< ~< 



VIII.54 

Baryon Full Listings 
A(1930), A(1940) 

Mode 

A(1930) D E C A Y  M O D E S  

Fraction ( r i / r )  

r l  N~r 5-15 % 

F2 Z K not seen 

F3 N~r~r not seen 

F4 N %  h e l i c i t y = i / 2  

F 5 N %  h e l i c i t y = 3 / 2  

The above branchin£ f ract ions are our  est imates,  no t  f i ts or averages. 

A ( 1 9 3 0 )  B R A N C H I N G  R A T I O S  

F (NTr ) /F to ta l  
VALUE DOCUMENT ID TECN 
0.05 to 0.15 OUR ESTIMATE 
0.14±0.04 CUTKOSKY 80 IPWA 
0.04± 0.03 HOEHLER 79 IPWA 
• • • We do not use the followin£ data for averages, fits, limits, 

0.11 CHEW 80 BPWA 

( r i r f ) t / 2 / F t o t a l  in N l r  ---, A ( 1 9 3 0 )  --, Z K  
VALUE DOCUMENT ID TECN 

< 0.015 CANDLIN 84 DPWA 
• • • We do not use the following data for averages, fits, limits, 

-0.031 LIVANOS 80 DPWA 
0,018 to 0,035 1 DEANS 75 DPWA 

(rFr)g2/rtota, in N~r --~ A ( 1 9 3 0 )  ~ N~r~r 
VALUE DOCUMENT ID TEEN 

not seen MANLEY 84 IPWA 
not seen LONGACRE 75 IPWA 

IA(1940) D331 j )  = 3(3 - )  Status: * 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

A(1940) M A S S  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 

2058.1± 34,5 CHEW 80 BPWA ~ r ÷ p ~  Tr+p 
1940 ±100 CUTKOSKY 80 iPWA ~rN ~ 7rN 

COMMENT 
Q/F VALUE (MeV) 

198.44 45.5 
200 -5 100 

7rN ~ 7rN 
~N ~ ~N 
etc, • • • 

~ T + p ~  ~ + p  

(rlr2)1/2/r 
COMMENT 

~r+ p ~ Z +  K + 
etc. • • • 

~rp ~ Z K  
7rN ~ T K  

(QFa)IA/F 
COMMENT 

7rN ~ NTrTr 
7rN ~ N~rTr 

A ( 1 9 3 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~fN decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A ( 1 9 3 0 )  - ~  N %  he l i c i t y -1 /2  a m p l i t u d e  A 1 / 2  

VALUE (GeV ~1/2 ) DOCUMENT ID TEEN COMMENT 

0.009-50.009 AWAJI 81 DPWA ?N ~ ~TN 
-0.030,10.047 CRAWFORD 80 DPWA 3'N ~ 7TN 

0.0624-0.064 BARBOUR 78 DPWA ~fN ~ ~rN 

A(1930) -~ N% helicity-3/2 amplitude A 3 / 2  

VALUE (GeV -1 /2 )  DOCUMENT ID TEEN COMMENT 

-0.025-50.011 AWAJI 81 DPWA "TN ~ 7rN 
-0.033-50.060 CRAWFORD 80 DPWA ~fN ~ ~rN 
+0.019±0.054 BARBOUR 78 DPWA " iN ~ ~TN 

A(1940) P O L E  POSITION 

DOCUMENT ID TEEN COMMENT 
CUTKOSKY 80 IPWA =N ~ ~rN 

1 LONGACRE 78 IPWA TrN ~ NTr~T 

DOCUMENT ID TECN COMMENT 
CUTKOSKY 80 IPWA 7rN ~ ~rN 

1 LONGACRE 78 IPWA ~TN ~ NTr= 

REAL P A R T  
VALUE (MeV) 

- 6 :E5  

I M A G I N A R Y  P A R T  
VALUE (MeV) 

A(1940) E L A S T I C  P O L E  R E S I D U E  

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA 7rN ~ 7rN 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA 7rN ~ 7rN 

A ( 1 9 3 0 )  REFERENCES 

For early references, see Physics Letters 111B (1982). 

CANDLIN 84 NP B238 477 +Love, Peach, Scotland+ 
MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz 
AWAJI 81 Bonn Conf. 352 +Kajikawa 

Also 82 NP B197 365 Fujii, Hayashii, Iwata, Kajikawa+ 
CHEW 80 Toronto Conf. 123 
CRAWFORD 80 Toronto Conf. 107 
£UTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick 

Also 79 PR D20 2839 Cuthosky, Forsyth, Hendrick, Kelly 
LIVANOS 80 Toronto Conf. 35 +Baton, Coutures, Kocbowski, Neveu 
HOEHI,ER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen 

Also 80 Toronto Conf. 3 Koch 
BARBOUR 7B NP B141 253 +£rawford, Parsons 
DEANS 75 NP B96 90 +Mitchell, Montgomery+ 
LONGACRE 75 PL 55B 415 +Rosenfeld, Lasinsh], Smadja+ 

6 ± 5  

[-1 
F2 

F3 

F4 

Mode 

A(1940) D E C A Y  M O D E S  

NTT 

T K  

N T ,  h e l i c i t y = l / 2  

N ? ,  h e l i c i t y = 3 / 2  

A ( 1 9 4 0 )  B R A N C H I N G  R A T I O S  

A ( 1 9 3 0 )  FOOTNOTES 

I The range given for DEANS 75 is from the four best solutions. 

(EDIN, RAL, LOWC) 
(VPI) 

(NAGO) 
(NAGO) 

(LBL) UP 
(GLAS) 

(CMU, LBL) UP 
(CMU, I_BL) IJP 

(SAC[) IJP 
(KARL) IJP 
(KARL) IJP 
(GLAS) 

(SFLA, ALAH) IJP 
(LBL, SI'AC) IJP 

r(N~)/rtota, r l /r  
VALUE DOCUMENT ID TECN COMMENT 

0.18 CHEW 80 BPWA ~-+p ~ 7r+p 
0.05±0.02 CUTKOSKY 80 IPWA ~N ~ 7rN 

( r i r f ) l / 2 / r t o t a l  in NTr --* A ( 1 9 4 0 )  --* T K  ( r l r 2 ) 1 / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

<0.015 CANDLIN 84 DPWA 7 r + p ~  Z + K  + 

A ( 1 9 4 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~(N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A ( 1 9 4 0 )  - ~  N ~ ,  he l i c i t y -1 /2  a m p l i t u d e  A1/2 

VALUE (6eV ~1/2)  DOCUMENT ID TEEN COMMENT 

-0.036+0.058 AWAJI 81 OPWA ~fN ~ ~rN 

/%(1940) ~ NT, helicity-3/2 amplitude A 3 / 2  

VALUE (6eV -1/2) DOCUMENT IP TEEN COMMENT 

-0.031±0.012 AWAJI 81 DPWA ~N ~ ~TN 

A(1940) FOOTNOTES 

I LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 
(second) value uses, in addition to ~rN ~ NTr~ data, elastic amplitudes from a Saelay 
(CERN) partial-wave analysis. 

A ( 1 9 4 0 )  W I D T H  

DOCUMENT ID TECN COMMENT 

CHEW 80 BPWA ~r + p ~ 7r + p 
CUTKOSKY 80 IPWA 7rN ~ 7rN 

REAL P A R T  
VALUE (MeV) 
1900-5100 
1915 or 1926 

--2 x IMAGINARY PART 
VALUE (MeV) 

200 -5 60 
190 or 186 



See key on page IV.1 

A ( 1 9 4 0 )  REFERENCES 

CANDLIN 84 NP B238 477 +Lo~e, Peach, Scotland+ 
AWAJI 81 Bonn Conf. 352 +Kajikawa 

Also 82 NP B197 365 Fujii, Hayashii, Iwata. Kajikawa+ 
CHEW 80 Toronto Conf. 123 
CUTKOSKY 80 Toronto Conf, 19 +Forsyth, Babcock, Kelly, Hendrick 

Also 79 PR D20 2839 CutkOsky, Forsyth, Hendrick, Kelly 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, Smadja+ 

I n(195°) 

VIII.55 

Baryon Full Listings 
A(1940), A(1950) 

(EDIN, RAL, LOWC) 
(NAGO) 
(NAGO) 

(LBL) IJP 
(CMU, LBL) IJP 
(CMU, LBL) 
(LBL, SLAC) 

i ( j P )  = 3 / 7 + ~  Status: >I<~<~<~ 
2~2 ) 

Most of the results published before 1975 are now obsolete and have been 
omit ted.  They may be found in our 1982 edit ion (Physics Letters 111B). In 
addit ion, results in this region from production experiments, which used to 
be listed separately as the next entry, have been entirely omi t ted.  They too 
may be found in our 1982 edit ion. 

Mode 

A ( 1 9 5 0 )  D E C A Y  M O D E S  

Fraction ( l ' i / r )  

r l  N~r 35-45 % 

F2 T K not seen 

r 3 N~r~r <40 % 

F4 a ~ r  ~ 3 0 %  

r 5 A ( 1 2 3 2 ) ~ ,  F-wave 

F6 A ( 1 2 3 2 )  ~r, H-wave 

F7 N p  <10 % 

r 8 N p ,  5 = 1 / 2 ,  F-wave 

F 9 N p ,  5 = 3 / 2 ,  F-wave 

r i o  N(1680)~T, P-wave 

r l l  N q  0.o8-0.17 % 
r12 N %  h e l i c i t y = l / 2  

r13 N %  h e l i c i t y = 3 / 2  

A ( 1 9 5 0 )  M A S S  

VALUE (MeV} DOCUMENT ID TEEN COMMENT 
1910 tO 1960 OUR ESTIMATE 
1950 9-15 CUTKOSKY 80 IPWA x N  ~ ~rN 
1913 9- 8 HOEHLER 79 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1925 9-20 CANDLIN 84 DPWA ~r + p ~ T +  K + 

18 ~ n + 1 1 " 0  CHEW 80 BPWA ~ + p  ~ x + p  . . . .  - i0.0 
1902 CRAWFORD 80 DPWA "7N ~ ~TN 
1912 BARBOUR 78 DPWA "fN ~ ~rN 
1925 I LONGACRE 75 IPWA "A-N ~ N',,r','r 

A(1950) W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
200 tO 340 OUR ESTIMATE Our b ~ s 2 - 4 0  MeV- 
340 ±50 CUTKOSKY 80 IPWA ~rN ~ ~rN 
224 ±10 HOEHLER 79 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

330 ±40 CANDLIN 84 DPWA ~r + p ~ T- + K + 

1 ~7">+220 CHEW 80 BPWA ~ + p ~  ~ + p  . . . .  -19 .0  
225 CRAWFORD 80 DPWA 7 N  ~ ~rN 
198 BARBOUR 78 DPWA 7 N  ~ ~-N 
240 1 LONGAERE 75 IPWA ~rN ~ N~r~ 

A ( 1 9 5 0 )  P O L E  P O S I T I O N  

REAL P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

18909-15 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1858 ARNDT 85 DPWA ~rN ~ ~rN 
1924 or 1924 2 LONGACRE 78 IPWA ~rN ~ N~r~r 

- -2  X I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

260±40 CUTKOSKY 80 IPWA ~rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

238 ARNDT 85 DPWA ~rN ~ ~rN 
258 or 258 2 LONGACRE 78 IPWA ~rN ~ N~r~r 

A ( 1 9 5 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

429-7 CUTKOSKY 80 IPWA ~rN ~ ~rN 

I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

- -27+7 CUTKOSKY 80 IPWA ~rN ~ ~rN 

T h e  above branch ing f ract ions are our  est imates,  no t  f i ts or averages. 

A ( 1 9 5 0 )  B R A N C H I N G  R A T I O S  

r ( N ~ ) / r t o t a l  r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.35 to 0.45 OUR ESTIMATE 
0.39±0.04 CUTKOSKY 80 IPWA ~rN ~ ~tN 
0.38±0.02 HOEHLER 79 IPWA 7rN ~ ~N 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0,44 CHEW 80 BPWA 7 r + p ~  7r+p 

( r i r f ) ~ / 2 / r t o t a l  in N1r --~ A(1950) --', } -K  (rlr2)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.053±0.005 CANDLIN 84 DPWA ~+ p ~ Z + K + 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.022to0.040 3DEANS 75 DPWA ~ r N ~  T K  

Note: Signs of couplings from 7rN ~ N~r~- analyses were changed in the 1986 
edition to agree with the baryon-first convention; the overall phase ambiguity is 
resolved by choosing a negative sign for the ,~(1620) 531 coupling to A(1232)~r. 

(r,.r~)'/2/rtota~ in NTr --+ A ( 1 9 5 0 )  ---* A(1232)~r ,  F-wave (rlr8)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

+ (large) 4 MANLEY 84 IPWA :rN ~ NTrlr 
0.21 5 NOVOSELLER 78 IPWA l rN ~ N ~ r  
0.38 6 NOVOSELLER 78 IPWA 7rN ~ NTr~r 

+0.32 1 LONGACRE 75 IPWA ~N ~ NTrTr 

(r;rf)%/rtotal in NTr --* A ( 1 9 5 0 )  ~ N p ,  5 = 3 / 2 ,  F-wave (rlrg)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.24 7 NOVOSELLER 78 IPWA 7rN ~ NTrTr 
0.43 8 NOVOSELLER 78 IPWA 7rN ~ N~rTr 

+0.24 1 LONGACRE 75 IPWA ~rN ~ NTrTr 

(r;rr)V'2/rtotat in N i t  -~  A(1950) --~ N(1680)~, P-wave (rlr10)l/2/r 
VALUE DOCUMENT ID TECN COMMENT 

+0,20 MANLEY 84 IPWA ~N ~ NTrTr 

A ( 1 9 5 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For the definition of the ~,N decay amplitudes, see Sec. IV of the Note on N and 
A Resonances preceding the Baryon Listings. 

A(1950)  ---, N'y, helicity-1/2 amplitude A 1 / 2  

VALUE (GeV ~t/2) DOCUMENT ID TEEN COMMENT 

--0.068:50.007 AWAJI 81 DPWA ?N ~ 7rN 
- 0 0 9 1 ± 0 . 0 0 5  ARAI 80 DPWA ~fN ~ 7rN (fit 1) 
-0 .083±0.008 ARAI 80 DPWA " iN ~ 7rN (fit 2) 
-0 .067±0.014 CRAWFORD 80 DPWA 3vN ~ TrN 
--0.058±0.013 BARBOUR 78 DPWA ~fN ~ 7TN 

A ( 1 9 5 0 )  ~ N3 ' ,  he l i c i t y -3 /2  a m p l i t u d e  A 3 / 2  

VALUE (GeV-1/2) DOCUMENT ID TEEN COMMENT 

--0.094±0.016 AWAJI 81 DPWA ~fN ~ 7rN 
0.101±0.005 ARAI 80 DPWA ~fN ~ ?rN (fit 1) 

-0 .100±0.005 ARAI 80 DPWA ~fN ~ ~rN (fit 2) 
-0 .082±0.017 CRAWFORD 80 DPWA "~N ~ TrN 
-0.075±0.020 BARBOUR 78 DPWA ~N ~ 7rN 



VIII.56 

Baryon Full Listings 
A(1950), A(2000), A(2150) 

A(1950) FOOTNOTES 
I From method ]I of LONGACRE 75: eyeball fits with Breit-Wigner circles to the T-matrix 

amplitudes, 
2 LONGACRE 78 values are from a search for poles in the unitarized T-matrix. The first 

(second) value uses, in addition to ~rN ~ N ~ r  data, elastic amplitudes from a Saclay 
(CERN) partial-wave analysis. 

3The range given is from the four best solutions. DEANS 75 disagrees with ~r + p 
) -+  K + data of WINNIK 77 around 1920 MeV. 

4 MANLEY 84 considers this coupling sign to be well determined. 
5A Breit-Wigner fit to the HERNDON 75 IPWA; the phase is near - 6 0  ° .  
6 A Breit-Wigner fit to the NOVOSELLER 78B I PWA; the phase is near - 6 0  ° . 
7A Breit-Wigner fit to the HERNDON 75 IPWA; the phase is near 120 ° .  
BA Breit-Wigner fit to the NOVOSELLER 78B IPWA; the phase is near 120 ° .  

A(1950) REFERENCES 

For early references, see Physics Letters 111B (1982). 

ARNDT 85 PR D32 1085 +Ford, Roper (VPI) 
CANDLIN 84 NP 8238 477 +Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
MANLEY 84 PR D30 904 +Amdt, Goradia, Teplitz (VPI) 

AlSo 84B PRL 52 2122 Manley (VPI) 
AWAJI 81 Bonn Conf, 352 +Kajikawa (NAGO) 

AlSO 82 NP B197 365 FujS, Hayashii, Iwata, Kajikawa+ (NAGO) 
ARAI 88 Toronto Conf. 93 (TOKY) 

Also 82 NP B194 251 Arai, Fujii (TOKY) 
CHEW 80 Toronto Conf. 123 {LBL) UP 
CRAWFORD 80 Toronto Conf. 107 (GLAS) 
CUTKOSKY 80 Toronto Conf. 19 +Forsytb, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR D20 2839 Cutkosky, Fo{syth, Henddck, Kelly (CMU, LBL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 To'onto Conf. 3 Koch (KARL) I JR 
BARBOUR 78 NP B141 253 +Crawford, Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski, Rosenfeld, Smadja+ (LBL SLAt) 
NOVOSELLER 78 NP 8137 509 (CIT) IJP 
NOVOSELLER 78B NP B137 445 (OT) IJP 
WlNNIK ?7 NP 8128 66 +ToaB, Revel, Goldber 8, Berry (HALF) I 
DEANS 75 NP 896 90 +Mitchell, Montgomery+ (SFLA, ALAH) IJP 
HERNDON 75 PR Dl l  3183 +Longacre, Miller, Rosenfeld+ (LBL, SLAC) 
LONGACRE 75 PL 558 415 +Rosenfeld, Lasinski, Smadja+ (LBL, SLAC) IJP 

I A(2000) F35 1 : * * 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

/%(2000)  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2000 MANLEY 84 IPWA ; rN ~ N~rTr 
2200±125 CUTKOSKY 80 IPWA ~TN ~ ~N  

A(2000) BRANCHING RATIOS 

r(Nlr)/rtotal 
VALUE DOCUMENT IO TEeN COMMENT 

0.07±0.04 CUTKOSKY 80 IPWA ~rN ~ ; rN 

(rlrf)l/2/rtotal in N= -~ A(2000) -~ N O, S=3/2, P-wave 

r l / r  

REAL PART 
VALUE (MeV) 

2150±100 

VALUE DOCUMENT ID TEEN COMMENT 

+ (large) 1 MANLEY 84 IPWA 7rN ~ N~r~r 

A(2000) FOOTNOTES 
1 MANLEY 84 considers this coupling sign to be well determined. This resonance has not 

been seen in ~ N  ~ ~rN analyses. Thus its coupling to the NTr channel is expected to 
be weak. 

A(2000) REFERENCES 

MANLEY 84 PR D30 904 +Arndt, Goradia, Teplitz (VPI) 
Also 848 PRL 52 2122 Manley (VPI) 

CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (£MU, LBL) 
Also 79 PR D20 2839 Cutkosky, Forsytb, Hendrick, Kelly (£MU, LBL) 

6(2000) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

400±125 CUTKOSKY 80 IPWA 7rN ~ 7rN 

A(2000) POLE POSITION 

- 2  x IMAGINARY PART 
VALUE (MeV) 

350±100 

DOCUMENT ID TECN COMMENT 

CUTKOSKY 80 IPWA ; rN  ~ ~rN 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA 7rN ~ ~rN 

R E A L  P A R T  
VALUE (MeV) 

- - 1 4 ± 1 3  

IMAGINARY PART 
VALUE (MeV) 

8 ± 2 2  

A(2000) ELASTIC POLE RESIDUE 

DOCUMENT ID TEEN COMMENT 

CUTKOSKY 80 IPWA ~ N  ~ ~ N  

DOCUMENTID TEEN COMMENT 

CUTKOSKY 80 IPWA ~ N  ~ ~ N  

Mode 

r i N ~  

F2 N p ,  5 = 3 / 2 ,  P -wave  

A(2000) DECAY MODES 

I I ' ( '  ) Status: A(2150) 531 /(a P) = 3 1 -  

OMITTED FROM SUMMARY TABLE 

VALUE (MeV} 

2047.4± 27.0 
2203.2± 8.4 
2150 ±100  

VALUE (Me W 

121.6+ 62.0 
120.5± 45.0 
200 ,1 100 

A(2150) POLE POSITION 

REAL PART 
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

2140:580 CUTKOSKY 80 IPWA ~TN ~ ~rN 

- 2  x IMAGINARY PART 
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

200±80  CUTKOSKY 80 IPWA 7rN ~ ~rN 

A ( 2 1 5 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

4 + 1 0  CUTKOSKY 80 IPWA ; rN ~ 7rN 

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- 6 : 5 6  CUTKOSKY 80 IPWA ~ N  ~ ~ N  

Mode 

ri N ~  

F2 E K  

A(2150) DECAY MODES 

A ( 2 1 5 0 )  B R A N C H I N G  R A T I O S  

r ( N T r ) / r t o t a  I r l / r  
VALUE DOCUMENT ID TEEN COMME_NT_ 

0.41 1 CHEW 80 BPWA ~r + p ~ ~r + p 
0.37 1 CHEW 80 BPWA ~+  p ~ ~r + p 
0 .08±0.02 CUTKOSKY 80 IPWA ~ N  ~ ~rN 

( r i r f ) ~ / 2 1 r t o t a l  in  NTr -~  A ( 2 1 5 0 )  ~ E K  ( r l r 2 ) l / 2 / r  
VALUE DOCUMENT ID TEEN COM___ ME_NT_ 

<0.03 CANDLIN 84 DPWA 7 r + p ~  T + K +  

A(2150) MASS 

DOCUMENT ID TEEN COMMENT 

1 CHEW 80 BPWA ~+ p ~ ~T + p 
1 CHEW 80 BPWA ~r + p ~ ~T + p 

CUTKOSKY 80 IPWA 7rN ~ ~TN 

A(2150) WIDTH 

DOCUMENT ID TECN COMMENT_ 

1 CHEW 80 BPWA 7r + p ~ =+  p 
1 CHEW 80 BPWA ~r + p ~ 7r + p 

CUTKOSKY 80 IPWA ~N  ~ "~N 

(rlr2)L/2/r 



See key on page I V. 1 

A(2150) FOOTNOTES 
1CHEW 80 reports two 531 resonances in this mass region. Problems with this analysis 
are discussed in section 2.1.11 of HOEHLER 83. 

A ( 2 t 5 0 )  REFERENCES 

CANDLIN 84 NP 8238 477 +Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
HOEHLER 83 Landolt-Boemstein 1/9B2 (KARL) 
CHEW 80 Toronto Conf, 123 (LBL) IJP 
CUTKOSKY B0 Toronto Conf, ].9 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL)IJP 

AlSO 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) 

I I ~( '  ) Status: A(2200) G37 ~(JP) = ~ -  
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

The  various analyses are not  in good agreement.  

A ( 2 2 0 0 )  M A S S  

VALUE (MeV} DOCUMENT ID TEEN COMMENT 

22004-80 CUTKOSKY 80 IPWA ~rN ~ ~rN 
22154-60 HOEHLER 79 IPWA ~rN ~ ~rN 
2280±80  HENDRY 78 MPWA ~rN ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2280±40  CANDLIN 84 DPWA ~ +  p ~ T +  K + 

A ( 2 2 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

4504-100 CUTKOSKY 80 IPWA 7rN ~ 7rN 
400±100  HOEHLER 79 IPWA 7rN ~ 7rN 
400±150  HENDRY 78 MPWA I rN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

400±  50 CANDLIN 84 DPWA ~r + p ~ Z ~- K + 

A ( 2 2 0 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2100±50 CUTKOSKY 80 IPWA 7rN ~ 7rN 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV I DOCUMENT ID TEEN COMMENT 

340±80  CUTKOSKY 80 IPWA 7rN ~ ~rN 

A ( 2 2 0 0 )  E L A S T I C  P O L E  R E S I D U E  

REAL P A R T  
VALUE (MeV} DOCUMENT ID TECN COMMENT 

34-5 CUTKOSKY 80 IPWA ~rN ~ ITN 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

- - 8 ± 3  CUTKOSKY 80 IPWA ~rN ~ 7rN 

A ( 2 2 0 0 )  D E C A Y  M O D E S  

Mode 

r l  NTr 

F2 Z K  

/%(2200)  B R A N C H I N G  R A T I O S  

r ( N T r ) / r t o t a ,  r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.06±0.02 CUTKOSKY 80 IPWA 7rN ~ ~ N  
0.054-0.02 HOEHLER 79 IPWA 7rN ~ ~rN 
0.09+0.02 HENDRY 78 MPWA l rN  ~ 7rN 

( r i r f ) ~ / 2 / r t o t a l  in N i t  --* A ( 2 2 0 0 )  --* T K  (rzr2)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.0144-0.005 CANDLIN 84 DPWA 7 r + p ~  F . + K  + 

A ( 2 2 0 0 )  R E F E R E N C E S  

CANDLIN 84 NP 8238 477 +Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
£UTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (£MU, LBL)IJP 

Also 79 PR D20 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) IJP 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also 80 Toronto Conf. 3 Koch (KARL) IJP 
HENDRY 78 PRL 41 222 (IND, LBL)IJP 

Also 81. ANP ].36 1 Hendry (IND) 

V I I I . 5 7  

Baryon Full Listings 
A(2150), A(2200), A(2300) 

A ( 2 3 0 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2204.54- 3.4 CHEW 80 BPWA lr + p ~ ~r + p 
2400 4-125 CUTKOSKY 80 IPWA 7rN ~ ~ N  
2217 4- 80 HOEHLER 79 IPWA 7rN ~ 7rN 
2450 4-100 HENDRY 78 MPWA ~rN ~ ~ N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2400 CANDLIN 84 DPWA lr + p ~ Z + K + 

A ( 2 3 0 0 )  W I D T H  

VALUE (MeV~ DOCUMENT IO TEEN COMMENT 

32.3+ 1.0 CHEW 80 BPWA ~ r + p ~  ~r+p  
425 4-150 CUTKOSKY 80 IPWA 7rN ~ 7rN 
300 4-100 HOEHLER 79 IPWA 7rN ~ 7rN 
500 4-200 HENDRY 78 MPWA 7rN ~ ~rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

200 CANDLIN 84 DPWA 7 r + p ~  T + K +  

A ( 2 3 0 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

23704-80 CUTKOSKY 80 IPWA 7rN ~ ~rN 

- - 2  X I M A G I N A R Y  P A R T  
VALUE (MeV} DOCUMENT ID TEEN COMMENT 

420±160  CUTKOSKY 80 IPWA ~rN ~ ~rN 

A ( 2 3 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

94-4 CUTKOSKY 80 IPWA ?rN ~ 7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

- - 3 + 5  CUTKOSKY 80 IPWA ?rN ~ 7rN 

Mode 

F1 N ~  

F2 ZK 

A(2300) DECAY MODES 

A(2300) BRANCHING RATIOS 

r (NTr)/rtota, h / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.05 CHEW 80 BPWA 7 r + p ~  7r+p 
0.06+0.02 CUTKOSKY 80 IPWA I rN ~ 7rN 
0.034-0.02 HOEHLER 79 IPWA 7rN ~ ~rN 
0.08±0.02 HENDRY 78 MPWA 7rN ~ 7rN 

(or~)g21rtota= in N~T ~ A(2300) -~ ZK (rlr2)1,121r 
VALUE DOCUMENT IO TEEN COMMENT 

--0.017 CANDLIN 84 DPWA 7 r + p ~  T + K  + 

A(2300) REFERENCES 

CANDLIN 84 NP B238 477 +Lowe, Peach. Scotland+ (EDIN, RAL, LOWC) 
CHEW 80 Toronto Conf. 123 (LBL) IJP 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendrick (CMU, LBL) IJP 

Also 79 PR 020 2839 Cutkosky, Forsyth, Hendrick, Kelly (CMU, LBL) 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

Also B0 Toronto Conf. 3 Koch (KARL) IJP 
HENDRY 78 PRL 41 222 (IND, LBL)IJP 

Also 81 ANP t36 1 Hendry (IND) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  



VII I .58 

Baryon Full Listings 
A(2350), A(2390) 

I A(235°) I ( j P )  = 3 5 -  2(2 ) Status: * I A(239°) I(jP) = 317+~ Status: * '2~2 ) 

OMITTED FROM SUMMARY TABLE 

Z~(2350) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2400±125  C U T K O S K Y  80 IPWA 7rN - -  ~-N 
2305±  26 HOEHLER 79 IPWA 7 r N ~  ~-N 

VALUE (MeV) 

A(2350) WIDTH 

DOCUMENT ID TEEN COMMENT 

OMITTED FROM SUMMARY TABLE 

A(2390) MASS 

VALUE (MeV) DOCUMENT IO TEEN COMMENT 

2350=1=100 C U T K O S K Y  80 IPWA ~ N  ~ ~ N  
2425±  60 HOEHLER 79 IPWA ~ N  ~ ~ N  

VALUE (MeV) 

A(2390) WIDTH 

DOCUMENT ID TEEN COMMENT 

400±150  C U T K O S K Y  80 IPWA 7rN ~ ~rN 
3 0 0 ±  70 HOEHLER 79 IPWA ~ N  ~ ~ N  

A(2350) POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT /D TEEN COMMENT 

2400±125 C U T K O S K Y  80 IPWA 7rN ~ ~ N  

- 2  x IMAGINARY PART 
VALUE (MeV) DOCUMENT IO TEEN COMMENT 

400±150  C U T K O S K Y  80 IPWA ~rN ~ 7rN 

A(2350) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

5 ± 1 7  C U T K O S K Y  80 IPWA l r N  ~ ~-N 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

- 1 4 ± 1 0  C U T K O S K Y  80 IPWA 7rN ~ TrN 

A(2350) DECAY MODES 

Mode 

r 1 NTr 
r2 T K 

A(2350) BRANCHING RATIOS 

r(Nlr)/r total  r l / r  
VALUE DOCUMENT IO TEEN COMMENT 

0.20±0.10  C U T K O S K Y  80 IPWA 7rN ~ ~ N  
0 .04±0.02 HOEHLER 79 IPWA 7rN ~ ~ N  

(r#~)Y2/rtota, in N~r --, A ( 2 3 5 0 )  ~ T K  (rlr2)]/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

<0.015 CANDL IN  84 DPWA 7 r + p ~  ~E+K + 

A(2350) REFERENCES 

CANDLIN 84 NP B238 477 
CUTKOSKY 80 Toronto Conf. 19 

Also 79 PR D2O 2839 
HOEHLER 79 PDAT 12-1 

AlSO 80 Toronto Conf. 3 

+Lowe, Peach. Scotland+ (EDIN, RAL, LOWC) 
+Forsyth, Babcock, Kelly, Hendrick (CMU, LBL)UP 

£utkosky, Forsyth, Hendnck, Kelly (CMU, LBL) 
+Kaiser, Koch, Pietarinen (KARL) IJP 

Koch (KARL) IJP 

300±100  C U T K O S K Y  80 IPWA ~ N  ~ ~-N 
3 0 0 ±  80 HOEHLER 79 IPWA l r N ~  7rN 

A(2390) POLE POSITION 

REAL PART 
VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2350±100  C U T K O S K Y  80 IPWA ~ N  ~ 7rN 

- 2  x IMAGINARY PART 
VALUE (MeV) DOCUMENT I0 TEEN COMMENT 

260±100  C U T K O S K Y  80 IPWA 7rN ~ 7rN 

A(2390) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

0 ± 1 3  C U T K O S K Y  80 IPWA ~ r N ~  7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1 2 ± 6  C U T K O S K Y  80 IPWA 7rN ~ 7rN 

Mode 

F1 NTr 
r2 EK 

A(2390) DECAY MODES 

A(2390) BRANCHING RATIOS 

r(Nlr) /r tota, r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

0.08,10.04 C U T K O S K Y  80 IPWA ~rN ~ ~ N  
0 .07±0.04  HOEHLER 79 IPWA 7rN ~ ~rN 

(r#~)]/2/rtotat in NTr --, A(2390) ~ T K  (rlr2)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

<0.015 EANDLIN 84 DPWA ~ )+ K + 

A(2390) REFERENCES 

CANDLIN 84 NP B238 477 
CUTKOSKY 80 Toronto Conf 19 

Also 79 PR D20 2839 
HOEHLER 79 PDAT ]2-1 

Also 80 Toronto Conf. 3 

~Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
+Forsyth, Babcock, Kelly, Rendrick (CMU, LBL)IJP 

Cutkosky, Forsyth. Hendrick, Kelly (CMU, LBL) 
~Kaiser, Koch. Pietariflen (KARL) IJP 

Koch (KARL) IJP 



See key on page IV.1 

I l '2(~ ) Sta tus :  * a k  A(2400) G39 '(JP) = ~ 9- 

D M I T T E D  F R O M  S U M M A R Y  T A B L E  

V I I I . 5 9  

Baryon Full Listings 
A ( 2 4 0 0 ) ,  A ( 2 4 2 0 )  

A ( 2 4 0 0 )  M A S S  

.VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2300±100 CUTKOSKY 80 tPWA ~rN ~ ~ N  
2468± 50 HOEHLER 79 IPWA ~ r N ~  ~rN 
2200±100 HENDRY T8 MPWA ~rN ~ ~ N  

A ( 2 4 0 0 )  W I D T H  

.VA( UE (MeV} DOCUMENT 10 TEEN COMMENT 

330+100 CUTKOSKY 80 IPWA 7rN ~ ~rN 
480±100 HOEHLER 79 IPWA ~rN ~ ~N 
4.50+200 HENDRY 78 MPWA ~rN ~ ~rN 

A ( 2 4 0 0 )  P O L E  P O S I T I O N  

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

~'!260d:60 CUTKOSKY 80 IPWA l rN ~ 7rN 

- -2  X I M A G I N A R Y  P A R T  
_VALUE (MeV) DOCUMENT ID TEEN COMMENT 

320±160 CUTKOSKY 80 IPWA IrN ~ I rN 

A ( 2 4 0 0 )  E L A S T I C  P O L E  R E S I D U E  

R E A L  P A R T  
VALUE (MeV] - -  DOCUMENT IO TEEN COMMENT 

7 ± 4  CUTKOSKY 80 IPWA ~rN ~ ~ N  

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

- - 3±3  CUTKOSKY 80 IPWA 7rN ~ ~ N  

A(2400) D E C A Y  M O D E S  

I A(2420) H3,~ I ~(:~) = ~-(V +) Status: * *  * * 

Most of the results published before 1975 are now obsolete and have been 
omit ted.  They may be found in our 1982 edition (Physics Letters 111B), 

In addit ion, results in this region from production experiments, which used 
to be listed separately as the next entry, have been entirely omit ted.  They 
too may be found in our 1982 edit ion. 

A ( 2 4 2 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
2380 to 2450 OUR ESTIMATE 
2400 ±125 CUTKOSKY 80 IPWA 7rN ~ ~rN 
2416 ± 17 HOEHLER 79 IPWA ~rN ~ ~ N  
2400 ± 60 HENDRY 78 MPWA 7rN ~ 7rN 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2400 CANDLIN 84 DPWA ~T + p ~ T +  K + 
2358.0± 9.0 CHEW 80 BPWA ~-+ p ~ ~-+ p 

A ( 2 4 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
300 tO 500 OUR ESTIMATE Our b ~ 0  MeV. 

450 ±150 CUTKOSKY 80 IPWA 7rN ~ ~rN 
340 ± 28 HOEHLER 79 IPWA ~rN ~ ~rN 
460 ±100 HENDRY 78 MPWA 7rN ~ 7rN 
• • • We do not use the following data for averages, fits, Jirnits, etc. • • • 

400 CANDLIN 84 DPWA 7 r + p ~  Z + K  + 
202.2± 45.0 CHEW 80 BPWA 7r + p ~ 7r + p 

Mode 

I-1 NTr 
1"2 TK 

A ( 2 4 0 0 )  B R A N C H I N G  R A T I O S  

A ( 2 4 2 0 )  POLE POSITION 

R E A L  P A R T  
VALUE (MeV) DOCUMENT IO TEEN COMMENT 

2360±100 CUTKOSKY 80 IPWA 7rN ~ 7rN 

- - 2  x I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

420±100 CUTKOSKY 80 iPWA 7rN ~ 7rN 

l ' ( N * ) I r t o t a ,  r l l r  
VALUE DOCUMENT ID TECN COMMENT 

0.05±0,02 CUTKOSKY 80 IPWA ~rN ~ TrN 
0064-0.03 HOEHLER 79 IPWA 7rN ~ 7rN 
0.10-t:0.03 HENDRY 78 MPWA ~rN ~ l rN 

(r;rf)V2/rtotal in NTr -~  A ( 2 4 0 0 )  --* Z K  (rzr2)Y2/r 
VALUE DOCUMENT ID TEEN COMMENT 

<0,015 CANDLIN 84 DPWA ~ +  p ~ T. + K + 

A ( 2 4 0 0 )  REFERENCES 

CANDLIN 84 NP B238 477 +Lowe, Peach, Scotland+ 
(-UTKOSKY 80 Tc~onto Conf. 19 +Forsyth, Babcock. Kelly, Hendrick 

AlSO 79 PR D20 2839 Cutkosky, Fotsyth, Hendrick, Kelly 
HOEHLER 79 PDAT 12 1 +Kaiser, Koch, Pietarinen 

Also SO Toronto Conf. 3 Koch 
HENDRY 78 PRL 41 222 

Also 81 ANP 136 i Hendry 

A ( 2 4 2 0 )  E L A S T I C  P O L E  RESIDUE 

R E A L  P A R T  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

16=E8 CUTKOSKY 80 IPWA 7rN ~ 7rN 

I M A G I N A R Y  P A R T  
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

-94-11 CUTKOSKY 80 IPWA 7rN ~ 7rN 

A ( 2 4 2 0 )  D E C A Y  M O D E S  

Mode Fraction ( r / / r )  

r l  N~r 5-15 % 
r2  TK 

/%(2420) B R A N C H I N G  R A T I O S  

(EDIN, RAL, LOWC) 
(CMU, LBL) IJP 
(CMU, LBL) 

(KARL) IJP 
(KARL) UP 

(IND, LBL) IJP 
(IND) 

I- ( N T r ) / r t o t a ,  q / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.05 to 0.15 OUR ESTIMATE 
0,08±0.03 CUTKOSKY 80 IPWA 7rN ~ 7rN 
0.084-0.015 HOEHLER 79 IPWA 7rN ~ l rN 
0.11±0.02 HENDRY 78 MPWA 7rN ~ * N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.22 CHEW 80 BPWA 7r + p ~ 7r + p 

(rFf)I/81rtotal in NTr --* A ( 2 4 2 0 )  --* TK (FIF2)V21F 
VALUE DOCUMENT ID TEEN COMMENT 

--0.016 CANDLIN 84 DPWA 7 r + p ~  T + K  + 

A ( 2 4 2 0 )  REFERENCES 

CANDLIN 88~0 NP B238 477 +Lowe, Peach, Scotland+ (EDIN, RAL, LOWC) 
CHEW Toronto Conf. 123 (LBL) IJP 
CUTKOSKY 80 Toronto Conf. 19 +Forsyth, Babcock, Kelly, Hendriek (CMU, LBL)IJP 

Also 79 PR D20 2839 Cutkosky, Forsytfl, Hendrick, Kelly (CMU, LeL) 
HOEHLER 79 PDAT 12-1 +Kaiser, Koch, Pietarinen (KARL) IJP 

AlSO 80 Toronto Conf. 3 Koch (KARL) IJP 
HENDRY 78 PRL 41 222 (IND, LBL)IJP 

Also 81 ANP 136 1 Hendry (IND) 



V I I t . 6 0  

Baryon Full Listings 
A(2750), A(2950), A(~ 3000) 

IA(2750) 13,t31 ,(.) = 3 ( 1 3 - ) S t a t u s :  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

IA(~ 3000 Region) I 
Partial-Wave Analyses I 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  
A ( 2 7 5 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2794± 80 HOEHLER 79 iPWA ~ N ~  ~N 
2650±100 HENDRY 78 MPWA ~N ~ ~N 

A ( 2 7 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

350:t:100 HOEHLER 79 IPWA ~rN ~ ~rN 
500±100 HENDRY ?8 MPWA #N ~ ~rN 

VALUE (MeV) 

A ( 2 7 5 0 )  D E C A Y  M O D E S  

Mode 

r l  N~r 

A ( 2 7 5 0 )  B R A N C H I N G  R A T I O S  

3300 

3500 
2850± 150 

3200± 200 

3300± 200 

3700± 200 

4100± 300 

F ( N ~ r ) / r t o t a l  
VALUE DOCUMENT ID TEEN COMMENT 

0.04±0.015 HOEHLER 79 IPWA 7rN ~ ~rN 
0.05±0.01 HENDRY 78 MPWA 7rN ~ ~rN 

r ~ / r  

VALUE (MeV) 

700 ± 200 

A ( 2 7 5 0 )  REFERENCES 

HOEHLER 79 PDAT t2 1 +Kaiser. Koch. nietaSnen 
Also 80 To¢onto Conf. 3 Koch 

HENORY 78 PRL 41 222 
Also 81 ANP 136 1 Hend~y 

IA(2950) K3,1s I ,(.) = 3 , t 5 + ,  Status:  ~ T  J 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

(KARL) UP 
(KARL) IJP 

(IND. LBL) IJP 
(IND) 

>I< >I< 

1000±300 

1100± 300 

1300±400 

1600± 500 

A(2950) M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2990--100 HOEHLER 79 IPWA 7rN ~ ~rN 
2850--100 HENDRY 78 MPWA 7rN ~ ~rN 

A ( 2 9 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

330±100 HOEHLER 79 IPWA ~N ~ ~N 
700±200 HENDRY 78 MPWA 7rN ~ 7rN 

A ( 2 9 5 0 )  D E C A Y  M O D E S  

Mode 

r 1 N ~  

A ( 2 9 5 0 )  B R A N C H I N G  R A T I O S  

r ( N l r ) / r t o t a l  
VALUE OOCUMENT ID 

0.04±0.02 HOEHLER 
0.03±0.01 HENDRY 

TEEN COMMENT 

79 IPWA 7rN ~ ~ N  
78 MPWA ~rN ~ ~rN 

Q I F  

A ( 2 9 5 0 )  REFERENCES 

HOEHLER 79 PDAT 12-1 +Kaiser. Koch, P]etarinen 
Also B0 Toronto Conf. 3 Koch 

HENDRY 7B PRL 41 222 
Also 81 ANP 136 i Hendpl 

(KARL) IJP 
(KARL) IJP 

(IND, LBL) IJe 
(IND) 

We list here miscellaneous high-mass candidates for isospin-3/2 resonances 
found in partial-wave analyses. 

Our 1982 edition also had a A(2850)  and a A(3230).  The evidence for 
them was deduced from total  cross-section and 180 ° elastic cross-section 
measurements. The A(2850)  has been resolved into the A(2750)  13,13 and 
A(2950) K3,15. The A(3230) is perhaps related to the K3,13 of HENDRY 78 
and to the L3,17 of KOCH 80. 

A ( ~  3000) M A S S  

DOCUMENT ID TECN COMMENT 

1 KOCH 80 IPWA ~rN ~ ~rN L317 wave 

1 KOCH 80 IPWA 7rN ~ 7rN M3,19 wave 

HENDRY 78 MPWA 7rN ~ =N 13,11 wave 

HENDRY 78 MPWA =N ~ ~rN K3,13 wave 

HENDRY 78 MPWA 7rN ~ ~TN L317 wave 

HENDRY 78 MPWA =N ~ =N M3,19 wave 
HENDRY 78 MPWA ~TN ~ ~N N3,21 wave 

A(~ 3000) W I D T H  

DOCUMENT ID TECN COMMENT 

HENDRY 78 MPWA 7rN ~ x N  13,11 wave 

HENDRY 78 MPWA "~N ~ 7rN K3,13 wave 

HENDRY 78 MPWA 7rN ~ 7rN L3,17 wave 

HENDRY 78 MPWA ~rN ~ 7rN M3,19 wave 

HENDRY 78 MPWA 7rN ~ 7rN N3,21 wave 

A ( ~  3000) D E C A Y  M O D E S  

Mode 

r l  NTr 

A ( ~  3000) B R A N C H I N G  R A T I O S  

F ( N ~ ) / F t o t a l  F1/F 
VALUE DOCUMENT ID TECN COMMENT 

0.06 ±0.02 HENDRY 78 MPWA 7rN ~ 7rN /3,11 wave 

0.045.L0.02 HENDRY 78 MPWA x N  ~ ~rN K3,13 wave 
0.03 ±0.01 HENDRY 78 MPWA 7rN ~ 7rN L3.17 wave 

0.025±0.01 HENDRY 78 MPWA 7rN ~ =N M3,19 wave 

0.018±0.01 HENDRY 78 MPWA ~N ~ ~N N3,21 wave 

A ( ~  3000) FOOTNOTES 

I In addition, KOCH 80 reports some evidence for an 931 /',(2700) and a P33 A(2800). 

A(~ 3000) REFERENCES 

KOCH 80 Toronto Conf. 3 (KARL) IJP 
HENDRY 78 PRL 41 222 (IND, LBL) IJP 

Also 81 ANP 136 1 Hendry (IND) 



See key on page IV.1 Baryon Full 
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Listings 
Z's, A 

II ZBARYONS II (S = + 1) 

N O T E  ON T H E  S = +1 B A R Y O N  S Y S T E M  

The evidence for strangeness +1 baryon resonances was 

reviewed in our 1976 edition, 1 and has been reviewed more 

recently by Kelly 2 and by Oades. 3 New partial-wave analyses 4,5 

appeared in 1984 and 1985, and both claimed that the P13 and 

perhaps other waves resonate. However, the results permit no 

definite conclusion - -  the same story heard for 20 years. The 

standards of proof must simply be more severe here than in a 

channel in which many resonances are already known to exist. 

The present skepticism against baryons not made of three 

quarks, and the lack of any experimental activity in this area, 

make it likely that another 20 years will pass before the issue 

is decided. Nothing new at all has been published in this area 

since our 1986 edition, 6 and we simply refer to that for listings 

of the Z0(1780)P01, Z0(1865)D03, Z1(1725)Pn, Z1(2150), and 

&(2500). 
R e f e r e n c e s  

1. Particle Data Group, Rev. Mod. Phys. 48, S188 (1976). 

2. R.L. Kelly, in Proceedings of the Meeting on Exotic Reso- 
nances (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. K. Hashimoto, Phys. Rev. C29, 1377 (1984). 

5. R.A. Arndt and L.D. Roper, Phys. Rev. D31, 2230 (1985). 

6. Particle Data Group, Phys. Lett. 170B, 289 (1986). 

A BARYONS II (S=  -1 ,  /---- 0) 
A ° = u d s  

r ~  /(JP) = 0(½ +) 

We have omitted some results that have been superseded by later exper- 
iments. The omitted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

A MASS 

The fit uses A, I ' - ,  zO, ) - -  mass and mass-difference measurements. 

_V~LUE (MeV~ EVT5 DOCUMENT ID TEEN 
1115.63:E0.05 OUR FIT Error includes scale factor of 1.4. 
U15.57-1-0.1~ OUR AVERAGE Error includes scale factor of 1.3. See the ideogram 

below. 
1115.59 4- 0.08 935 HYMAN 72 HEBC 
1115.394-0.12 195 MAYEUR 67 EMUL 
1115.6 4-0.4 LONDON 66 HBC 
1115.654-0.07 488 1 SCHMIDT 65 HBC 
1115.444-0.12 2 BHOWMIK 63 RVUE 

1Since our final values for the Z and A masses come from doing an overall fit to all 
measured masses and mass differences, we use the uncorrelated measurements from 
SCHMIDT 65 rather than those coming from the overall fit reported in that paper. 
Since there seems to be no convincing reason to ignore data using range measurements, 
we include here values depending on proton and pion ranges. The SCHMIDT 65 masses 
have been reevaluated using our April 1973 proton and K ~ and ~t: masses. P. Schmidt, 
private communication (1974). 

2The mass has been raised 35 keV to take into account a 46 keV increase in the proton 
mass and an 11 keV decrease in the 7r4- mass (note added 1967 edition, aMP 39, 1). 

WEIGHTED AVERAGE 
1115.57 -- 0 .08  (Error scaled by 1.3) 

~ ' ~ l ~ - I -  Values above of weighted average, error, 
end scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our *best* values, 
obtained from 8 least-squares constrained fit 
utilizing measurements of other (related) 
quantities as additional information. 

X 2 

. . . . . . . . . . .  HYMAN 72 HEBC "~T 

. . . . . . . . . . .  MAYEUR 87 EMUL 2.2 
. . . . . . .  LONDON 68 HBC O.O 

/ . _ . 1 ~  ~ / I . . . . . . . . . .  SCHMIDT 85 HBC 1.4 
. . . . . . . . . . . .  BHOWMIK 63 RVUE 1.1 

~ /  (Confidence Level = 0 .309)  
I I I 

1115.0 1115.5 1116.0 1116.5 1117.0 

A mass (MeV) 

A - A  MASS DIFFERENCE 

A test of CPT. 

VALUE (MeV} DOCUMENT ID TEEN COMMENT 
0.00±0.12 OUR AVERAGE Error includes scale factor of 2.1. 

-0 .29±0.15 BADIER 67 HBC 2.4 GeV/c X)P 
0.05±0.06 CHIEN 66 HBC 6.9 G e V / c ~ p  

A M E A N  LIFE 

Measurements with an error _> 0.1 x 10 -10  s have been omitted, and only the 
latest high-statistics measurements are used for the average. 

VALUE (10 -10 s~ EVT5 DOCUMENT ID TEEN COMMENT 
2.632+0.020 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below. 
2.69 +0.03 53k ZECH 77 SPEC Neutral hyperon beam 
2.611±0.020 34k CLAYTON 75 HBC 0.96-1.4 GeV/c K -  p 
2.6264-0.020 36k POULARD 73 HBC 0.4-2.3 GeV/c K -  p 
• • • We do not use the following data for averages, fits, limits, e t c . •  • • 

2.69 4-0.05 6582 ALTHOFF 73B OSPK ?r + n ~ A K  + 
2.54 +0.04 4572 BALTAY 71B HBC K -  p at rest 
2.535±0.035 8342 GRIMM 68 HBC 
2.47 4-0.08 2600 HEPP 68 HBC 
2.35 4-0.09 916 BURAN 66 HLBC 
2 , ~  +0.056 . . . .  -0.054 2213 ENGELMANN 66 HBC 

2.59 ±0.09 794 HUBBARD 64 HBC 
2.59 :I:0.07 1378 SCHWARTZ 64 HBC 
2.36 ±0.06 2239 BLOCK 63 HEBC 

WEIGHTED AVERAGE 
2.632 4- O.020 (Error scaled by 1.6) 

2.55 

I 

2.60 

~ i  X2 

ZECH 77 SPEC 3.8 
CLAYTON 75 HBC 1.0 
POULARD 73 HBC 0.1 

4.9 
(Confidence Level = 0 .085)  

i I 

2.65 2.70 2.75 2.80 2.85 

A mean life (10 -10 s) 



VIII.62 

Baryon Full Listings 
A 

(~'A --  7"~) / rAVERAGE, M E A N  LIFE D I F F E R E N C E  

A test of CPT. 

VALUE DOCUMENT ID TECN COMMENT 

0.044i0.B85 BADIER 67 HBC 2.4 GeV/c ~ p  

N O T E  O N  B A R Y O N  M A G N E T I C  M O M E N T S  

The figure shows the measured magnetic  moments  of the 

stable baryons. It also shows the predictions of the  simplest 

quark model, using the  measured p, n, and A moments  as 

input.  In this model, the moments  are 1 

p,p = (4,uu - #d)/3 #,, -- (4p, a' -- #u)/3 
#E+ = (4pu - #s)/3 #z = (4#g - #s)/3 
#_~o = (4#s - #u)/3 /~=-- - (4ft., - l~d)/3 

# A  - -  # s  # r o  = ( 2 # u  + 2~td - -  #s)/3 

and the E ° ---+ A transit ion moment  is 

E x p e r -  S i m p l e  
i m e n t  m o d e l  

/ 

/ / 

input 
P 

- -  v+  

~O 

A 
m / . .  ~ 

input 

_ _  -,,- 

~o 

"-2 

E 

E 
0 
E 
(.3 

c C~ 

3 -  

2 -- 

1 -  

O -  

input 

D. Griffiths, Introduction to Elementary Particles (Harper 
& Row, New York, 1982). 

See, for example, J. Franklin, Phys. Rev. D29 ,  2648 (1984); 
H.J. Lipkin, Nucl. Phys. B241 ,  477 (1984); K. Suzuki, 
H. Kumagai ,  and Y. Tanaka, Europhys.  Lett. 2, 109 
(1986); S.K. Gup ta  and S.B. Khadkikar,  Phys. Rev. D36 ,  
30? (1987); M.I. Krivoruchenko, Sov. Jour. Nucl. Phys. 45, 
109 (1987); L. Brekke and J.L. Rosner, Comments  Nucl. 
Part.  Phys. 18, 83 (1988); K.-T. ChaD, Phys. Rev. D41 ,  
920 (1990); and references cited therein. 

A MAGNETIC MOMENT 

See the Note on Baryon Magnetic Moments above. Measurements with an error 
> 0.15 #N have been omitted. 

VALUE (lZN) E V T 5  DOCUMENT lO TECN COMMENT 
- 0 .613  +0.004 OUR AVERAGE 

0.606 ±0.015 200k 
-0.6138±0.0047 3M 
-0 .59 ±0.07 350k 

0.57 -50.05 1.2M 
-0.66 -50.07 1300 

COX 81 SPEC 
SCHACHIN... 78 SPE¢ 
HELLER 77 SPEC 
BUNCE 76 SPEC 
DAHL-JENSEN71 EMUL 200 kG field 

A ELECTRIC DIPOLE MOMENT 

A nonzero value is forbidden by both Tinvariance and P invariance. 

VALUE (IO 16 e-cm~ CL% DOCUMENT ID TECN 

< 1.5 95 3 PONDROM 81 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • . 

<100 95 4 BARONI 71 EMUL 
<500 95 GIBSON 66 EMUL 

3pONDROM81measures(  3.0-F7.4) x 1 0  17 e-cm. 
4 BARONI 71 measures ( -5 .9  -5 2.9) × 10 -15  e-era 

A D E C A Y  M O D E S  

Mode Fraction (Fi /F)  

F1 pTr (64.1 +0.5 ) % 

F2 nTr ° (35.7 +0.5 ) % 

F3 n'7 (1 .02±0.33)  x 10 - 3  

F4 pTr--~ [a]( 8.5 -51.4 ) x 10 4 

r 5 p e - t 7  e (8 .34 :=0 .14)  x 10 - 4  

F6 p t  z ~t t  (1572.0 .35)  x 10 - 4  

The quark moments  tha t  result from this simple model are 

#u - +1.852#N,  #d -- --0.972#N, and #,  - --0.613#N. The 

corresponding effective quark masses,  taking the  quarks to be 

Dirac point particles, where # - qh/2rn, are a38, 322, and 

510 MeV. As the figure shows, the model gives a good first 

approximation to the  experimental  moments .  For efforts to 

make a bet ter  model, we refer to the  literature. 2 

R e f e r e n c e s  

1. See, for example, D.H. Perkins, Introduction to High 
Energy Physics (Addison-Wesley, Reading, MA, 1987), or 

[a] See the  List ings be low for the  pion m o m e n t u m  range used in th is  mea- 
surement .  

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to 5 branching ratios uses 24 measurements and one 
constraint to determine 5 parameters. The overall f i t  has a X 2 = 
13.6 for 20 degrees of freedom. 

The fol lowing off -d iagonal  array elements are the correlation coefficients 

. .C6x i6xJ} / (6x i '6x j ) '  in percent, from the f i t  to the branching fractions, xi 
F i /Ftota I. The f i t  constrains the xi whose labels appear in this array to sum to 
one. 

x 2 I00 

x 3 9 2 

x 5 46 - 4 6  4 

x 6 0 0 0 0 

Xl x2 x3 x5 

A B R A N C H I N G  R A T I O S  

r ( p ~ - l / r ( m r )  
VALUE E V T S  DOCUMENT ID TECN COMMENT 
0.642=E0.005 OUR FIT 
0.640+0.005 OUR AVERAGE 

r l / ( r l + r 2 )  

0.646±0.008 4572 BALTAY 71B HBC K -  p at rest 
0.635+0.007 6736 DOYLE 69 HBC l r -  p - -  AK  0 
0.643±0.016 903 HUMPHREY 62 HBC 
0.65 10.05 COLUMBIA 60 HBC 
0.627-50.031 CRAWFORD 59B HBC 
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VIII.63 

Baryon Full Listings 
A 

r(n~O)/r(N=) 
VALUE EVTS 
0.3584.0.005 OUR FIT - -  
0.304-1-0.025 OUR AVERAGE 
0.35 4-0.05 
0.291 ± 0.034 75 
(L28 4-0.08 
0.43 =50.14 
13.23 ±0 .09  

r'(n~)/r(nx °) 
$'ALUE (units 10 -3 ) EVTS 
2,9 4-0.9 OUR FIT 
2.86 4.0.74 4.0.57 24 

r(p~-~)lr(P=-) 
_VALUE (units 10 -3 ) EVTS 

1.324-0.22 72 

r'(pe-ee)/r(p~r-) 
VALUE (units 10 -3 ~ EVTS 
1.301:1:0.019 OUR FIT 
1.301"1.0.019 OUR AVERAGE 
1.335±0.056 7111 
1.313+0.024 10k 
1.23 ±0.11 544 
1.27 ±0 .07  1089 
1.31 ±0 .06  1078 
1.17 ±0 .13  86 
1.20 ±0.12 143 
117 4-0.18 120 
1.23 ±0.20 150 

DOCUMENT 10 TECN 

r2/(Q+r2) 

BROWN 63 HLBC 
CHRETIEN 63 HLBC 
BAGLIN 60 HLBC 
CRAWFORD 59B HBC 
EISLER 57 HLBC 

DOCUMENT ID TEEN COMMENT 

r3 / r2  

BIAGI 86 SPEC SPS hyperon beam 

r 4 / r l  
DOCUMENT ID TEEN COMMENT 

BAGGETT 72c HBC ~ -  < 95 MeV/c  

r s / r l  
DOCUMENT ID TEEN COMMENT 

BOURQUIN 83 SPEC SPS hyperon beam 
WISE 80 SPEC 
LINDQUIST 77 SPEC 7 r - p ~  KOA 
KATZ 73 HBC 
ALTHOFF 71 OSPK 

5 CANTER 71 HBC K -  p at rest 
6 MALONEY 69 HBC 
6 BAGLIN 64 FBC K -  freon 1.45 GeV/c  
6 ELY 63 FBC 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.32 ±0 .15  218 5 LINDQUIST 71 OSPK See LINDQUIST 77 

5Changed by us from r ( p e  ~ e ) / r ( I v x )  assuming the authors used r (p~T- ) /F to ta  I = 
2/3.  

6 Changed by us from r ( p e - ~ e ) / r ( N l r )  because F ( p e -  u ) / r ( p ~ r -  ) is the directly mea- 
sured quantity. 

r (p~-P~,)/F(N'~) rE / (q+ r2 )  
VALUE (units 10-4~ EVT5 DOCUMENT ID TEEN COMMENT 
1.574-0,35 OUR FIT 
1.57"1"0.35 OUR AVERAGE 
1.4 4-0.5 14 BAGGETT 728 HBC K -  p at rest 
2.4 ±0.8 9 CANTER 71B HBC K -  p at rest 
1.3 ±0.7 3 LIND 64 RVUE 
1.5 ±1.2 2 RONNE 64 FBC 

A DECAY PARAMETERS 

See the Note on Baryon Decay Parameters in the neutron Listings. Some early 
results have been omitted. 

o~- F O R  A - *  p T r -  
V~LUE EVT5 DQCQMENT ID _ TEEN COMMENT 
O.642:/:0.013 OUR AVERAGE 
0.584±0.046 8500 ASTBURY 75 SPEC 
0.6494-0.023 10325 CLELAND 72 OSPK 
0.67 ±0 .06  3520 DAUBER 69 HBC From - decay 
0,645±0.017 10130 OVERSETH 67 OSPK A from ~ -  p 
0.62 ±0 .07  1156 CRONIN 63 CNTR A from I t -  p 

4' ANGLE FOR A --* p~r- (tan~ = fl / 7) 
_VALUE ~ ~ E V T S  DOCUMENT ID TEEN COMMENT 
-.  6.54. 3.5 OUR AVERAGE 
- 7 .0±  4.5 10325 CLELAND 72 OSPK A from ~r- p 

8 .0±  6.0 10130 OVERSETH 67 OSPK A from 7r- p 
13.0±17.0 1156 CRONIN 63 OSPK A from 7r- p 

O~ 0 1 a -  = ~(A --* n~  O) I c,(A -~ p ~ - )  
VALUE ~ DOCUMENT ID TEEN COMMENT 
1.01 '1-0.07 OUR AVERAGE 
1000±0 .068  4760 7 0 L S E N  70 OSPK ~+ n ~ A K  + 
110 ±0 .27  CORK 60 CNTR 

70LSEN 70 compares proton and neutron distributions from A decay. 

C,~_(A) + ~+(~)1 1 [a_(A) - ~+(~)] 
Zero if CP is conserved. 

~ALUE EVT5 DOCUMENT ID TEEN COMMENT 
-0.03:t:0.06 OUR AVERAGE 
+0.014-0.10 770 TIXlER 88 DM2 J/V) ~ AA 
-0 .074-0 .09  4063 BARNES 87 CNTR ~ p  ~ AA  LEAR 
- 0 . 0 2 ± 0 . 1 4  10k 8 CHAUVAT 85 CNTR p p , ' ~ p  ISR 

8 CHAUVAT 85 actually gives (~+ ( A ) / e _  (A) = - 1 . 0 4  ,1 0.29. Assumes polarization is 
same in ~p  ~ A X and p p  ~ A X. Tests of this assumption, based on C-invariance 
and fragmentation, are satisfied by the data. 

EA /gV FORA-~ pe-Pe 
Measurements with fewer than 500 events have been omitted. Where necessary, signs 
have been changed to agree with our conventions, which are given in the Note on 
Baryon Decay Parameters in the neutron Listings. The measurements all assume that 
the form factor 02 = 0. See also the footnote on DWORKIN 90. 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 
--0.718-1-0.015 OUR AVERAGE 
- 0 . 7 1 9 + 0 . 0 1 6 ± 0 . 0 1 2  37k 9 DWORKIN 90 SPEC eu angular corr. I 
-0.70:50.03 7111  BOURQUIN 83 SPEC .~ ~ ATr- 
-0.734±0.031 10k 10 WISE 81 SPEC eu angular correi. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0.63 ±0.06 817 ALTHOFF 73 OSPK PolarizedA 

9The tabulated result assumes the weak-magnetism coupling w =- gw (0)/&~V (0) to be J 
0.97, as given by the CVC hypothesis and as assumed by the other listed measurements. I However, DWORKIN 90 measures w to be 0.15 ± 0.30, and then gA/gV = -0.731 ± 
0.016. 

10 This experiment measures only the absolute value of gA/gV. 

REFERENCES FOR A 

We have omitted some papers that  have been superseded by later experiments. 
The omitted papers may be found in our 1986 edition (Physics Letters 170B) or in 
earlier editions. 

DWORKIN 90 PR D41 780 +Cox, Dukes, OveF~eth+ (MICH, WISE, RUTG. MINN) 
TlXlER 88 PL B212 523 +Ajaltouni, Falvard, Jousset+ (DM2 Collab.) 
BARNES 87 PL 8199 147 + [CMU, SACL LANL, VIEN, FREt, ILL, UPPS+) 
BIAGI 86 ZPHY C30 201 + (BRIS, CERN, GEVA, HEID, LAUS, LOQM, RAL) 
CHAUVAT 85 PL 163B 273 +Erhan, Hayes+ (EERN, UDCF, UCLA, SACL) 
BOURQUIN 83 ZPHY C21 i +Brown+ (BRIS, GEVA, HEID, LALO, RL, STRB) 
COX 81 PRL 46 877 +D~K)rkin+ (MICH, WISE, RUTG, MINN, BNL) 
PONDROM 81 PR D23 814 +Handler, Sheaff, Cox+ (WISE, MIEH. RUTG, MINN) 
WISE 81 PL 98B 123 +Jensen, Kreisler, Lomanno, Poster+ (MASA, BNL) 
WISE 80 PL 91B 165 +Jensen, Kreisler, Lomanno, Poster+ (MASA, BNL) 
SCHACHIN... 78 PRL 41 1348 Schaehinger, Bunce, Cox+ (MICH, RUTG, WlSC) 
HELLER 77 PL 688 480 +Overseth, Bunce, Dydak+ (MIEH, WISE, HELD) 
LINDQUIST 77 PR 016 2104 +Swallow. Sumner+ (EFI, OSU, ANL) 

Also 76 JP G2 L011 Lindquist, Swallow+ (EFI, WUSL, OSU, ANL) 
ZECH 77 NP B124 413 +Dydak, Navarria+ (SIEG, EERN, DORT, HELD) 
BUNCE 76 PRL 36 1113 +Handler. March, Martin+ (WISE, MtCH, RUTG) 
ASTBURY 75 NP B99 30 +Gallivan. Jafa~+ (LOIC, CERN, ETH, SACL) 
CLAYTON 75 NP B9S 130 +Bacon, Butten~orth, Waters+ (LOIC, RHEL) 
ALTHOFF 73 PL 43B 237 +Brown, Freytag. Heard, Heintze+ (CERN, HELD) 
ALTHOFF 73B NP B06 29 +Brown. Freytag, Heard, Heintze+ {CERN, HELD) 
KATZ 73 Maryland Thesis (UMD) 
POULARD 73 PL 46B 135 +Givernaud. Borg (SACL) 
BAGGETT 72B ZPHY 252 362 +Baggett, Eise~e, Fi~th~th, Ftebse+ {HELD) 
BAGGETT 72C PL 40B 379 +Baggett, Eisele, Filthuth, Frehse, Hepp+ (HELD) 
CLELAND 72 NP 840 221 +Conforto, Eaton, Gerber+ (CERN, GEVA, LUND) 
HYMAN 72 PR D5 1063 +Bunnefl, Derrick, Fields, Katz+ (ANL, CMU) 
ALTHOFF 71 PL 37B 531 +Brown, Freytag, Heard, Heintze+ (CERN, HELD) 
BALTAY 71B PR D4 670 +Bridgewater. Cooper, Habibi+ (COLU, BING) 
BARONI 71 LNC 2 1250 +Petrera. Romano (ROMA) 
CANTER 71 PRL 26 868 +Cole, Lee-Franzini. Loveless+ (STON. COLU} 
CANTER 718 PRL 27 59 +Cole, Lee-Franzini. Loveless+ (STON, £OLU) 
DAHL-JENSEN 71 NC 3A 1 + (EERN, ANKA. LAUS, MPIM, ROMA) 
LINDQUIST 71 PRL 27 612 +Sumner+ (EFt WUSL, OSU, ANL) 
OLSEN 70 PRL 24 S43 +Pondrom. Handler, Limon, Smith+ (WISE, MIEH) 
DAUBER 69 PR 179 1262 +Berge, Hubbard, Merrill, Millet (LRL) 
DOYLE 09 UCRL 18139 Thesis (LRL) 
MALONEY 69 PRL 23 425 +Sechi-Zorn (UMD) 
GRIMM 08 NC S4A 187 (HELD) 
HEPP 08 ZPHY 214 71 +Schleich (HELD) 
BADIER 67 PL 2SB 152 +Bonnet, Briandet, Sadoulet (EPOL) 
MAYEUR 07 U.Libr.Brux.Bul. 32 +Tompa. Wiekens (BELG, LOUC) 
OVERSETH 67 PRL 19 391 +Roth (MIEH, PRIN) 
BURAN 66 PL 20 3}.8 +ENi~dsc~, Skje~&estad, Tofte-r {OSLO) 
CHIEN 66 PR 152 1171 +Lach, Sandweiss, Taft, Yeh, Oren+ (YALE, BNL) 
ENGELMANN 66 NC 45A 1038 +Filthuth, Alexander+ (HEID, REHO) 
GIBSON 66 NC 40A 082 +Green (BRIS) 
LONDON 60 PR 143 1034 +Rau, Goldberg, Lichtman+ (BNL, SYRA) 
SCHMIDT 65 PR 1408 1328 (COLU) 
BAGLIN 64 NE 35 977 +Bingham+ (EPOL, CERN, LOUC, RHEL, BERG) 
HUBBARD 64 PR 1358 183 +Berge, Kalbfleisch, Shafer+ (LRL) 
LIND 64 PR 135B 1483 +Binford, Good. Stern (WISE) 
RONNE 04 PL 11 357 + (CERN, EPOL LOUC, BERG+) 
SCHWARTZ 64 UCRL 11360 Thesis (LRL) 
BHOWMIK 63 NC 28 1494 +Goyal (DELH) 
BLOCK 63 PR 130 706 +Gessaroli, Ratti+ (NWES, BGNA, SYRA, ORNL) 
BROWN 63 PR 130 769 +Kadyk, Trilling, Roe+ (LRL, MICH) 
CHRETIEN 63 PR 131 2008 + (BRAN, BROW, HARV, MIT) 
CRONIN 63 PR 129 1795 +Overseth (PRIN) 
ELY 63 PR 131 S08 +Gidal. Kalmus, Oswald. Powefl+ (LRL) 
HUMPHREY 02 PR 127 1305 +Ross (LRL) 
BAGLIN 60 N£ 18 1043 +Bloch. Brisson, Hennessy+ (EPOL) 
COLUMBIA 60 Rochester Conf. 726 Schwartz+ (COLU) 
CORK 60 PR 120 1000 +Kerth, Wenzel, Cronin+ (LRL PRIN, BNL) 
CRAWFORD 598 PRL 2 266 +£resti. Douglass. Good, Ticho+ (LRL) 
EISLER 57 N£ 5 1700 +Piano, Samios, Schwartz+ (COLU. BNL) 
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N O T E  O N  A A N D  E R E S O N A N C E S  

I. In troduct ion  

In the  L i s t i ng  of  t h e  A(1405) ,  t h e r e  is a n e w  no t e  b y  

R .H .  Da l i t z  o n  t h e  s t a t u s  of  t h a t  r e sonance .  O t h e r w i s e ,  t h e r e  

a re  no  new resu l t s  on  A a n d  E r e s o n a n c e s  for  th i s  ed i t ion .  

T h e  field r e m a i n s  a t  a s t ands t i l l .  I t  c a n  on ly  b e  rev ived  if  

a k a o n  f a c t o r y  is bui l t .  W h a t  fol lows is t h e  r ev iew f r o m  o u r  

1986 edi t ion:  it s u m m a r i z e s  " r e c e n t "  p r o g r e s s  a n d  p r o b l e m s .  

For  a n o t h e r  b r i e f  overview,  see T r i p p )  

T a b l e  1 is a n  a t t e m p t  to  e v a l u a t e  t h e  s t a t u s ,  b o t h  overa l l  

a n d  c h a n n e l  b y  c h a n n e l ,  of  e ach  A a n d  E r e s o n a n c e  in t h e  full  

B a r y o n  Lis t ings ;  t h e  e v a l u a t i o n s  a re  of course  p a r t l y  sub j ec t i ve .  

A b l a n k  i nd i ca t e s  t h e r e  is no  e v i d e n c e  a t  all; e i t he r  t h e  r e l evan t  

coup l ings  a re  smal l  or  t he  r e s o n a n c e  does  no t  r ea l ly  exis t .  T h e  

m a i n  B a r y o n  S u m m a r y  Tab le  inc ludes  on ly  the  e s t a b l i s h e d  

r e s o n a n c e s  (overa l l  s t a t u s  3 or 4 s t a r s ) .  A n u m b e r  of  t h e  1- 

a n d  2 - s t a r  en t r i e s  m a y  e v e n t u a l l y  d i s a p p e a r ,  b u t  t h e r e  a re  

c e r t a i n l y  m a n y  r e s o n a n c e s  ye t  to  be  d i scovered  u n d e r l y i n g  the  

e s t a b l i s h e d  ones.  

None  of  t h e  A ' s  a n d  E ' s  p r o p o s e d  s ince  t h e  m i d  1970 's  

coup le  s t r o n g l y  to  t h e  m a i n  2 - b o d y  d e c a y  c h a n n e l s  NK, 
A~r, a n d  Err, a n d  t h u s  t h e y  s e l d o m  a p p e a r  in cross  sec t ions  

or  i n v a r i a n t  m a s s  d i s t r i b u t i o n s .  However ,  w h e n  the  r e a c t i o n s  

K N  ---, KN, KN --* A~r, a n d  K N  --* Err a r e  a n a l y z e d ,  some  

of  t he  p a r t i a l - w a v e  a m p l i t u d e s  t r a v e r s e  smal l ,  more -o r - l e s s  

r e sonance - l ike  circles.  T h e  q u e s t i o n  in e a c h  case  is: Is th i s  

rea l ly  a r e s o n a n c e ,  or  is it  a n  idle m e a n d e r ?  Is t h e  effect even  

real ,  or  is it  t he  r e su l t  o f  in rpe r fec t  d a t a  a n d  a n a l y s i s ?  

I I .  F o r m a t i o n  e x p e r i m e n t s  

(by  G.P.  G o p a l ,  R u t h e r f o r d  A p p l e t o n  L a b o r a t o r y )  

P a r t i a l - w a v e  a n a l y s e s  have  b e e n  m a d e  m a i n l y  for  t he  NK, 
A~r, a n d  ETr c h a n n e l s ,  b u t  t h e r e  a re  a lso  a few resu l t s  

for t he  E K ,  Aw, a n d  some  q u a s i - 2 - b o d y  channe l s .  E a r l y  

a n a l y s e s  u s u a l l y  cove red  on ly  t h e  r a n g e  of a s ingle  b u b b l e  

c h a m b e r  e x p e r i m e n t .  A l t h o u g h  the  a m p l i t u d e s  f r o m  a n a l y s e s  

in n e i g h b o r i n g  m a s s  r a n g e s  o f t en  d id  no t  jo in  s m o o t h l y ,  

t h e y  d id  give fa i r ly  re l iab le  i n f o r m a t i o n  a b o u t  t he  s t r o n g l y  

c o u p l e d  r e sonances .  More  r ecen t  a n a l y s e s  have  u sed  t h e  Bre i t -  

W i g n e r  f o r m s  of  t h e  d o m i n a n t  r e s o n a n c e s  as i n p u t  to  p rov ide  

c o n s t r a i n t s  in d e t e r m i n i n g  t h e  overa l l  a m p l i t u d e s  a n d  t h u s  in 

l e a r n i n g  a b o u t  t he  less p r o m i n e n t  r e s o n a n c e s .  Bes ides  cove r ing  

w i d e r  r anges ,  some  of  t h e  m o r e  a m b i t i o u s  of  t h e  a n a l y s e s  a t  

t h e  lower  energ ies  have  t r e a t e d  severa l  c h a n n e l s  s i m u l t a n e o u s l y ,  

so t h a t  u n i t a r i t y  c o n s t r a i n t s  a re  a u t o m a t i c a l l y  sa t i s f ied  a n d  

on ly  a s ingle  m a s s  a n d  w i d t h  is o b t a i n e d  for  e a c h  r e sonance .  

In t h e  m i d  a n d  la te  1970 's ,  m u c h  new d a t a  b e c a m e  

avai lable .  Resu l t s  f r o m  severa l  l a rge  K p b u b b l e  c h a m b e r  

e x p e r i m e n t s  were  p u b l i s h e d ,  2-5  a n d  o t h e r  b u b b l e  c h a m b e r  ex- 

p e r i m e n t s  s t u d i e d  K - n  r e a c t i o n s  6 a n d  K°p r eac t ions .  7 C o u n t e r  

e x p e r i m e n t s  m e a s u r e d  t h e  K p ~ K ° n  t o t a l  a n d  d i f fe rent ia l  

cross  sec t ions  a t  low e n e r g i e s ?  the  K-p  p o l a r i z a t i o n s  d o w n  to  

1630 M e V  for t h e  f irst  t ime,  9 t he  K-p  p o l a r i z a t i o n s  f r o m  1700 

Table 1. The status of the A and E resonances. Only those with an 
overall status of *** or **** are included in the main Baryon Summary 
Table. 

Status as seen in 
Overall 

Particle Lr.2j status N K  A~r 2~r Other channels 

A(ll16) Pm **** F N~r(weakly) 
A(1405) 5 '01 **** **** o **** 
A(1520) D03 **** **** r **** Alrrr, A7 
A(1600) P0z *** *** b ** 
A(1670) S01 **** **** i **** A,1 
A(1690) D03 **** **** d **** ATrTr, ETrrc 

A(1800) SOl *** *** d ** NK*,  E(1385)Tr 

A(1810) Pol *** *** e ** NK* 
A(1820) Fo5 **** **** n **** E(1385)Tr 
A(1830) D05 **** *** F **** E(1385)~r 

A(1890) Po3 **** **** o ** NK* ,  E(1385)Tr 

A(2000) * r * Aw, NK* 
A(2020) For * * b * 

A(2100) Got **** **** i *** Aw, NK* 
A(2110) Fo5 *** ** d * Aw. NK* 
A(2325) Do3 * * d Aw 
A(2350) *** *** e * 
A(2585) ** ** n 

E(1193) P u  **** Nrr(weakly) 
5](1385) P13 **** **** **** 
E(1480) * * * * 
E(1560) ** ** ** 
E(1580) D13 ** * * 
E(1620) S:t ** ** * 
E(1660) PI: *** *** ** 
E(1670) D13 **** **** **** **** several others 
E(1690) ** * ** * A~rzr 
E(1750) $11 *** *** ** * ZTI 
E(1770) Plz * 
E(1775) Dis **** **** **** *** several others 
E(1840) P13 * * ** * 
E(18S0) Pll ** ** ** NK* 
E(1915) FlS **** *** **** *** Z(1385)Tr 
E(1940) D13 *** * *** ** quasi-2-body 

E(2000) 811 * * NK*.  A(1520)lr 
Z(2030) F17 **** **** **** ** several others 
E(2070) F15 * * 

3 2 ( 2 0 8 0 )  /°13 ** ** 

E(2100) G17 * * * 
E(2250) *** ~** * * 
E(2455) ** * 
E(2620) ** * 
E(3000) * * * 
E (3170) * multi-body 

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

• * Not established; needs confirmation. 
• Evidence weak; could disappear. 

to  1900 M e V  w i t h  a n  o r d e r  of m a g n i t u d e  inc rease  in s t a t i s t i c s ,  1° 

t he  K n e las t ic  a n g u l a r  d i s t r i b u t i o n s  f r o m  1600 to  1800 M e V  n 

a n d  f r o m  1900 to  2300 MeV,  12 a n d  the  180 ° K-p  a n d  0 ° E ~r ÷ 

d i f fe ren t ia l  c ross  sec t ions  f r o m  1550 to  1900 MeV.  13 

More  recent ly ,  t h e r e  have  b e e n  n e w  m e a s u r e m e n t s  of K n 

e las t ic  s c a t t e r i n g  b e t w e e n  1600 a n d  1740 MeV.  14 Also,  new 

t o t a l  a n d  d i f fe ren t ia l  c ross - sec t ion  d a t a  on K-p, -K°n, E±Tr ~:, 
a n d  ATr ° b e t w e e n  1437 a n d  1486 MeV have  b e c a m e  a v a i l a b l e )  ~ 

T h e y  c lea r ly  show t h e  onse t  of P - w a v e  a m p l i t u d e s  b y  1450 

MeV,  w h i c h  b r i n g s  in to  q u e s t i o n  a n a l y s e s  of low e n e r g y  

d a t a  t h a t  a s s u m e d  on ly  S waves  were  s ign i f ican t .  F ina l ly ,  



See key on page IV.1 
VIII.65 

Baryon Full Listings 
A's and Y's 

there are new E±n :: differential cross-section and polarization 

distributions in a region where data were sparse, from 1650 to 

1715 MeV. TM 

We now compare the more recent analyses with each 

other and with the data. Some of the data have yet to be 

incorporated into any analysis. 

The N K  channel:  The most recent analysis 17 is an 

update of the old Rutherford Lab-Imperial College (RLIC 77) 

analysis. TM As before, it is a conventional energy-dependent 

analysis with the added constraint that the masses and widths 

of the resonances had to be consistent with those deter- 

ruined in the inelastic channels analyzed previously An, Zn, 

A(1520)Tr, E(1385)n, and NK*(892). The analysis also goes 

closer to threshold, covering 1470 to 2170 MeV. It does not 

include the data from a number of the more recent experiments 

mentioned above. As before, angular distributions (a total of 

5110 data points) were fit directly. The new amplitudes differ 

little from the RLIC 77 amplitudes. However, the K - n  data 

removed some of the uncertainties in the E resonances. 

The LBL-Mt. Holyoke-CERN analysis 19 covers the nar- 

rower range of 1500 to 1940 MeV and also includes most 

of the new data. It is an energy-dependent analysis using 

a unitary background parametrized in terms of scattering 

lengths. The cusp effects at the Aq and E~ thresholds are 

included by introducing a square-root singularity in the energy 

variation of the widths of the appropriate resonances. This 

group's own high-statistics charge-exchange data s (which do 

not agree with bubble chamber measurements) all but kill the 

less well-established resonances. 

The University College, London (UCL) K-matrix energy- 

dependent analysis 2° covers from 1540 to 2000 MeV. The N K  

amplitudes are consistent with those of the other analyses over 

most of this range. However, at the low end there are major 

differences, due to the absence of constraints from the A(1520), 

which lies just outside the range covered. The K - n  angular 

distributions and K - p  polarization measurements are not fit 

very well. 

The above analyses, all below 2200 MeV, are comple- 

mented by the College de France-Saclay (CdF-S) energy- 

dependent analysis 5 covering from 2070 to 2440 MeV. Besides 

the conventional polynomial parametrization of the background 

amplitudes, also tried is a parametrization using constraints 

imposed by the duality hypothesis (that s-channel backgrounds 

come exclusively from the t-channel Poineron exchange ampli- 

tude). With 30 fewer free parameters, the results are consistent 

with the conventional approach. 

The E~r channel:  There is very little agreement, par- 

ticularly about the lower partial waves, between the two 

raultichannel analysesJ s,2° The low-energy K~p --* E°n + data 7 

are better explained by the RLIC 77 amplitudes than by 

the UCL amplitudes. At the high end, there is good conti- 

nuity between the RLIC 77 amplitudes and those from the 

single-channel analysis of the CdF-S collaboration 5 covering 

from 2070 to 2440 MeV. The A(1520) and A(2110) resonances, 

which lie outside the range covered by the UCL analysis, 

clearly provide strong constraints. 

The Air channel:  This isospin-1 channel has been the sub- 

ject of many energy-dependent and -independent analyses (for 

example, RLIC 77, TM UCL? ° Baillon-Litchfield? 1 de Bellefon- 

Berthon, 22 and Van Horn23). However, even the widespread 

use of the method of Barrelet zeroes has not helped to resolve 

the E spectrum - -  probably because most E resonances simply 

do not couple strongly to the N K  initial state. 

Quas i -2-body  channels:  The Rutherford Lab-Imperial 

College group has made energy-dependent analyses of the 

A(1520)~r, E(1385)n, and NK*(892) channels over the widest 

ranges for which data are available. The data were 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 quality of 

the fits suggests a maximum model-dependent systematic 

uncertainty of 10%. The Aw channel has been analyzed from 

threshold to 2440 MeV by the CdF-S collaboration. 5 

S ign  c o n v e n t i o n s  f o r  r e sonance  couplings: In terms 

of the isospin-0 and -1 elastic scattering amplitudes A0 and 

A1, the amplitude for K - p  -~ -K°n scattering is :i=(A1 -A0) /2 ,  

where the sign depends on conventions used in conjunction 

with the Clebsch-Gordan coefficients (such as, is the baryon or 

the meson the "first" particle). If this reaction is partial-wave 

analyzed and if the overall phase is chosen so that, say, the 

E(1775)D15 amplitude at resonance points along the positive 

imaginary axis (points "up"), then any E at resonance will 

point "up" and any A at resonance will point "down" (along 

the negative imaginary axis). Thus the phase at resonance de- 

termines the isospin. The above ignores background amplitudes 

in the resonating partial waves. 

That is the basic idea. In a similar but somewhat more 

complicated way, the phases of the K N  --~ A~r and K N  ~ En 

amplitudes for a resonating wave help determine the SU(3) 

multiplet to which the resonance belongs. Again, a convention 

has to be adopted for some overall arbitrary phases: which way 

is "up"? Our convention is that of Levi-Setti 24 and is shown 

in Figure 1, which also compares experimental results with 

theoretical predictions for the signs of several resonances. In 

the Listings, a + or - sign in front of a measurement of 

an inelastic resonance coupling indicates the sign (the absence 

of a sign means that the sign is not determined, not that 

it is positive). For more details, see Appendix II of our 1982 
edition. 25 

A r g a n d  plots: Figure 2 shows some representative Argand 

plots of partial-wave amplitudes. For the N K  channel we show 

the amplitudes from RLIC 77 TM and from LBL-Mt. Holyoke- 

CERN, TM and for the An and 5in channels we show those from 
RLIC 77 TM and from UCL. 2° 
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Errors  on m a s s e s  and  widths: The errors quoted on 
resonance parameters from partial-wave analyses are often only 
statistical, and the parameters can change by more than these 
errors when a different parametrization of the waves is used. 
Furthermore, the different analyses use more or less the same 
data, so it is not really appropriate to treat the different 
determinations of the resonance parameters as independent 
or to average them together. In any case, the spread of the 
masses, widths, and branching fractions from the different 
analyses is certainly a better indication of the uncertainties 
than are the quoted errors. In the Baryon Summary Table, 
usually a range reflecting the spread of the values is given 
rather than a particular value with error. 

For three states, the A(1520), the A(1820), and the 
E(1775), there is enough information to make an overall fit to 
the various branching fractions. It is then necessary to use the 
quoted errors, but the errors obtained from the fit should not 
be taken seriously. 

III. Production experiments 

Partial-wave analyses of course separate partial waves, 
whereas a peak in a cross section or an invariant mass distri- 
bution usually cannot be disentangled fl'om background and 
analyzed for its quantum numbers; and more than one reso- 
nance 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 Summary 
Table results from production experiments are used only for 
the low-mass states. The E(1385) and A(1405) of course lie 
below the K N  threshold and nearly everything about them is 
learned from production experiments; and production and for- 
mation experiments agree quite well in the case of A(1520) and 
results have been combined. There is some disagreement be- 
tween production and formation experiments in the 1600-1700 
MeV region: see the Note on the E(1670). 
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Figure 2(a). The LI.2J = S01 and  P(}I partial-wave amplitudes for K N  scattering in the elastic and E~r channels. The lower 
plot for each amplitude is from GOPAL 77, the upper plots for the elastic amplitudes are from ALSTON 78, and the upper 
plots for the Err 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 positions [the S01A(1405) 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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Figure 2(b). Tile LI.2. I  = P0a and D03 partial-wave ampli tudes for ~ ; N  scattering in tile elastic and Ezr channels. The  lower 
plot for each ampli tude is from GOPAL 77, the upper plots for the elastic ampli tudes are from ALSTON 78, and the upper 
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Figure 2(c). The LI .2  J = D05 and F05 partial-wave amplitudes for K N  scattering in the elastic and P.~r channels. The lower 
plot for each amplitude is from GOPAL 77, the upper plots for the elastic amplitudes are from ALSTON 78, and the upper 
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Figure 2(e). The LI.2j = Sll partial-wave amplitudes 
for K N  scattering in the elastic, A~r, and E~r 
channels. The lower plot for each amplitude is from 
GOPAL 77, the upper plot for the elastic amplitude 
is from ALSTON 78, and the upper plots for the 
A~r and ZTr 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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Figure 2(f). The LI.2j = P n  partial-wave amplitudes 
for K N  scattering in the elastic, A~r, and Err 
channels. The lower plot for each amplitude is from 
GOPAL 77, the upper plot for the elastic amplitude 
is from ALSTON 78, and the upper plots for the 
A~r and Err 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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Figure 2(g). The LI.2J = P13 partial-wave amplitudes 
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Figure 2(h). The LI.2J = DI3 partial-wave ampli- 
tudes for K N  scattering in the elastic, ATr, and ETr 
channels. The lower plot for each amplitude is from 
GOPAL 77~ the upper plot for the elastic amplitude 
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Figure 2(i). The LI.2J = D15 partial-wave amplitudes 
for K N  scattering in the elastic, ATr, and Er  
channels. The lower plot for each amplitude is from 
GOPAL 77, the upper plot for the elastic amplitude 
is from ALSTON 78, and the upper plots for the 
ATr and E~ 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 flmctions of energy are shown 
projected in alignment with the Argand plots. 
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Figure 2(j). The LI.2.1 = Fl5 partial-wave amplitudes 
for K N  scattering in tile elastic, ATr, and Err 
channels. The lower plot for each amplitude is from 
GOPAL 77, the upper plot for the elastic amplitude 
is from ALSTON 78, and the upper plots for the 
A?r and Err 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 aligmnent with the Argand plots. 
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Figure 2(k_). The L1.2J = F17 partial-wave ampli- 
tudes for K N  scattering in the elastic, h~r, and E~r 
channels. The lower plot for each amplitude is from 
GOPAL 77, the upper plot for the elastic amplitude 
is from ALSTON 78, and the upper plots for the 
ATr and ETr 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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]A(1405)  S0x[ ,u ~) = 0(~-) st~t°~: * * * *  

N O T E  O N  T H E  A(1405)  

(by R.H. Dalitz, Oxford University} 

It is generally accepted tha t  the A(1405) is a well- 

established ,I P 1/2 resonance. It is assigned to the lowest 

L 1 supermult iplet  of the  3-quark sys tem and paired with 

the ,I P = 3/2 A(1520). Lying about  30 MeV below the N K  

threshoht, the A(1405) can be observed directly only as a 

resonance bump in the  CZar) ° subsys tem in final s tates  of 

production experiments.  It was first reported by ALSTON 61B 

in the reaction K p --+ Z ~ r ~  at 1.15 GeV/e and has since 

been seen in at least, eight other experiinents, so tha t  there is 

no doubt about  its existence. 

Only two production experiments  have had statist ics ad- 

equate for a detailed analysis: THOMAS 73, with about 400 

E±~ :~ events from 7r p ~ KII(ETr) ° at 1.69 GeV/e; and 

HEMINGWAY 85, with 766 E + ~ -  and 1106 E 7r + events 

from K p ~ (Ezr~r)+~ - at 4.2 GeV/e, after selection on 

1600 _< M(E~r~r)- < 1720 MeV and m o m e n t u m  transfer _< 1.0 

(GeV/c) 2 to purify the A(1405) --~ (ETr) ° sample. The  mass  

and width est imates  from these two exper iments  are in agree- 

ment,  with masses around 1395 1400 Me\ '  and widths around 

60 MeV (the mass  1391 =F 1 MeV quoted by Hemingway is 

from the best Breit-Wigner fit. which is an unacceptable fit to 

the data).  

The Byers-Fenster tests  on these da ta  give only J > 1/2 

and no parity deternfination. Neither spin nor parity have yet 

been determied directly by experiment.  The earl?, indications 

for J g  1/2 came from the analysis of low-energy ArK 

scattering and reaction data  in a constant-scat ter ing-length 

approach (see KIM 65, SAKITT 65, and earlier references 

cited therein),  because Re A(I  0) was found to be large and 

negative. The first mult iehannel  energy-dependent  K-matr ix  

analysis (KIM 67) s t rengthened tile case for a A resonance 

of mass  about 1400 1420 MeV strongly coupled to the I = 0 

S-wave N K  system. 

THOMAS 73 and HEMINGWAY 85 both found the 

A(1405) bump to be asymmetr ic  and not well-fitted by a 

Breit-Wigner resonance function with constant  paralneters.  

This  a symmet ry  involves a rapid fall in intensity as the N K  

threshold energy is approached from below, readily interpreted 

as due to a s t rong coupling of the :\(1405) to the  S-wave 

N K  channel (see DALITZ 81). This striking S-shaped cusp 

behavior at a new threshoht  is characteristic of an S-wave 

coupling; the other below-threshold s t rangeness  1 resonance. 

the E(1385), has no such asynmmtry  because its N K  coupling 

is P-wave. For the A(1405), this a symmet ry  is the sole direct 

evidence tha t  JP  = 1/2 . 

Following the early work cited above, a eonsiderable litera- 

ture has developed on proper procedures for phenonlenological 

extrapolat ion below the N K  threshold, partly in order to 

s t rengthen the evidence for the spin-parity of the A(1405) and 

partly to provide an est imate  for the ampli tude f ( N K )  in the 

unphysieal  domain below the N K  threshold, which is needed 

for evaluation of the dispersion relation for N K  and N K  

forward scattering amplitudes.  These procedures are based on 

the analysis of the low-energy formation da ta  ( N K  total and 

partial S-wave cross sections for K laboratory momenta  in the 

range 100 300 MeV/e; for recent reviews, see MILLER 84. 

B A R R E T T  89). In Inost recent work, the  ( ~ r )  ° productiml h 

spec t rum is included in tile da ta  fitted (see, e.g., CHAO 73). 

It is now accepted that  the da ta  can be fitted phenomeno-  

logically only with an b'-wave pole in the reaetion ampli tudes 

below N K  threshold, but  there is still controversy about  

the physical origin of this pole. For a review oil this topic', 

see DALITZ 81 and DALITZ 82. Two extreme possibilities 

are: Ca) an L = 1 unitary-flavor-singlet 3-quark baryon state.  

coupled with the S-wave meson-baryon systems; or (b) an 

unstable  N K  bound state, analogous to the (stable) deuteron 

in the  N N  system. If Ca.) holds, we have to unders tand  why 

the A(1405) mass  is so much lower than  tha t  of its partner,  the 

A(1520), since this requires very large spin-orbit split t ings in 

the QCD-inspired nonrelativistie quark model. Such split t ings 

are eonsidered to be excluded on other grounds (see ISGUR 

80, C A P S T I C K  86, and CAPSTICK 89). If (b) holds, another  

(I, JP )  = (0, 1/2 ) resonance is needed to replace the A(1405) 

in thc L 1 supernmltiplet ,  and this resonance nmst  lie 

close to the A(1520). a region already well-explored by ArK 

experiments  with no evidence at all of any such resonance. 

Intermediate s t ructures  are possible; for example, the Cloudy 

Bag Model allows the configurations Ca) and (b) to nlix and 

finds (VEIT 84, \ :E IT  85, JENNINGS 86) the intensity of 

configuration Ca) in the A(1405) to be only 14%. Such models 

natural ly predict a second 1/2 .\ s ta te  close to tile A(1520). 

There are difficulties even in the determinat ion of the 

mass  and width of the resonance from the (ETr)/I data. 

This  mass  spec t rum is usually interpreted using the "Watson 

approximation," which states tha t  the production rate R(E,-r) 

of the final (ETr) ° s tate has a inass dependence proportional 

to (sin2~E~)/q, q being the E~- c.m. monlentum,  in a E~ 

mass range where 6 ~  is not far from 7r/2 and only the E= 

channel is open. i.e. between tlle vTr and the  ArK thresholds. 

It is more useful to consider the product  q R(V~r), since it 

is proportional to sin26~, It is then  convenient to define the 

mass  M to be the mass  value at which sin26ETr = 1. The width 

F may be determined fronl the rate at which ~E~ goes t, hrough 

7r/2, or froln the FWHM; this is a mat te r  of convention. The 

deternfination of M and F from the da ta  suffers from tile 

following difficulties: 

(i) The absolute value of 6,~, is not directly determined. 

Only s i n26~  (:all be determined, and that  only after R(E~)  

is scaled to give sin26Er, = 1 at the peak for the best fit 

to the data. Thus  the bump nmst  be assumed to arise from 

a resonance. This nlight not always be the case, but  for the 
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A(1405) this  assumpt ion  is supported by the  analysis of the  

low-energy N K  da ta  and its extrapolat ion below the N K  

threshold. 
(ii) The  form of the  best fit to the  M(ETr) bump  has con- 

siderable uncertainty,  even with da ta  as good as Hemingway's .  

For a c.m. energy E below a s trong S-wave threshold, the  

general form for ~ is 

1 + t~c~ 
q cot ~E~ - 

where (~,fl, and "~ are the  (generally energy-dependent)  

N N ,  NE ,  and EE elements of the  I = 0 S-wave K-mat r ix  

for the ( E ~ , N K )  system,  and n is the  magni tude  of the  

(imaginary) c.m. m o m e n t u m  kK for the  N K  sys tem below 

threshold. The  elements (a,  fl,'7) are real functions of E; they 

have no branch cuts at the  ETr and N K  thresholds,  but  they  

are permi t ted  to have poles in E along the real E axis. The  

determinat ion of 6z~ from the shape of the  M(E~r) distribu- 

tion thus requires the  determinat ion of three real functions. 

Even if they are assumed to be constant  over the  resonance 

region, it is clear tha t  the  available da ta  cannot  provide their 

determination,  especially if da ta  below 1370 MeV are ruled o u t  

as being outside the  range where the  Watson  approximat ion is 

valid. We note tha t  SE~ reaches the  value ~ /2  when ~ = - 1 / a .  

The  plot of q R ( E ~ )  for Hemingway's  E +~  - da ta  has three 

almost  equal bins centered on 1395, 1405, and 1415 MeV. A 

good fit by eye, giving an S cusp at 1432 MeV and fitting 

the  low-energy da ta  down to 1360 MeV, would suggest  tha t  

M ~ 1405 MeV is a reasonable est imate.  However, it should 

be emphasized tha t  the s t rong a symmet ry  of the  q R(E~-) 

distr ibution gives rise to very considerable uncer ta inty  in the  

determinat ion of the  location of the  peak of this distribution; 

we are accustomed to fitting distr ibutions tha t  are symmetr ic ,  

where the  location of the axis of symmet ry  can be determined 

rather accurately. After some trials, it appears  possible to draw 

curves giving acceptable fits to the  da ta  with peak values lying 

anywhere in the  range 1400 to 1410 MeV. There is therefore 

considerable uncer ta inty  in the  mass; a reasonable assessment  

is M = 1405 MeV. The  F W H M  gives F = 60 to 70 MeV. 

Accepting the  close connection of 6 ~  with the  low-energy 

N K  data,  it becomes at t ract ive to analyze these two sets of 

da ta  together, for there is a large body of accurate da ta  for 

the  laboratory m o m e n t u m  range 100 _< k g < 300 M e V / c  (see 

MILLER 84). The  two sets of da ta  span c.m. energies from 1370 

MeV to 1490 MeV, and it would be unreasonable to expect 

the  K-mat r ix  elements to be energy independent  over such a 

broad range. In fact, for the  I = 0 channels,  a linear energy 

dependence for K -1 has been adopted routinely ever since the 

work of KIM 67, and it is essential when the q R(ETr) da ta  and 

the low-energy N K  data  are fitted together.  However, q R(E~r) 

is not always well-fitted in this way; the  value obtained for M 

varies a good deal from one type of fit to another.  This  is not  

,mrprising since the  ETr mass  spec t rum contr ibutes only 9 da ta  

points  in a total  of about  200. The  conclusion is tha t  the  value 

obtained for the  A(1405) from such an overall fit does not  

necessarily represent an improvement  on es t imates  obtained 

from the qR(E~r) da ta  alone; the  value obtained may  be a 

function of the  representat ion used (K-matrix,  re la t ivis t ic--  

separable or non-separable--potent ia ls ,  e t c . ) t o  describe these 

interactions over the  full range of energy. 

The  present  s ta tus  of the  A(1405) thus  depends consid- 

erably on theoretical a rguments  about  what  assumpt ions  are 

most  reasonable, a somewhat  unsat isfactory basis for a four- 

star  rating. Nevertheless, there is no known reason to doubt  

its existence and its q u a n t u m  numbers .  A measurement  of the 

energy-level shift and width for the  l s  level of kaonic hydrogen 

(also for kaonic deuter ium) would give a valuable check on our 

present analyses of the (ETr,.NK) ampli tudes,  since kg  ~ 0 

for the  K - p  a tom corresponds to an  energy roughly midway 

between those for the  two sets of data. The three measurements  

of ( A E -  iF /2)  for kaonic hydrogen in the  l i terature are incon- 

sistent  with one another  and require Re[A(I  = O)+A( I  = 1)] to  

have a sign opposite tha t  given by the  current values from N K  

reaction data  (see B A T T Y  89). An accurate measurement  of 

( A E -  iF~2) for kaonic hydrogen is urgently needed. Processes 

where the A(1405) is indirectly involved, e.g., as an interme- 

diate s ta te  in K - p  ~ E%' and A'~ (see W H I T E H O U S E  89), 

are now being investigated and may ul t imately give valuable 

information on the  A(1405) parameters .  

To settle the na ture  of the  A(1405) will require much  

further research, both  experimental  and theoretical. Higher- 

stat is t ics experiments  on the  production and decay of the  

A(1405) are needed, but  good K -  beams for this work are 

n o t  available, and the  experiments  will not be possible until  a 

kaon factory is built. Not all of the  low-energy N K  reaction 

cross sections are sufficiently well determined, especially those 

involving K p interactions, which have not  been studied for 20 

years. Kaonic hydrogen s tands  out as one area where suitable 

K beams are still available; measurements  on it could be 

made now and might  greatly elari~, our unders tanding  of the 

(Er~, N K )  system. 

A0405) MASS 

PRODUCTION EXPERIMENTS 
VALUE (MeV~ EVT5 DOCUMENT ID TECN COMMENT 

1400 to 1410 OUR ESTIMATE 
1391± 1 700 1HEMINGWAY 85 HBC K - p 4 . 2 G e V / c  

1405 400 2 THOMAS 73 HBC ~ p 1.69 GeV/c 
1405 120 BARBARO-... 68B DBC K -  d 2.1-2.7 GeV/c 
1400± 5 67 BIRMINGHAM 66 HBC K -  p 3.5 GeV/c 
1382± 8 ENGLER 65 HDBC ~r p, lr + d 1.68 GeV/c 
1400±24 MUSGRAVE 65 HBC # p  3-4 GeV/c 
1410 ALEXANDER 62 HBC ~r p 2.1 GeV/c 
1405 ALSTON 62 HBC K-  p 1.2-0.5 GeV/c 
1405 ALSTON 61B HBC K-  p 1.15 GeV/c 

EXTRAPOLATIONS BELOW A/K THRESHOLD 
VALUE (MeV~ DOCUMENT ID TECN COMMENT 

1411 3 MARTIN 81 K-matrix fit ] 
1406 4 CHAO 73 DPWA 0-range fit (sol. B) 
1421 MARTIN 70 RVUE Constant K-matrix 
1416 ± 4  MARTIN 69 HBC Constant K-matrix 
1403 ±3  KIM 67 HBC K-matrix fit 
1407,5±1.2 5 KITTEL 66 HBC 0-effective range fit 
1410.7±1.0 KIM 65 HBC 0-efFective-range fit 
1409.6+ 1.7 5 SAKITT 65 HBC 0-effective-range fit 
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A ( 1 4 0 5 )  W I D T H  

PRODUCTION EXPERIMENTS 
VALUE (MeV} EVT5 DOCUMENT ID TEEN COMMENT 
45 tO 65 OUR ESTIMATE 
32±  1 700 1 HEMINGWAY 85 HBC 
45 to 55 400 2 THOMAS 73 HBC 
35 120 BARBARO-... 68B DBC 
50110  67 BIRMINGHAM 66 HBC 
89±20  ENGLER 65 HDBC 
60±20  MUSGRAVE 65 HBC 
3 5 t  5 ALEXANDER 62 HBC 
50 ALSTON 62 HBC 
20 ALSTON 61B HBC 

K p 4,2 GeV/c 
~- p 1.69 GeV/c 
K d 2.1-2.7 GeV/c 
K p 3.5 GeV/c 

EXTRAPOLATIONS BELOW N-K THRESHOLD 
VALUE (MeV) DOCUMENT ID TEEN COMMENT 

30 3 MARTIN 81 K matrix fit 
55 4,6 CHAO 73 DPWA 0-range fit (sol. B) 
20 MARTIN 70 RVUE Constant K-matr ix 
29 ± 6  MARTIN 69 HBC Constant K matrix 
50 2_5 KIM 67 HBC K-matrix fit 
3 4 . 1 ± 4 1  5 KITTEL 66 HBC 
37 .0 t3 .2  KIM 65 HBC 
28 .2 t4 .1  5 SAKITT 65 HBC 

A(1405) DECAY MODES 

Mode Fraction (Fi/F) 

F I E~r 100 % 

F 2 N K  

A(1405) BRANCHING RATIOS 

F(N~)/F(Z~) r2/r l  
VALUE ~ DOCUMENT ID TEEN COMMENT 

<3 95 HEMINGWAY 85 HBC K -  p 4,2 GeV,/c 

A ( 1 4 0 5 )  F O O T N O T E S  

1 HEMINGWAY 85 finds the ETr mass distribution is asymmetric and a Breit Wigner fit is 
poor. 

2THOMAS 73 data is fit by CHAO 73 (see next section). 
3The MARTIN 81 fit includes the K ± p forward scattering amplitudes and the dispersion I 

relations they must satisify. I 
4See also the accompanying paper of THOMAS 73. 
5 Data of SAKITT 65 are used in the fit by KITTEL 66. 
6An asymmetric shape, wi th F/2 - 41 MeV below resonance, 14 MeV above. 

A ( 1 4 0 5 )  R E F E R E N C E S  

HEMINGWAY 85 NP B253 742 (CERN) J 
MARTIN 01 NP B179 33 (DURH) 
CHAO 73 NP B56 46 +Kraemer, Thomas. Martin (RHEL, CMU. LOUC) 
THOMAS 73 NP B56 15 +Engler, Fisk. Kraemer (CMU) J 
MARTIN 70 NP B16 479 +Ross (OURH) 
MARTIN 69 PR 183 1352 +Sahnt (LOUC, BNL) 

Also 69B PB 183 1345 Martin, Saknt (LOUC. BNL) 
8ARBARO. 68B PRL 21 573 Barbarc~Galtied. Chadwick+ (LRL. SLAC) 
KIM 67 PRL 19 t074 (YALE) 
BIRMINGHAM 66 PR 152 1148 (BIRM, GLAS, LOIC, OXF, RHEL) 
KITTEL 66 PL 21 349 +Otter, Wacek (VIEN) 
ENGLER 65 PRL 15 224 +Fisk, Kraemer, Meltzer, Westgard~ (CMU, BNL)U 
KIM 65 PRL 14 29 (COLU) 
MUSGRAVE 65 NC 35 735 +Petmezas+ (BIRM. CERN, EPOE, LOIC, SACL) 
SAKITT 65 PR 139B 719 +Day, Glasser, Seeman. Friedman+ (BMD, LRL) 
ALEXANDER 62 PBL 8 447 +KalbBeisch, Miller, Smith (LBL) I 
ALSTON 62 CEBN Conr 311 +ANarez, Ferro-Luzzi+ (LRL) I 
ALSTON 61B PRL 6 698 +Alvarez. Eberhard, Good+ (LRL)I 

- -  OTHER RELATED PAPERS - -  

BARRETT 09 NC 102A 179 (SURR) 
BATTY 89 NC 1O2A 255 ~ Gal (RAL. HEBR) 
CAPSTICK 09 Excited Baryons '88, p 32 (GUEL) 
LOWE 89 NC 102A 167 (BIRM) 
WHITEHOUSE 89 PRL 63 1352 + (BIRM, BOST. BRCO. BNL. CASE. BUDA. TRIU) 
SIEGEL 88 PR C35 2221 +Weise (REGE) 
WORKMAN 88 PR D37 3117 +Fearing (TRIU) 
SCHNICK 87 PRL 58 1719 +Landau (ORST) 
CAPSTICK 86 PR D34 2809 61sgur (TNTO) 
JENNINGS 06 PL B176 229 (TRIU) 
MALTMAN 86 PR D34 I372 +lsgur (LANE TNTO) 
ZHONG 86 PL B171 471 +Thomas, Jennings, Barlett (ADLD, TRIU, SURR) 
BURKHARDT 85 NP A440 653 eLowe, Rosenthal (NOTT. BIRM. WMIU) 
DAREWYCH 0S PR D32 1765 +Konluk, Isgur (YORK, TNTO) 
VEIT 85 PR D3I 1033 +Jennings, Thomas, Barret[ (TRIU, ADLD, SURR) 
KIANG 04 PR C30 1638 +Kumar, Nogami, VanDijk (DALH, MCM£) 
MILLER 84 (LOBE) 

Conf. Intersections between Particle and Nuclear Physics. p 783 

VANDIJK 84 PR D30 937 (MCMS) 
VEIT 84 PL 137B 415 +Jennings, Barrett, Thomas (TRIU, SURR, CERN) 
DALITZ 82 -McOinley, Belyea, Anthony (OXF) 

Heidelberg Conf., p. 201 
DALITZ 81 ~McGinley (OXF) 

Low and Intermediate Energy Kaon-Nucleon ehyslcs, p.381 
MARTIN 81B Low and Intermediate Energy Kaon-Nucleon Phys., p. 97 (DURH) 
OADES 77 NC 42A 462 +Rasche (AARH, ZURI) 
SHAW 73 Purdue Conf 417 (UCI) 
BARBARO-.. 72 LBL-55S Barbaro-Galtieri (LBL) 
DOBSON 72 PR D6 3256 +McEIhaney (HAWA) 
RAJASEKA. 72 PR DS 610 Rajasekaran (TATA) 
CLINE 71 PRL 26 1194 +Laumann, Mapp (WISE) 
MARTIN 71 PL 35B 62 +Martin, Ross (DURH, LOUC, RHEL) 
DALITZ 67 PR 153 1617 +Wong, Rajaseharan (OXF, BOMB) 
DONALD 66 PL 22 711 -Edwards, Lys, Nisar, Moore (LIVP) 
KADYK 06 PRL 17 599 ~Oren, Goldhaber, Goldhaber, Trilling (LRL) 
ABRAMS 65 PR 139B 454 +Sechi Zorn (UMD) 

IA(1520) ~0,1 ,(~) = 0(~-)Status: > ~ * * *  

Discovered by FERRO-LUZZI  62; the elaborat ion in WATSON 63 is the 

classic paper on the Bre i t -Wigner  analysis of a mu l t i channe l  resonance. 

The measurements of the mass, w id th ,  and elast ici ty publ ished before 1975 
are now obsolete and have been omi t ted.  They were last listed in our  1982 

edit ion (Physics Letters 111B).  

Product ion and format ion exper iments agree qui te well ,  so they are listed 

together  here. 

A ( 1 5 2 0 )  M A S S  

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
1519.5 ± 1 , 0  OUR ESTIMATE 
1519.50:1:0.18 OUR AVERAGE 
1517.3 ±1 .5  300 BARBER 80D SPEC -,p ~ A(1520)K + 
1519 ± 1  GOPAL 80 DPWA K N  ~ K N  
1517.8 t 1.2 5k BARLAG 79 HBC K -  p 4.2 GeV/c  
1520.0 ±0 .5  ALSTON ... 78 DPWA K N  ~ K N  
1519.7 ± 0 3  4k CAMERON 77 HBC K -  p 0.96-1.36 GeV/c  
1519 ± 1  GOPAL 77 DPWA K N  multichannel 
1519.4 ± 0 3  2000 CORDEN 75 DBC K -  d 1.4-1.8 GeV/c 

A ( 1 5 2 0 )  W I D T H  

VALUE (MeV) EVTS DOCUMENT 10 TEEN COMMENT 
15.6 ~-1.0 OUR ESTIMATE 
15.59±0.27 OUR AVERAGE 
163 1 3 3  300 BARBER 80O SPEC "~p ~ A(1520)K + 
16 11-1 GOPAL 80 DPWA K N  ~ K N  
14 1 3  677 1 BARLAG 79 HBC K p 4.2 GeV./c 
154 10 .5  ALSTON-... 78 DPWA K N  ~ K N  
16.3 2_0.5 4k CAMERON 77 HBC K -  p 0.96-1.36 GeV/c  
150 1 0 5  GOPAL 77 DPWA K N  multichannel 
15.5 11 .6  2000 CORDEN 75 DBC K d 1.4-1.8 GeV/c  

A ( 1 5 2 0 )  D E C A Y  M O D E S  

Mode Fraction (F i /F )  

Fi NK 45 ± 1% 
F2 E~ 42 ± 1% 
F 3 A~-?T i0 ± 1% 

F 4 E(1385)~T 

F 5 Y ( 1 3 8 5 ) ~ r  ( - -  A~T,'T) 

F6 A (Tr"T)S wave 

F 7 )- ~T ~T 0 9  ± 0.1% 

F8 AT 0 8  ± o.2% 

r9 E°? 

CONSTRAINED FIT INFORMATION 

An overall f i t  to 9 branching ratios uses 24 measurements and one 
constra int  to determine 6 parameters. The overall f i t has a x 2 = 
16.5 for 19 degrees of freedom. 

The fo l lowing o f f  d iagonal  array elements are the correlat ion coefficients 

( ' ~ x i b x j ) / ( ~ x £ g x j ) , .  . in percent, from the fit to the branching fract ions, x~ - -  

r ~ / r t o t a  I. The  fit constrains the xz whose labels appear in this array to sum to 
one. 
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x2 - 6 3  

x 3 - 3 2  - 3 3  

x 7 - 4  - 3  1 

x 8 - 9  - 8  - 4  0 

x 9 - 2 4  - 2 1  - I 0  1 

x I X 2 X 3 X 7 

- 2  

x8 

A(1520) B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r(N~/rtota~ rl/r 
VALUE DOCUMENT ID TEEN COMMENT 
0.45 4-0.01 OUR ESTIMATE 
0.4484-0.007 OUR FIT Error includes scale factor of 1.2. 
0.455+0.011 OUR AVERAGE 
0.47 4-0.02 GOPAL 80 DPWA K N  ~ K N  
0.45 4-0.03 ALSTON-... 78 DPWA K N  ~ K N  
0.4484-0.014 CORDEN 75 DBC K -  d 1.4-1.8 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.47 +0.01 GOPAL 77 DPWA See GOPAL 80 
0.42 MAST 76 HBC K - p ~  ~ n  

r ' ( z ~ ) / r t o t a l  r 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.42 =1=0.01 OUR ESTIMATE 
0.4214-0.007 OUR FIT Error includes scale factor of 1.2. 
0.4234-0.011 OUR AVERAGE 
CI.426±0.014 CORDEN 78 DBC K~ d 1.4-1.8 GeV/c 
Ci.4184-0.017 BARBARO-... 69B HBC K -  p 0.28-0.45 GeV/c 
~, • • We do not use the following data for averages, fits, limits, etc. • • • 

CI.46 KIM 71 DPWA K-matrix analysis 

r(r~)/r(N~) r2/rl 
VALUE DOCUMENT /D TEEN COMMENT 
0.940=1=0.026 OUR FIT Error includes scale factor of 1.3. 
0.95 ±0.04 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below. 
0.98 ±0.03 2 GOPAL 77 DPWA K N  multichannel 
0.82 ±0.08 BURKHARDT 69 HBC K -  p 0.8-1.2 GeV/c 
].06 4-0.14 SCHEUER 68 DBC K -  N 3 GeV/c 
0.96 4-0.20 DAHL 67 HBC ~r p 1.6-4 GeV/c 
D.73 ±0.11 DAUBER 67 HBC K -  p 2 GeV/c 
~, • • We do not use the following data for averages, fits, limits, etc, • • • 

].06 4-0.12 BERTHON 74 HBC Quasi-2-body 
].72 ±0.78 MUSGRAVE 65 HBC 

WEIGHTED AVERAGE 
0 .95  ± 0 . 0 4  (Error scaled by  1.7) 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sari ly the same as our "best"  values, 
obtained from a least-squares constrained fit 
uti l iz ing measurements of other (related) 
quantities as additional information. 

2 
...... X 

. . . . . . .  GOPAL 77 DPWA 1.0 
" '  I . . . . . . .  BURKHARDT g9 HBC 2.7 

" I ~  • • ' SCHEUER BB DBC 0.6 

"7~." " • • - 'DAHL 87 HBC 0.O I 

" 1 ' - - ' '  ' 'DAUBER B7 HBC 4.0 

k 8.3 
, . ~ ,  ~ (Confi ldenee Level = 0 .083 )  

04 o o 1o 14 

r ( Z ~ ) / r ( N E )  

I" (ATr~r) IFtota l  F s / r  
VALUE DOCUMENT ID TEEN COMMENT 
0,10 ±0,01 OUR ESTIMATE 
0.095±0.005 OUR FIT Error includes scale factor of 1.2. 
0.096=E0.008 OUR AVERAGE Error includes scale factor of 1.6. 
0.0914-0.006 CORDEN 75 DBC K -  d 1.4-1.8 GeV/c 
0.11 4-0.01 3MAST  73BIPWA K ~ p ~  A=; 

VIII.81 

B a r y o n  Fu l l  L i s t i n g s  

A(1520) 

r(A~r~-)/r(N~) 
VALUE DOCUMENT ID TEEN 
0.213+0.012 OUR FIT Error includes scale factor of 1.2. 
0.2024-0.021 OUR AVERAGE 
0.22 ±0,03 BURKHARDT 69 HBC 
0,19 ±0,04 SCHEUER 68 DBC 
0.17 ±0.05 DAHL 67 HBC 
0.21 4-0.18 DAUBER 67 HBC 
• • • We do not use the following data for averages, fits, limits, 

0.27 ±0.13 BERTHON 74 HBC 
0.2 KIM 71 DPWA 

r(z~)Ir(A~r~r) 
VALUE DOCUMENT ID TEEN 
4.42=1=0.25 OUR FIT Error includes scale factor of 1.2. 
3.9 +0.6 OUR AVERAGE 
3.9 ±1.0 UHLIG 67 HBC 
3.3 ±1.1 BIRMINGHAM 66 HBC 
4.5 ±1.0 ARMENTEROS65c HBC 

F ( Z ( 1 3 8 5 )  I r ) / r t o t a l  
VALUE DOCUMENT ID TEEN 

0.041=t=0.005 CHAN 72 HBC 

r3/rz 
COMMENT 

K -  p 0.8-1.2 GeV/c 
K -  N 3 GeV/c 
7r- p 1.6-4 GeV/c 
K -  p 2 GeV/c 
etc. • • • 

Quasi-2-body (7 
K-matrix analysis 

r2/r3 
COMMENT 

K -  p 0,9-1.0 GeV/c 
K -  p 3.5 GeV/c 

r4/r 
COMMENT 

K - p ~  ATrTr 

r ( z ( 1 3 8 5 ) ~ -  ( - -  A ~ ) ) / F ( A ~ - ~ - )  r s / r s  
The A~r~r mode is largely due to Z(1385)~r. Only the values of (Z(1385)Tr) / (A27r) 
given by MAST 73B and CORDEN 75 are based on real 3-body partial-wave analyses. 
The discrepancy between the two results is essentially due to the different hypotheses 
made concerning the shape of the (Irlr)5_wave state, 

VALUE DOCUMENT ID TEEN COMMENT 

0.58±0.22 CORDEN 75 D B C  K -  d 1.4-1.8 GeV/c 
0.82±0.10 4 MAST 73B IPWA K -  p ~ ATtar 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.394-0,i0 

r(A(~)s_wave)Ir(A~) 
VALUE 
0.20+0.08 

r (ZTr 7r)/rtotaJ 
VALUE 
@009 4-0.001 OUR ESTIMATE 
0.0QB6=E0.0005 OUR FIT 
B.0086:E0.0005 OUR AVERAGE 
0.007 ±0.002 
0.0085±0.0006 
0.010 4-0.0015 

F ( A ' / ) / F t o t a l  
VALUE EVTS 
0.008 =1=0.002 OUR ESTIMATE 
0.0079+0.0014 OUR FIT 
0.0080 4- 0.0014 238 

5BURKHARDT 71 HBC K - p ~  (A~rTr)~ 

rolrs 
DOCUMENT ID TEEN COMMENT 

CORDEN 75 DBC K -  d 1.4-1.8 GeV/c 

FT/F 
`DOCUMENT ID TEEN COMMENT 

6 CORDEN 75 DBC K -  d 1.4-1.8 GeV/c 
7 MAST 73 MPWA K -  p ~ ZTr~r 

BARBARO-... 69B HBC K -  p 0.28-0,45 GeV/c 

ra/r 
~OCUMENT ID TEEN COMMENT 

MAST 68B HBC 

r (z ° ~) /rtotal 
VALUE DOCUMENT IO TEEN 
0.01954-0.0034 OUR FIT 
0.02 4-0.0035 8 MAST 68B HBC 

Using 
r (NK) /F to ta l=0 .45  

r9/r 
COMMENT 

Not measured; see note 

A(1520)  F O O T N O T E S  

1 From the best-resolution sample of A~Tr events only. 
2The K N  ~ £7r amplitude at resonance is +0.46 4- 0.01. 
3Assumes r (NK) /F to ta  I - 0.46 ± 0.02. 
4Both T(1385)Tr DSO3 and Z(Tr~T) DP03 contribute. 
5The central bin (1514-1524 MeV) gives 0.74 4- 0.10; other bins are lower by 2-to-5 

standard deviations. 
6 Much of the TTrTr decay proceeds via T(1385)~r. 
7 Assumes F (NK) / r t o t a  I - 0.46. 

8 Calculated from r (AT) / r t o ta l ,  assuming SU(3), Needed to constrain the sum of all the 
branching ratios to be unity. 

A(1520)  REFERENCES 

BARBER 8OD ZPHY C7 17 +Dainton, Lee. Marshall+ (DARE, LANE, SHEF) 
GOPAL 8O Toronto Conf. 159 (RHEL) IJP 
BARLAG 79 NP B149 220 +Blokzijl, Jonsejans4- (AMST, CERN, NIJM. OXF) 
ALSTON-... 78 PR D18 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 

Also 77 PRL 3a 1 0 0 7  Alston-Garnjost, Kenney+ (LBL, MTHO, CERN)IJP 
CAMERON 77 NR B131 399 +Franek, Gopal, Kalmus, McPherson+ (RHEL, LOIC)IJP 
GOPAL 77 NR Bl19 362 +Ross, VanHorn, McPherson- (LOlC, RHEL) IJP 
MAST 75 PR D14 13 +Alston-Garnjost, Bangerter~ (LBL) 
CORDEN 75 NP B84 306 +Cox, Dartnell, Kenyon, O'Neale+ (BIRM) 
BERTHON 74 NC 21A 146 +Tristram+ (EDEn, RHEL, SACL, STRB) 
MAST 73 PR D7 32•2 +aa~gerter, Alston Gamiest+ (LBL) UP 
MAST 73B PR D? 5 +Bangerter, ABton-Garnjost+ (LBL) IJP 
CHAN 72 PRL 2S 256 +Button Shafer, Hertzbach, Kofler+ (MASA, YALE) 
BURKHARDT 71 NP B27 64 +Filthuth, Kluge+ (HELD, CERN, SACL) 
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Baryon Full Listings 
A(1520), A(1600), A(1670) 
KIM 71 PRL 27 356 (HARV) IJP 

Also 70 Duke Conf. 161 Kim (HARV) IJP 
BARBARO-... 69B tund Conf 352 Barbarc~Galtiefi, Bangerter, Mast, Tripp (LRL) 

Also 70 Duke Conf 95 Tripp (LRL} 
BURKHARDT 69 NP B14 106 +Filthuth, KluEe+ (HELD, EFI, CERN, SACL) 
MAST 68B PRL 21 1715 +Alston Garnjost, BanBerter, Galtieri+ (LRL) 
SCHEUER 68 NP B8 503 +Merrill Verglas, DeWitt+ (SABRE Collab ) 
DAHL 67 PR 163 1377 +Hardy, Hess, Kirz, MHler (LRL) 
DAUBER 67 PL 24B 525 +Malamud, Schlein, Slater. Stork (UCLA) 
UHLIG 67 PR 155 1448 +Charlton, Condon, Glasser, Yodh+ (UMD, NRL) 
BIRMINGHAM 66 PR 152 1148 (BIRM, GLAS. LOIC. OXF, RHEL) 
ABMENTEROS 65C PL 19 338 .Ferro-Luzzi+ (CERN, HELD, SACL) 
MUSGRAVE 65 NC 35 735 +Petrnezas+ (BIRM, CERN, EPOL, LOIC, SACL) 
WATSON 63 PR 131 2 2 4 8  +Ferro-Luzzi, Tripp (LRL} IJe 
FEBRO LUZZI 62 PRL 8 28 +Tr]pp, Watson (LRL) IJe 

lA(1600) Pol I I(J P) = 0(½ +) Status: ~<~<>k 

A(1600) REFERENCES 

GOPAL 80 Toronto Conf. 159 (RHEL) J JR 
ALSTON. 78 PR DIS 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) iJP 

Also 77 PRL 38 1007 ABton Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 
GOPAL 77 NP B119 362 ~Ross, VanHorn, McPherson+ (LOIC, RHEL) IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOBE, GLAS)IJP 

Also 77B NP B126 266 Martin, Pidcock (LOBE) 
Also 77C NP B126 285 Martin, Pidcock (LOBC) IJP 

CARROLL 76 PRL 37 806 ~Chia~ 8, Hycia, Li, Mazur, Michael+ (BNL) I 
HEPP 76B PL 65B 487 -Braun, Grimm, Strobele+ (CERN, HELD, MPIM)IJP 
KANE 74 LBL 2452 (LBL) IJP 
LANGBEIN 72 NP B47 477 ~WaBner (MPIM) IJP 
KIM 71 PRL 27 358 (HARV) IJP 

IA(1670)  o,I , ( . ) :  ) * * * *  
See also the  A (1810 )  P01. There  are qu i te  possibly two  P01 states in th is  

region. 

A(1600) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1560 tO 1700 OUR ESTIMATE 
1568± 20 GOPAL 80 DPWA K N  ~ K N  
1703±100 A L S T O N  ... 78 DPWA K N  - -  K N  

15733. 25 GOPAL 77 DPWA K N  mult ichannel 
1596± 6 K A N E  74 DPWA K - p ~  ",-~ 

1620± 10 LANGBEIN  72 IPWA K N  mult ichannel 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1572 or 1617 i M A R T I N  77 DPWA K N  mult ichannel 
1646± 7 2 CARROLL 76 DPWA Isospin 0 total 
1570 KIM 71 DPWA K-matr ix  analysis 

A(1600) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

50 to 258 OUR E S T I M A T E  Our best guess ~ ~ 0  MeV. 

116±  20 GOPAL 80 DPWA K N  ~ K N  

593±200  A L S T O N  ... 78 DPWA K N  ~ K N  
147±  50 GOPAL 77 DPWA K N  mult ichannel 
175± 20 K A N E  74 DPWA K p ~ ~-~T 

6 0 ±  10 LANGBEIN  72 IPWA K N  mult ichannel 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

247 or 271 1 M A R T I N  77 DPWA K N mult icdannel 
20 2 CARROLL 76 DPWA Isospin 0 total 
50 KIM 71 DPWA K matr ix  analysis 

A(1600) DECAY MODES 

Mode Fraction (F i /F )  

F 1 NK- t5 30 % 

F 2 T ~r 10-60 % 

The above branching fractions are our estimates, not fits or averages, 

A(1600) BRANCHING RATIOS 

See "Sign conventions for resonance coupl ings" in the Note on A and ] [  Resonances. 

F(NK)/Ftotal r l / r  
VALUE DOCUMENT IO TEEN COMMENT 
0.15 to 0.30 OUR E S T I M A T E  
0 .233.004 GOPAL 80 DPWA K N  ~ K N  
0 1 4 ± 0 . 0 5  ALSTON- . . .  78 DPWA K N  ~ K N  
0 2 5 ± 0 . 1 5  LANGBEIN 72 IPWA K N  mult ichannel 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .24±0.04 GOPAL 77 DPWA See GOPAL 80 
030  or 0.29 1 M A R T I N  77 DPWA K N  mutt ichannel 

(r::)l/qrtota~ in N K  --* A(1600) --* E= (rlr2)L/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.16±0.04  GOPAL 77 DPWA K N  multfchannel 
- 0 . 3 3 ± 0 . 1 1  K A N E  74 DPWA K p ~ ~-Tr 

0 .28±0.09 LANGBEIN 72 IPWA K N  muit ichannel 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

- 0 . 3 9  or 0.39 1 M A R T I N  77 DPWA K N  mult ichannel 
not seen HEPP 76B DPWA K N ~ '*-,-7 

A(1600) FOOTNOTES 
i T h e  two M A R T I N  77 values are f rom a T -mat r i x  pole and f rom a Breit-Wigner f i t .  
2 A  total  cross-section bump wi th ( J + i / 2 )  rel / Ftota I = 0.04. 

T h e  measurements  of  the  mass, w id th ,  and elast ic i ty pub l ished before 1974 

are now obsolete and have been om i t t ed .  T h e y  were last l isted in our  1982 

edi t ion (Physics Letters 111B) .  

A(1670) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1660 to 1686 OUR ESTIMATE 
1670.83.1.7 KOISO 85 DPWA K p ~ T ~  
1667 ± 5  GOPAL 80 DPWA K N  ~ K N  
1671 3-3 ALSTON- . . .  78 DPWA K N  ~ K N  
1670 ± 5  GOPAL 77 DPWA K N  mult ichannel 
1675 ± 2  HEPP 76B DPWA K -  N ~ ~ T  
1679 ± 1  K A N E  74 DPWA K p ~ T,'T 
1665 ± 5  PREVOST 74 DPWA K -  N - -  T(1385)7, 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

1664 1 M A R T I N  77 DPWA K N  muir±channel 

A(1670) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

25 to 50 OUR E S T I M A T E  Our b e s t ~ 5 ~ M e V .  

34 .1±  3.7 KOISO 85 DPWA K p ~ ~ETr 
29 ± 5 GOPAL 80 DPWA K N  ~ K N  

29 ± 5 ALSTON-. . .  78 DPWA K N  ~ K N  

45 ± 1 0  GOPAL 77 DPWA K N  mult ichannel 
46 ± 5 HEPP 76B DPWA K - N  ~ 'Z_7" 

40 ± 3 K A N E  74 DPWA K p ~ T =  
19 ± 5 PREVOST 74 DPWA K - N  ~ }~(1385)~ 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

12 1 M A R T I N  77 DPWA K N  mult ichannel 

Mode 

A(1670) DECAY MODES 

Fraction ( F i / r )  

F 1 NK  15-25 % 
F 2 T ~ "  20 60 % 

r3 Aq 15-35 % 

I- 4 Z ( 1 3 8 5 )  ,'T 

T h e  above  b r a n c h i n g  f r ac t i ons  are o u r  es t ima tes ,  n o t  f i t s  or  averages.  

A(1670) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

F(NK)/Ftotal F1/F 
VALUE DOCUMENT IO TEEN COMMENT 
0.15 to 0.25 OUR E S T I M A T E  
0 .18±0.03  GOPAL 80 DPWA K N  ~ K N  
0 1 7 ± 0 . 0 3  ALSTON ... 78 DPWA K N  - -  K N  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .20±0.03  GOPAL 77 DPWA See GOPAL 80 
0.15 1 M A R T I N  77 DPWA K N  mult ichannel 

(r:r)V21rtotal in N K  ~ A(1670) --~ E~r (rlr2)l/8/r 
VALUE DOCUMENT /D TEEN COMMENT 

0 2 6 ± 0 0 2  KOISO 85 DPWA K - p  ~ ~1~, 

0 3 1 ± 0 0 3  GOPAL 77 DPWA K N  muir±channel 
0 . 2 9 ± 0  03 HEPP 76B DPWA K N ~ ~E~r 
0 2 3 ± 0 0 3  L O N D O N  75 HLBC K p ~ YOur0 
0 .27±0.02 K A N E  74 DPWA K -  p ~ Y ~  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

013  I M A R T I N  77 DPWA K N  mult ichannel 

(r~rr)l/2/rtota~ in N K  ~ A(1670) ~ A71 (r t r3) l /2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

+ 0 . 2 0 ± 0 . 0 5  B A X T E R  73 DPWA K p ~ neutrals 



See key on page IV. 1 

® • • We do not use the following data for averages, fits, limits, etc. • • • 

0.24 r I M  71 DPWA K-matrix analysis 
0.26 ARMENTEROS69c HBC 
0.20 or 0.23 BERLEY 65 HBC 

(Qr~)V2/rtota~ in N K - - - ~  A ( 1 6 7 0 )  - - ,  T ( 1 3 8 5 ) ~ r  (QF4)V2/F 
VALUE DOCUMENT ID TECN COMMENT 

0.184-0,05 PREVOST 74 DPWA K -  N ~ :E(1385)~r 

A(1670) FOOTNOTES 

I MARTIN 77 obtains identical resonance parameters from a T-matr ix pole and from a 
Breit-Wigner fit. 

A ( 1 6 7 0 )  R E F E R E N C E S  

KOISO 85 NP A433 619 +SaL Yamamoto, Kofler (TORY, MASA) 
(;OPAL 80 Toronto Conf. 159 (RHEL) IJP 
ALSTON ... 78 PR D18 ] . 8 2  Alston-Garnjost, Kenney+ (LBL, MTHO, CERN)IJP 

Also 77 PRL 38 1007 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 
(;OPAL 77 NP B1].9 362 +Ross, VanHofn, McPherson+ (LOIC, RHEL)IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOUC, GLAS)UP 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also 77C NP B126 285 Martin, Pidcock (LOUC) IJP 

HEPP ?6B PL 65B 487 +Bcaun, Grimm, Strobele+ (tERN, HELD, MPIM)IJP 
LONDON 75 NP B85 289 +Yu, noyd+ (BNL, CERN, EPOL, ORSA, TORI) 
KANE 74 LBL 2452 (LBL) IJP 
PREVOST 74 NP B69 246 +narloutaud+ (SACL, CERN, HELD) 
BAXTER 73 NP B67 125 +Buckingham, Corbett, Dunn+ (OXF) UP 
rIM 71 PRL 27 356 (HARM) IJP 

Also 70 Duke Conf 161 rim (HARV) IJP 
ARMENTEROS 69C Lurid Pape~ 229 +Baillon+ (CERN, HELD, SACL) IJP 

Values are quoted in LEVI SETTI 69 
BERLEY 65 PRL 15 641 +Connolly, Hart, Rahm, Stonehill+ (BNL) IJP 

I A(1690) D03 1 ~U ~) = 0(3-) Status: >F:~<~<>I< 

The measurements of the mass, w id th ,  and elast ic i ty publ ished before 1974 

are now obsolete and have been omi t ted.  They  were last listed in our  1982 
edit ion (Physics Letters 111B).  

A(1690) M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1685 to 1695 OUR ESTIMATE 
1695,7±2,6 KOISO 85 DPWA K p ~ ZTr 
1690 ± 5  GOPAL 80 DPWA K N  ~ K N  
1692 4-5 ALSTON-...  78 DPWA K N  ~ K N  
1690 4-5 GOPAL 77 DPWA K N  mult ichannel 
].690 4-3 HEPP 768 DPWA K N ~ ~-~ 
].689 ±1 KANE 74 DPWA K p ~ T~r 
i~ • • We do not use the following data for averages, fits, limits, etc. • • • 

].687 or 1689 1 MARTIN 77 DPWA K N  multichannel 
].692 4-4 CARROLL 76 DPWA Isospin-0 total ~r 

A ( 1 6 9 0 )  W I D T H  

VALUE (MeV~ DOCUMENT IO TECN COMMENT 

50 to 70 OUR ESTIMATE Our b e s t ~ O ~ M e V .  

67 .2±  5.6 KOISO 85 
61 4- 5 GOPAL 80 
64 ±10 ALSTON-... 78 
60 ± 5 GOPAL 77 
82 4- 8 HEPP 76B DPWA K -  N ~ )-Tr 
60 4- 4 KANE 74 DPWA K - p ~  }-~T 
i, • • We do not use the following data for averages, fits, limits, etc. • • • 

62 or 62 1 MARTIN 77 DPWA K N mult ichannel 
38 CARROLL 76 DPWA Isospin 0 total 

V I I I . 8 3  

Baryon Full Listings 
A(1670), A(1690) 

A ( 1 6 9 0 )  B R A N C H I N G  R A T I O S  

The sum of all the quoted branching ratios is more than 1,0. The two-body ratios 
are from partial-wave analyses, and thus probably are more reliable than the three- 
body ratios, which are determined from bumps in cross sections. Of the latter, 
the Z~rTr bump looks more significant. (The error given for the A ~ r  ratio looks 
unreasonably small.) Hardly any of the T1r~r decay can be via T(1385),  for then 
seven times as much ATrTr decay would be required. See "Sign conventions for 
resonance couplings" in the Note on A and T Resonances. 

F ( N K ) / r t o t a l  r l / r  
VALUE DOCUMENT ID TECN COMMENT 
O-2 t-o 0.3 OUR ESTIMATE 
0 .23 ;0 .03  GOPAL 80 DPWA K N  ~ K N  

0.22-F0.03 ALSTON-... 78 DPWA K N  ~ K N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .24+0.03 GOPAL 77 DPWA See GOPAL 80 
0.28 or 0.26 1 MARTIN 77 DPWA K N  multichannel 

(rirf)V2/rtotal in N K - -  A(1690) ~ Z1r (rlr2)1121r 
VALUE DOCUMENT IO TECN COMMENT 

- -0 .34±0.02  KOISO 85 DPWA K p ~ Z~T 
0.254-0.03 GOPAL 77 DPWA K N  mult ichannel 

- 0 , 2 9 ± 0 . 0 3  HEPP 76B DPWA K N ~ )"Tr 
0.28,10.03 LONDON 75 HLBC K -  p ~ Z0~0  

-0 ,284-0 .02  KANE 74 DPWA K p ~ ZTr 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 3 0  or 0.28 1 MARTIN 77 DPWA K N multichannel 

( r i r f ) ~ 1 2 1 r t o t a l  in N K - - - *  A ( 1 6 9 0 )  ~ A t /  (FIFs)V21F 
VALUE DOCUMENT lO TECN COMMENT 

0.00±0.03 BAXTER 73 DPWA K p ~ neutrals 

(rirf)V21rtotal in N K  ~ A ( 1 6 9 0 )  ~ A~rTr (rlrs)1121r 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .25+0.02 2BARTLEY 68 HDBC K - p ~  A = =  

(rirf)l/2/rtotal in N K - - *  A(1690) ---* Z1r~r (rff4)V21r 
VALUE DOCUMENT IO TECN COMMENT 

0.21 ARMENTEROS68c HDBC K N ~ Z~Tr 

(r;r~)V2/rtota~ in N K - - ,  A(1690) ~ T(1385)Ir, S-wave (FIFo)V2/F 
VALUE DOCUMENT ID TECN COMMENT 

+0,27-}-0.04 PREVOST 74 DPWA K -  N ~ T(1385)~ 

A(1690) FOOTNOTES 

1The two MARTIN 77 values are from a T-matrix pole and from a Breit-Wigner fit. 
Another D03 A at 1966 MeV is also suggested by MARTIN 77, but is very uncertain. 

2 BARTLEY 68 uses only cross section data. The enhancement is not seen by PRE- 
VOST 71. 

A(1690) REFERENCES 

KOISO 85 NP A433 619 
GOPAL 80 Toronto Conf. 159 
ALSTON. 78 PR D18 182 

A4so 77 PRL 38 1007 
DPWA K -  p ~ $-Ir GOPAL 77 NP Bl19 362 
DPWA K N  ~ K N  MARTIN 77 NP n127 349 
DPWA K N  ~ K N  Also 778 NP B126 266 

Also 77£ NP B126 285 
DPWA K N  mult ichannel CARROLL 76 PRL 37 806 

HEPP 76B PL 65n 487 
LONDON 75 NP n85 289 
KANE 74 LnL 2452 
PREVOST 74 NR B69 246 
BAXTER 73 NP B67 125 
PREVOST 71 Amsterdam Conf. 
ARMENTEROS 68C NP B8 216 
BARTLEY 68 PRL 21 1111 

A ( 1 6 9 0 )  D E C A Y  M O D E S  

Mode Fraction ( l ' i / r )  

r-1 NK 20-30 % 

[-2 ]Lfr  20-40 % 

['3 AIT/r  ~ 2 5 %  

[ '4 Z~rTr ~ 2 0 %  

[-5 A~I 

F6 Z ( 1 3 8 5 ) T r ,  5 -wave  

T h e  above b r a n c h i n g  f rac t i ons  are o u r  es t imates ,  no t  f i ts  or averages.  

*Sai, Yamamoto, roller (TOKY, MASA) 
(RHEL) UP 

Alston-Garnjost, Kenney+ (LBL, MTHO, CERN)IJP 
Alston Gamjost, Kenney- (LBL, MTHO, CERN)IJP 

+Ross, VanHorn, McPherson+ (LOIC, RHEL)IJP 
+Pidcock, Moorhouse (LOUC, GLAS)IJP 

Martin, Pidcock (LOUC) 
Martin, Pidcock (LOUC) IJP 

+Chiang, Kycia, Li. Mazur. Michael+ (BNL) I 
+Braun, Grimm, Strobele+ (CERN, HELD, MPIM)IJP 
+Yu, Boyd+ (BNL, CERN, EPOL, ORSA, TORI) 

(LBL) IJn 
+Barloutaud+ (SACL, CERN, HELD) 
+Buckingham, Corbett, Dunn+ (OXF) IJP 

(CERN, HELD. SACL) 
+Baillon+ (CERN, HELD, SACL) I 
+Chu, Dowd. Greene- (TUFT, FSU, BRAN)I 



V111.84 

Baryon Full Listings 
A(1800), A(1810) 

I A(1800) Soi I ,(~) = 0(½-) Status:  * * *  

This is the second resonance in the 501 wave, the first being the A(1670). 

A(1800) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1720 tO 1850 OUR ESTIMATE 
1841±10 GOPAL 80 DPWA K N  ~ K N  
1725120 ALSTON ... 78 DPWA K N -  K N  
1825±20 (50PAL 77 DPWA K N  multichannel 
1830±20 LANGBEIN 72 IPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1767 or 1842 1 MARTIN 77 DPWA K N  multichannel 
1780 KIM 71 DPWA K matrix analysis 
]872~:i0 BRICMAN 70S DPWA K N  ~ K N  

A(1800)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMEN7 
200 tO 400 OUR ESTIMATE Our best guess is 300 MeV, 
228±20 GOPAL 80 DPWA K N  ~ K N  
185±20 ALSTON ... 78 DPWA K N  ~ K N  
230±20 GOPAL 77 DPWA K N  multichannel 

70±15 LANGBEIN 72 IPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

435 o~ 473 1 MARTIN 77 DPWA K N multichannel 
40 KIM 71 DPWA K matrix analysis 

100_+20 BRICMAN 70B DPWA K N  ~ K N  

A(1800)  D E C A Y  MODES 

Mode Fraction (Fi/'F) 

F1 N K  25 40 % 

F2 :E ~ seen 

F 3 Z(1385)~ seen 

F 4 N K * ( 8 9 2 )  seen 

F5 N K * ( 8 9 2 ) ,  5 - 1 / 2 ,  5-wave 

F 6 N K * ( 8 9 2 ) ,  5 - 3 / 2 ,  D-wave 

The above branching fract ions are our  est imates,  not  f i ts or averages. 

A(1800) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and i Resonances, 

F ( N K ~ / r t o t a ,  r l / r  
VALUE DOCUMENT tO TEEN COMMENT 
0.25 tO 0.40 OUR ESTIMATE 
0.36±004 GOPAL 80 DPWA K N  -~ K N  
0.28±0.05 ALSTON ... 78 DPWA K N  -~ K N  
0 3 5 ± 0 1 5  LANGBEIN 72 IPWA K N  mMtichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.37±0.05 GOPAL 77 DPWA See GOPAL 80 
1.21 or 0.70 1 MARTIN 77 DPWA K N multichannel 
0.80 KIM 71 DPWA K matrix analysis 
0.18±0.02 BRICMAN 70B DPWA K N  ~ K N  

( r i r f ) l / 2 / r t o t a l  in N K - ~  A(1800)  -~  TTr (r~r2)'/2/r 
VALUE DOCUMENT ID TECN COMMENT 

- -0 .08±005 GOPAL 77 DPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

074 or 0.43 1 MARTIN 77 DPWA K N multichannel 
024 KIM 71 DPWA K matrix analysis 

(rirf)V2/rtotal in N K  --, A(1800) ~ :E(1385)Tr (rlr3)'/~/r 
VALUE DOCUMENT ID TECN COMMENT 

+ 0 0 5 6 ± 0 0 2 8  2 CAMERON 78 DPWA K -  p -*  i (1385)~ 

( F i F f / / 2 / F t o t a L  in NK-  ~ A(1800)  ~ N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  S-wave 

(F1Fs)'/UF 
VALUE DOCUMENT ID TECN COMMENT 

017=0.03 2 CAMERON 78B DPWA ~ p - ~  NK*  

( F i r f ) l / 2 / F t o t a l  in N K  ~ A(1800)  ~ NK- * (892 ) ,  5 = 3 / 2 ,  D-wave 

(rirg)'/Ur 
VALUE DOCUMENT ID TEEN COMMENT 

013±0.04 CAMERON 78B DPWA K -  p -~ N K *  

^(1800)  FOOTNOTES 
1 The two MARTIN 77 values are from a T-matrix pole and from a Breit-Wigner fit. 
2The published sign has been changed to be in accord with the baryomfirst convention. 

A(1800) REFERENCES 

GOPAL S0 Toronto Conf 159 (RHEL) IJP 
ALSTON 78 PR D18 182 Alston-Garnjost. Kenney- (LBL. MTHO. CERN)IJP 

Also 77 PRL 38 1007 Alston Garnjost. Kenney* (LBL. MTHO. CERN)IJP 
CAMERON 78 NP B143 189 + Franek. Gopal. Bacon. Butte~ort~ {RHEL LOIC)UP 
CAMERON 78B NP B146 327 +Franek. Gopal. KaImus. McPherson+ (RHEL, LOIC)IJP 
GOPAL 77 NP Bl19 362 cross. VanHorn. McPherson+ {LOIC. RHEL)IJP 
MARTIN 77 NP B127 349 +Pidcock. Moorhouse (LOUC. GLA5)IJP 

Also 77B NR B126 266 Martin, Pidcock (LOUC) 
Also 77C NP B126 285 Mardn, Pidcock (LOUC) IJP 

LANGBEIN 72 NP B47 477 -Wagner (MPIM) IJP 
KIM 7t PRL 27 356 (HARV) IJP 

Also 70 Duke Conf 161 Kim (HARV) UP 
BRICMAN 70B PL 33B all  ~Ferro Luzzi. Lagnaux (CERN] IJP 

IA(181o) Po, I I ( J P )  : 0 ( ½ - )  Status:  >k >k ~< 

Almost all the recent analyses contain a P01 state, and sometimes two of 
them, but the masses, widths, and branching ratios vary greatly. See also 
the A(1600) P01. 

A(1810)  M A S S  

VALUE (MeV) DOCUMENT ID TEEN 
1750 to 1850 OUR ESTIMATE 
1841 J~ 20 GOPAL 80 DPWA 
1853 i20  GOPAL 77 DPWA 
1735J- 5 CARROLL 76 DPWA 
1746~ 10 PREVOST 74 DPWA 
1780:E 20 LANGBEIN 72 IPWA 
• • • We do not use the following data for averages, fits. limits, 

1861 or ]953 1 MARTIN 77 DPWA 
1755 KIM 71 DPWA 
1800 ARMENTEROST0 HBC 
1750 ARMENTEROS70 HBC 
1690:I0 BARBARO ... 70 HBC 
1740 BAILEY 69 DPWA 
1745 ARMENTEROS68B 14BE 

K N  ~ K N  
K N multichannel 
Isospin 0 total c7 
K N ~ ~-(1385)7r 
K N multichannel 
etc. • • • 

KN multichannel 

K-matrTx analysis 
K N  ~ K N  

K N -  E ~  
K N  ~ K N  
K N  ~ K N  

A(1810)  W I D T H  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
50 tO 250 OUR ESTIMATE Our bes~ ~ s s  is 1~0 MeV. 
164±20 GOPAL 80 DPWA K N  ~ K N  

9 0 : 2 0  CAMERON 78B DPWA K p ~ N K *  
166±20 GOPAL 77 DPWA K N  multichannel 
46±20 PREVOST 74 DPWA K -  N ~ ~(1385)= 

120±10 LANGBEIN 72 IPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

535 or 585 1 MARTIN 77 DPWA K N  multichannel 
28 CARROLL 76 DPWA Isospin-0 total 
35 KIM 71 DPWA K-matrix analysis 
30 ARMENTEROS70 HBC K N  ~ K N  
70 ARMENTEROS70 HBC K N  - *  [ ~  
22 BARBARO ... 70 HBC K N -  Y-~ 

300 BAILEY 69 DPWA K N  ~ K N  
147 ARM ENTEROS68B HBC 

A(1810)  D E C A Y  MODES 

Mode Fraction (Fi,'F) 

F1 N K  20 50 % 

r 2 Y,'T 10 40% 

F 3 ~ ( 1 3 8 5 )  ~, seen 

F4 N K * ( 8 9 2 )  30 60 % 

F5 N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  P-wave 

F6 N K * ( 8 9 2 ) ,  5 - 3 / 2 ,  P w a v e  

The above branch ing fract ions are our  est imates, no t  f i ts or averages. 

A(1810) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and ~ Resonances. 

r(N~)/rtotal r l / r  
VALUE DOCUMENT ~D TECN COMMENT 
0.2 t o  0.5 OUR ESTIMATE 
0.24~004 GOPAL 80 DPWA K N  ~ K N  
036 ~ 005 LANGBEIN 72 IPWA K N multichannel 



See key on page IV.1 

,, • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .21±0.04 GOPAL 77 DPWA See GOPAL 80 
0.52 or 0.49 1 MARTIN 77 DPWA K N mult ichannel 
0.30 KIM 71 DPWA K-matrix analysis 
0.15 ARMENTEROS70 DPWA K N  ~ K N  
0.55 BAILEY 69 DPWA K N  ~ K N  
0.4 ARMENTEROS68B DPWA K N  ~ K N  

(rFf)~/21rtotal in /VK --~ A(1810) --* Z~T (rlr2)g21r 
VALUE DOCUMENT ID TEEN COMMENT 

0.24J_0.04 GOPAL 77 DPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.25 or +0.23 1 MARTIN 77 DPWA K N  multichannel 
< 0.01 LANGBEIN 72 IPWA K N  multichannel 

0.17 KIM 71 DPWA K-matrix analys]s 
+0.20 2 ARMENTEROS70 DPWA K N  ~ ~E~ 

0.13,10.03 BARBARO-... 70 DPWA K N  ~ Z~t 

, ( r i r f ) l / 2 / r t o t a l  in N K  ~ A(1810) ---* )'-(1385)~" (rlr~)'l~Ir 
VALUE DOCUMENT IO TECN COMMENT 

+0 .18±0 .10  PREVOST 74 DPWA K -  N ~ T(1385)~ 

(I-;rf)l/~/rtota~ in N K  -~  A(1810) --~ N ~ ' ( 8 9 2 ) ,  5=i /2,  P-wave  

(FIFs)'/UF 
VALUE DOCUMENT ID TECN COMMENT 

- -0 .14±0.03 2CAMERON 78B DPWA K - p ~  N K *  

( r i r f ) Z / 2 / r t o t a l  in  N K - ~  A ( 1 8 1 0 )  -~  N E ' ( 8 9 2 ) ,  5 = 3 / 2 ,  P -wave  

(FIFs)VUF 
VALUE DOCUMENT ID TEEN COMMENT 

+0 .35±0 .06  CAMERON 78B DPWA K p ~ N K *  

A ( 1 8 1 0 )  F O O T N O T E S  

1The two MARTIN 77 values are from a T-matr ix pole and from a Breit-Wigner fit. 
2 The published sign has been changed to be in accord wi th the baryon-first convention. 

A(1810) REFERENCES 

GOPAL 80 Toronto Conf 159 (RHEL) IJP 
CAMERON 78B NP B146 327 +Franek, GopaL Kalmus, McPherson+ (RHEL, LOIC)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn, McPherson+ (LOIC, RHEL)IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (EOUC, GLAS) IJP 

Also 77B NP B126 266 Martin, Pidcock (EOUC) 
Also 77C NP B126 285 Martin, Pidcock (LOU£) IJP 

CARROLL 76 PRL 37 806 +Chiang, Kycia, Li, Mazur, Michael+ (BNL) I 
PREVOST 74 NP BE9 246 +Barloutaud+ ($ACL, CERN, HELD) 
LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 
KIM 71 PRL 27 356 (HARV) IJP 

AlSO 70 Duke Conf 161 Kiln (HARV) IJP 
ARMENTEROS 70 Duke Cone 123 +Baillon+ (£ERN. HelD. SACL) IJP 
BARBARO-... 70 Duke Conf. 173 aarbarc-Galtieri (LRL) I JR 
BAILEY 69 UCRL 50617 Thesis (LLL) IJP 
ARMENTEROS 68B NP B8 195 +Baillon+ (CERN. HELD. SACL) I JR 

IA(182°) = 0(~ +) Sta tus :  >k*>k~<  

This  resonance is the cornerstone for all par t ia l -wave analyses in th is  region. 

Most of the results publ ished before 1973 are now obsolete and have been 
omit ted.  They  may be found in our  1982 edit ion (Physics Letters 111B).  

Most of the quoted errors are stat ist ical  only;  the systematic errors due to the 
par t icu lar  parametr izat ions used in the part ia l -wave analyses are not  included. 
For th is reason we do not  ca lcu late weighted averages for the mass and w id th .  

A(1820) M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1815 tO 1825 OUR ESTIMATE 
1823±3 GOPAL 80 DPWA K N  ~ K N  
1819±2 ALSTON-... 78 DPWA K N  ~ K N  
1822±2 GOPAL 77 DPWA K N  multichannel 
1821±2 KANE 74 DPWA K p ~ )-~T 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1830 DECLAI5 77 DPWA KN ~ KN 

1817 or 1819 1 MARTIN 77 DPWA K N mult ichannel 

A ( 1 8 2 0 )  W I D T H  

VALUE (Met/} DOCUMENT ID TECN COMMENT 
?0 tO 90 OUR ESTIMATE Our b e s t S 0 -  ~leV. 

774-5 GOPAL 80 DPWA K N  ~ K N  
72±5  ALSTON-... 78 DPWA K N  ~ K N  
8 1 ± 5  GOPAL 77 DPWA K N  multichannel 
:37±3 KANE 74 DPWA K p ~ )-~ 

V I I I . 8 5  

Baryon Full Listings 
A(1810), A(1820) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

82 DECLAIS 77 DPWA K N  ~ K N  
76 or 76 1 MARTIN 77 DPWA K N  mult ichannel 

A(1820) D E C A Y  M O D E S  

Mode Fraction (ri /r) 

r l  N K  55-65 % 

F2 :E ~ 8-14 % 

r 3 Z(1385) ;T 5-i0 % 

F4 T ( 1 3 8 5 ) T r ,  P -wave  

r 5 T ( 1 3 8 5 ) = ,  F -wave 

r6  A~i 

r 7 T- ~-,R- 

T h e  above b r a n c h i n g  f rac t i ons  are ou r  es t imates,  no t  f i ts  or  averages.  

A(1820)  B R A N C H I N G  RATIOS 

Errors quoted do not include uncertainties in the parametrizations used in the 
partial-wave analyses and are thus too small. See also "Sign conventions for reso- 
nance couplings" in the Note on A and :E Resonances. 

r ( N K ) / r t o t a l  r l / r  
VALUE DOCUMENT IO TECN COMMENT 
0.55 tO 0.65 OUR ESTIMATE 
0.58±0.02 GOPAL 80 DPWA K N  ~ K N  
0.60±0.03 ALSTON-... 78 DPWA K N  ~ K N  
• • • We do not use the following data for averages, fits, limits, etc. • I • 

0.51 DECLAIS 77 DPWA K N  ~ K N  
0 .57±0.02 GOPAL 77 DPWA See GOPAL 80 
0.59 or 0.58 1 MARTIN 77 DPWA K N  multichannel 

( r i r f ) t / 2 / r t o t a l  in  N K - - *  A ( 1 8 2 0 )  --* T~r  ( r l r 2 ) l / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

- -0 .28±0.03  GOPAL 77 DPWA K N  multichannel 
0 .28±0.01 KANE 74 DPWA K -  p ~ ~-Tr 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 2 5  or - 0 . 2 5  1 MARTIN 77 DPWA K N  mult ichannel 

(rirf)V2/rtotal in  N K  --* A ( 1 8 2 0 )  --~ AT/ (r l rJqr 
VALUE DOCUMENT ID TEEN 

n nQ~,+0.040 RADER 73 MPWA 
- ~ ' ~ ' ~ -  0.020 

r ( z ~ r T r ) / r t o t a l  r T / r  
VALUE DOCUMENT ID TEEN COMMENT 

no clear signal 2 ARMENTEROS68c HDBC K N ~  T_~r;r 

(rirf)V2/rtotal in  N K  -~  A ( 1 8 2 0 )  --* T ( 1 3 8 5 ) ~ r ,  P -wave  (rlr4)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

- -0 .167±0.054 3CAMERON 78 DPWA K - p ~  T(1385);r  
+0.27 ±0 .03  PREVOST 74 DPWA K N ~ ]E(1385)Tr 

(rirf)l/2/rtotal in  N K  ~ A ( 1 8 2 0 )  ~ E ( 1 3 8 5 ) ~ r ,  F -wave  (rlrs)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

±0 .065±0 .029  3 CAMERON 78 DPWA K p ~ T(1385)Tr 

A ( 1 8 2 0 )  F O O T N O T E S  

1The two MARTIN 77 values are from a T-matr ix pole and from a Breit-Wigner fit. 
2There is a suggestion of a bump, enough to be consistent with what is expected from 

E(1385) ~ ]E~T decay. 

3 The published sign has been changed to be in accord wi th the baryon-first convention. 

A ( 1 8 2 0 )  R E F E R E N C E S  

GOPAL 80 Toronto Conf. 159 (RHEL) IJP 
ALSTON. 78 PR D18 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 

Also 77 PRL 38 1007 Alston Gamjost, Kenney+ (LBL, MTHO, CERN) l JR 
CAMERON 78 NP B143 189 +Franek, Gopal, Bacon, Butte~orth+ (RHEL. LOIC) I JR 
DECLAIS 77 CERN 77 16 +Duchon, Louvel. Patry, Seguinot+ (CAEN, CERN)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn, McPherson+ (LOIC, RHEL) IJP 
MARTIN 77 NP B127 349 ÷Pidcock, Moorhouse (LOUC, GLAE} I JR 

Also 77B NP B126 266 Martin, Pidcock {LOUC) 
Also 77C NP Bt26 285 Martin, Pidcock (LOU£) I JR 

KANE 74 LBL-2452 (LBL) IJP 
PREVOST 74 NP B69 246 +Barloutaud+ (SACL, CERN. HELD) 
RADER 73 NC lEA 178 +Barloutaud+ (SACL, HELD. CERN, RHEL CDEF) 
ARMENTEROS 68C NP B8 216 +Baillon+ (CERN, HELD, SACL) I 



VII1.86 

Baryon Full Listings 
A ( 1 8 3 0 ) ,  A ( 1 8 9 0 )  

I A(1830) o0s I , ( ~ >  = 0 (~ - )  Status: * * * *  

For results published before 1973 (they are now obsolete), see our 1982 
edition (Physics Letters 111B). 

The best evidence for th is resonance is in the Z~r channel .  

A(1830) MASS 

VALUE fMeV} DOCUMENT ID TEEN COMMENT 
1810 to 1830 OUR ESTIMATE 
1831±10 GOPAL 80 DPWA K N  ~ K N  

1825±10 GOPAL 77 DPWA K N  multichannel 
1825.L 1 KANE 74 DPWA K - p ~  Z;T 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1817 or 1818 1 MARTIN 77 DPWA K N muir±channel 

A(1830) WIDTH 

VALUE (MeV] DOCUMENT ID TEEN COMMENT 
60 to 110 OUR ESTIMATE Our b e ~  iTgTMeV.  

100±10 GOPAL 80 DPWA K N  ~ K N  

9 4 ± 1 0  GOPAL 77 DPWA K N  multichannel 
119± 3 KANE 74 DPWA K - p  ~ Z,'T 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

56 or 56 1 MARTIN 77 DPWA K N multichannel 

A(1830) DECAY MODES 

Mode Fraction (F i /F )  

F 1 N K  3 10 % 

F 2 Z~T 35 75 % 

F 3 T(1385) ~r >15 % 

F 4 Z ( 1 3 8 5 )  ~T, D -wave  

F 5 A q  

T h e  above b r a n c h i n g  f rac t ions  are ou r  es t imates,  not  f i ts or averages. 

A(1830) BRANCHING RATIOS 
See "Sign conventions for resonance couplings" in the Note on A and ~- Resonances. 

r(NK~/Ftota, r l t r  
VALUE DOCUMBNT ID TEeN COMMENT 
0.03 to 0.10 OUR ESTIMATE 
0.08±0.03 GOPAL 80 DPWA K N  ~ K N  
0.02±0.02 ALSTON .., 78 DPWA K N  -~ K N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.04±0.03 GOPAL 77 DPWA See GOPAL 80 
004  or 0.04 i MARTIN 71 DPWA K N multichannel 

(rirf)l/2/rtotal in N K  --* A(1830) ~ Tzr (rlr2)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

- - 0 1 7 ± 0 0 3  GOPAL 77 DPWA K N  multichannel 
- 0 1 5 ± 0 . 0 1  KANE 74 DPWA K p ~ Z~T 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0 .17  or 017  1 MARTIN 77 DPWA K N  multichannel 

(FiFf)'12/Ftotal in N K  ~ A(1830) ~ AT/ (rlrs)l/ur 
VALUE DOCUMENT ID TEEN 

- -0 .044±0.020 RADER 73 MPWA 

(Qrf)11~Irtola~ in N K - ~  A(1830)~ Z(1385)~T (rlr~)'l~/r 
VALUE DOCUMENT ID TEEN COMMENT 

+ 0 . 1 4 1 ± 0 0 1 4  2 CAMERON 78 DPWA K p ~ [ ( 1 3 8 5 ) =  
+0.13 ± 0 0 3  PREVOST 74 DPWA K N ~ Z(1385)~T 

A(1830) FOOTNOTES 
1The two MARTIN 77 values are from a T-matr ix pole and from a Breit-Wigner fit. 
2The CAMERON 78 upper l imit on G-wave decay is 0.03. The published sign has been 

changed to be in accord with the baryon first convention. 

A(1830) REFERENCES 

GOPAL 80 Toronto Conf. 159 (RHEL) IJB 
ALSTON- 78 PR O18 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) UP 

Also 77 PRL 38 1007 Alston Garnjost. Kenney+ (LBL. MTHO. CERN) I JR 
CAMERON 78 NP B143 189 +Franek, Gopal, Bacon, Butte~orth+ (RHEL, LOIC)I JR 
GOPAL 77 NP Bl19 362 ~Ross, VanHorn, McRherson~ (LOIC. RHEL) IJP 
MARTIN 77 NP B127 349 -f Pidcock. Moorhouse (LOUC, GLAS)I JR 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also ??C NP B126 285 MarB~, Pidcock (LOUC) IJP 

KANE 74 LBL 2452 (LBL) UP 
PREVOST 74 NP B69 246 4 Barloutaud+ (SACk CERN, HELD) 
RADER 73 NC 16A 178 +Barloutaud+ (SACk HELD, CERN. RHEL, CDEF) 

lA(1890) P031 ,U ~) = o(~+) stat.s: * * * *  
For results publ ished before 1974 ( they are now obsolete), see our 1982 
edit ion (Physics Letters 111B).  

The  J P  . -  3 /2  + assignment is consistent w i th  all avai lable data ( inc lud ing 
polar izat ion) and recent part ia l -wave analyses. The  dominan t  inelastic modes 
remain unknown.  

A(1890) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 
1850 to 1910 OUR ESTIMATE 
1897± 5 GOPAL 80 DPWA K N  ~ K N  

1 9 0 8 i 1 0  ALSTON-... 78 DPWA K N  ~ K N  
1900± 5 GOPAL 77 DPWA K N  multichannel 
1894±10 HEMINGWAY 75 DPWA K - p ~  K N  

• • • We do not use the following data  for averages, fits, limits, etc. • • • 

1856 or 1868 1 MARTIN 77 DPWA K N  mu;tichannel 
1900 2 NAKKASYAN 75 DPWA K -  p ~ A~ 

A(1890) WIDTH 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

60 tO 200 OUR ESTIMATE Our best guess is 100 MeV. 

74±10  GOPAL 80 DPWA K N  ~ K N  
119±20 ALSTON-.,. 78 DPWA K N  ~ K N  

72±10  GOPAL 77 DPWA K N  multichannel 
1 0 7 ± t 0  HEMINGWAY 75 DPWA K - p ~  K N  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

191 or 193 1 MARTIN 77 DPWA K N  multichannel 
100 2 NAKKASYAN 75 DPWA K -  p ~ A~ 

A(1890) DECAY MODES 

Mode Fraction (Fi,/F) 

F1 NK- 20 35 % 

F 2 Z ;T 3-10 % 

F 3 Z (1385)~T  seen 

F 4 T ( 1 3 8 5 )  ~, P -wave  

F 5 T ( 1 3 8 5 )  ~T, F w a v e  

r 6 NK*(892) seen 

F 7 NK*(892), 5=1/2, P-wave 
F 8 A~' 

The above branchin 6 fractions are our estimates, not fits or averages. 

A(1890) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and Z Resonances. 

r(NF)/rtota, rl/r 
VALUE DOCUMENT 10 TEEN COMMENT 
0.20 to 0.35 OUR ESTIMATE 
0.20±0.02 GOPAL 80 DPWA K N  ~ K N  
0.34=0.05 ALSTON-... 78 DPWA K N  ~ K N  
0 2 4 = 0 . 0 4  HEMINGWAY 75 DPWA K p ~ K N  
• • • We do not use the fol)owing data for averages, fits, limits, etc. • • • 

0 1 8 ± 0 0 2  GOPAL 77 DPWA See GOPAL 80 
036  or 034  1 MARTIN 77 DPWA K N multichannel 

(rirf)'/2/rtotal in NK ~ A(1890) --* Z~r (rlr2)I/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

Z_ 
- 0 . 0 9 ± 0 . 0 3  GOPAL 77 DPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

~ 0 1 5  or + 014  1 MARTIN 77 DPWA K N multichannel 

(FiFf)ll21rtotal in N K  ~ A(1890) --* Aw (rlra)l/2tr 
VALUE DOCUMENT /O TEEN COMMENT 

seen BACCARI 77 IRWA K -  p ~ h ~  
0 032 2 NAKKASYAN 75 DPWA K p ~ A~ 

(Firr)t/2/rtota~ in NK- ~ A(1890) -~ ~-(1385)~r, P-wave (FIF4)I/UF 
VALUE DOCUMENT IO TEC. N COMMENT 

< 0 0 3  CAMERON 78 DPWA K -  p ~ ~-(1385)~ 

(rirr)~/2/rtotal in N K  --~ A(1890) --~ T(1385)m-, F-wave (FIFs)V2/F 
VALUE DOCUMENT IO TEC NN COMMENT 

- -01269-0,055 3CAMERON 78 DPWA K - p ~  Z(1385)Tr 



See key on page IV.1 

( r i r f ) l / 2 / r t o t a l  in N K  -~  A(1890) ---, N K * ( 8 9 2 )  

(rlro)V21r 
VALUE DOCUMENT ID TECN COMMENT 
-0 .07+0.03 3'4CAMERON 78B DPWA K - p ~  N K *  

A(1890)  F O O T N O T E S  

i T h e  two MARTIN 7T values are from a T-matrix pole and from a Breit-Wigner fit. 
2 Found in one of two best solutions. 
3 The published sign has been changed to be in accord with the baryon-first convention. 
4Upper limits on the P3 and F 3 waves are each 0.03. 

A (1890)  R E F E R E N C E S  

'3OPAL 80 Toronto Conf 159 (RHEL) IJP 
ALSTON .. 78 PR D1B 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN)IJP 

Also 77 PRL 38 1 0 0 7  Alston-Garnjost, Kenney+ (LBL MTHO, tERN)IJP 
CAMERON 78 NP B143 189 +eranek, Gopal, Bacon, Butterworth+ (RHEL, LOIC)IJP 
CAMERON 78B NP B146 327 +Fcanek, Oopal, Kalrnus, McPherson+ (RHEL, LOI£) IJn 
aACCARI 77 NC 41A 96 +Poulard, Revel, Tallini+ (SACL, CDEF)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn, McPherson+ (LOIC, RHEL) IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOUC, GLAS)IJP 

Also 77B NP B126 266 Martln, Pidcock (LOUC) 
Also 77C NP B126 285 Martin, Pidcock (LOUC) IJP 

HEMINGWAY 75 NP B91 12 +Eades, Harmsen+ (£ERN, HELD, MPIM)IJP 
NAKKASYAN 75 NP B93 85 (CERN) IJP 

VIII.87 

Baryon Full Listings 
A(1890), h(2000), A(2020) 

I A(2000) I = 0(??) Status:  >k 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

We list here all the ambiguous resonance possibilities wi th  a mass around 2 
GeV. The proposed quantum numbers are D 3 (BARBARO-GALTIERI  70 in 
T;T), D3+F5,  P3+D5,  or P I + D 3  ( B R A N D S T E T T E R  72 in A ~ ) ,  and 51 
(CAMERON 78B in N K * ) .  The first two of the above analyses should now 
be considered obsolete. See also N A K K A S Y A N  75. 

A (2000)  M A S S  

vALUE (MeV) DOCUMENT ID TECN COMMENT 

2030±30 CAMERON 78B DPWA K p ~ N K *  
1935 to 1971 1 BRANDSTET...72 DPWA K p ~ A~ 
1951 to 2034 1 BRANDSTET...72 DPWA K -  p ~ A~ 
2010-L30 BARBARO-... 70 DPWA K -  p ~ )-;T 

A(2000)  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

125J_25 CAMERON 78B DPWA K p ~ N K *  
180 to 240 1 BRANDSTET.,.72 DPWA (lower mass) 
73 to 154 1 BRANDSTET...72 DPWA (higher mass) 

130:550 BARBARO-... 70 DPWA K -  p ~ :ETr 

Mode 

I I  N K  

I-2 )-;T 
I" 3 A ~  

A(2000)  D E C A Y  M O D E S  

( r i r f ) l / 2 / r t o t a l  in N K  --~ A(2000)  --* N K ' * ( 8 9 2 ) ,  5 = 3 / 2 ,  D-wave 

(rlr~ll/2/r 
VALUE DOCUMENT ID TECN COMMENT 
+0.09:50.03 CAMERON 78B DPWA K -  p ~ NTC* 

A(2000)  F O O T N O T E S  

1 The parameters quoted here are ranges from the three best fits; the lower state probably 
has J <_ 3/2, and the higher one probably has J < 5/2. 

2 The published sign has been changed to be in accord with the baryon-first convention. 

A(2000) REFERENCES 

CAMERON 78B NP B146 327 
NAKKASYAN 75 NP B93 85 
BRANDSTET...72 NP B39 13 
BARBARO .. 70 Duke Conf. 173 

+Franek, GopaL Kalmus, McPherson+ (RHEL, LOIC)IJP 
(CERN) IJP 

Brandstetter, Butterworth+ (RHEL, CDEF, SACL) 
Barbaro-Galtieri (LRL) IJP 

IA(2020) FoTI = 

OMITTED FROM SUMMARY TABLE 

VALUE (MeV) 

2140 
2117 
2100,130 
2020±20 

In L ITCHFIELD 71, need for the state rests solely on a possibly inconsistent 
polarization measurement at 1.784 GeV/c.  HEMINGWAY 75 does not re- 
quire this state. GOPAL 77 does not need it  in either N K  or T~r. Wi th  
new K -  n angular distr ibutions included, DECLAIS 77 sees it. However, this 
and other new data are included in GOPAL 80 and the state is not required. 
BACCARI 77 weakly supports it. 

A (2020)  M A S S  

DOCUMENT ID TECN COMMENT 

BACCARI 77 DPWA K -  p ~ A~ 
DECLAIS 77 DPWA K N  ~ K N  
LITCHFIELD 71 DPWA K -  p ~ K N  
BARBARO-... 70 DPWA K p ~ TTr 

1"4 N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  5-wave 

I-5 N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  D-wave 

A(2000)  B R A N C H I N G  R A T I O S  

See "sign conventions for resonance couplings" in the Note on A and Z Resonances. 

( r i r f ) l / 2 / r t o t a l  in N K  --~ A(2000)  --, ]ETr (rlr2)V=/r 
VALUE DOCUMENT ID TECN COMMENT 

0.20:50.04 BARBARO-... 70 DPWA K -  p ~ :E~r 

( r i r f ) V 2 / r t o t a l  in N K - ~  A(2000)  --, A w  (rtr3)l/~/r 
VALUE DOCUMENT ID TECN COMMENT 
C1.17 tO 0.25 1 BRANDsTE~T...72 DPWA (lower mass) 
0.04 to 0.15 1 BRANDSTET...72 DPWA (higher mass) 

(r;rr)l/~/rtotat in N~- *  A(2000) -~  NK*(892) ,  5=1/2 ,  S-wave 

(rlr4)l/~/r 
VALUE DOCUMENT ID TECN. COMMENT 

0.12:50.03 2CAMERON 78B DPWA K - p ~  N K *  

A(2020)  W I D T H  

VALUE (MeV) DOCUMENT ID 

128 BACCARI 77 
167 DECLAIS 77 
120+30 LITCHFIELD 71 
160+30 BARBARO-... 70 

A(2020)  D E C A Y  M O D E S  

Mode 

F1 N K  

r2 T~ 
r 3 A~ 

TECN COMMENT 

DPWA K -  p ~ Aua 
DPWA K N  ~ K N  
DPWA K - p ~  K N  
DPWA K - p ~  T~r 

A(2020)  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on h and T Resonances. 

GOPAL 80 Toronto Conf. 159 (RHEL) 
BACCARI 77 NC 41A 96 +Poulard, Revel, Tallini+ (SACL, CDEF)IJP 
DECLAIS 77 CERN 77-16 +Duchon, Louvel, Patry, Se£uinot+ (EAEN. CERN)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn, McPherson+ (LOIC, RHEL) 
HEMINGWAY 75 NP 691 12 +Eades, Harmsen÷ (CERN, HELD, MPIM)IJP 
LITCHFIELD 71 NP B30 125 +.., Lesquoy+ (RHEL, £DEF, SACL} IJP 
BARBARO-... 70 Duke Conf. 173 Barbaro-Galtieri (LRL) IJP 

A(2020)  R E F E R E N C E S  

r(N~)/rtota, Q/r 
VALUE DOCUMENT ID TECN COMMENT 
0.05 DECLAIS 77 DPWA K N  ~ K N  
0.05±0.02 LITCHFIELD 71 DPWA K -  p ~ K N  

(rir~)l/2/rtota, i .  N K - - ~  A(2020) --, )'-Tr (rlr2)l/2/r 
VALUE DOCUMENT ID TECN COMMENT 
--0.15~_0.02 BARBARO-... 70 DPWA K -  p ~ ZTr 

(r,.r~)'/=/rtota, in N K - - ,  A(2020)  --* A~ (Qr3)'/~/r 
VALUE DOCUMENT ID TECN COMMENT 
<0.05 BACCARI 77 DPWA K -  p ~ A~ 



VIII.88 

Baryon Full Listings 
A(2100), A(2110) 

I A(2100) 6"071 0({~ ) Status: * * * ~k 

Discovered by COOL 66 and by WOHL 66. Most of the results published 
before 1973 are now obsolete and have been omitted.  They may be found 
in our 1982 edition (Physics Letters 111B). 

This entry only includes results from partial-wave analyses. Parameters of 

peaks seen in cross sections and in invariant-mass distributions around 2100 

MeV used to be listed in a separate entry immediately following. It may be 

found in our 1986 edition (Physics Letters 170B). 

A(2100) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
2090 tO 2110 OUR ESTIMATE 
2104±10 GOPAL 80 DPWA K N  ~ K N  

2106±30 DEBELLEFON 78 DPWA K N  ~ K N  

2110±10 GOPAL 77 DPWA K N  multichannel 
2105±10 HEMINGWAY 75 DPWA K p ~ K N  

2115±10 KANE 74 DPWA K - p ~  }-'~ 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2094 BACCARI 77 DPWA K p ~ A~ 
2094 DECLAIS 77 DPWA K N  ~ K N  
2110 or 2089 1 NAKKASYAN 75 DPWA K -  p -* A~  

A(2100) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

100 to 250 OUR ESTIMATE Our b~tst ~ s 2 - 0 0  MeV. 

157±40 DEBELLEFON 78 DPWA K N  - K N  

250±30 GOPAL 77 DPWA K N  multichannel 
241±30 HEMINGWAY 75 DPWA K p ~ K N  

152=15 KANE 74 DPWA K p ~ ~E~ 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

98 BACCARI 77 DPWA K p ~ A~  
250 DECLAIS 77 DPWA -KN ~ K N  
244 or 302 1 NAKKASYAN 75 DPWA K p ~ A~ 

A(2100) DECAY MODES 

Mode Fraction (Fi,/F) 

F1 N K  25-35 % 
F 2 ~E~T ~5 % 
F 3 A q <3 % 
F 4 -K <3% 
F 5 A~ <8 % 
F 6 NK*(892)  1o 20 % 
F7 NK*(892),  5 :1 /2 ,  G-wave 
F8 NK*(892),  5-3/2, D-wave 

The above branching fractions are our estimates, not fits or averages. 

A(2100) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and ~- Resonances. 

r (N K--)/Ftotal r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.25 tO 0.35 OUR ESTIMATE 
0.34±003 GOPAL 80 DPWA 
0.24±006 DEBELLEFON 78 DPWA 
031±0.03 HEMINGWAY 75 DPWA 
• • • We do not use the following data for averages, fits, limits, 

029 DECLAIS 77 DPWA 
0.30±003 GOPAL 77 DPWA 

(FiFf)l/2/Ftotal in N K  --, A(2100) ~ Z~r 
VALUE DOCUMENT ID TEEN 

+012±0.04 GOPAL 77 DPWA 
÷0  11±0.01 KANE 74 DPWA 

(Firf)l/2/Ftotai in N K  ~ A(2100) ~ A~I 
VALUE DOCUMENT ID 

0050±0020 RADeR 

(Firf)l/2/rtotal in NK- -~  A(2100) ~ - K  
VALUE DOCUMENT ID 

0.035 ± 0.018 LITCHFIELD 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.003 MULLER 69R DPWA K p ~ - K  
005 TRIPP 67 RVUE K p - ~  =-K 

K N -  K N  
7¢N ~ RN 
K p ~  K N  

etc. • • • 

K N  ~ /<N 
See GOPAL 80 

(Qr2)~/Vr 
COMMENT 

K N multichalqnel 
K - p ~  ~ 

(rlralVVr 
TEEN COMMENT 

73 MPWA K p -  Aq 

(rlr4)Va/r 
TEEN COMMENT 

71 DPWA K p ~ - K  

(r i r f ) t /2/r total  in N K  --~ A(2100) ~ A~ (rlrs)L/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

0.070 2 BACCARI 77 DPWA GD37 wave 
+ 0.011 2 BACCARI 77 DPWA GG17 wave 
+0008  2 BACCARI 77 DPWA GC-37 wave 

0.122 or 0.154 1 NAKKASYAN 75 DPWA K p ~ A~  

(Qrf) t /2/r tofal  in NK- --~ A(2100) ~ N ~ ( 8 9 2 ) ,  S=3/2,  D-wave 

(rlra)'/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

+0 .21±004  CAMERON 78B DPWA K - p  ~ N K *  

(FiFf)l/2/Ftotal in NK- ~ A(2100) ~ NK*(892),  5=1/2 ,  G-wave 

(rlrT)Y2/r 
VALUE DOCUMENT ID TEEN COMMENT 

- . 0 0 4 ± 0 0 3  3CAMERON 78B DPWA K - p -  N K *  

A(2100) FOOTNOTES 

1The NAKKASYAN 75 values are from the two best solutions found. Each has the 
A(2100) and one additional resonance (P3 or FS). 

2 Note that the three for BACCARI 77 entries are for three different waves. 
3The published sign has been changed to be in accord with the baryon-first convention, 

The upper limit on the G 3 wave is 0,03. 

A(2100) REFERENCES 

GOPAL 80 Toronto Conf. 159 [RHELI IJP 
CAMERON 78B NP Bt46 327 -Franek, Gopal, Kalmus, McPhersoa- (RHEL LOIC)IJe 
DEBELLEFON 78 NC 42A 403 De Bellefon, Berthon, Bi[Ioi[+ (CDEF, SACL) IJP 
BACCARI 77 NC 41A 96 +Poulard, Revel, Tall±hi+ (SACL, CDEF)IJP 
DECLAIS 77 CERN 77 16 ~ Duchon, Louvel, Patty, Seguinot- (CAEN, CERN)IJP 
GOPAL 77 NP BlI9 362 ~Ross, VanHorn, McPherson~ (LOIC, RHEL) IJP 
HEMINGWAY 75 NP B91 12 +Eades, Harmsen~ (CERN, HELD, MPIM) IJP 
NAKKASYAN 75 NP B93 85 (CERN) IJP 
KANE 74 LBL 2452 (LBL) IJP 
RADER 73 NC 16A 178 +Barloutaud~ {SACL, HELD, CERN, RHEL. CDEF) 
LITCHFIELD 71 NP Ba0 125 4 . Lesquoyt (RHEL. CDEF, SACL) UP 
MULLER 69B UCRL 19372 Thesis (LRL) 
TRIPP 67 NP R3 10 +Leith~ {LRL, SLAC, CERN. HEJD, SACL) 
COOL 66 PRL 16 1228  +Giacomelli, Kycia, Leontlc, Lundby+ {RNL) 
WOHL 66 PRL 17 107 +Solmitz, Stevenson (LRL) IJP 

IA(211°) = 0 ( ~ * )  Status: ~<*g< 

For results published before 1974 (they are now obsolete), see our 1982 

edition (Physics Letters 111B). Al l  the references have been retained. 

This resonance is in the Baryon Summary Table, but the evidence for it could 

be better. 

A(2110) MASS 

VALUE (MeV) DOCUMENT IO TEEN COMMENT 

2090 to 2140 OUR ESTIMATE 
2092±25 GOPAL 80 DPWA K N  -~ K N  

2125J-25 CAMERON 78B DPWA K p ~ N K *  

2106-+50 DEBELLEFON 78 DPWA K N  ~ K N  
2140±20 DEBELLEFON 77 DPWA K p -  ~E~ 
2100±50 GOPAL 77 DPWA K N  multichannel 
2112± 7 KANE 74 DPWA K p ~ Z=  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2137 BACCARI 77 DPWA K -  p ~ Aw 
2103 1 NAKKASYAN 75 DPWA K p ~ A~, 

A(2110) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

150 tO 250 OUR ESTIMATE Our best ~ s ~ - 0 0  MeV~ 

245~-25 GOPAL 80 DPWA K N  ~ K N  
160=30 CAMERON 78B DPWA K p ~ N K *  

251:50  DEBELLEFON 78 DPWA K N  ~ K N  

140120 DEBELLEFON 77 DPWA K p ~ ]C~ 
200±50 GOPAL 77 DPWA K N  mulL±channel 
190±30 KANE 74 DPWA K p ~ Z,~ 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

132 BACCARI 77 DPWA K p ~ A~' 
391 1 NAKKASYAN 75 DPWA K p ~ A~' 



,See key on pace IV. 1 

Mode 

A(2110) DECAY M O D E S  

Fraction ( r i / r )  

[-1 N K  5-25 % 
[-2 ]E/r 10-40 % 

I- 3 A ~  seen 
I-4 T ( 1 3 8 5 ) T r  seen 
I- 5 Z(1385)Tr, P-wave  

I- 6 N K * ( 8 9 2 )  10-60 % 

I- 7 N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  F-wave 

T h e  above  branch ing f rac t ions  are our  est imates,  not  f i ts  or averages. 

A ( 2 1 1 0 )  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and Z Resonances. 

I- ( N  K---)/rtotal r l / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.05 to 0.25 OUR ESTIMATE 
0.07±0.03 GOPAL 80 DPWA K N  ~ K N  
0.27.50.06 2 DEBELLEFON 78 DPWA K N  ~ K N  
,i • • We do not use the following data for averages, fits, limits, etc. • • • 

0.07±0.03 GOPAL 77 DPWA See GOPAL 80 

( r i r f ) t / 2 / r t o t a l  in N K - - *  A(2110) -~ )-Tr ( r l r 2 ) 1 / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

~0.14±0.01 DEBELLEFON 77 DPWA K -  p ~ :E~r 
+0 .20±0 .03  KANE 74 DPWA K p ~ )-'~ 
,~ • • We do not use the following data for averages, fits, limits, etc. • • • 

+0 .10±0 .03  GOPAL 77 DPWA K N  multichannel 

( r i r f ) t /2 / r to ta l  in N K ' - - *  A(2110) ~ A~ (rzr3)'/2/r 
VALUE DOCUMENT ID TECN COMMENT 

<0.05 BACCARI 77 DPWA K -  p ~ A~  
0.112 1 NAKKASYAN 75 DPWA K p ~ A~  

( r i r f )V2/ r to ta l  in N K - ~  A(2110) ~ T(1385)Tr ( r l r4)Z/2/r  
VALUE DOCUMENT ID TECN COMMENT 

E0.071±0.025 3 CAMERON 78 DPWA K -  p - -  T(1385)~r 

(r i r f )Z/2/r total  in N K  ~ A(2110) ~ N K * ( 8 9 2 )  

(rzr6)VUr 
JALUE DOCUMENT ID TEEN COMMENT 

-0 .17±0 .04  4CAMERON 788 DPWA K - p  ~ NK* 

A(2110) FOOTNOTES 

1 Found in one of two best solutions. 
2The published error of 0.6 was a misprint. 
3 The CAMERON 78 upper limit on F-wave decay is 0.03. The sign here has been changed 

to be in accord with the baryon-first convention. 
4The published sign has been changed to be in accord with the baryon-first convention. 

The CAMERON 78B upper limits on the P3 and F 3 waves are each 0.03. 

A(2110) REFERENCES 

(;OPAL 80 Toronto Conf 159 
CAMERON 78 NP B143 189 
CAMERON 78B NP B146 327 
DEBELLEFON 78 NC 42A 403 
13ACCARI 77 NC 41A 96 
OEBELLEFON 77 NC 37A 175 
GOPAL 77 NP Bl19 362 
NAKKASYAN 75 NP B93 85 
KANE 74 LBL 2452 

(RHEL) IJP 
+Franek, Gopal, Bacon, ButterwOrth+ (RHEL, LOIC)IJP 
+Franek, Gopal, Kalmus, McPherson+ (RHEL, LOlC)IJP 

De Bellefon, Berthon, Billoir+ (CDEF, SACL)IJP 
+Poulard, Revel, Tallini+ (SACL, CDEF)IJP 

De Bellefon, Berthon, Billoir+ (CDEF, SACL)IJP 
+Ross, VanHorn, McPherson+ (LOlC, RHEL)IJP 

(CERN) IJP 
(LBL) IJn 

V I I I . 8 9  

Baryon Full Listings 
A(2110) ,  A (2325) ,  A (2350)  

I A(2325) D03 1 /(JP) = 0(~-) status: * 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

BACCARI  77 finds this state wi th either JP - 3 / 2 -  or 3 /2  + in a energy- 
dependent part ial-wave analyses of K p ~ A ~  from 2070 to  2436 MeV.  
A subsequent semi-energy-independent analysis f rom threshold to 2436 M e V  
selects 3 / 2 - .  DEBELLEFON 78 (same group) also sees this state in an 

energy-dependent part ial-wave analysis of  K - p  ~ K N  data, and finds JP 
- 3 / 2 -  or 3 /2  + .  They again prefer JP - 3 / 2 - ,  but only on the basis o f  
model-dependent considerations. 

VALUE (MeV) 
23429-30 
23274-20 

A ( 2 3 2 5 )  M A S S  

DOCUMENT ID TECN COMMENT 

DEBELLEFON 78 DPWA K N  ~ K N  
BACCARI 77 DPWA K -  p ~ A~  

A(2325) W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

177-1-40 DEBELLEFON 78 DPWA K N  ~ K N  
160.540 BACCARI 77 IPWA K -  p -~ A~  

A ( 2 3 2 5 )  D E C A Y  M O D E S  

Mode 

r l  N K  
F2 A ~  

A ( 2 3 2 5 )  B R A N C H I N G  R A T I O S  

r ( N K ) / F t o t a l  r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0.19±0.06 DEBELLEFON 78 DPWA K N -  KN 

(r i r f )Z/2/r total  in N K - ~  A ( 2 3 2 5 )  --* A w  ( r t r 2 ) 1 / 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

0,06±0.02 1 BACCARI 77 IPWA D533 wave 
0,05-50.02 1 BACCARI 77 DPWA DD13 wave 
0,08±0,03 1 BACCARI 77 DPWA DD33 wave 

A ( 2 3 2 5 )  F O O T N O T E S  

1 Note that the three BACCARI 77 entries are for three different waves. 

A ( 2 3 2 5 )  R E F E R E N C E S  

DEBELLEFON 78 NC 42A 403 De aellefon, Berthon, Billoir+ (CDEF, SACL) IJP 
BACCARI 77 NC 41A 96 +Poulard, Revel, Tallini+ (SACL, CDEF) IJP 

DAUM 68 favors JP = 7/2-  or 9/2 +. BRICMAN 70 favors 9/2 +, LASIN- 
SKI 71 suggests three states in this region using a Pomeron + resonances 
model, There are now also three formation experiments from the College 
de France-Saclay group, DEBELLEFON 77, BACCARI 77, and DEBELLE- 
FON 78, which find 9/2 + in energy-dependent partial-wave analyses of 
K N  ~ ]ETr, Acu, and NK. 

A(2350) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2348 to 2370 OUR ESTIMATE 
2370±50 DEBELLEFON 78 DPWA KN ~ K N  
2365±20 DEBELLEFON 77 DPWA K - p ~  Z~r 
2358t- 6 BRICMAN 70 CNTR Total, charge exchange 
• • • We do not use the following data for averages, fits, limits, etc. * * • 

2372 BACCARI 77 DPWA K -  p ~ h~  
2344+15 COOL 70 CNTR K p, K -  d total 
2360.520 LU 70 CNTR ? p ~  K + Y* 
2340± 7 BUGG 68 CNTR K p, K -  d total 



VIII.90 

Baryon Full Listings 
A(2350), A(2585) Bumps, Z + 

A(2350)  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
100 tO 250 OUR ESTIMATE Our best guess is 150 MeV. 
204±50 DEBELLEFON 78 DPWA K N  ~ K N  
110120 DEBELLEFON 77 DPWA K - p  ~ ~-~ 

324=30 BRICMAN 70 CNTR Total, charge exchange 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

257 BACCARI 77 DPWA K -  p ~ A~ 
190 COOL 70 CNTR K -  p, K -  d total 
55 LU 70 CNTR "fp ~ K + Y*  

140±20 BUGG 68 CNTR K p, K d total 

Mode 

A(2350)  D E C A Y  M O D E S  

Fraction (I- i /F) 

r I N K  ~ 12 % 

F2 T ~T ~ 10 % 

F 3 Au.' 

The  above branching fract ions are our  est imates, no t  f i ts or averages. 

A(2350)  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and '2- Resonances. 

F (NK-)/Ftotal 
VALUE DOCUMENT ID 
~, ~ OUR ESTIMATE 

0 . ] 2 ± 0 0 4  DEBELLEFON 78 

( r i r f ) l / 2 / r t o t a l  in N K - - - *  A(2350)  ~ )-~ 
VALUE DOCUMENT ID 

0.11±002 DEBELLEFON 77 

(Cicf)l/21rtotat in NK- ~ A(2350) ~ A ~  
VALUE DOCUMENT 113 

<0.05 BACCARI 77 

rl/r 
TEEN COMMENT 

DPWA K N  ~ K N  

(rlr2)l/vr 
TEEN COMMENT 

DPWA K p ~ :E~" 

(rlr3)l/a/r 
TEEN COMMENT 

DPWA K p ~ A~' 

A(2350) REFERENCES 

DEBELLEFON 78 NC 42A 408 De Bellefon, Berthon, Billoirm (CDEF, SACL) IJP 
BAECARI 77 NC 41A 96 -Poulard, Revel, Tallini+ (SACL CDEF)UP 
DEBELLEFON 77 NC 37A 175 De Bellefon, aerthon, Billou+ (EDEF, SAEL)IJP 
LASINSKI 71 NP B29 125 (EFI) IJn 
BRICMAN 70 PL 31B 152 -Ferro Luzzi, nerreau÷ (CERN, CAEN, SAEL) 
COOL 70 Pn D1 1887 ~Giacornelli, Kycia, Leontic, Li+ (BNL) I 

Also 66 PRL 16 1228 Cool, Giacornelli, Kycia, Leontic, Lundby{ (BNL)I 
LU 70 PR D2 1846 +Greenberg, Hughes. Minehart, Moll+ (YALE) 
BUGG 68 PR 168 1466 +Gilmore, Knight~ (RHEL, BIRM, EAVE)I 
DAUM 68 NP 87 19 +Eme, Lagnaux, Sans. Steuer, Udo (CERN) JP 

I A ( 2 5 8 5 )  B u m p s  I ,(:~) : 0<~) s~at°s: * *  

OMITTED FROM SUMMARY TABLE 

A(2585)  M A S S  

( B U M P S )  

VALUE (MeV) DOCUMENT lid TEEN COMMENT 

2585±45 ABRAMS 70 CNTR K -  p, K d total 
2530125 LU 70 CNTR 3p  ~ K + Y= 

A(2585)  W I D T H  

( B U M P S )  

VALUE (MeV,} DOCUMENT ID TEEN COMMENT 

300 ABRAMS 70 CNTR K p, K d total 
150 LU 70 CNTR 7P ~ K+  Y"  

A(2585)  D E C A Y  M O D E S  

( B U M P S )  

Mode 

FL NK 

A(2585) BRANCHING RATIOS 
( B U M P S )  

( J +  ½) x r (NK)/Ftotal r11r 
J is not known, so only (JT½)×r(NK!/rtota I can be given. 

VALUE DOCUMENT ID TECN COMMENT 

1 ABRAMS 70 CNTR K p, K d total 
0 .12±012 1 BRICMAN 70 CNTR Total, charge exchange 

A(2585) FOOTNOTES 
( B U M P S )  

1The resonance is at the end of the region analyzed no clear signal 

A(2585) REFERENCES 
(BUMPS) 

ABRAMS 70 PR D1 1917 £Cool, Giacomelli, Kycia, Leontic, Li+ (BNL) I 
Also 66 PRL 16 1228 Cool, Giacornelli, Kycia, Leontic Lundbv4 (BNL)I 

BRICMAN 7O PL 31B 152 ~Ferr~Luzzi. Perreau- (CERN, CAEN, SAEL) 
LU 70 PR D2 1846 -Greenber 6, Hughes Minehart, Mori+ (YALE) 

} BARYONS 
( S : - 1 ,  I :  1) 

'E_ + : uus ,  T ° =  uds ,  Z = d d s  

D /(J p) : 1(½+) 

We have omit ted some results that  have been superseded by later exper- 
iments. The omit ted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

Z + M A S S  

The fit uses Z + ,  :E 0, Z , and A mass and mass-difference measurements. 

VALUE (MeV i EVT5 DOCUMENT ID TEEN COMMENT 
1189.37:1:O.O7 OUR FIT Error inctudes scale factor of 2.1. 
1189.:}7:1:0.06 OUR AMER~,GE Error includes scale factor of 1.8. See the ideogram 

below. 
1189.33t0.04 607 ] BOHM 72 EMUL 
1189.16t0.12 HYMAN 67 HEBC 
1189.61±0.08 4205 SCHMIDT 65 HBC See note with A mass 
1189.48t0.22 58 2 BHOWMIK 64 EMUL 
1189.38±0.15 144 2 BARKAS 63 EMUL 

1BOHM 72 is updated with our1973 K , =  ,and~T0 masses (RMP 45, No. 2, Pt. l l). 
2These masses have been raised 30 keY to take into account a 46 keV increase in the 

proton mass and a 21 keY decrease in the =0 mass (note added 1967 edition, RMP 39, 
1). 

WEIGHTED AVERAGE 
1189.37 • 0 0 6  (Error scaled by 1.8) 

Values above of weighted average, error. 
' - ~ / /  and scale factor ale baaed upon the data in 
\ V /  this ideogram only. They are not neces- 

sarily the same as our "best" values. 
obtained from a least-squares constrained fit 
uti l izing measurements of other (related) 

/ ~ /  quantities as additional information. 

. . . . . . . . . . .  BOHM 72 EMUL ' 
~ "4"v</ . . . .  HYMAN 67 HEBC 3.1 

"1 ~ ~ SCHMIDT 65 HBC 8,9 
I ~ . ~  : . "  ". • BHOWMIK 64 EMUL 0,3 

/ N . ~ N ~  • ~ . . . . .  BARIAS 63 EMUL.  0.0 

/ N . ~  ~ . . .  (Conf,id Leve l - -  g3010) . . . .  

1189.O 1189.4 1189.8 

:L + mass (MeV) 



See key on page IV.1 

T+ MEAN LIFE 

Measurements with an error > 0.1 x 10 - 1 0  s have been omitted. 

VALUE (10 -]0 s~ EVT5 DOCUMENT tO TECN COMMENT 
0.799=1=0.004 OUR AVERAGE 
0.798±0.005 30k MARRAFFINO 80 HBC 
0.807±0.013 5719 CONFORTO 76 HBC 
0.83 :£0.04 526 BAKKER 71 DBC 
0.795 :£ 0.010 20k EISELE 70 HBC 
0.803±0.008 10664 BARLOUTAUD69 HBC 
0.83 ±0.032 1300 3 CHANG 66 HBC 
0.80 ±0.07 381 COOK 66 OSPK 
0.84 ±0.09 181 BALTAY 65 HBC 
0.76 /=0.03 900 CARAYAN... 65 HBC 

,q 74a+0'056 192 GRARD 62 HBC 
.... 0.052 
'3.765 :£ 0.04 456 HUMPHREY 62 HBC 

K p 0.42-0.5 GeV/c 
K- p 1-1.4 GeV/c 
K n ~  T+~ 

K -  p at rest 
K p 0.4-1.2 GeV/c 

3We have increased the CHANG 66 error of 0.018; see our 1970 edition, RMP 42, 123. 

Z + MAGNETIC MOMENT 
See the Note on Baryon Magnetic Moments in the A Listings. Measurements with 
an error _> 0.3 #N have been omitted. 

VALUE (#N) EVT5 DOCUMENT tO TECN COMMENT 
2.42 4-0.05 OUR AVERAGE Error includes scale factor of 3.1. See the ideogram below. 
2.479±0.012±0.022 137k WILKINSON 87 SPEC 400 GeV pBe 
2.38 ±0.02 44k ANKENBRA... 83 CNTR 210 GeV hyperon 

beam 
2.30 ±0.14 14k SETTLES 79 HBC K -  p 0.42-0.50 

GeV/c 

WEIGHTED AVERAGE 
2.42 ± 0 . 0 5  (Error scaled by  3.1) 

• - WILKINSON 

i 

2.1 2.2 2.3 2.4 2.5 2.6 2.7 

2 
X 

87 SPEC 6.1 
83 CNTR 3.4 

I , SETTLES 79 HBC 0.7 

10.2 
(Conf idence Level = 0 .006 )  

Z + magnetic monent  (#N)  

}-+ D E C A Y  M O D E S  

Mode Fraction (Fi /F)  Confidence level 

F1 pTr 0 (51.57:£0.30) % 

F2 nTr + (48.30:£0.30) % 

F3 P'7 (1.25:£0.07) x 10 - 3  

F4 nTr+7 [a] ( 4.5 ±0.5 ) x  10 - 4  

F 5 A e + u e  ( 2.0 :£0.5 ) ×  10 - 5  

A S  = A Q  ( 5 Q )  or F lavor -Chang ing  neutra l  cur ren t  ( F C )  

v io la t i ng  modes 

r6  n e + w e  s o  < 5 x 10 - 6  
F7 n#+u,,u, 5 0  < 3.0 × 10 -5 

F8 p e  + e -  FC < 7 x 10 - 6  

90% 

90% 

[a] See the  List ings be low for the  p ion m o m e n t u m  range used in th is  mea- 

surement .  

VI I I .91  

Baryon Full Listings 
7-+ 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f i t  to 2 branching ratios uses 13 measurements and one 
constraint to determine 3 parameters. The overall f i t  has a X 2 = 
7.5 for 11 degrees of freedom. 

The fol lowing off -d iagona/ array elements are the correlation coefficients 

I 6 x i 6 x j I / ( 6 x £ 6 x j ) ,  in percent, from the f i t  to the branching fractions, x i =- 

FJFto ta  I. The f i t  constrains the x~ whose labels appear in this array to sum to 
one. 

x 2 I00 

x 3 9 II 

Xl X2 

Z + BRANCHING RATIOS 

r(nTr+)/r(N~r) r 2 / ( r l + r 2 )  
VALUE E V T 5  DOCUMENT tO TECN COMMENT 
0.4836-1"0.0030 OUR FIT 
0.4836'1,0.0030 OUR AVERAGE 

0.4828±0.0036 10k 

0.488 ±0.008 1861 
0.484 ±0.015 537 

0,488 ±0.010 1331 

0.46 ±0.02 534 
0.490 ±0.024 308 

4 MARRAFFINO 80 actually 

r(pT)/r(mr °) 
VALUE (units lO 3~ EVT5 
2.43"1,0.14 OUR FIT 
2.43+0.14 OUR AVERAGE 

281±039_+0:~ 408 
2.52±0.28 190 

2 4 r- + 0'30 155 
" ~ -  0.35 

2.11±0.38 46 

2.1 ±0.3 45 

2.76±0.51 31 
3,7 ±0.8 24 

4 MARRAFFINO 80 HBC K -  p 0.42-0.5 GeV/c 
NOWAK 78 HBC 
TOVEE 71 EMUL 
BARLOUTAUD69 HBC K p 0.4-1.2 GeV/c 
CHANG 66 HBC 
HUMPHREY 62 HBC 

gives F(pTr0)/F(total) = 0.5172 ± 0.0036. 

F3/F1 

DOCUMENT ID TEEN COMMENT 

HESSEY 89 CNTR K - p ~  ]E+~ - atrest I 

5 KOBAYASHI 87 CNTR ~+ p ~ Z + K + 

BIAGI 85 CNTR CERN hyperon beam 

MANZ 80 HSC K p ~ ]E + 7r 
ANG 698 HBC K -  p at rest 
GERSHWIN 69B HBC K - p  ~ T + ~ -  
BAZIN 65 HBC K -  p at rest 

5 KOBAYASHI 87 actually gives r (p?) /F( to ta l )  = (1.30 ± 0.15) x 10 - 3 .  

r(n~ +'y)/r(n~ +) r4/r2 
The 7: + momentum cuts differ, so we do not average the results but simply use the 
latest value in the Summary Table. 

VALUE (units lO 3) EVT5 DOCUMENT ID TECN COMMENT 

0.93±0.10 180 ESENHOH 73 HBC =+ < 150 MeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.27±0.05 29 
1.8 

r (A e + Ve)/rtotal 
VALUE (units 10 5) EVT5 
2.0=t=0.5 OUR AVERAGE 
1.6 J-0.7 5 
2.9±1.0 10 
2.0±0.8 6 

r(ne+ve)lr(n~ +) 

ANG 69B HBC =+ < 110 MeV/c 
8AZIN 65B HBC =+ < 116 MeV/c 

rs/r 

Test of AS - ~,Q rule. Experiments with an effective denominator less than 100,000 
have been omitted. 

EFFECTIVE DENOMm EVT5 DOCUMENT ID TEEN COMMENT 

< 1.1 X 10 - 5  OUR LIMIT Our 90% CL limit = (2.3 events)/(effective denominator 
sum). [Number of events increased to 2.3 for a 90% 
confidence level.] 

111000 0 6 EBENHOH 74 HBC K -  p at rest 
105000 0 6 SECHI-ZORN 73 HBC K p at rest 

6 Effective denominator calculated by us. 

r(n# + v.) /r  (n~ +) rT/r2 
Test of A5 -- D,Q rule. 

EFFECTIVE DENOM. EVT5 DOCUMENT ID TEEN 

< 8.2 X 10 - 5  OUR LIMIT Our 90% CL limit = (6.7 events)/(effective denominator 
sum). [Number of events increased to 6.7 for a 90% 
confidence level.] 

33800 0 BAGGETT 69B HBC 
62000 2 7 EISELE 69B HBC 
10150 0 8 COURANT 64 HBC 

1710 0 8 NAUENBERG 64 HBC 
120 1 GALTIERI 62 EMUL 

7 Effective denominator calculated by us. 
8 Effective denominator taken from EISELE 67. 

BALTAY 69 HBC K -  p at rest 
EISELE 69 HBC K -  p at rest 
BARASH 67 HBC K -  p at rest 

F6/F2 
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Baryon Full Listings 
y +, E ° 

F (p e + e - ) / F t o t a  I F U r  
VALUE (units 10 6 ~ _ _  DOCUMENT 10 TEEN COMMENT 

<7 9 ANG 69B HBC K p at rest 

9 A N G  698 found three pe  ÷ e events in agreement wi th -.f ~ e + e -  conversion from 
]£+ ~ p-/ .  The l imit  given here is for neutral currents. 

r ( z + -  .~+~e)/r(z -* "~-~e) 
VALUE ~ EVTS DOCUMENT ID TEC.N COMMENT 

<0.009 OUR L IM IT  Our 90% CL l imit ,  using r ( n e  + ~,e)/F(n~r ± )  above. 

I • • We do not Bse the fol lowin$ data for averages, fits, l imits, etc. • • • 

<0.019 90 0 EBENHOH 74 HBC K -  p at rest 
<0.018 90 0 SECHI-ZORN 73 HBC K p at rest 
< 0 1 2  95 0 COLE 71 HBC K -  p at rest 
<0.03 90 0 EISELE 698 HBC See E B E N H O H  74 

r ( z + -  m,+,~)Ir(z --- n/~-~.) 
VALUE EVTS DOCUMENT ID TEEN COMMENT 

<0.12 OUR L IMIT  Our 90% EL l imit,  using F(nf f  + vp ) /F (n~ r+  ) above. 

• • • We do not use the fol lowing data for averages, fits, Emits, etc. • • • 

÷0 .045  2 EISELE 69B HBC K -  p at rest 0 0 6 _ 0 . 0 3  

F(Z+~ n£+~)Ir(Z--~ nt-~) 
Test of z~S = AQ rule. 

VALUE EVTS DOCUMENT ID TEEN 

<0.043 OUR L IM IT  Our 90% EL l imit ,  using i F ( h e  4 z,e) + F ( n l , - u p ) J / F ( n ~ ,  + )  . 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.08 1 N O R T O N  69 HBC 
<0  034 0 B A G O E T T  67 HBC 

REFERENCES FOR Z + 

We have omitted some papers that have been superseded by later experiments. 
The omitted papers may be found in our 1986 edition (Physics Letters 170B) or in 

Z + DECAY P A R A M E T E R S  

See the Note on Baryon Decay Parameters in the neutron Listings. A few early 

results have been omit ted.  

~0 FOR T + ~ pTr 0 
VALUE E V T S  DOCUMENT ID TEEN COMMENT 

n o ~ n +  0.017 
- ~ " ~ - 0 . 0 1 5  OUR FIT  

n o~n+0 .017  ~ " ~ - - 0 . 0 1 3  OUR AVERAGE 

+0.055 1259 10 L IPMAN 73 OSPK ~ +  p ~ ~-± - 0945  _ 0.042 

- 0 9 4 0 4 - 0 . 0 4 5  16k B E L L A M Y  72 ASPK ~+  p - *  ~E~ K ~ 

+ 0  05 1335 11 HARRIS 70 OSPK ,'7 + p -* Z + K ± - 0 98 _ 002  

- 0 9 9 9 ± 0 0 2 2  32k BANGERTER 69 HBC K p 0.4 GeV/c  

10 Decay protons scattered off  a luminum.  
11 Decay protons scattered off  carbon. 

HESSEY 
KOBAYASHL 
WILKINSON 
BIAGI 
ANKENBRA. 
MANZ 
MARRAFFINO 
SETTLES 
NOWAK 
CONFORTO 
EBENHOH 
EBENHOH 
LIPMAN 
SECHIZORN 
BELLAMY 
BOHM 

Also 
BAKKER 
COLE 
TOVEE 
BERLEY 708 
EISELE 70 
HARRIS 70 
ANG 69B 
BAGGETT 698 
BALTAY 69 
BANGERTER 69 
BANGERTER 69B 
BABLOUTAUD 69 
EISELE 69 

Also 64 
EISELE 69B 
GERSHWIN 69B 

Also 69 
NORTON 69 
BAEGETT 67 

Also 65 
Also 68B 

earner editions. 

89 ZPHY C42 175 + Booth, Fickinger, Gall+ (BNL 811 Collab ) 
87 PRL 59 868 +Haba, Homma. Kawai, Miyak~ (KYOT~ 
87 PRL 58 855 -Handlert (WISC, MICH, RUTG, MINN) 
85 ZPHY C28 495 ~Bourquin+ (BRIS, CERN, GEVA, HEID~) 
85 PRL 51 863 Ankenbrandt, Berge- (FNAL, IOWA, ISU. YALE) 
80 PL 968 217 ~Reucroft, Settles, Wolf+ (MPIM, VAND) 
80 PR D21 2501 +Reucroft, RODS, Waters+ (VAND, MPIM) 
79 PR Da0 2154 +Manz, Matt, HansI, Herynek+ (MPIM, VAND) 
78 NP B139 61 ~ Armstrong, Davis4 (LOUE, BELG, DURH, WARS) 
76 NP 8105 189 ~Gopah Kalmus, Litchfield, Ross+ (RHEL. LOIC} 
74 ZPHY 266 367 * Eisele, Entlelmann, Filthuth, Hepf)- (HELD} 
73 ZPHY 264 413 ~EBele, Filthuth, Hepp, Leitner, Thouw~ (HELD) 
73 Pt 4aB 59 +Uto, WalKer, Montgomery+ [RHEL, SUSS, LOWC) 
75 PR D8 12 ~Snow (UMD/ 
72 EL 39B 299 -Anderson, Crawford+ (LOWC, RHEL, SUS5) 
72 NP 848 1 • (BERL, UBEL, BRUX, IASD, DUUC, LOUC~) 
73 IIHE 732 Nov Bohm (BERL, UBEL, BRUX, IASD, DUUC, LOUC~) 
7l LNC t 37 ~HooGland, Ktuyver, MaSSaTd+ (SABRE Cottab / 
71 PR D4 631 +Lee-Franzini, Loveless, Baltay+ (STON, COLU) 
71 NP 833 493 + (LOUC, UBEL, BERL, BRUX, DUUC, WARS) 

PR D1 2015 +Yam±n, Hertzbach Koher+ (BNL, MASA, YALE) 
ZPHY 238 372 +Finhuth, Hepp, Presser, Zech (HELD 
PRL 24 165 ~Overseth, PunCture, Dettmann (MICH, WISE) 
ZPHY 228 151 +Ebenhoh. Eisele, EngBmann, Filthuth. (HEIDi 
MDDP TR 973 Thesis (HMD) 
PRL 22 615 . Franzini, Newman, Norton+ (EOLU. £TON) 
UCRL 19244 Thesis (LBLI 
PR 187 1821 +Alston GarnjosE Galtieri, Gershwln ~ (LRL) 
NP B14 153 ~DeBe~lelon, Granet+ (5ACL, EERN, HE~D) 
ZPHY 221 ] +Engelmann, Filthuth. Fohlisch, Hepp+ (HELD) 
RRL la 291 Willis, Courant+ (BNL, CERN, HELD, UMD) 
ZPHY 221 401 £Engelmann, Eilthuth, Fohlisch, Hepp+ (HELD) 
PR 188 2077 +Alston GarnjosR Bangerter+ (LRL) 
UCRL 19246 Thesis Gershwin (LRL) 
Nevis 175 Thesis (EOLU) 
PRL 19 1458 ~Day, ElasseL Kehoe, Knop~ iUMD) 
Vienna Abs 374 Baggett, Kehoe (UMD) 
Private Cumin Baggett (UMD} 

67 PRL 19 181 +Day, Glasser, Kenoe, Knop+ (UMD~ 
67 ZPHY 205 409 * ElUlelmann, Filthuth, Folish. Hepp+ {HELD 
67 PL 25B 376 +Loken, Pewitt, McKenzie~ (ANL, EMU, NWES) 
65 PR 151 1081 (COLLJ) 
65 Nevis 145 Thesis Chang iCOLU) 
66 PRL 17 223 +Ewart, Masek, Orr, Platner (WASH] 
65 RR 1408 1 0 2 7  ~Sand~eiss, Cu~ick, KO00 ~ (YALE BNL', 
65 PRL 14 154 + B~umenfeld, Nauenberg+ (PR~N COLU, 
65R PR 140B 1358 +Piano. Schmidt~ (PBIN, RUTG, COLU} 
65 PR 138B 433 (.ar~yannopoulos, Tautfest, Willmann (PURD) 
65 PH 140B 1328 {COLU, 
64 NP 53 22 , Jain, Mathur, Lakshmi /DELN) 
64 PB 136B 1791 +Filthuth+ [CERN, HELD, UMD, NRL, BNLI 
64 PRL 12 679 ~ Marateck - lCOLU, RUTG, PRIN) 
63 PRL 11 26 ~Dyer, Heckman ,[LRL:, 
61 UCRL 9450 Thesis Dyer (LRL 
62 PRL 9 26 ~ Barkas, Heckman, Patrick. Smith L R /  
62 PR 127 607 +Sn%th {LRL, 
62 pR 127 1305 4 Ross ILRL} 

BARASH 
EiSELE 
HYMAN 
CHANG 

Also 
COOK 
BALTAY 
8AZIN 
BAZIN 
CARAYAN. 
SCHMIDT 
BHOWMIK 
COURANT 
NAUENBERG 
BARKA8 

Also 
GALTIERI 
GRARD 
HUMPHREY 

H 

rb-I I(JP) = 1(½ ~) 

@0 ANGLE FOR Z + - ~  pTr ° 
VALUE ~ )  EVTS DOCUMENT ID 
36 4-34 OUR AVERAGE 

38 1 +35 '7  1259 12 L IPMAN 
" 371 

22 ± 9 0  13 HARRIS 

12 Decay proton scattered off a luminum.  
13 Decay protons scattered off carbon. 

C~+ / O0 
Older results have been omit ted.  

(tan~o = fl / ~) 
TEEN COMMENT 

73 OSPK 7r + p ~ ~E + K + 

70 OSPK ~ p - - *  } - + K  + 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 
--0.0694-O.O13 OUR F IT  
-0 .0734 -O.021  23k M A R R A F F I N O  80 HBC K p 0.42-0.5 GeV,'c 

( l+  FOR E + -~ nTr + 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 
(~.O68±O.O13 OUR FIT 
0.0664-0.O16 OUR AVERAGE 
0.037±0.049 4101 BERLEY 708 HBC 
0.069±0017 35k BANGERTER 69 HBC K p 0.4 GeV/c 

0+ ANGLE F O R Z  + ~ nTr + ( tan0+ = # / 3 ' )  
VALUE ~ ) EVT5 DOCUMENT ID TEEN COMMENT 
167=1-20 OUR AVERAGE Error includes scale factor of 1.1. 
184±24  1054 14 BERLEY 7OB HBC 

143.L29 560 BANGERTER 69B HBC K p 0.4 GeV/'c 

14Changed f rom 176 to 184 c to agree wi th our sign convention. 

~'r FOR Z + ~ p'~ 
VALUE EVT5 DOCUMENT ID TECN COMMENT 
- -0 .834-0 .12  OUR AVERAGE 
- 0 . 8 6 ± 0  1 3 ± 0 0 4  190 KOBAYASHI  87 C N T R  Tr + p ~ Z + K ~ 

+ 0 3 8  46 M A N Z  80 HBC K p ~  ~E--,'T -- O 53_  036  

1 +0.52 61 GERSHWlN 698 HBC K p ~ ~ -  7e - 0 3 _ 0  42 

T h e  spin and par i ty have not  been measured di rect ly ,  T h e y  are of  course 

assumed to  be the same as for the  Z + and E - .  

Z ° MASS 

The fit uses } - + ,  ~E 0'  Z , and A mass and mass difference measurements. 

VALUE (MeV/ DOCUMENT ID 
1 1 9 2 . 5 5 ± 0 . 1 0  OUR F IT  Error includes scale factor of 1.4. 

Z -  - T ° MASS D IFFERENCE 

VALUE (MeV) EVT5 OOCUMENT ID TEEN COMMENT 
4.894-0.08 OUR FIT  Error includes scale factor of 1.2. 
4.864-0.08 OUR AVERAGE Error includes scale factor of 1.2. 
4 8 7 ± 0  12 37 DOSCH 65 HBC 
5 0 1 ± 0 . 1 2  12 S C H M I D T  65 HBC See note wi th A mass 
4 75&0.1 18 BURNSTEIN  64 HBC 

Z ° - A MASS D IFFERENCE 

VALUE (MeV) EVTS DOEUM~NT_T IO TECN COMMENT 
76.924-0.10 OUR FIT  Error Mdudes scale factor of 1.4. 

7 6 . 5 5 ± 0 . 2 5  OUR AVERAGE 
7 6 2 3 ± 0 . 5 5  109 COLAS 75 HLBC Z O - -  A7 
7b.bB±O 28 208 S C H M I D T  65 HBC See note wi th  h mass 



See key on page IV.1 

yo M E A N  LIFE 

These lifetimes are deduced from measurements of the cross sections for the Pri- 
makoff process A ~ y0 in nuclear Coulomb fields. An alternative expression of the 
same information is the Z0-A transition magnetic moment given in the following 
section. The relation is ( # T A / # N )  2 -r = 1.92951 × 10 - 1 9  s (see DEVLIN 86). 

VALUE (10 20 S) DOCUMENT IO TECN COMMENT 

7.4~:0.7 OUR EVALUATION Using #YA (see the above note). 

E.5+~117 1DEVLIN 86 SPEC Primakoffeffect 

?.6~-0.5-50.7 2 PETERSEN 86 SPEC Primakoff effect 
• = • We do not use the following data for averages, fits, limits, etc. = • • 

5.8-51.3 1 DYDAK 77 SPEC See DEVLIN 86 

1 DEVLIN 86 is a recalculation of the results of DYDAK 77 removing a numerical approx- 
imation made in that work. 

2An additional uncertainty of the Primakoff formalism is estimated to be < 5%. 

I # ( Z  ° --, A)I T R A N S I T I O N  M A G N E T I C  M O M E N T  

See the note in the TO mean-life section above. Also, see the Note on Baryon 
Magnetic Moments in the A Listings. 

~_/ALUE (#N) DOCUMENT IO TECN COMMENT 

]..61:E0.08 OUR AVERAGE 

+0.17 3 DEVLIN 86 SPEC Primakoff effect ] . 7 2 0 . 1 9  
].59±0.05J.0.07 4 PETERSEN 86 SPEC Primakoff effect 
,, • • We do not use the following data for averages, fits, limits, etc. • • ,, 

] +0.25 3 DYDAK 77 SPEC See DEVLIN 86 -82_0.18 

3 DEVLIN 86 is a recalculation of the results of DYDAK 77 removing a numerical approx 
imation made in that work. 

4 An additional uncertainty of the Primakoff formalism is estimated to be < 2.5%. 

T ° D E C A Y  M O D E S  

Mode Fraction (Fi /F)  Confidence level 

I" 1 A ~ 100 % 

I-2 A ~ 3  ~ < 3 % 
I- 3 A e + e  [a] 5 x 10 - 3  

[a] A theoret ica l  va lue us ing QED;  see the  Ful l  List ings. 

90% 

y 0  B R A N C H I N G  R A T I O S  

F(A~')/rtotal 
VALUE ~ DOCUMENT ID TEEN 

<0.03 90 COLAS 75 HLBC 

l- (^ e + e - )  / r tota l  
vALUE DOCUMENT ID COMMENT 

0.00545 FEINBERG 58 Theoretical QED calculation 

F2/F 

F3/F 

REFERENCES FOR i -0 

DEVLIN 86 PR D34 1626 +Petersen. Beretvas (RUTG) 
PETERSEN 86 PRL 57 949 +Beretvas, Devlin, Luk+ (RUTG, WlSC, MICH, MINN) 
DYDAK 77 NP Bl18 1 +Navarria, Overseth, Steffen+ (CERN, DORT, HELD) 
COLAS 75 NP B91 253 +Farwell. Ferret. Six (ORSA) 
DOSCH 65 PL 14 239 +Engelmann, Filthuth, Hepp, Kluge+ (HELD) 
SCHMIDT 65 PR 140B 1328 (£OLU) 
13URNSTEIN 64 PRL 13 66 +Day, Kehoe, Zorn, Snow (UMD) 
FEINBERG 58 en 109 1019 (BNL) 

Baryon Full 
VIII.93 

Listings 
yo, y -  

I(J P) = 1(½-5) 

We have omi t ted some results that  have been superseded by later exper- 
iments. The omi t ted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

T -  M A S S  

The fit uses T-5, T 0, T-- ,  and A mass and mass-difference measurements. 

VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 
119"/.43 =1=0.06 OUR FIT -Error i n ~ e ~ a c t o r  of 1.6. 
1197.50 :EO.05 OUR AVERAGE 
1197.53210.057 GALL 88 CNTR T -  Pb, T -  W atoms 
1197.43 ±0.08 3000 SCHMIDT 65 HBC See note with A mass 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1197,24 ±0.15 1 DUGAN 75 CNTR Exotic atoms 

1GALL 88 concludes that the DUGAN 75 mass needs to be reevaluated. 

T -  - T+ M A S S  D I F F E R E N C E  

VALUE (MeV) EVT5 DOCUMENT ID TECN 
8.07:E0.09 OUR FIT Error includes scale factor of 1.9. 
8.09±0.16 OUR AVERAGE 
7.91 i0 .23 86 BOHM 72 EMUL 
8.259-0.25 2500 DOSCH 65 HBC 
8.25+0.40 87 BARKAS 63 EMUL 

T -  - A MASS D I F F E R E N C E  

VALUE (MeV) EVT5 DOCUMENT ID TEEN 
81.81±0.07 OUR FIT Error includes scale factor of 1.5. 
81.69:£0.07 OUR AVERAGE 
81.64-50.09 2279 HEPP 68 HBC 
81.80-50.13 85 SCHMIDT 65 HBC 
81.70--_0.19 BURNSTEIN 64 HBC 

COMMENT 

See note with A mass 

T -  M E A N  LIFE 

Measurements with an error _> 0.2 x 10 -10  s have been omitted. 

VALUE (10 10 s) EVT5 DOCUMENT ID TECN COMMENT 
1.479=1=0.011 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below, 
1.480±0.014 16k MARRAFFINO 80 HBC K -  p 0.42-0.5 GeV/c 
1.49 ±0.03 8437 CONFORTO 76 HBC K p 1-1.4 GeV/c 
1.463±0.039 2400 ROBERTSON 72 HBC K -  p 0.25 GeV/c 
1.42 ±0.05 1383 BAKKER 71 DBC K -  N ~ ]E- 7rTr 

1.41 +0.09 TOVEE 71 EMUL 
-0 .08 

1.485-50.022 100k EISELE 70 HBC K -  p at rest 
1.472,10.016 10k BARLOUTAUD69 HBC K -  p 0.4-1.2 GeV/c 
1.38 -50.07 506 WHITESIDE 68 HBC K -  p at rest 
1.666,10.075 3267 2 CHANG 66 HBC K -  p at rest 
1.58 ±0,06 1208 HUMPHREY 62 HBC K -  p at rest 

2We have increased the CHANG 

WEIGHTED AVERAGE 
1.479 ± 0 . O l l  (Error scaled by  1.3) 

66 error of 0.018; see our 1970 edition, RMP 42, 123. 

i .  X2 
. . . . . . . . .  MARRAFFINO B0 HBC 0.0 
. . . . . . . . .  CONFORTO 76 HBC 0.1 

. . . . . . . . . .  ROBERTSON 72 HBC 0.2 
~ H ' ~ I  . . . . . . . . . .  BAKKER 71 DBC 1.4 

. . . . . . . . . .  TOMEE 71 EMUL 0.6 
~}-~ . . . . . . . . .  EISELE 70 HBC 0.1 
~-~. ~ . . . . . . . . . .  BARLOUTAUD 89 HBC 0.2 

"- - - - - I - - - - I  ~ ' |  . . . . . . . . . .  WHITESIDE 68 HBC 2.0 
I v I I : )  CHANG 66 HBC 6.2 

J V ~ - ~  . . . .  HUMPHREY 62 HBC 13.02"8 

(Conf idence Level = O.136) 

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

T -  mean life (10 10 s) 
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1.166 ± 0.014± OOlO 671k ZAPALAC 

1.23 ±0.03 ±0.03 WAH 
0.89 ±0.14 516k DECK 

WEIGHTED AVERAGE 
-1.1,57 - O.O25 (Error scaled by  1.7) 

Z -  MAGNETIC M O M E N T  

See the Note on Baryon Magnetic Moments in the A Listings. Measurements with 
an error > 0.3 #N have been omitted. 

VALUE (~N) EVT5 DOCUMENT [D TECN COMMENT 
--1.157±0.025 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram 

below. 
-1.105±0.029±0,010 HERTZOG 88 CNTR Z -  Pb, I f -  W 

atoms 
86 SPEC h e -  u, n~t-- de- 

cays 
85 CNTR pCu ~ Z X 
83 SPEC pBe ~ ~E X 

-1.4 

X2 

. . . . . . . .  HEflTZOG 88 CNTR 2.9 
I ,~m-~,""~ . . . . . . . . . .  ZAPALAC 86 SPEC 0.3 

' ~ l - ~ " ~  • ~i . . . . . . . . . . .  WAH 85 CNTR 2.9 
/ ~ /  \ I ) DECK 83 SPEC 3.,.~.7 

J , @ k : • (Conf id . . . .  Level = 07()71) 

-1.2 -1.0 -0 .8  

'T magnetic moment ( / i N )  

Z -  D E C A Y  M O D E S  

Mode Fraction (Fi /F) 

r l  nTr (99848=0005)  % 

F2 nTr -~ [a]( 4.6 ±0.6 ) ×  10 - 4  

F3 n e - P e  ( 1017±0.034) x 10 3 
F4 n H  ~I~ ( 4.5 ±0.4 ) x 10 4 

F5 A e - F e  ( 5.73 ± 0 2 7  ) x  10 5 

[a] See the Listings below for the pion momentum range used in this mea- 
surement. 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall f it to 3 branching ratios uses 16 measurements and one 
constraint to determine 4 parameters. The overall f it has a X 2 = 
8.7 for 13 degrees of freedom. 

The fol lowing o f f - d i a g o n a l  array elements are the correlation coefficients 

( ~ S x i ~ x j ) / ( b x E b x j ) ,  in percent, from the f i t  to the branching fractions, xi z 

FJFtota I. The fit constrains the x~ whose labels appear in this array to sum to 
one. 

x 3 64 

x 4 77 0 

x 5 5 0 O 

Xl  X 3 X4 

Z- BRANCHING RATIOS 

r(nTr-7)/r(mr-) F2/Q 
The ~r + momel~tum cuts differ, so we do not average the results but simply use the 
latest value in the Summary Table. 

VALUE (units lO 3 ~ EVTS DOCUMENT ID TECN COMMENT 

046±0.06 292 EBENHOH 73 HBC =+ < 150 MeV,/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

010±0.02 23 ANG 69B HBC = < 110 MeV/c 
1 1 BAZIN 658 HBC = < 166 MeV/c 

r(ne-ve)lr(n= ) r31q 
Measurements with an error > 0.2 × 10 3 have been omitted, 

VALUE (units 10 3~ EVTS DOCUMENT ID TECN COMMENT 
1.019:1-0.034 OUR FIT 

1.o19_+o%  OOR AVERAGE 
096 ± 0 0 5  2847 SPS hyperon beam 

].09 +0.06 601 K -  p at rest 
0.08 

1.05 + 0 0 7  455 K -  p at rest 0.13 
0.97 ± 0  15 57 K p at rest 
1.11 ± 0 0 9  180 

3 An additional negative systematic error is included for internal radiative corrections and 
latest form factors; see BOURQUIN 83c. 

r ( n ~ - % ) / r ( n = - )  
VALUE (units lO 3) EVT5 
0.45+0.04 OUR FIT 
0A5-t-0.04 OUR AVERAGE 
0 3 8 ± 0 1 1  13 
0.43±0 06 72 
0.43±0.09 56 
0.56±0.20 11 
0.66±0.15 22 

r (Ae ~e)/r(nTr ) 
VALUE ~umts 10 4~ EVTS 
0.574±0.027 OUR FIT 
0.574±0.027 OUR AVERAGE 
0 561 ± 0,031 1620 
063 ±0.11 114 
052 ±0.09 31 
0.69 ±0.12 31 
064 ±0,12 35 
075 ±0,28 11 

4The value is from BOURQUIN 
tance. 

BOURQUIN 83c SPEC 

3 EBENHOH 74 HBC 

3 SECHI-ZORN 73 HBC 

COLE 71 HBC 
BIERMAN 68 HBC 

COLE 71 HBC K p at rest 
ANG 69 HBC K p at rest 
BAGGETT 69 HBC K p at rest 
BAZIN 65B HBC K p at rest 
COURANT 64 HBC 

r4/rl 

rs/rl 

4 BOURQUIN 82 SPEC SPS hyperon beam 
THOMPSON 80 ASPK Hyperon beam 
BALTAY 69 HBC K -  p at rest 
EISELE 69 HBC K p at rest 
BARASH 67 HBC K -  p at rest 
COURANT 64 HBC K p at rest 

838, and includes radiation corrections and new accep- 

T DECAY PARAMETERS 

gee the Note on Baryon Decay Parameters in the neutron Listings. Older, OUtdated 
results have been omitted. 

c L  FOR E -  ~ nTr- 
VALUE EVT5 

0.068±0.008 OUR AVERAGE 
DOCUMENT ID TECN COMMENT 

0062±0.024 28k HANSL 78 HBC K p ~ ]E n -  
0067±0.011 60k BOGERT 70 HBC K p 0.4 GeV/c 
0.071±0012 51k BANGERTER 69 HBC K -  p 0.4 GeV/c 

ANGLE FORE-  ~ n n -  ( t a n ¢ = f l / ' y )  
VALUE ~ ) EVT5 DOCUMENT ID TECN COMMENT 

10± 15 OUR AVERAGE 
+ 5±23 1092 5 BERLEY 70B HBC n rescattering 

14± 19 1385 BANGERTER 69B HBC K p 0.4 GeV/e 

5 BERLEY 70B changed from 5 to * 5 ° to agree with our sign convention. 

gA/gV FOR T -  ~ ne ~e 
Measurements with fewer than 500 events have been omitted. Where necessary, 
signs have been changed to agree with our conventions, which are given in the 
Note on Baryon Decay Parameters in the neutron Listings. What is actually listed 
is I g l / f l -  0 -237g2 / f 1 ! '  This reduces to g A / g v  ~ g l  (0 ) / f l  (0) on making the usual 
assumption that g2 = 0. See also the note on HSUEH 88. 

VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.340:t-0.017 OUR AVERAGE 

+0.327±0.007±0.019 50k 6 HSUEH 88 SPEC [ 250 GeV I 
+0.34 ± 0 0 5  4456 7 BOURQUIN 83C SPEC SPS hyperon beam 

0.385~0037 3507 8 TANENBAUM 74 ASPK 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 29 =0  07 25k HSUEH 85 SPEC See HSUEH 88 

017 t 0 0 7  519 DECAMP 77 ELEC Hyperon beam 009 

6The sign is, wi th  our  conventions, unambiguously positive. The value assumes, as usual, I 
that g2 = 0. If g2 is included Tn the fit, than (with our sign convention) g2 = 0.56 ± I 0.37, with a corresponding reduction of gA, /EV to +0.20 ± 0.08. 

7 BOURQUIN 83c favors the positive sign by at least 2.6 standard deviations. 
8TANENBAUM 74 gives 0435 ± 0.035, assuming no q2 dependence in gA and gV " The I 

listed result allows q2 dependence, and is taken from HSUEH 88. I 
f 2 ( O ) / f l ( O )  FOR E-  ~ ne re 

The signs have been changed to be in accord with our conventions, given in the Note 
on Baryon Decay Parameters in the neutron Listings. 

VALUE EVTS DOCUMENT IO TECN COMMENT 
0.97±0.14 OUR AVERAGE 
096±0.07±0.13 50k HSUEH 88 SPEC ]E 250 GeV I 
1 0 2 ± 0 3 4  4456 BOURQUIN 83C SPEC SPS hyperon beam I 
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TRIPLE CORRELATION COEFFICIENT D for E -  --, n e - ~ e  
The coefficient D of the t e rm DP.(~)e×,Ou) in the Z -  ~ n e - ~  decay angular 
distribution. A nonzero value would indicate a violation of time-reversal invadance. 

VALUE EVT5 DOCUMENT ID TEEN COMMENT 

Ch114-0.10 50k HSUEH 88 SPEC Z 250 GeV 

N O T E  O N  E- ~ A e - ~ e  D E C A Y  

The vector part  of the  hadronic ampli tude for the  decay 

~.: ~ A e - ~  is of special interest because the  vector weak 

current is proportional to an isospin rotat ion of the  isovector 

part  of the  electromagnetic current. This  s t rong form of CVC 

predicts tha t  

f l ( q  2) = 0 for 0 < q 2  <_ ( r n ~ -  - rnA) ~ , 

and also relates f2(0) to the E°A transi t ion magnet ic  moment  

or to the  ampli tude for the  decay E ° ~ A 7 by 

f2(O) = - x / 2  #~oA/ch 

= - . ~  #r, leh [by SU(3)] 

= 1.17 mp -1 . 

No SU(3) symmet ry  is assmned  here except in the  relation of 

#~0A to the  magnet ic  moment  of the  neutron,  #n. 

The  experimental  da ta  were analyzed on the  assumpt ion  

tlbat f l (q  2) = 0 and f2(q 2) = f2(0) over the  entire kinematical  

range of q2 for E -  ~ Ae ~ .  The  results are listed in the  ratio 

o[ g M W  = - - m r -  f2(0) to gA = g l (O) .  

See also the Note on Baryon Decay Parameters  in the  

neutron section of the  Full Listings. 

g'v/gA FOR Z -  --~ A e - v  
For the sign convention, see the Note on Baryon Decay Parameters in the neutron 
Listings. The value is predicted to be zero by conserved vector current theory. The 
values averaged assume CVC SU(3) weak magnetism term. 

VALUE EVT5 DOCUMENT ID TEC. N COMMENT 
0.O1 =t=0.10 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram 

below, 
- 0 . 0 3 4 ± 0 . 0 8 0  1620 9 BOURQUIN 82 SPEC SPS hyperon beam 

0.29 ±0 .29  114 THOMPSON 80 ASPK BNL hyperon beam 
- 0 . 1 7  ±0 .35  55 TANENBAUM 75B SPEC BNL hyperon beam 
+0.45 -E0.20 186 9~10 FRANZlNI 72 HBC 

9The sign has been changed to agree with our convention• 
10The FRANZINI 72 value includes the events of earlier papers• 

WEIGHTED AVERAGE 
O.O1 ± O.10 (Error sca led  by  1.5) 

I 

x2 

: . . . . . . . . . . . . .  BOUROUIN 82 SPEC 0.2 
• THOMPSON 80 ASPK 1.0 

. . . . . . . . . . . .  TANENBAUM 75B SPEC 0,3 V '  ..'~/.a. ~ . . . . .  FRANZ,N, ~ H.C ,.~ 
x~ . ,¢ / |  

(Confidence Levol 

-O.5  O.O 0 .5  1.O 1.5 

gWM/gA FOR Z-  ~ Ae- v 
The values quoted assume the CVC prediction gV = 0. 

VALUE EVTS DOCUMENT ID TEEN 
2.4 4-1.7 OUR AVERAGE 
1.75±3.5  114 THOMPSON 80 ASPK 
3.5 ±4 .5  55 TANENBAUM 75B SPEC 
2.4 ±2•1 186 FRANZINI 72 HBC 

COMMENT 

BNL hyperon beam 
BNL hyperon beam 

REFERENCES FOR Z -  

We have omitted some papers that  have been superseded by later experiments. 
The omitted papers may be found in our 1986 edition (Physics Letters 170B) or in 
earlier editions. 

GALL 88 PRL 68 186 +Austin+ (BOST, MIT, WILL, CIT, CMU, WYOM) 
HERTZOG 88 PR D37 1 1 4 2  +Eckhause~ (WILL, BOST, MIT, CIT, CMU, WYOM) 
HSUEH 88 PR D38 2056 + (CHIC, ELMT, FNAL, IOWA, ISU, LENI, YALE) 
ZAPALAC 86 PRL 57 1526 + (EFI, ELMT, FNAL, IOWA, ISU, LENI, YALE) 
HSUEH 85 PRL 54 2399 +Muller+ (CHIC, ELMT, FNAL, ISU, LENI, YALE) 
WAH 85 PRL 55 2551 +Cardello, Cooper, Teig+ {FNAL, IOWA, ISU} 
BOURQUIN 83B ZPHY C21 27 (BRIS, GEVA, HELD, LALO, RL, STRB) 
BOURQUIN 83C ZPHY C21 17 + (BRIS, GEVA, HELD, LALO, RL, STRB) 
DECK 83 PR D28 1 +Beretvas, Devlin, Luh+ (RUTG, WI5C, MICH, MINN) 
BOURQUIN 82 ZPHY C12 3O7 +Brown+ (BRIS, GEVA, HELD, LALO, RL, STRB) 
MARRAPPINO 80 PR D21 2501 +Reucroft, Roos, Waters+ (VAND, MPIM) 
THOMPSON 80 PR D21 25 +Cleland, Cooper, OrB, Engels+ (PITT, BNL) 
HANSL 78 NP B132 45 +Manz, Matt, Reucreft, Settles+ (MPIM, VAND) 
DECAMP 77 PL 66B 295 +Badier, Bland, Chollet, Galliard+ (LALO, EPOL) 
CONFORTO 76 NP B]05 189 +Gopal, Nalmus, Litchfield, Ross+ (RHEL, LOIC) 
DUGAN 75 NP A254 396 +Asano, Chen, Cheng, Hu, Lidofsky+ (COLU, YALE) 
TANENBAUM 75B PR D12 1 8 7 1  +Hungerbuhler+ (YALE, FNAL, BNL) 
EBENHOH 74 ZPHY 266 367 +Eisele, Engelmann, Filthuth, Nepp+ (HELD) 
TANENBAUM 74 PRL 33 175 +Hungerbuhler+ (YALE, ENAL BNL) 
EBENHOH 73 ZPHY 264 413 +Eisele, Filthuth, Hepp, Leaner, Thouw+ (HELD) 
SECHI-ZORN 73 PR D8 12 +Snow (UMD} 
BOHM 72 NP B48 1 + (BERL, UBEL BRUX, IASD, DUUC, LOUC+) 
FRANZJNI 72 PR D6 2417 (COLU, HELD, UMD, STON) 
ROBERTSON 72 Thesis (liT} 
BAKKER 71 LNC 1 37 +Hoogland, Kiuyver, Massard+ (SABRE Collab,) 
COLE 71 PR D4 631 +Lee-Franzini, Loveless, Baltay+ (STON, COLU) 

Also 69 Nevis 175 Thesis Norton (COLU) 
TOVEE 71 NP B33 493 + (LOUC, UBEL, BERL, BRUX, DUUC, WARS) 
BERLEY 70B PR D1 2015 +Yam]n, Hertzbach, Koeer+ (BNL, MASA, YALE) 
BOGERT 70 PR D2 6 +Lucas, Taft, Willis, Berley+ /BNL, MASA, YALE) 
EISELE 70 ZPHY 238 372 tFilthuth, Hepp, Presser, Zech (HELD) 
ANG 69 ZPHY 223 103 +Eisele, Engelmann, Filthuth+ (HELD) 
ANG 69B ZPHY 228 151 +Ebenhoh. Eisele, Engelmann, Filthuth+ (HELD) 
BAGGETT 69 PRL 23 249 +Kehoe, Snow (UMD) 
BALTAY 89 PRL 22 615 +Pranzini, Newman, Norton+ (COLU, STON) 
BANGERTER 69 UCRL 19244 Thesis (LRL} 
BANGERTER 69B PR 187 1 8 2 1  +Alston-Garnjost, Galtieri, Gers8win÷ (LRL) 
BARLOUTAUD 69 NP 814 153 +DeBellefon, Granet+ (SACL, CERN, HEID) 
EISELE 69 ZPHY 221 1 +Engelrnann, Filthuth, Fohlisch, Hepp+ (HEID) 
BIERMAN 68 PRL 20 1489 +Kounosu, Nauenberg+ (PRIN t 
HEPP 68 ZPHY 214 71 +Schleich (HELD} 
WHITESIDE 68 NC 54A 537 +Gollob (OBER} 
BARASH 87 PRL 19 181 +Day, Glasser, Kehoe, Knop~ (UMD) 
CHANG 66 PR 151 1081 (COLU) 
BAZIN 65B PR 140B 1358 ~Plano, Schmidt+ (PRIN, RUTG, COLU} 
DOSCH 65 PL 14 239 +Engelmann, Pilthuth, Hepp, Kluge+ (HELD) 

Also 66 PR 151 1881 Chang {COLU) 
SCHMIDT 65 PR 14OB 1328 (COLU) 
BURNSTE[N 64 PRL 13 66 +Day, Kehoe, Zorn, Snow (UMD) 
COURANT 64 PR 136B 1791 +Pilthuth+ (CERN, HELD, UMD, NRL, BNL) 
BARKAS 63 PRL 1I 26 +Dyer, Hechman (LRL) 
HUMPHREY 62 PR 127 1305 +Ross (LRL) 

15-(1385) p~31 ,(:P) = i(~+) status: * * * *  

Discovered by ALSTON 60. Early measurements of the mass and w id th  for 

combined charge states have been omi t ted.  They may be found in our  1984 
edit ion (Rev. Mod. Phys. 56, No. 2, Part II, Apr i l  1984).  

We average only the most s igni f icant determinat ions.  We do not  average re- 

sults f rom inclusive exper iments w i th  large backgrounds or results wh ich  are 
not  accompanied by some discussion of exper imenta l  resolution• Neverthe- 
less systematic differences between exper iments remain• (See the ideograms 

in the List ings below.) These differences could arise from interference effects 
tha t  change w i th  product ion mechanism and /o r  beam momen tum.  They 

can also be accounted for in part by differences in the parametdzat ions 
employed. (See BORENSTEIN 74 for a discussion on th is  point . )  Thus  

BORENSTEIN  74 uses a Bre i t -Wigner  w i th  energy- independent  w id th ,  since 
a P-wave was found to give unsat isfactory fits• C A M E R O N  78 uses the 

same form. On the o ther  hand H O L M G R E N  77 obtains a good f i t  to the i r  
Ayr spect rum w i th  a P-wave Bre i t -Wigner ,  but  includes the part ia l  w id th  for 
the Y-~r decay mode in the parametr izat ion.  A G U I L A R - B E N I T E Z  81D gives 
masses and wid ths  for five dif ferent Bre i t -Wigner  shapes. The  results vary 
considerably, On ly  the best-f i t  S-wave results are given here. 

g V / g A f o r E  ~ A e - v  
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Z ( 1 3 8 5 )  M A S S E S  

T(1385) + MASS 
VALUE (MeV~ EVTS DOCUMENT I~ TEEN COMMENT_ 
1382.8:60.4 OUR AVERAGE Error iricludes scale factor of 2.0. See the ideogram below, 

1384.1±0.7 1897 BAUBILLIER 84 HBC K p 8.25 GeV/c 
13845±0 .5  5256 AGUILAR-... 81D HBC K p ~ A = =  4.2 

GeV/c 
1 3 8 3 0 ± 0 4  9361 AGUILAR-... 81D HBC K -  p ~ A3~r 4.2 

GeV/c 
13819±0.3 6900 CAMERON 78 HBC K p 0.96-1.36 GeV/c 
1381 ± i 6846 BORENSTEIN 74 HBC K p 2.18 GeV/c 
13835±0 .85  2300 HABIBI 73 HBC K -  p ~ ATrx 
1382 ± 2  400 AGUILAR ... 728 HBC K -  p ~ A='s 
1384.4±1.0 1260 SIEGEL 67 HBC K p 2.1 GeV/'c 
1382 ± i  750 ARMENTEROS65B HBC K p 0.9-1.2 GeV/c 
1381.0± 1.6 859 HUWE 64 HBC K -  p 1.22 GeV/c 
• • • We de not use the following data for averages, fits, limits, etc. • • • 

1385.1±1.2 600 BAKER 80 HYBR ~r + p 7 GeV/c  
1383.2±1.0 750 BAKER 80 HYBR K p 7 GeV/c 
1381 ± 2  7k I BAUBILLIER 798 HBC K p 8.25 GeV/c 
1391 ± 2  2k CAUTIS 79 HYBR 7r + p / K  p 11.5 GeV 
1390 ± 2  100 1 SUGAHARA 79B HBC 7r p 6 GeV/c 
1385 ± 3  22k 1,2 BARREIRO 77B HBC K p 4.2 GeV/c 
1385 ± I 2594 HOLMGREN 77 HBC See AGUILAR 81D 
1380 ± 2  1BARDADIN-. . .  75 HBC K - p 1 4 . 3 G e V / c  
1382 ± 1 3740 3 BERTHON 74 HBC K p 1263-1843 MeV/c  
1390 ± 6  46 AGUILAR-... 70BHBC K - p ~  Z ~ r ' s 4 G e V / c  
1383 ± 8  62 4 BIRMINGHAM 66 HBC K p 3.5 GeV/c 
1378 ± 5  135 LONDON 66 HBC K -  p 2.24 GeV/c 
1384.3±1.9 250 4 SMITH 65 HBC K p 1.8 GeV/c 
1382.6±2.1 250 4 SMITH 65 HBC K -  p 1.95 GeV/c 
1375.0±3.9 170 COOPER 64 HBC K p 1.45 GeV,'c 
1376.0±3.9 154 4 ELY 61 HLBC K -  p 1.11 GeV/c 

WEIGHTED AVERAGE 
1382.8 ± 0 .4  (Error sca led  by 2.0)  

+ 
v 
v 

2 
X 

. . . . . . . . . .  BAUBILLIER 84 HBC 3.5 
. . . . . . . . . .  AGUILAR-... 81D HBC 11.7 

. . . . . . . . . . .  AGUILAR-... 81D HBC 0.3 

. . . . . . . . . .  CAMERON 78 HBC 8 8  

. . . . . . . . . . .  BORENSTEIN 74 HBC 3.2 

. . . . . . . . . . .  HABIBI 73 HBC 0.7 

. . . . . . . . . . .  AGUlLAR-... 728 HBC 0.2 
. . . . . . . . .  SIEGEL 67 HBC 2.6 
. . . . . . . . . .  ARMENTEROS 65B HBC 0.6 
. . . . . . . . . .  HUWE 64 HBC 1.3 

32 .8  
(Con f i dence  Leve l  < O.OO1) 

i i i 

1375 1380  1385  1390  1395 1 4 0 0  

Z (1385 )  ~ mass (MeV)  

T ( 1 3 8 5 )  ° M A S S  
VALUE (MeV} EVTS DOCUMENT ID TEEN COMMENT 
1383.7-1-1.0 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below. 

1384.1±0.8 5722 AGUILAR ... 81D HBC K p ~ A3= 4.2 
GeV/c  

1380 ± 2  3100 5 BORENSTEIN 74 HBC K p ~ A37r 2.18 
GeV/c 

1385.1±2.5 240 4 T H O M A S  73 HBC =~ p ~ A= OKO 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1389 ± 3  500 6 BAUBILLIER 79e HBC K p 8.25 GeV/c 

WEIGHTED AVERAGE 
1383.7 ± 1.O (Error sca led  by  1.4) 

;(2 

~ . . . . . . . . .  AGUILAR-... 81D HBC 0"~ 
~,  ~ . . . . . . . . . .  BORENSTEIN 74 HBC 3.3 

. . . . . . .  THOMAS 73 HBC 0.3 

~1  ~ , (Con f i dence  Level  = O.135) 

1375 1380  1385 1390  1395 14OO 

Z (1385 )  0 mass (MeV)  

E ( 1 3 8 5 )  M A S S  
VALUE (MeV~ EVTS DOCUMENT ID TEEN COMMENT 
1387.2=E0.5 OUR AVERAGE Error includes scale factor of 2.2. See the ideogram below. 

1388 .3±17  620 AGUILAR ... 81D HBC K p ~ ATr~- 4.2 
GeV/c 

1 3 8 4 9 ± 0 8  3346 AGUILAR-... 81D HBC K -  p ~ A3= 4.2 
GeV/c 

13876_~03 9720 CAMERON 78 HBC K -  p 0.96 1,36 GeV/c 
1383 :~2 2303 BORENSTEIN 74 HBC K -  p 2.18 GeV/c 
1 3 9 0 7 ± 1 . 2  1900 HABIBI 73 HBC K p ~  A=~T 
1387.1&1 9 830 4 THOMAS 73 HBC ~T p ~ A :  K ÷ 
1 3 9 0 7 ± 2 . 0  370 SIEGEL 67 HBC K p 2.1 GeV/c 
1384 ± 1 1380 ARMENTEROS65B HBC K -  p 0 ,9- ] .2  GeV/c 
1 3 8 5 3 ± 1 . 9  1086 4 HUWE 64 HBC K p 1.15 1.30 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1383 i 1 4.5k 1 BAUBILLIER 79s HBC K p 8.25 GeV/c 
1380 ± 6  150 1 5UGAHARA 798 HBC 7r p 6 GeV/c 
1387 i 3  12k 1,2 BARREIRO 77B HBC K -  p 4.2 GeV/c 
1391 ± 3 193 HOLMGREN 77 HBC See AGUILAR 81D 
1383 ~2  1 BARDADIN ... 75 HBC K -  p 14.3 GeV/c 
1389 = 1 3060 3 BERTHON 74 HBC K p 1263 1843 MeV/c  
1389 ± 9  15 LONDON 66 HBC K -  p 2.24 GeV/c 
13915±2 .6  120 4 SMITH 65 HBC K p 1.8 GeV/c 
1 3 9 9 8 = 2 2  58 4 SMITH 65 HBC K p 1.95 GeV/c 
1 3 9 2 0 ± 6 . 2  200 COOPER 64 HBC K p 1.45 GeV/c 
1382 = 3  93 DAHL 61 DBC K d 0.45 GeV/c 
1376.0±4.4 224 4 ELY 61 HLBC K -  p 1.11 GeV/c 

WEIGHTED AVERAGE 
1387.2 = O.5 (Error sca led  by 2.2) 

- I -  

I • 

1375 1380  1385 

X 2 

. . . .  AGUlLAR-... 81D HBC 0.4 
. . . . . .  AGUILAR-... B1D HBC 8.1 
. . . . . .  CAMERON 78 HBC 1.9 
. . . . . .  BORENSTEIN 74 HBC 4.4 
- - J r -  . . HABIBI 73 HBC 8.6 
. . . . . .  THOMAS 73 HBC 0.0 

I ' SIEGEL 67 HBC 3.1 
. . . .  ARMENTEROS 658 HBC 10.1 
. . . . . .  HUWE 64 HBC 10 

37.7 
(Con f i dence  Level  < O.OO1) 

1 i 

1390  1395 14OO 

E(1385) mass (MeV) 



See key on page IV. 1 

T(1385)- - T(1385) + MASS DIFFERENCE 

.VALUE (MeV) EL% DOCUMENT ID TEEN COMMENT 

,, • • We do not use the following data for averages, fits, limits, etc. ! ! • 

- 2 to +6 95 7 BORENSTEIN 74 HBC K- p 2.18 GeV/¢ 
7.2±1 .4  7HABIBI  73 HBC K - p ~  A=~ 
63±20 7 SIEGEL 67 HBC K- p 2.1 GeV/c 

11 ± 9  7 LONDON 66 HBC K-p 2,24 GeV/c  
9 ± 6  LONDON 66 HBC A37r events 
2 .0±  1.5 7 ARMENTEROS65B HBC K p 0.9-1.2 GeV/c  
7 .2±2.1  7 SMITH 65 HBC K - p  1.8 GeV/c  

17.2±2.0 7 SMITH 65 HBC K p 1.95 GeV/c  
17 3_7 7COOPER 64 HBC K-pl.45GeV/c 
4.3±2 .2  7 HUWE 64 HBC K -  p 1.22 GeV/c  
0.03_4.2 7 ELY 61 HLBC K p 1.11 GeV/c  

)-(1385) 0 - Z(1385) + MASS DIFFERENCE 

VALUE (MeV) CL% DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 4 1 o + 4  95 7BORENSTEIN 74 HBC K - p 2 . 1 8 G e V / c  

) - ( 1 3 8 5 ) -  - ) - (1385)  0 MASS DIFFERENCE 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

2 .0±2.4  7 T H O M A S  73 HBC ~r p ~  A = - K  + 

) - ( 1 3 8 5 )  W I D T H S  

Z ( 1 3 8 5 )  + W I D T H  
VALUE (MeV) E V T 5  DOCUMENT ID TECN COMMENT 
35.8± 0.8 OUR AVERAGE 
37,2± 2,0 1897 BAUBILLIER 84 HBC K p 8,25 GeV/c  
35,1± 1,7 5256 AGUILAR-,., 81D HBC K -  p ~ ATr~- 4,2 

GeV/c 
37.5± 2.0 9361 AGUILAR-... 81o HBC K -  p ~ A3= 4.2 

GeV/c  
35.5-}- 1.9 6900 CAMERON 78 HBC K p 0.96-1.36 GeV/c 
3 4 . 0 i  1.6 6846 8 BORENSTEIN 74 HBC K -  p 2.18 GeV/c  
38.3± 3.2 2300 9 HABIBI 73 HBC K -  p - -  ATrTr 
32.5/= 6.0 400 AGUILAR-... 728 HBC K -  p ~ A~r's 
36 ± 4 1260 9 SIEGEL 67 HBC K -  p 2.1 GeV/c  
32.0± 4.7 750 9 ARMENTEROS65B HBC K -  p 0.95-1.20 GeV/c  
46.5± 6.4 859 9 HUWE 64 HBC K -  p 1.15-1.30 GeV/c  
• • • We do not use the following data for averages, fits, I[mits, etc. • • • 

40 ± 3 600 BAKER 80 HYBR ~r + p 7 GeV/c  
37 ± 2 750 BAKER 80 HYBR K -  p 7 GeV/c  
37 -5 2 7k 1 BAUBILLIER 79B HBC K p 8.25 GeV/c 
30 ± 4 2k CAUTIS 79 HYBR 7r + p / K -  p 11.5 GeV 
30 ± 6 i00 1 SUGAHARA 79B HBC 7r- p 6 GeV/c  
43 ± 5 22k 1,2 BARREIRO 77B HBC K p 4.2 GeV/c 
34 ± 2 2594 HOLMGREN 77 HBC See AGUILAR 81D 
40.0± 3.2 1 BARDADIN ,.. 75 HBC K -  p 14.3 GeV/c  
48 ± 3 3740 3 BERTHON 74 HBC K -  p 1263-1843 MeV/c  
33 ± 2 0  46 9AGUILAR-. . .  70BHBC K - p ~  T T r ' s 4 G e V / c  
25 ± 3 2  62 9 BIRMINGHAM 66 HBC K -  p 3.5 GeV/c  
30.3± 7.5 250 9 SMITH 65 HBC K p 1.8 GeV/c  
33.1± 83 250 9SMITH 65 HBC K-pl.95GeV/c 
51 ±16 170 9 COOPER 64 HBC K p 1,45 GeV/c 
48 ±16 154 9 ELY 61 HLBC K- p i . i i  GeV/c 

)-(1385) 0 WIDTH 
VALUE (MeV) E V T 5  DOCUMENT /D TEEN COMMENT 
36 ± 5 OUR AVERAGE 
34.8± 5.6 5722 AGUILAR-... 81D HBC K -  p ~ A37r 4.2 

GeV/c  
3 9 3 ±  10.2 240 9 THOMAS 73 HBC = p ~ ATr 0 K 0 
• • * We do not use the following data for averages, fits, limits, etc. • • • 

53 ± 8 3100 10 BORENSTEIN 74 HBC K -  p ~ A3:r 2.18 
GeV/c  

30 ± 9 106 CURTIS 63 OSPK 7r- p 1.5 GeV/c  

}-(1385)- WIDTH 
VALUE (MeV) E V T 5  DOCUMENT ID TEEN COMMENT 
3 9 . 4 i  2 1  OUR AVERAGE" Error i n ~ e ~ ' a c t o r  of 1.7. See the ideogram below. 

38.4± 10.7 620 AGUILAR-... 81D HBC K -  p ~ A:rTr 4.2 

VIII.97 

Baryon Full Listings 
T(1385) 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

44 ± 4 4.5k 1 BAUBILLIER 798 HBC K- p 8.25 GeV/c 

58 ± 4 150 1 SUGAHARA 79B HBC ~- p 6 GeV/c 
45 ± 5 12k 1,2 BARREIRO 77B HBC K- p 4.2 GeV/c 

35 ± 10 193 HOLMGREN 77 HBC See AGUILAR 81D 
47 ± 6 1 BARDADIN-... 75 HBC K- p 14.3 GeV/c 
40 ± 3 3060 3 BERTHON 74 HBC K p 1263-1843 MeV/c 
29.2±10.6 120 9 SMITH 65 HBC K- p 1.80 GeV/c 

17.1± 8.9 58 9SMITH 65 HBC K - p l . 9 5 G e V / c  
88 ± 2 4  200 9 COOPER 64 HBC K -  p 1.45 GeV/c 
40 DAHL 61 DBC K -  d 0.45 GeV/c 
66 -h18 224 9 ELY 61 HLBC K -  p 1.11 GeV/c 

WEIGHTED AVERAGE 
3 9 . 4  + 2.1 (Error sca led  by  1.7) 

GeV/c  
34.6± 4 2  3346 AGUILAR-... 81D HBC K p ~ A37r 4.2 

GeV/c  
39.2± 17  9720 CAMERON 78 HBC K -  p 0.96-1.36 GeV/c  
35 ± 3 2303 8 BORENSTEIN 74 HBC K p 2.18 GeV/c  
51.9/_ 4.8 1900 9 HABIBI 73 HBC K -  p ~ ATrTr 
48.2± 7.7 630 9 T H O M A S  73 HBC ~r p ~  A T r - K  0 
31.0± 6.5 370 9 SIEGEL 67 HBC K -  p 2.1 GeV/c  
38.0± 4 1  1382 9 ARMENTEROS65B HBC K p 0.95-1.20 GeV/c  
62 ± 7 1086 HUWE 64 HBC K p 1.15 1.30 GeV/c  

.• 
X2 

. . . . . . . .  AGUILAR-... 810 HBC 0.0 
. . . . . . . . . . .  AGUILAR-... 81D HBC 1.3 

[ ~r~ . . . . . . . . . .  CAMERON 78 HBC 0.0 
" ~  . . . . . . . . . .  BORENSTEIN 74 HBC 2.2 
I ."~ ~ r -  . . . . .  HABIB[ 73 HBC 6.7 

J ~ ' l ~ ' l ~  . . . . . .  THOMAS 73 HBC 1.3 
~ / ~ , J [  . . . . . . . . .  SIEGEL 87 HBC 1.7 

I ~ . . . . . . . . . .  ARMENTEROS 65B HBC 0.1 
/ . ~ 1  I ' ' H U W E  64 HBC 10.4 

',> (Con f i dence  Leve l  = 0 . 0 0 2 )  

2 0  4 0  6 0  8 0  100  

T(1385)- wid th  (MeV)  

Z(1385) POLE POSITIONS 

T(1385) + REAL PART 
VALUE DOCUMENT ID COMMENT 

1379±1 LICHTENBERG74 Extrapolates HABIBI 73 

)-(1385) + -IMAGINARY PART 
VALUE DOCUMENT ID COMMENT 

17.5±1.5  LICHTENBERG74 Extrapolates HABIBI 73 

)-(1385)- REAL PART 
VALUE DOCUMENT ID COMMENT 

138311  LICHTENBERG74 Extrapolates HABIBI 73 

T(1385)- -IMAGINARY PART 
VALUE DOCUMENT ID COMMENT 

22.5±1.5  LICHTENBERG74 Extrapolates HABIBI 73 

Mode 

Z ( 1 3 8 5 )  DECAY M O D E S  

Fraction ( F i / F )  

Fl ATr 88+2 % 

F 2 )" 7F 123-2 % 

F 3 A'~ 

F 4 T -  7 

F5 N ~  

T h e  above  b r a n c h i n g  f rac t ions  are our  e s t ima t e s ,  no t  fits or averages .  

T(1385) BRANCHING RATIOS 

F(Z~)/F(A~') r2/r l  
VALUE DOCUMENT ID TECN CHG COMMENT 

0.135~:0.011 OUR AVERAGE 
0.20 ±0 .06  DIONISI 78B HBC ± K - p ~  Y * K K  
0.16 ±0 .03  BERTHON 74 HBC + K - p l . 2 6 - 1 . 8 4  

GeV/c 
0.11 ±0 .02  BERTHON 74 HBC K -  p 1.26-1.84 

GeV/c  
0.21 ±0 .05  BORENSTEIN 74 HBC + K - p ~  

A 7r + 7r - ,  
T07r+ 7r-- 

0.18 ±0 .04  MAST 73 MPWA :5 K -  p 
A~r~ 7r , 
~0~r+ ~ -  

0.10 ±0.05 THOMAS 73 HBC - 7 r - p ~  AK~,  
TKTr 



V I I I . 9 8  

Baryon Full Listings 
} - ( 1 3 8 5 ) ,  Z ( 1 4 8 0 )  B u m p s  

0.16 ±0 .07  AGUILAR-. . .  72B HBC + K p 3.9, 4.6 
G e V / c  

0.13 ±0,04 COLLEY 71B D B £  0 K N 1.5 GeV /c  
0.13 ±0 ,04  PAN 69 HBC + 7 r + p - -  AK~r ,  

T K T r  
0.08 ±0,06 L O N D O N  66 HBC + K -  p 2.24 GeV /c  
0.163±0.041 ARMENTEROS65B HBC ± K p 0.95-1.20 

G e V / c  
0.09 ±0 .04  HUWE 64 HBC ± K -  p 1.2-1.7 GeV 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.04 A L S T O N  62 HBC ± 0  K p 1.15 GeV /c  
0.04 ±0 .04  BASTIEN 61 aBE ± 

r (A 3')/rtotal r 3 / r  
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 . 17±0 . ] 7  1 MEISNER 72 HBC 1 event only 

F(A~)/F(ATr) r3/r l  
VALUE EL% DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.06 90 COLAS 75 HLBC K p 575 970 MeV 

r(}-1,)/r(ATr) F4/F1 
VALUE EL% DOCUMENT ID TEEN COMMENT 

• • • WE do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.05 90 COLAS 75 HLBC K p 575-970 MeV 

(r;rr)l/=/rtota, in N~ -* ~-O385) ~ A~ (rGrl)L/~/r 
VALUE DOCUMENT ID CHG COMMENT 

~0 .586±0 .319  11 DEVENISH 74B 0 Fixed-t dispersion rel. 

}-(1385) FOOTNOTES 
1 From fit to inclusive ATr spectrum. 
2 Includes data of HOLMGREN 77. 
3The errors are statistical only. The resolution is not unfolded. 
4The error is enlarged to F/N 1/2. See the note on the K* (892) mass in the 1984 edition. 

5 From a fit to ATT 0 with the width fixed at 34 MeV. 
6From fit to inclusive Ai r  0 spectrum wi th the width fixed at 40 MeV. 
7Redundant  wi th data in the mass Listings. 
8 Results f rom ATr + = and ATr ~ = 7r 0 combined by us. 

9The  error is enlarged to 4 F I N  1 /2 .  See the note on the K* (892 )  mass in the 1984 
edition. 

10Consistent wi th ± ,  0, and widths equal. 
11An extrapolat ion of the parametrized ampl i tude below threshold. 

}-(1385) REFERENCES 

BAUBILLIER 84 ZPHY C23 213 ~ (BIRM, CERN, GLAS, MSU, LPNP) 
AGUILAR 81D AFIS A77 144 A$uila[ Benitez, Salicio (MADR) 
BAKER 80 NP BI06 207 ÷Chima, Dornan, Gibbs, Hall, Mille[4 (LOIC) 
BAUBILLIER 79B NP B148 10 + (BIRM, CERN, GLAS, MSU, LRNR) 
CAUTtS 79 NP B156 507 +Ballam, Bouchez, Carroll, Chadwick+ (SLAC) 
SUGANARA 798 NP 8166 237 +Ochiai, Pukui, Cooper+ (KEK, OSKC, KINK) 
CAMERON 78 NP B143 109 +Franek, Gopal, Bacon, Butte~ortfi+ (RHEL, LOIC) 
DIONISI 70B PL 78B 154 +Armenteros, Diaz (CERN, AMST, NOM, OXF) 
BARREIRO 77B NP B125 319 +Berge, Ganguli, Blokzi]l+ (CERN, AMST, NIJM) 
HOLMGREN 77 NP Bl19 261 ~Aguilar 8enitez, Kluyver+ (CERN, AMST, NIJM) 
BARDADIN. 76 NP B98 418 Bardadin-Otwinowska+ (SACL EPOL, RHEL) 
COLAS 76 NP B91 253 +Farwe~l, Ferrer, Six (ORSA) 
BERTNON 74 NC 21A 146 +Tristram+ (CDEF, RHEL, SACL, STR8) 
BORENSTEIN 74 PR D9 3 0 0 6  +Kalbf leisch, Strand~ (BNL, MICH) 
DEVENISH 74B NP BBI 330 + Froggatt, Martin (DESY, NORD, LOUC) 
LICHTENBERG 74 PR D10 3865 (IND) 

Also 74B Private Comm. Lichtenberg (IND) 
HABIBI 73 Nevis 199 Thesis (COLU) 

Also ?3 Purdue Coflf 587 Baltay, Bridgewater, Cooper+ (COLU, 81NG) 
MAST 73 PR D7 3212 +Bangerter, Alston Garnjost4 (LBL) IJP 

Also 73B PR D7 5 Mast, Bangerter, Alston Garnjost+ (LBL) IJP 
THOMAS 73 NP B56 15 -Engler, Fisk, Kraemer (CMU) JP 
AGUILAR-. 72B PR DE 29 Aguilar Benitez, Chung, Eisner. SarNos (BNL) 
MEISNER 72 NC 12A 62 (UNC, LBL) 
COLLEY 71B NP B31 61 +Cox, Eastwood. Fry+ (81RM, EDIN GLAS, LOIC) 
AGUILAR. 70B PRL 25 58 Aguilar Benitez. Barnes, Bassano+ (BNL SYRA) 
PAN 69 PRL 23 808 ~Forman (PENN) I 
SIEGEL 67 UCRL 18041 Thesis (LRL) 
BIRMINGHAM 66 PR 152 1148 (BIRM, GLAS, LOIC, OXF, RHEL) 
LONDON 66 PR 143 1034 ÷Rau. Goldberg Eichtman+ (BNL, SYRA) J 
ARMENTEROS 65B PL 19 75 + (CERN, HELD, SACL) 
SMITH 65 UCLA Thesis (UCLA) 
COOPER 64 PL 8 365 +FiRhuth, Fridman, Malamud- (CERN, AMST) 
HUWE 64 UCRL 11291 Thesis (LRL) JP 

Also 69 PR 180 1824 Huwe (LRL) 
CURTIS 63 PR 132 1771 +Coffin, Meyer, Te~illiger (MICH) J 
ALSTON 62 CERN Conf. 311 ~A;varez, Ferro Luzzi~ (LRL) 
BASTIEN 61 PRL 6 702 +Ferro Luzzi, RosenfBd (LRL) 
DAHL 61 PRL 6 142 ~Ho~itz, Miller, Murray, White (LRL) 
ELY 61 PRL 7 461 +Fung, Gidal, Pan, PoweH, White (LRL) J 
ALSTON 60 PRL 5 520 +Alvarez, Eberhard, Good, Graziano* (LRL) I 

I T(1480) Bumps I ,<~) = 1(? ?) Status: >k 

OMITTED FROM SUMMARY TABLE 

These are peaks seen in A 7r and ]E 7r spectra in the reaction 7r+p ~ (Y  T r)K + 
at 1.7 GeV/c. Also, the Y polarization oscillates in the same region. 

MILLER 70 suggests a possible alternate explanation in terms of a reflection 
of N(1675) ~ A K decay. However, such an explanation for the (~-~ 7r 0) K + 
channel in terms of A(1650) ~ ~-K decay seems unlikely (see PAN 70), 
In addition such reflections would also have to account for the oscillation of 
the Y polarization in the 1480 MeV region. 

HANSON 71, with less data than PAN 70, can neither confirm nor deny the 
existence of this state. MAST 75 sees no structure in this region in K p 
A~r O. 

E N G E L E N  80 p e r f o r m s a  m u l t i c h a n n e l a n a l y s i s o f K - p ~  p K 0 =  - at 4.2 

G e V / c .  T h e y  observe a 3.5 s tandard-dev ia t ion  signal at 1480 M e V  in p ~ O  

wh ich  cannot  be expla ined as a ref lect ion o f  any c o m p e t i n g  channel .  

T(1480)  MASS 
(PRODUCTION EXPERIMENTS)  

VALUE (MeV) EVT5 DOCUMENT ID TEEN EHG COMMENT 

1480 120 ENGELEN 80 HBC ÷ K -  p - -  
(p~O) 

1485±10  CLINE 73 M P W A  K d 
( A T r - ) p  

1479~-10 PAN 70 HBC ~ :-~ p - -  
( A ~ - ) K  + 

1465±15 PAN 70 HBC m : T ~ p  
(]E ,-7) K + 

7(1480) WIDTH 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 

8 0 ± 2 0  120 ENGELEN 80 HBC ~ K p ~  
( p K O ) ~  

4 0 ± 2 0  CLINE 73 M P W A -  K d ~  
( A = - ) p  

3 1 ± 1 5  PAN 70 HBC + ~ ,+p  - -  
( A ~ ) K  ÷ 

3 0 ± 2 0  PAN 70 HBC t ~ +  p 
(~-~7)K + 

}-(1480) DECAY MODES 
PRODUCTION EXPERIMENTS)  

Mode 

F 1 N K  
F2 A~T 

F3 Z ~  

T(1480) BRANCHING RATIOS 
PRODUCTION EXPERIMENTS)  

r(~-~)/r(A~) r3/r2 
VALUE DOCUMENT ID TEEN CHG 

0.82=0.51 PAN 70 HBC 

F ( N K ) / F ( A z r )  r l / r 2  
VALUE DOCUMENT ID TEEN CHG 

0,72±0 50 PAN 70 HBC + 

r ( N K ) / r t o t a  I F1/F 
VALUE DOCUMENT ID TEEN COMMENT 

sma(I CLINE 73 MPWA K d ~ (At ,  )p  

ENGELEN 
MAST 
CLINE 
HANSON 
MILLER 
PAN 

Also 
Also 

Z(1480) REFERENCES 
PRODUCTION EXPERIMENTS)  

80 NP B167 61 
75 PR D l l  3078 
73 LNC 6 206 
71 PR D4 1296 
70 Duke Conf. 229 
70 PR D2 49 
69 PRL 23 808 
69B PRL 23 606 

,Jongejans, Dionisi+ (NIJM, AMST, CERN, OXF) 
* Alst on-Garnjost, Bangerter+ (LBL) 
-Laumann, Mapp (WISC) I JR 
+Kalmus, Louie (LBL) I 

(PURD) 
~Forman Ko, Hagopian, Selove (PENN) 

Pan, Forman (PENN) [ 
Pan, Forman (PENN) I 



See key on page IV.1 

I E(1560) Bumps I , ( ;~)  = 1(? ?) Status: :@~< 

OMITTED FROM SUMMARY TABLE 

This entry lists peaks reported in mass spectra around 1560 M e V  wi thout  
implying that  they are necessarily related. 

DIONISI  78B observes a 6 standard-deviat ion enhancement at 1553 M e V  
in the charged A / T ; r  mass spectra f rom K p ~ ( A / } - ) ~ r K K  at 4.2 
GeV/c .  In a CERN ISR experiment,  L O C K M A N  78 reports a narrow 6 
standard-deviat ion enhancement at  1572 M e V  in ATr ± f rom the reaction 
p p  ~ A~T+~r - X .  These enhancements are unlikely to be associated wi th 
the T (1580)  (which has not been conf irmed by several recent experiments - 

see the next entry in the Listings). 

CARROLL  76 observes a bump at 1550 M e V  (as well as one at 1580 MeV)  
in the isospin-1 K N  tota l  cross section, but uncertainties in cross section 
measurements outside the mass range of  the exper iment preclude est imating 
its significance. 

See also M E A D O W S  80 for a review of  this state. 

)-(1560) M A S S  
(PRODUCTION E X P E R I M E N T S )  

VALUE (MeV) EVT$ DOCUMENT IO TECN CHG COMMENT 

1553±7 121 DIONISI 78B HBC ± K -  p 
( Y ~ ) K K  

1572±4 40 LOCKMAN 78 SPEC ± p p  ~ ATr + 7r- 
X 

VIII.99 

Baryon Full Listings 
)--(1560) Bumps, T(1580) 

)-(1560) W I D T H  
(PRODUCTION E X P E R I M E N T S )  

I z ( 1 5 8 0 )  D131 = '<'-) , a us * *  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

VALUE (MeV) EVT5 DOCUMENT ID TECN CHG COMMENT 

79±30 121 DIONISI 78B HBC ± K- p 
( Y ~ T ) K K  

15± 6 40 1 LOCKMAN 78 SPEC ± pp ~ A~T + ~ -  
X 

Seen in the isospin-1 K N  cross section at BNL (LI 73, CARROLL  76) and 
in a part ial-wave analysis of  K - p  ~ A ~  0 for c.m. energies 1560-1600 

M e V  by L I T C H F I E L D  74. L I T C H F I E L D  74 finds J P  - 3 / 2 - .  Not  seen by 

ENGLER 78 or by C A M E R O N  78C (wi th  larger statistics in KOLp ~ ATr ÷ 
and TO ~T+). 

) - ( 1 5 8 0 )  M A S S  

)-(1560) DECAY M O D E S  
(PRODUCTION EXPERIMENTS) 

Mode 

r i ATr 
r 2 E~T 

)-(1560) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

ir()-~-)/[r(ATr) + r()-~)] r21(rl+r2) 
VALUE DOCUMENT IO TECN CH6 COMMENT 

0,35±0.12 DIONISI 78B HBC ± K -  p 
(YTr)  K K  

F(A~)/rtota, FUr 
VALUE DOCUMENT ID TECN C HG COMMENT 

seen LOCKMAN 78 SPEC ± p p  ~ Aft + ~r- 
X 

) - ( 1 5 6 0 )  F O O T N O T E S  
( P R O D U C T I O N  E X P E R I M E N T S )  

1 The width observed by LOCKMAN 78 is consistent with experimental resolution. 

Z(1560) REFERENCES 
(PRODUCTION EXPERIMENTS) 

MEADOWS 80 Toronto Conf. 283 (ClNC) 
DIONISI 78B PL 78B 154 +Armenteros, Diaz (CERN, AMST. NIJM, OXF) I 
LOCKMAN 78 CEN DPHPE 78-01 +Meyer, Rander, Poster. Schlein+ (UCLA, SACL) 
CARROLL 76 PR[ 37 806 +Chiang, Kycia, Li, Mazur, Michael+ (BNL) I 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1583±4 1 CARROLL 76 DPWA Isospin-1 total G 
158224  2 LITCHFIELD 74 DPWA K -  p ~ A~T 0 

T ( 1 5 8 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID _ _  

15 1 CARROLL 76 
1 1 ± 4  2 LITCHFIELD 74 

TECN COMMENT 

DPWA Isospin-1 total G 
DPWA K - p ~  ATt 0 

T(lS80) D E C A Y  M O D E S  

Mode 

F1 N K  
r 2 ATr 
r 3 T1r  

Z(1580) B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r ( N K ) / r t o t a l  F U r  
VALUE DOCUMENT ID TECN COMMENT 

+0 ,03±0 ,01  2 LITCHFIELD 74 DPWA K N  multichannel 

(rirf)'/2/rtota," in N~  -~ Z(1580) -~ A~ (FIF2)I/VF 
VALUE DOCUMENT ID TECN COMMENT 

not seen CAMERON 78c HBC K ~ p  ~ A~ + 
not seen ENGLER 78 HBC K~_ p - -  ATr + 

+0 .10±0 .02  2 LITCHFIELD 74 DPWA K -  p ~ ATr 0 

(rirf)i/2/rtota, in NK ~ T(1580) --~ T~T (rlr3)i/~/r 
VALUE DOCUMENT IO TECN COMMENT 

not seen CAMERON 78c HBC KO t P ~ Z0 ~r+ 

not seen ENGLER 78 HBC KO, p ~ ZO~r+ 

+0 .03±0 .04  2 LrTCHFIELD 74 DPWA K N  multichannel 
L 

T(1580) FOOTNOTES 
1CARROLL 76 sees a total-cross-section bump with (J+1/2) Fel / Ftota I = 0.06. 
2The main effect observed by LITCHFIELD 74 is in the ATr final state; the KN and 

TTr couplings are estimated from a multichannel fit including total-cross-section data of 
LI 73. 

Z(1580) REFERENCES 

CAMERON 78C NP B132 189 +Capiluppi+ (BGNA, EDIN, GLAS, PISA, RHEL) I 
ENGLER 78 PR D18 3061 +Keyes, Kraerner, Tanaka, Cho+ (CMU, ANL) 
CARROLL 76 PRL 37 806 ~Chiang, Kycia, Li, Mazur, Michael+ (BNL) I 
LITCHFIELD 74 PL 51B 509 (CERN) UP 
LI 73 Purdue Conf. 283 (BNL) I 

- -  O T H E R  R E L A T E D  P A P E R S  - -  

ENGLER 76 PL 63B 231 +Keyes, Kraemer, Schlereth, Tanaka+ (CMU, ANL) I 
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T(1620),  ~(1620)  Production Experiments 

I T(1620) Sl~ I ,(;') = 1 ( ½ - )  Status:  * *  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

The 511 state at 1697 MeV reported by VANHORN 75 is tentat ively listed 
under the K(1750). CARROLL 76 sees two bumps in the isospin-1 total  

cross section near this mass. 

Production experiments are listed separately in the next entry. 

)-(1620) M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1600± 6 1 MORRIS 78 DPWA K n ~ A~r 
1608± 5 2 CARROLL 76 DPWA Isospin-1 total cr 
1633±10 3 CARROLL 76 DPWA lsospin-1 total 
1630±10 LANGBEIN 72 IPWA K N  multichannel 
1620 KIM 71 DPWA K matrix analysis 

)-(1620) W I D T H  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 

1 MORRIS 78 DPWA K n ~ A~ 87±19 
8 CARROLL 76 DPWA Isospin-1 total 15 

10 3 CARROLL 76 DPWA Isospin 1 total 
65:L20 LANGBEIN 72 IPWA K N multichannel 
~*0 KIM 71 DPWA K-matrix analysis 

Mode 

h N K  

F2 A,~ 

F3 Z~ 

T(1620) D E C A Y  M O D E S  

~E(1620) B R A N C H I N G  R A T I O S  

r(NK~/rtota, r l /r 
VALUE DOCUMENT ID TEEN COMMENT _ _  

0.22-r0.02 LANGBEIN 72 IPWA K N multichannel 
005 KIM 71 DPWA K-matrix analysis 

(rirr)~/2/rtota~ in N K - ~  ) - ( 1 6 2 0 ) ~  ATr (QFs)VVF 
VALUE D OC. UMENT ID TEEN. COMMENT 

i MORRIS 78 DPWA K- n ~ A~ 0.12±0.02 
not seen BAILLON 75 IPWA K N  ~ ATr 
0.15 KIM 71 DPWA K-matrix analysis 

(rirf)L/2/rtotal in N K  -~  Z ( 1 6 2 0 )  --* ) - ~  (rlr3)Y2/r 
VALUE DQC. UMENT ID TEEN COMMENT 

not seen HEPP 76B DPWA K N ~ ]ETr 
0.40±0.06 LANGBEIN 72 IPWA K N  multichannel 
0.08 KIM 71 DPWA K matrix analysis 

)-(1620) FOOTNOTES 
1 MORRIS 78 obtains an equally good fit without including this resonance• 
2Total cross-section bump with ( J+1 /2 ]  Eel / rtota I is 0•06 seen by CARROLL 76. 
3Total cross section bump with (J+1/2)  Fel / Ftota I is 0.04 seen by CARROLL 76. 

E(1620) REFERENCES 

MORRIS 78 PR D17 55 fAlbright. Coileraine, Kimel, Lannutti (FSU) UP 
CARROLL 76 PRL 37 806 +Chiang, Kycia, L], Mazur, Michael+ (BNL) I 
HEPP ?6B PL 658 487 +Braun, Grimm, Strobele+ (CERN, HELD, MPIM) IJP 
BAILLON 75 NP B94 39 +titcMiel6 (CERN, RBEL)UP 
VANHORN 75 NP 887 145 (LBL) IJP (LBL) UP Also 75B NP B87 157 VanHorn 
LANGBEIN 72 NP B47 477 .Wagner (MPIM) IJP (HARV) IJP KIM 71 PRL 27 356 

At%Q 70 Duke Conf. 161 Kim /HARV) IJP 

I Z(1620) Produc t i on  Experiments I 
I ( J  P )  - 1(? ?) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Formation experiments are listed separately in the previous entry. 

The results of CRENNELL 69B at 3.9 GeV/c  are not confirmed by SABRE 70 
at 3.0 GeV/c.  However, at 4.5 GeV/c,  A M M A N N  70 sees a peak at 1642 
MeV which on the basis of branching ratios they do not associate wi th  the 
T(1670). See MILLER 70 for a review of these conflicts. 

K(1620) MASS 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT _ _  

1642±12 AMMANN 70 DBC K -  N 4.5 GeV/c 
1618± 3 20 BLUMENFELD69 HBC + K O p  

1619± 8 CRENNELL 69B DBC ± K-  N ~ A~T~T;T 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1616± 8 CRENNELL 68 DBC ± See CREN- 
NELL 69B 

Z(1620) WIDTH 
(,PRODUCTION EXPERIMENTS) 

VALUE (MeVJ EVTS DOCUMENT ID TEEN CH6 COMMENT 

55=24 AMMANN 70 DBC K -  N 4.5 GeV/c 
3 0 : i 0  20 BLUMENFELD 69 HBC * 

72:~52 CRENNELL 69B DBC : 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

66± 16 CR~NNELL 66 DBC : See CREN- 
NELL 69B 

Mode 

r t  N K  

F2 h~ 

r 3 Z,'r 

F4 A,'TZ 

rs  Z(1385)~ 

r 6 A ( 1 4 0 5 ) T  

T(1620) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

T ( 1 6 2 0 )  B R A N C H I N G  RAT IOS 

(PRODUCTION EXPERIMENTS) 

r(A~)lr(^~) 
VALUE 

~2 .5  

r(N~)/r(A~) 
VALUE 

0 4±0.4 
O.O~O.l 

EVTS DOCUMENT ID TEEN 

14 BLUMENFELD 69 HBC 

DOCUMENT ID TEEN 

AMMANN 70 DBC 
CRENNELL 68 DBC 

r (A ~) / Ftotal 
VALUE 
large 

r ( T ( 1 3 8 5 ) ~ r ) / F ( A ~ r )  

VALUE 

,<03 
02toO1 

r(z~)/r(^~) 
VALUE 

• 1 1 

r (^(14os)~)/r (^~) 
bALUE 

0 7". 0.4 

r 4 / r 2  
CHG 

+ 

F t / F 2  
CHG COMMENT 

K p 4 5 GeV/c 
- See CREN 

NELL 69B 

F 2 / F  

OOCUMENT IO - -  T E C ~  CHG 

CRENNELL 68 DBC = 

DOCUMENT ID TEEN CHG 
95 AMMANN 70 DBC 

CRENNELL 68 DBC ± 

95 

Fs /F2  
COMMENT _ _  
K p 4,5 GeV,,'c 

r 3 / r 2  

DOCUMENT ID _ _  TEEN COMMENT 

AMMANN 70 DBC K N 4.5 GeV/c 

F 6 / r 2  

DOCUMENT ID _ _  T E E N  COMMENT 

AMMANN 70 DBC K- p 4.5 GeV/c 
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Baryon Full Listings 
5-(1620) Production Experiments, T(1660), T(1670) note 

T(1620) REFERENCES 
(PRODUCTION EXPERIMENTS) 

AMMANN 70 PRL 24 327 +Garfinkel, Carmony, Gutay+ (PURD, IND) 
Also 73 PR D7 1345 Arnrnann, Carmony, Garfinkel+ (PUBD, IUPU) 

MILLER 7(] Duke Conf. 229 (PURD) 
SABRE 70 NP B16 201 Barloutaud, Merril, Schever+ (SABRE Collab.) 
BLUMENFELD 69 PL 29B 58 +Kalbfleisch (BNL) I 
CRENNELL 69B Lund Raper 183 +Karshon, Lai, O'Neil, Scarf+ (BNL, CUNY) I 

Results are quoted in LEVI-SETTI 69C. 
Also 69C Lurid Conf. LevESetti (EFI) 

CRENNELL 68 PRL 21 648 +Delaney, Flaminio, Karshon+ (BNL, CUNY) I 

IT(1660) Phi I(J P) = 1(½ +) Status: * * *  

For results published before 1974 (they are now obsolete), see our 1982 

edition (Physics Letters 111B). 

T(1660) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
JL630 tO 1690 O U R  ESTIMATE 
1665.1±11,2 1 KOISO 85 DPWA K -  p ~ ZTr 
1670 ± i0  GOPAL 80 DPWA K N  ~ K N  
1679 ±i0  ALSTON-... 78 DPWA K N  ~ K N  
1676 ±15 GOPAL 77 DPWA K N  multichannel 
1668 ±25 VANHORN 75 DPWA K p ~ A~r 0 
1.670 ±20 KANE 74 DPWA K -  p ~ Z~T 
l, • • We do not use the following data for averages, fits, limits, etc. • • • 

1565 or 1597 2 MARTIN 77 OPWA K N  multichannel 
]660 ±30 3 BAILLON 75 IPWA K N  ~ Art 
1671 ± 2 4 PONTE 75 DPWA K -  p ~ ATr 0 

Z(1660) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
40 tO 200 O U R  ESTIMATE Our be~ ~ ~s 10-0 MeV.- 

81.5,1 22.2 1 KOISO 85 DPWA K p ~ ZTr 

]52 ± 20 GOPAL 80 DPWA K N  ~ K N  
38 ± 10 ALSTON-... 78 OPWA K N  ~ K N  

120 ± 20 GOPAL 77 DPWA K N  multichannel 

230 +165 VANHORN 75 OPWA K - p ~  ATr 0 
- 60 

~-!50 ±110 KANE 74 DPWA K - p - -  IZ~r 

,~ • • We do not use the following data for averages, fits, limits, etc. • • • 

202 or 217 2 MARTIN 77 DPWA K N multichannel 
80 ± 40 3 BAILLON 75 IPWA K N ~ ATr 
81 ± 10 4 p O N T E  75 DPWA K - p ~  ATr 0 

Z(1660) DECAY MODES 

Mode Fraction ( r i / r )  

[-1 N~ 10-30 % 

[-2 Act seen 

[-3 TTr seen 

I;-(1660) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and Z Resonances. 

r(N K--')/rtotal r i f t  
VALUE DOCUMENT ID TECN COMMENT 

0.1 to 0.3 OUR ESTIMATE 
0.12±0.03 GOPAL 80 DPWA K N  ~ K N  
0.10±0.05 ALSTON-... 78 DPWA K N  ~ K N  

• , • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.04 GOPAL 77 DPWA See GOPAL 80 
0.27 or 0.29 2 MARTIN 77 DPWA K N  multichannel 

(rirf)l@rtota, in NK--~ T(1660) --* Art (FIF2)IluF 
VALUE DOCUMENT ID TECN COMMENT 

Z 
< 0.04 GOPAL 77 DPWA K N  multichannel 

01 ~+0"12 VANHORN 75 DPWA K - p  ATr 0 
• ~ -  0 . 0 4  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.10 or -0 .11 2 MARTIN 77 DPWA K N  multichannel 
-0 .04±0.02  3 BAILLON "/5 IPWA K N  ~ ATr 
+0.163-0.01 4 PONTE 75 DPWA K p ~ ATr 0 

(rirr)l/2/rtotal in NK --* Z(1660) --~ )-Tr (rlr3)l/~/r 
VALUE DOCUMENT ID TECN COMMENT 

--0.13±0.04 1 KOISO 85 DPWA K -  p ~ IZ1r 
-0 .16±0 .03  GOPAL 77 DPWA K N  multichannel 
-0 .11±0.01  KANE 74 DPWA K - p ~  "Fir 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0 .34  or -0 .37 2 MARTIN 77 DPWA K N  multichannel 
not seen HEPP 76B DPWA K -  N ~ ~-~r 

T(1660) FOOTNOTES 
1The evidence of KOISO 85 is weak. 
2The two MARTIN 77 values are from a T-matrix pole and from a Breit-Wigner fit. 
3From solution 1 of BAILLON 75; not present in solution 2. 
4From solution 2 of PONTE 75; not present in solution 1. 

T(1660) REFERENCES 

KOISO 85 NP A433 619 +Sai, Yamamoto, Kofler (TOKY. MASA) 
GOPAL 80 Toronto Conf. 159 (RHEL) IJP 
ALSTON-... 78 PR D18 182 Alston Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 

Also 77 PRL 38 1 0 0 7  Alston-Gamjost, Kenney+ (LBL, MTHO, CERN)IJP 
GOPAL 77 NP Bl19 352 +Ross, VanHorn, McPherson+ (LOI£, RHEL) IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOUC, GLAS) IJP 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also 77C NP B126 285 MartifL Pidcock (LOUC) IJP 

HEPP 76B PL 65B 487 +Braun, Grimm. Strobele+ (EERN, HELD, MPIM) IJP 
BAILLON 75 NP B94 39 +Litchfield (CEBN, RHEL) IJP 
PONTE 75 PR D12 2 5 9 7  +Hertzbach, Button Shafer+ (MASA, TENN, UCR)IJP 
VANHORN 75 NP B87 145 (LBL) I JR 

Also 75B NP B87 157 VanHorn (LBL) IJP 
KANE 74 LBL 2452 (LBL) IJP 

N O T E  O N  T H E  ]E(1670) R E G I O N  

Production experiments: The measured 5;~/~TrTr 

branching ratio for produced Z(1670)'s is strongly depen- 

dent on momentum transfer. This was first discovered by 

EBERHARD 69, who suggested that  there exist two Z reso- 

nances with the same mass and quantum numbers: one with 

a large EuTr [mainly A(1405);r] decay mode produced periph- 

erally, 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. The most likely quantum numbers for both  the ETr and 

the A(1405)~r states are Dla. There is also possibly a third E, 

the E(1690) in the Listings, the main evidence for which is a 

large ATr/ETr branching ratio• 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 

E(1670)D1a, has the same quantum numbers as those observed 

in production and has a large ETr/E~wr branching ratio; it 

may well be the E(1670) produced at larger angles (see 

TIMMERMANS 76). The other state, the E(1660)Pll,  has 

different quantmn numbers from those seen in production, and 

its E~r/ETrTr branching ratio is unknown. Thus its relation to 

the produced E(1670)'s is obscure. 
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Baryon Full Listings 
T ( 1 6 7 0 )  

IT(1670) I , ( ; P )  = 1( 3 ) Status: *>gg<>g 
1 

For mos t  results pub l ished before 1974 ( they  are now obsolete) ,  see our  1982 

edi t ion (Physics Let ters 111B) .  

Results f r om p roduc t ion  exper imen ts  are l isted separately in the  next  entry.  

T(1670) MASS 

VALUE (MeV~ DOCUMENT IO TEEN COMMENT 

1665 to  1685 O U R  E S T I M A T E  
1 6 6 5 1 ±  4.1 KOISO 85 DPWA 
1682 ± 5 GOPAL 80 DPWA 
1679 -+ 10 ALSTON- . . .  78 DPWA 
1670 ± 5 GOPAL 77 DPWA 
1670 ± 6 HEPP 76B DPWA 
1685 ± 2 0  BAILLON 75 IPWA 

1659 + 1 2  V A N H O R N  75 DPWA 
- 5 

1670 ± 2 K A N E  74 DPWA 
• • • We do not use the fol lowing data for averages, fits, l imits, 

1667 or 1668 1 M A R T I N  77 DPWA 

1650 DEBELLEFON 76 IPWA 
1671 ± 3 P O N T E  75 DPWA 

1655 ± 2 P O N T E  75 DPWA 

K - p ~  }_~ 

K N  ~ K N  

K N  ~ K N  

N mult ichannel 
K - N ~  ~ r  

K N  ~ A =  

K - p ~  A =  0 

K p - -  E~T 

etc. • • • 

K N  mult ichannel 
K - p ~  A~r 0 

K p ~ A~T 0 (sol. 1) 

K -  p ~ A~r o (sol. 2) 

T(1670) WIDTH 

VALUE (MeV~ DOCUMENT ID 

40 to  80 OUR E S T I M A T E  Our best guess is 60 MeV. 

65 .0± 7 3  KOISO 85 DPWA 
79 ± 10 GOPAL 80 DPWA 
56 ± 2 0  A L S T O N  . -  78 DPWA 
50 ± 5 GOPAL 77 DPWA 
56 ± 3 HEPP 76B DPWA 
85 ± 2 5  BAILLON 75 IPWA 
32 ±11  V A N H O R N  75 DPWA 
79 ± 6 K A N E  74 DPWA 

• • • We do not use the fol lowing data for averages, fits, l imits, 

46 or 46 1 M A R T I N  77 DPWA 

80 DEBELLEFON 76 IPWA 
44 ±11  P O N T E  75 DPWA 

76 ± 5 P O N T E  75 DPWA 

K - p ~  }1~ 
K N  ~ K N  

K N  ~ K N  

N mult ichannel 
K N ~  :E= 
K N  ~ A,'T 
K p ~  A ~  0 

K - p ~  }_~T 

etc. • • • 

N mult ichannel 
K - p ~  ATr 0 

K p ~ A,'T 0 (SOt. 1) 

K -  p ~ A~, 0 (SOt. 2) 

Z(1670) DECAY MODES 

Mode Fraction ( F i / F )  

Ft N K  7 13 % 
F2 A,'T 5 15 % 
F 3 Z~T 30 60% 
F 4 A = ~  

F 5 [~T~T 
F 6 Z(1385)= 
F 7 T(1385) =, S-wave 
r8 A(1405)= 
F9 A(1520)~T 

The above branching fractions are our estimates, not fits or averages. 

Z(1670) BRANCHING RATIOS 

See "Sign conventions for resonance coupl ings" in the Note on/% and ~E Resonances. 

r(NK-)/rtota, r l /r  
VALUE DOCUMENT ID TECN COMMENT 
0.07 to  0.13 OUR E S T I M A T E  
0 1 0 ± 0 . 0 3  GOPAL 80 DPWA K N  ~ K N  
0 1 1 ± 0 . 0 3  ALSTON- . . .  78 DPWA K N  ~ K N  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .08±0.03 GOPAL 77 DPWA See GOPAL 80 
0.07 or 007  1 M A R T I N  77 DPWA K N mult ichannel 

(rirf)l/2/Ftotal in N K  ~ Z(1670) ~ Azr (F1r2)1/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

0.17 ± 0 0 3  2 MORRIS 78 DPWA K n ~ A~T- 
0.13 ±0.02 2 MORRIS 78 DPWA K n ~ A =  

+0.10 ±0 .02  GOPAL 77 DPWA K N mult ichannel 
+0.06 ±0 .02  BAILLON 75 IPWA K N  ~ A~r 
+0.09 ±0 .02  V A N H O R N  75 DPWA K p ~ A =  0 
+0 .018±0 .060  DEVENISH 74B Fixed t dispersion rel. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

+ 0 0 8  or +0 .08  1 M A R T I N  77 DPWA K N  mult ichannel 
+ 0 0 5  DEBELLEFON 76 IPWA K - p  ~ A~70 

008  ±0.01 P O N T E  75 DPWA K p ~ ATr 0 (sol. 1) 

0.17 ±0.01 PONTE 75 DPWA K -  p ~ A ~  0 (sol. 2) 

(r~rr)l/2/rtota, in N K  ~ Z(1670) ~ ZTr (FIF3)I/VF 
VALUE DOCUMENT ID TEEN COMMENT 

~-0.20±0.02 KOISO 85 DPWA K -  p ~ :ETr 
+ 0 . 2 1 ± 0 . 0 2  GOPAL 77 DPWA K N  mult ichannel 
± 0 2 0 ± 0 . 0 1  HEPP 78B DPWA K -  N ~ ~-= 
+ 0 2 1 ± 0 . 0 3  KANE 74 DPWA K p ~ Z =  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

~ 0 1 8  or + 0 1 7  1 M A R T I N  77 DPWA K N  mult ichanne( 

F(ATr =)/Ftota I r4 / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<011 ARMENTEROS68E HBC K p (F1=009) 

(rirf)l/2/Ftotal in NK- -~ Z(1670) ~ Z(1385)lr, S-wave (FIFT)l/2/F 
VALUE DOCUMENT IO TEEN COMMENT 

+ 0 1 1 ± 0 . 0 3  PREVOST 74 DPWA K -  N ~ ]E(1385)~T 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 1 7 ± 0 . 0 2  3S IMS 68 DBC K - N ~  A ~ =  

r(}-~:)/rteta, rslr 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.14 4 ARMENTEROS68E HBC K -  p, K -  d ( F I = 0  09 ) 

F(A(1405lTr)/Ftotal rB/ r  
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0  06 ARMENTEROS68E HBC K p, K d (F1=0.09)  

r~r~/rt2ot~, in N K  -~ T(1670) ~ A(1405)Tr rlra/r 2 
VALUE DOCUMENT ID TEEN COMMENT 

0.007±0.002 5 BRUCKER 70 DBC K N ~ :E~= 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.03 BERLEY 69 HBC K -  p 0.6-0.82 GeV,,c 

F(A(1405) 7r)/F (Z(1385)lr) r8/r6 
VALUE DOCUMENT ID TECN COMMENT 

0 23±0 .08  BRUCKER 70 DBC K N ~ ~-Tr~ 

(r~rr)l/Urtota, in N ~  ~ r(1670) -~ A(1520)~ (Qrs)VVr 
VALUE DOCUMENT ID TEEN COMMENT 

0 0 8 1 ± 0 . 0 1 6  6 C A M E R O N  77 DPWA P-wave decay 

T(1670) FOOTNOTES 
1The two MARTIN 77 vadues are from a T matrix pole and from a Breit-Wigner fit. 
2 Results are with and without an $11 }:(1620) in the fit. 
3SIMS 68 uses only cross-section data. Resuft used as upper limit only. 
4 Ratio only for :E 2~7 system in I i, which cannot be Z(1385). 
5Assuming the A(1405)= cross-section bump is due only to 3/2 resonance. 
6The CAMERON 77 upper limit on F-wave decay is 0.03. 

~-(1670) REFERENCES 

KOISO 85 NP A433 619 
GOPAL 80 Toronto Conf. 159 
ALSTON 78 PR D18 182 

Also 77 PRL 38 1007 
MORRIS 78 PR D17 55 
CAMERON 77 NP B131 399 
GOPAL 77 NP Bl19 362 
MARTIN 77 NP B127 349 

A~SO 77B NP B]2E 266 
Also 77C NP B12E 285 

DEBELLEFON 76 NP BlO9 129 
HEPP 76B PL 65B 487 
BAILLON 75 NP B94 39 
PONTE 75 PR D12 2597 
VANHORN 75 NP BB? 145 

Also 75B NP B87 157 
DEVENISH 74B NP B81 330 
KANE 74 LBL 2452 
PREVOST 74 NP B69 246 
BRUCKER 70 Duke Conf 155 
BERLEY 69 PL 30B 430 
ARMENTEROS 68E PL 28B 521 
SIMS 68 PRL 21 1413 

*Sai, Yamamoto, Kofler (TOKY, MASA) 
[RHEL) IJP 

Alston Gamjost, Kenney+ (LBL, MTHO, CERN)IJP 
Alston-Garnjost, Kenney+ (LBL, MTHO, CERN)IJP 
Albright, Co]leraine, Kimel, Lannutti (FSU) UP 

+ Franek, Gopal, Kalmus, McPherson+ (RHEL, LOIC)IJP 
+Ross, VanHorn, McPherson+ (LOIC, RHEL)[JP 
+PMcock, Moorhouse (LOUC, GLAS)IJP 

Mar~in, Pidcock (LOBC) 
Martin, Pidcock (LOUC) IJP 
De Bellefon, Berthon (CDEF) IJP 

+Braun, Grimm Strobele~ (CERN, HELD. MPIM) IJP 
Litchfield (CERN, RHEL) IJP 

+He~zbach, Button Shafer~ (MASA, TENN. UCR) IJP 
(LBL) IJP 

VanHorn (LBL) UP 
-Froggatt, Martin (DESY. NORD, LOUC) 

(LBL) IJP 
-Barloutaud+ (SACL, CERN HELD) 
-Harrison. Sims, Albright, Chandler+ (FSU)I 
+Hart, Rahrn, Willis, Yamamoto (BNL) 
-Baillon+ (CERN, HELD, SACL) I 
~Albright, Bartley, Meet+ (FSU, TUFT, BRAN) 



:See key on page IV.1 

IT(1670) Bumps I = 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Formation experiments are listed separately in the preceding entry, 

Probably there are two states at the same mass wi th  the same quantum 
numbers, one decaying to K l r  and A~r, the other to A(14OS)~r. See the note 
in front of the preceding entry. 

~-(1670) MASS 

(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVT5 DOCUMENT ID TEEN CH6 COMMENT 

1670± 4 I CARROLL 76 DPWA Isospin-1 total a 
1675± 10 2 HEPP 76 DBC K -  N 1.6-1.75 

GeV/c 
1665± 1 APSELL 74 HBC K -  p 2.87 

GeV/c 
1688± 2 or 1683 ± 5 1200  BERTHON 74 HBC 0 Quasi-2-body 
1670± 6 AGUILAR-... 70B HBC K -  p ~ Z ~  

4 GeV 
L6683-10 AGUILAR-... 70B HBC K -  p - -  Z31r 4 

GeV 
L6603-10 ALVAREZ 63 HBC ± K -  p 1.51 

GeV/c 
~ • • We do not use the following data for averages, fits, limits, etc. • • • 

16683-10 150 3 FERRERSORIA81 OMEG - 7r- p 9,12 
GeV/c 

!655 tO 1677 TIMMERMANS76 HBC + K -  p 4.2 GeV/c 
i665± 5 BUGG 68 CNTR K p, d total 
1661± 9 70 PRIMER 68 HBC + See 

BARNES 69E 
1685 ALEXANDER 62C HBC - 0  7r- p 2-2.2 

GeV/c 

Z ( 1 6 7 0 )  W I D T H  

( P R O D U C T I O N  E X P E R I M E N T S )  

VALUE (MeV) EVTS DOCUMENT ID TECN 

67.03- 2.4 APSELL 74 HBC K -  p 2.87 GeV/c 
110 ± 12 AGUILAR-... 70B HBC K -  p ~ }-~T= 4 

GeV 

135 +40 AGUILAR ... 70B HBC K p ~ ~"37r 4 - 30 
GeV 

40 110 ALVAREZ 63 HBC + 
,i • • We do not use the followin 6 data for averages, fits, limits, etc. • • • 

90 ±20 150 3 FERRERSORIA81 OMEG ~r p 9,12 GeV/c 
52 I CARROLL 76 DPWA Isospin-1 total 
48 to 63 TIMMERMANS76 HBC + K -  p 4.2 GeV/c 
30 ±15 BUGG 68 ENTR 
60 +20 70 PRIMER 68 HBC + See BARNES 69E 
45 ALEXANDER 62C HBC - 0  

CHG COMMENT 

Mode 

Z ( 1 6 7 0 )  D E C A Y  M O D E S  

(PRODUCTION EXPERIMENTS) 

I" 1 N K  

1"2 A ~  

I" 3 'F,a- 
IF 4 A/'c/'r 

I- 5 ~- Tr l r  

I- 6 } - ( 1 3 8 5 ) ~  

I- 7 A(1405)~T 

Ir-(NK~/r(Z~r) 
VALUE 

<0.03 
<0.10 
<0.2 
<0.26 

0.025 
<0.24 

<0.6 
<0.19 

> 0.5 ±0.25 

Z ( 1 6 7 0 )  B R A N C H I N G  R A T I O S  

(PRODUCTION EXPERIMENTS) 

EVT5 DOCUMENT ID TECN CH6 COMMENT 
Flit3 

TIMMERMANS76 HBC + K- p 4.2 GeV/c 
BERTHON 74 HBC 0 Quasi-2-body r~ 
AGUILAR-... 70B HBC 
BARNES 69E HBC + K- p 3.9-5 

GeV/c 
BUGG 68 CNTR 0 Assuming J - 3/2 

0 PRIMER 68 HBC + K p 4.6-5 
GeV/c 

LONDON 66 HBC + K -  p 2.25 GeV/c 

0 ALVAREZsMITH 6363 HBcHBC +0- K p 1.15 GeV/c 

V111.103 

Baryon Full Listings 
T(1670) Bumps 

r(A,O/r(z~) r2/r8 
VALUE EVT5 DOCUMENT ID TEEN CH6 COMMENT 

0.76±0.09 ESTES 74 HBC 0 K -  p 2.1,2.6 
GeV/c 

0.453_0.15 BARNES 695 HBC + K p 3.9-5 
GeV/c 

0.15±0.07 HUWE 69 HBC + 
0.11±0.06 33 BUTTON-... 68 HBC + K -  p 1.? GeV/c 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<_ 0.45±0.07 TIMMERMAItS76 HBC + K -  p 4.2 GeV/c 
0.55±0.11 BERTHON 74 HBC 0 Quasi-2-body c, 
0 0 PRIMER 68 HBC + See BARNES 69E 

<0.6 LONDON 66 HBC + K -  p 2.25 GeV/c 

1.212 130 SMITHALVAREZ 6363 HBcHBC _+0 K -  p 1.15 GeV/c 

r(A~r~)ir()-~) r41r8 
VALUE EVT5 DOCUMENT 10 TECN CHG COMMENT 

<0.6 LONDON 66 HBC + K -  p 2.25 GeV/c 

0.170'56 90 SMITHALVAREZ 6363 HBcHBC +0 K -  p 1.15 GeV/c 

r(z,~,O/r(z,O rub  
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 

largest at small angles ESTES 74 HBC 0 K -  p 2.1,2.6 
GeV/c 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.2 2 HEPP 76 DBC - K N 1.6-1.75 
GeV/c 

0.56 180 ALVAREZ 63 HBC + K -  p 1.15 GeV/c 

F(AO405)~)/F(Z~) rT/h 
VALUE EVT5 DOCUMENT IO TECN CHO COMMENT 

1.8 -}-0.3 to 0.024- 3,4 TIMMERMANS?6 HBC + K -  p 4.2 GeV/c 
0.07 

largest at small angles ESTES 74 HBC 4- K -  p 2.1,2.6 
GeV/c 

3.0 ± 1.6 50 LONDON 66 HBC + K -  p 2.25 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.58:t-0.20 17 PRIMER 68 HBC + See BARNES 69E 

r(z,O/r(z,~) h/r5 
VALUE DOCUMENT ID TEEN CHG COMMENT 

varies with prod. angle 5 APSELL 74 HBC + K -  p 2.87 GeV/c 
1.39±0.16 BERTHON 74 HBC 0 Quasi-2-body 
2.5 to 0.24 4 EBERHARD 69 HBC K -  p 2.6 GeV/c 

<0.4 BIRMINGHAM 66 HBC + K p 3.5 GeV/c 
0.30±0.15 LONDON 66 HBC ~- K -  p 2.25 GeV/c 

F(A(1405)~r)/F(Z~) rTlr5 
VALUE DOCUMENT IO TECN CH6 COMMENT 

0.9710.08 TIMMERMANS76 HBC K -  p 4.2 GeV/c 
1.00±0.02 APSELL 74 HBC K -  p 2.87 GeV/c 

an+0.10 EBERHARD 65 HBC + K p 2.45 GeV/c "J~ 0.16 

r (A(1405) 7r)/F (Z(1385);T) rT/r6 
VALUE DOCUMENT ID TECN CHG COMMENT 

<0.8 EBERHARD 65 HBC + K -  p 2.45 GeV/c 

r(A~r~)/r(z1r~) r4/rs 
VALUE DOCUMENT ID TEEN CHG COMMENT 

0.35±0.2 BIRMINGHAM 66 HBC ÷ K -  p 3.5 GeV/c 

F(A~)/F(Z~) r2/r8 
VALUE DOCUMENT ID TECN CHG COMMENT 

<0.2 

F(A~)I[F(ATr) + r(zTr)] 
VALUE 

<0.6 

F(Z(1385)Ir)/r(z1r) 
VALUE 

_< 0.21 ±0.05 

BIRMINGHAM 66 HBC + K -  p 3.5 GeV/c 

F 2 / ( F 2 + F 3 )  
DOCUMENT ID TEEN 

AGUILAR-... 70B HBC 

F6/F3 
DOCUMENT ID TEEN COMMENT 

TIMMERMANS76 HBC K -  p 4.2 GeV/c 

Z(1670) QUANTUM NUMBERS 
(PRODUCTION EXPERIMENTS) 

VALUE EVT5 

1 P = 3 / 2 -  400 
J P  = 3 / 2 -  
j P  = 3/2 + 

DOCUMENT ID TECN CHG COMMENT 

BUTTON-... 68 HBC ± ~[0 
EBERHARD 67 HBC + A(1405) ~ 
LEVEQUE 65 HBC A(1405) ~ 



VII1.104 

Baryon Full Listings 
K(1670) Bumps, 5-(1690) Bumps, 5-(1750) 

)-(1670) FOOTNOTES 
1Total cross-section bump with (J+I/2) Fel / Ftota I = 0.23. 
2 Enhancements in ~-~r and }-~r ~r cross sections. 
3 Backward production in the A~r-  K + final state. 
4 Depending on production angle. 
5 APSELL 74, ESTES 74, and TIMMERMANS 76 find strong branching ratio dependence 

on production angle, as in earlier production experiments. 

)-(1670) REFERENCES 
(PRODUCTION EXPERIMENTS) 

FERRERSORIA 81 NP B178 373 +Treille, Rivet, Vone+ (CERN, CDEF, EPOL, LALO) 
CARROLL 76 PRL 37 806 +Chiang, Kycia, Li, Mazur, Michael+ (BNL) I 
HEPP 76 NP Bl15 82 -Braun, Grimm, Stroebele+ (CERN, HELD, MPIM) I 
TIMMERMANS 76 NP Bl12 77 +Engelen+ (NIJM, CERN, AMST, OXF)JP 
APSELL 74 PR D10 1419 ~Ford, Gourevitch + (BRAN, UMD, SYRA, TUFT) I 
BERTHON 74 NC 21A 146 ~Tristram+ (CDEF, RHEL, SACL, 8TRB) 
ESTES 74 LBL 3827 Thesis (LBL) 
AGUILAR-.. 70B PRL 25 58 Aguilar Benitez, Barnes, 8assano, (BNL, SYRA) 
BARNES 69E BNL 13823 +Chung, Eisner, Flaminio+ (BNL, SYRA) 
EBERHARO 69 PRL 22 200 +Friedman, Pripstein, Ross (LRL) 
HUWE 69 PR 18(] 1824 (LRL) 
BUGG 68 PR 168 I466 +Gilmore, Knight+ (RHEL, BIRM, CAVE) I 
BUTTON .. 68 PRL 21 1123 Button Sharer (MASA, LRL) ]P 
PRIMER 68 PRL 2(] 61(] +Goldberg, Jaeger, Barnes, Oornan+ (SYRA, BNL) 
EBERHARO 67 PR 163 1446 * Pripstein, Shively, Kruse, Swanson (LRL, ILL)IJP 
BIRMINGHAM 66 PR 152 1148 (BIRM, GLAS, LOIC, OXF, RHEL) 
LONDON 66 RR 143 1034 +Rau, Goldberg, Lichtman+ (BNL, SYRA)IJ 
EBERHARD 65 PRL 14 466 ~Shively, Ross, Siegal, Ficenec+ (LRL, ILL) I 
LEVEQUE 65 PE 18 69 (SACL, EPOL, GLAS, LOIC, OXF, RHEL) JP 
ALVAREZ 63 PRL 1(] 184 +Alston, Ferro Luzzi, Huwe+ (LBL) I 
SMITH 63 Athens Conf. 67  (LRL) 
ALEXANDER 62C EERN Conf. 320 ~ Jacobs, Kalbeeisch. Miller+ (LRL) I 

IT(1690) Bumps I = s . us: **  
OMITTED FROM SUMMARY TABLE 

See the note preceding the T (1670)  Listings. Seen in product ion exper iments 

only, main ly  in A= .  

)-(1690) MASS 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV I EVT5 OOCUMENT ID TEEN CHG COMMENT 

1698±20 70 1 GODDARD 79 HBC + 7r ÷ p 10.3 GeV/c 
1707±20 40 2 GODDARD 79 HBC + ;T + p 10.3 GeV/c 
1698±20 15 ADERHOLZ 69 HBC + ~r + p 8 GeV/c  

2 46 BLUMENFELD 69 HBC E KOtp 1682± 

1700±20 MOTT 69 HBC + K p 5.5 GeV/c 
1694±24 60 3 PRIMER 68 HBC + K -  p 4.6-5 

GeV/c  
1700± 6 4SIMS 68 HBC K N ~  A~r= 
1715± 12 30 COLLEY 67 HBC + K p 6 GeV/c 

)-(1690) WIDTH 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVTS DOCUMENT ID TEEN E HG COMMENT 

240± 60 70 1GODDARD 79 HBC + ~T+p lO .3GeV / ' c  

130 + 100 40 2 GODDARD 79 HBC { = ÷ p  10.3 GeV/c  
60 

142± 40 15 ADERHOLZ 69 HBC ~r ~ p 8 GeV,'c 
25±  10 46 BLUMENFELD69 HBC + K O p  

130± 25 MOTT 69 HBC ~ K p 5.5 GeV/c  
105± 35 60 3 PRIMER 68 HBC + K p 4.6 5 

GeV/c 
62±  14 4SIMS 68 HBC K N - ~  A=~  

100± 35 30 COLLEY 67 HBC + K p 6 GeV/c  

Mode 

)-(1690) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

F 1 N K  

F 2 A~T 

F 3 )-cr 

F4 T(1385)~T 

F5 A~T~" ( i n c l u d i n g  T (1385)~T)  

)-(1690) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

r(N~)/F(A~) 
VALUE EVTS 

small 
<0.2 

0 .4±0.25  18 

r(ZTr)/r(ATr) 
VALUE EL% 

small 
<0  4 90 

0 .3±0 .3  

r(zo385)~)/r(A~) 
VALUE 

< 0 5  

r t /r2 
DOCUMENT ID TEEN C HG COMMENT 

GODDARD 79 HBC 7r+p 10.2 GeV/c  
MOTT 69 HBC K p 5,5 GeV/c 
COLLEY 67 HBC + 6/30 events 

F3/F2 
DOCUMENT ID TEEN C HG COMMENT 

GODDARD 79 HBC 7r + p 10.2 GeV/c  
MOTT 69 HBC + K -  p 5.5 GeV/c 
COLLEY 67 HBC + 4/30 events 

F 4 / F 2  
DOCUMENT ID TEEN CHG COMMENT 

MOTT 69 HBC K -  p 5.5 GeV/c 

Fs/F2 
TEEN CHG COMMENT 

HBC + 31/15 events 
H BC 15/30 events 

F4/F5 
TEEN CHG COMMENT 

r(A~r~r (including Z(1385)~))/r(A~r) 
VALUE DOCUMENT ID 

2.0±0 .6  BLUMENFELD 69 
0 5 = 0 2 5  COLLEY 67 

r()-(1385)Tr)/F(ATrTr (including)-(1385)7r)) 
VALUE DOCUMENT ID 

large SIMS 68 
small COLLEY 67 

HBC K N ~ A ~  
HBC m K-  p 6 GeV/c 

)-(1690) FOOTNOTES 
(PRODUCTION EXPERIMENTS) 

iFrom ~+p ~ (A~r÷)K ~. J >1/2 is not required by the data. 
2From ~+p ~ (A~T÷)(K,~)~, J >1/2 is indicated, but large background precludes a 

definite conclusion. 
3See the ~-(1670) Listings. AGUILAR-BENITEZ 70B with three times the data of 

PRIMER 68 find no evidence for the ~-(1690). 
4This analysis, which is difficult and requires several assumptions and shows no unam 

biguous ]E(1690) signal, suggests JP - 5/2 + . Such a state would lead all previously 
known Y*  trajectories. 

Z(1690) REFERENCES 
(PRODUCTION EXPERIMENTS) 

GODDARD 79 PR Dr9 1350 -Key, Luste Prentice, Yoon, Gordon+ (TNTO, BNL)IJ 
AGUILAR 70B PRL 25 58 Aguilar Benitez, Barnes, Bassano~ (BNL, SYRA) 
ADERHOLZ 69 NP Bl l  259 tBarEsch+ (AACH, BERL, CERN, JAGL, WARS)I 
BLUMENFELD 69 PL 29B 58 +Kalbfleisch (BNL)[ 
MOTT 69 PR 177 1966 +Ammar, Davis, Kropac. Slate+ (NWES, ANL) I 

Also 67 PRL 18 266 Derrick, Fie~ds, Loken, Ammar+ (ANL, NWES) I 
PRIMER 68 PRL 20 610 ~Boldberg. Jaeger, Barnes, Dornan- (SYRA, BNL) I 
SIMS 68 PRL 21 1413 +Albright, Bartley, Meer4 (FSU, TUFT, BRAN)I 
COLLEY 67 PL 24B 489 (BIRM, GLAS, LOIC, MUNI, OXF, RHEL)I 

1 

For most results publ ished before 1974 ( they are now obsolete), see our 1982 

edit ion (Physics Letters 111B).  

There is evidence for this state in many part ia l -wave analyses, but  w i th  wide 
variat ions in the mass, w id th ,  and coupl ings. The  latest analyses indicated 
signif icant coupl ings to N K  and Aft ,  as well  as to ]E~/ whose threshold is at 

1746 MeV (JONES 74). 

)-(1750) MASS 

VALUE (MeV) DDCUMENT ID TEEN COMMENT 
1730 to 1800 OUR EST IMATE 
1756±10 GOPAL 80 DPWA K N  ~ K N  
1770±10 ALSTON-... 78 DPWA K N  ~ K N  
1770±15 GOPAL 77 DPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1800 or 1813 1 MARTIN 77 DPWA K N multichannel 
1715± 10 2 CARROLL 76 DPWA Isospin 1 total rr 
1730 DEBELLEFON 76 IPWA K -  p - -  A~ 0 
1780±30 BAILLON 75 IPWA K N  ~ ATr (SOl. 1) 
1700±30 BAILLON 75 IPWA K N  ~ h ~  (sol. 2) 

1697 +20  VANHORN 75 DPWA K - p ~  A~ 0 

1785±12 CHU 74 DBC Fits ~ ( K -  n ~ }- 7j) 
1760± 5 3JONES 74 HBC F i t s o ( K  p - *  ~-0U) 
1739±10 PREVOST 74 DPWA K N ~ ~-(1385)= 



See key on page IV.1 

) - ( 1 7 5 0 )  W I D T H  

VALUE (MeV~ OOEUMENT ID TEeN COMMENT 
60 to 160 OUR ESTIMATE Our be~ ~ ~ 90 MeV. 

64-510 GOPAL 80 DPWA K N  ~ K N  
161d_20 ALSTON-... 78 DPWA K N  ~ K N  

60-510 GOPAL 77 DPWA K N  mult ichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

V I I 1 . 1 0 5  

Baryon Full Listings 
T(1750), T(1770) 

Z ( 1 7 5 0 )  REFERENCES 

117 or 119 1 MARTIN 77 DPWA K N mult ichannel 
10 2 CARROLL 76 DPWA Isospin-1 total c, 

110 DEBELLEFON 76 IPWA K -  p ~ A~r 0 
140±30  BAILLON 75 IPWA K N  ~ A~r (sol. 1) 
160±50 BAILLON 75 IPWA K N  ~ A~r (sol. 2) 

6 6 + ]  4 VANHORN 75 DPWA K-p-- A~r 0 

89-533 CHU 74 DBC F i t s o ( K - n ~  }--~/) 
92=5 7 3 JONES 74 HBC Fits (~(K- p TOT/) 

108±20 PREVOST 74 DPWA K -  N ~ T(1385)~r 

)-(1750) D E C A Y  M O D E S  

Mode Fraction (Fi/F) 

F 1 N K  10-40 % 

F2 A ~ seen 

F 3 )-~r <8 % 

F 4 E q 15-55 % 

F5 Z ( 1 3 8 5 ) T r  

F 6 A ( 1 5 2 0 )  ~r 

T h e  above b r a n c h i n g  f rac t i ons  are o u r  es t imates ,  no t  f i ts  or  averages.  

) ' - (1750)  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r(N K--)Irtota, q / r  
VALUE DOCUMENT ID TEeN COMMENT 
0.1 to 0.4 OUR ESTIMATE 
0.14±0.03 GOPAL 80 DPWA K N  ~ K N  
0.33-50.05 ALSTON-...  78 DPWA K N  ~ K N  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.15-50.03 GOPAL 77 DPWA See GOPAL 80 
0.06 or 0.05 1 MARTIN 77 DPWA K N mult ichannel 

(qrflV2/rtotal in  N K - - *  ) - ( 1 7 5 0 )  --~ A i r  (rff2lg~/r 
VALUE DOCUMENT ID TEeN COMMENT 

0.04 -50.03 GOPAL 77 DPWA K N  multichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

- 0 . 1 0  or - 0 . 0 9  1 MARTIN 77 DPWA K N  multichannel 
- 0 . 1 2  DEBELLEFON 76 IPWA K -  p ~ ATr 0 

0.12 ±0 .02  BAILLON 75 IPWA K N  ~ A~r (sol. 1) 
- 0 . 1 3  -50.03 BAILLON 75 IPWA K N  ~ ATr (sol. 2) 
- 0 . 1 3  -50.04 VANHORN 75 DPWA K - p  ~ A~r 0 

0.12020.077 DEVENISH 74B Fixed-t dispersion rel. 

( r i r f ) l l 2 1 r t o t a l  in  N K  -- ,  ) - ( 1 7 5 0 )  ~ )-Tr (qr3)Vqr 
VALUE DOCUMENT ID TEeN COMMENT 

--0.09-50.05 GOPAL 77 DPWA K N  mult ichannel 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.06 or +0.06 1 MARTIN 77 DPWA K N mult ichannel 
0.139-0.02 LANGBEIN 72 IPWA K N  multichannel 

(rirf)~/2/rtotal in NK ~ )-(1750) -~ )-~/ (rir4)g21r 
VALUE DOCUMENT ID TEeN COMMENT 

0.23±0.01 3JONES 74 HBC F i t s ~ ( K  p ~  EOrl) 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen CLINE 69 DBC Threshold bump 

(r;r~)g2/rtotal in N K " - ~  ) - (1750) --* )-(138S)~r (qr~)'/~/r 
VALUE DOCUMENT 10 TEeN COMMENT 

+0 .18+0 .15  PREVOST 74 DPWA K -  N ~ }-(1385)~r 

(FiFf)I/~/rtotal in N K - - *  )-(1750) ~ A(1520)~r (FIFs)~/~/F 
VALUE DOCUMENT tO TEeN COMMENT 

• • • We do not use the following data for averaEes, fits, limits, etc. • • • 

0.032d_0.021 CAMERON 77 DPWA P-wave decay 

)-(1750) FOOTNOTES 

1The two MARTIN 77 values are from a T-matrix pole and from a Breit Wigner fit. 
2A total cross-section bump with (J+1/2) Fel / Ftota I _ 0.30. 
3 An S-wave Breit-Wigner fit to the threshold cross section with no background and errors 

statistical only. 

GOPAL S0 Toronto Conf. 159 (RHEL) IJP 
ALSTON ... 78 PR D18 182 Alston-Garnjost, Kenney+ (LBL MTHO, CERN)IJP 

Also 77 PRL 38 1007 Alston Gamjost, Kenney+ (LBL, MTHO, CERN) IJP 
CAMERON 77 NP BI31 399 +Franek, Gopal, Kalmus, McPherson+ (RHEL, LOIC)IJP 
GOPAL 77 NP B119 362 +Ross, VanHorn, McPherson+ (LOI£, RHEL) IJP 
MARTIN 77 NP BI27 349 +Pidcock, Moorhouse (LOUC, GLAS)IJP 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also 77e NP B126 285 Martin. Pidcock (LOUC) IJP 

CARROLL 76 PRL 37 806 +Chiang, Kycia, Li, Mazur, Michael+ (BNL) I 
DEBELLEFON 76 NP B109 129 De Bellefon, Berthon (CDEF) IJP 
BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL)IJP 
VANHORN 75 NP B87 145 (LBL) IJP 

A~so 75B NP B87 157 VanHofn (LBL) IJP 
CHU 74 NC 20A 35 +Bartley+ (PLAT, TUFT, BRAN)IJP 
DEVENISH 74B NP B81 330 +Froggatt, Martin (DESY, NORD, LOUC) 
JONES 74 NP B73 141 (CHIC) IJP 
PREVOST 74 NP B69 246 +Barloutaud+ (SACL, CERN. HELD) 
LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 
CLINE 69 LNC 2 407 +Laumann, Mapp (wIse) 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Evidence for th is state now rests solely on solut ion 1 of B A I L L O N  75, (see 
the footnotes) bu t  the A~  part ia l -wave ampl i tudes of th is solut ion are in 

disagreement w i t h  ampl i tudes from most other  A~T analyses. 

)-(1770) M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1738±10 1 GOPAL 77 DPWA K N  multichannel 
1770-520 2 BAILLON 75 IPWA K N  ~ ATr 
1772 3 KANE 72 DPWA K p ~ E~r 

) - ( 1 7 7 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

72±10  1 GOPAL 77 DPWA K N  mult ichannel 
80-I-30 2 BAILLON 75 IPWA K N  ~ ATr 
80 3 K A N E  72 DPWA K - p ~  ETr 

) - ( 1 7 7 0 )  D E C A Y  M O D E S  

Mode 

FI N K  

F2 ATr 

F 3 )-~ 

T ( 1 7 7 0 )  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and }- Resonances. 

r(N~)/rtotal r i /r  
VALUE DOCUMENT ID TEeN COMMENT 

0.149-0.04 1 GOPAL 77 DPWA K N mult ichannel 

(rjrr)l/2/rtotal in  N K  ~ )-(1770) ~ ATr (qr2)l/2/r 
VALUE DOCUMENT ID TECN COMMENT 

< 0.04 GOPAL 77 DPWA K N mult ichannel 
-0 .089-0 .02  2 BAILLON 75 IPWA K N  ~ A~r 

(r~.r~)L/2/rtotal in N K - - *  )-(1770) --, )-It (Qr3)l/2/r 
VALUE DOCUMENT ID TEeN COMMENT 

< 0.04 GOPAL 77 DPWA K N mult ichannel 
- 0 . 1 0 8  3 KANE 72 DPWA K p ~ TTr 

T ( 1 7 7 0 )  F O O T N O T E S  

1 Required to fit the isospin-1 total cross section of CARROLL 76 in t h e K  N channel. The 
addition of new K -  p polarization and K -  n differential cross-section data in GOPAL 80 
find it to be more consistent wi th the }-(1660) P l l .  

2From solution 1 of BAILLON 75; not present in solution 2. 
3Not  required in KANE 74, which supersedes KANE 72. 

T ( 1 7 7 0 )  R E F E R E N C E S  

GOPAL 80 Toronto Conf. 159 (RHEL) 
GOPAL 77 NP Bl19 362 +Ross. VanHorn. McPherson+ (LOIC, RHEL)IJP 
CARROLL 76 PRL 37 806 +ehiang, Kycia, Li. Mazur. Michael+ (BNL) I 
BAILLON 75 NP B94 39 +Litchfield (CERN. RHEL)IJP 
KANE 74 LBL 24S2 (LBL) I JR 
KANE 72 PR D5 1583 (LBL) 



V111.106 

Baryon Full Listings 
)--(1775) 

I T(1775) DI~ I ,(;~) = 1 (~  ) S ta tus :  > k g < > k *  

Discovered by GALTIERI 63, this resonance plays the same role as corner- 

stone for isospin-1 analyses in th is region as the A(1820)  does in the isospin-0 

channel.  

For most results publ ished before 1974 ( they are now obsolete), see our  1982 

edit ion (Physics Letters 111B).  

T ( 1 7 7 5 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

1770 tO 1780 OUR ESTIMATE 
1778± 5 GOPAL 80 DPWA K N  ~ K N  
1777± 5 ALSTON ... 78 DPWA K N  ~ K N  

1774± 5 GOPAL 77 DPWA K N  multichannel 
1775:~10 BAILLON 75 IPWA K N  ~ A ~  

1774±10 VANHORN 75 DPWA K p ~ A~r 0 
1772± 6 KANE 74 DPWA K - p  ~ }~T 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

]772 or 1777 1 MARTIN 77 DPWA K N multichannel 
1765 DEBELLEFON 76 IPWA K p ~ A~r 0 

T ( 1 7 7 5 )  W I D T H  

VALUE (MeV] DOCUMENT ID TECN COMMENT 

105 to 135 OUR ESTIMATE Our best guess is 120 MeV. 

I 3 7 ± 1 0  GOPAL 80 DPWA K N  ~ K N  

116±10 ALSTON-... 78 DPWA K N  ~ K N  

130±10 GOPAL 77 DPWA K N  multichannel 
125±15 BAILLON 75 IPWA K N  ~ A,'r 

146±18 VANHORN 75 DPWA K - p ~  A,-r 0 
154±10 KANE 74 DPWA K p ~ }-~r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

102 or 103 1 MARTIN 77 DPWA K N  multichannel 
120 DEBELLEFON 76 IRWA K -  p ~ A= 0 

) - ( 1 7 7 5 )  D E C A Y  M O D E S  

Mode Fraction (P i /F )  

F 1 N K  37 43% 

F 2 A~: 14-20% 

F 3 ~,-T 2 5% 

F4 T ( 1 3 8 5 ) ; T  8 12% 

F5 ) - ( 1 3 8 5 )  ~T, D -wave  

F 6 A(1520)m- 17-23% 

F7 Z=~r 

The above b r a n c h i n g  f rac t ions  are o u r  es t imates,  no t  f i ts  or averages. 

C O N S T R A I N E D  F I T  I N F O R M A T I O N  

An overall  f i t  to 8 branching ratios uses 16 measurements and one 
constra int  to determine 6 parameters. The  overal l  f i t  has a X 2 

26.4 for 11 degrees of freedom. 

The fo l lowing o f f - d i agona l  array elements are the correlat ion coefficients 

I g x c g x j I / ( b x i . b x j ) ,  in percent,  from the fit to the branching: fractions, % 

F i /F to ta  I. The f i t  constrains the x i whose labels appear in th is array to sum to 

one, 

x 2 10 

x 3 20 2 

x 4 51 5 10 

x 6 47 5 9 24 

x I x2 x 3 x4 

Z ( 1 7 7 5 )  BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and Z Resonances. 
Also, the errors quoted do not include uncertainties due to the parametrfzation used 
in the partial wave analyses and are thus too small. 

F(NK)/rtotab r t / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.37 to 0.43 OUR ESTIMATE 
0.4304`0.026 OUR FIT Error includes scale factor of 1.9. 
0.3914,0.017 OUR AVERAGE 
0.40 ±0 .02  GOPAL 80 DPWA K N  ~ K N  
0.37 ± 0 0 3  ALSTON-... 78 DPWA K N  ~ K N  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.41 d_0.03 GOPAL 77 DPWA See GOPAL 80 
0.37 or 036  1 MARTIN 77 DPWA K N multichannel 

( r i r f ) % l F t o t a l  in  N K "  ~ ) - ( 1 7 7 5 )  ~ A ~  (rtr2)l/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

0.255:50.013 OUR FIT Error includes scale factor of 1.1. 
-0.2624,0.015 OUR AVERAGE 

0.28 :c0.03 GOPAL 77 DPWA K N  multichannel 
- 0 2 5  ±0.02 BAILLON 75 IPWA K N ~  ATr 

028  +0.04 VANHORN 75 DPWA K - p  ~ A= 0 
0.05 

0 2 5 9 ± 0 . 0 4 8  DEVENISH 74B Fixed-t dispersion rel. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.29 or 028  1 MARTIN 77 DPWA K N  multichannel 
030  DEBELLEFON 76 IPWA K -  p ~ ATr 0 

(rirf)Va/rtota, in N K  ~ T ( 1 7 7 5 )  ~ )-~ (rlr3l'/a/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.0054-0.014 OUR FIT Error includes scale factor of 1,6. 
0.098:50.016 OUR AVERAGE Error includes scale factor of 1.8, 

+0.13 ±0.02 GOPAL 77 DPWA K N  multichannel 
0.09 ±0.01 KANE 74 DPWA K - p ~  ~ r  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

- -0 08 or - 0 0 8  1 MARTIN 77 DPWA K N  multichannel 

( r i F f ) l / 2 / F t o t a l  in N K  ~ T ( 1 7 7 5 )  ~ A (1520 )T r  (rlre)~/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.286:50.016 OUR FIT Error includes scale factor of 1.9. 
0.303:50.009 OUR AVERAGE Signs on measurements were ignored. 

0.305±0.010 2 CAMERON 77 DPWA K p ~ A(I520)~T 0 
0.31 ±0.02 BARLETTA 72 DPWA K - p  ~ A(1520)~r 0 
027  ±0.03 ARMENTEROS65c HBC K p ~  A(1520)~ 0 

(FiFf)i/2/Ftotal in N K  ~ )-(1775) ~ )-(1385)Ir (FIF4~IVF 
VALUE DOCUMENT ID TEEN COMMENT 

0.189:50.010 OUR FIT 
0.188:50.010 OUR AVERAGE Signs on measurements were ignored. 

0 1 8 4 ± 0 . 0 1 1  3CAMERON 78 DPWA K - p - -  T(1385)~ 
+0.20 ±0.02 PREVOST 74 DPWA K N ~ ~-(1385)1r 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

032  ±0.06 SPMS 68 DBC K N ~ ATrTr 
0 24 ±0.03 ARMENTEROS67C HBC K -  p ~ A ~  

F(ATr) /F(N~)  r 2 / r l  
VALUE DOCUMENT ID TEEN COMMENT 
0.35:50.04 OUR FIT Error includes scale factor of 1.2. 
0.333.0.05 UHLIG 67 HBC K -  p 0.9 GeV/c  

r(Z~r)/rtotal rT/r 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.12 4ARMENTEROS68c HDBC K -  N ~ ~[7r'T 

F(T(1385)~)/F(NK-) F4/Fz 
VALUE DOCUMENT ID TEEN COMMENT 
0,192±0.031 OUR FIT Error includes ~ ~-ac~oor of 1.4. 
0.25 ±0 .09  UHLIG 67 HBC K p 0.9 GeV/c 

F(A(1520)~)/F(NK) F6/FI 
VALUE DOCUMENT ID TEEN COMMENT 
0.444-0.07 OUR FIT Error includes s~/eale factor of 2.3. 
0 .28±0.05 UHLIG 67 HBC K p 0.9 GeV,'c 

T ( 1 7 7 5 )  FOOTNOTES 

1 The two MARTIN 77 values are from a T matrix pole and from a Breit Wigner fit. 
2This rate combines P-wave- and F-wave decays. The CAMERON 77 results for the 

separate /)wave and ~wave decays are 0.303 J_ 0.010 and 0.037 ± 0.014. The 
publTshed sisns have been changed here to be in accord with the baryon-first convention. 

3The CAMERON 78 upper l imit on Gwave decay is 0.03. 
4 For about 3/4 of this, the $-7r system has / = 0 and is almost entirely A(1520). For the 

rest, the }_~ has / 1, which is about what is expected from the known ~(1775) - -  
~-(1385)~ rate, as seen in hTr~. 



:See key on page IV. 1 

$ - ( 1 7 7 5 )  R E F E R E N C E S  

(;ORAL 80 Toronto Conf. 159 (RHEL) IJP 
ALSTON., 78 PR D18 182 Alston Garnjost. Kenney+ (LBL, MTHO, CERN)IJP 

Also 77 PBL 38 1 0 0 7  Aiston-Garnjost, Kenney+ (LBL, MTHO, CERN)I JR 
CAMERON 78 NP B143 189 +Franek, Gopal, Bacon, Butterworth+ (RHEL, LOIC)IJP 
CAMERON 77 NP B131 399 +Franek, Gopal. Kalraus, McPherson+ (RHEL, LOIC)UP 
GOPAL 77 NP Bl19 362 +ROSS, VanHorn, McPherson+ (LOI£, RHEL)IJP 
MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOUC. GLAS)IJP 

Also 77B NP B120 200 Martin, Pidcock (LOU£) 
Also 77C NP B126 285 Martin, Pidcock (LOUC) IJP 

DEBELLEFON 70 NP B109 i29 De Bellefon, Berthon (£DEF) IJP 
BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL)IJP 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 75B NP B87 157 Vat, Horn (LBL) IJP 
DEVENISH 74B NP BB1 330 +Froggatt, Martin (DESY, NORD, LOUC) 
KANE 74 LBL 2452 (LBL) IJP 
RREVOST 74 NP B69 246 +Badoutaud+ (SACL, CERN, HELD) 
BARLETTA 72 NP B40 45 (EFt) IJP 

Also 66 PRL 17 841 Fenster, Gelfand, Harmsen+ (CHIC, ANL CERN)IJP 
ARMENTEROS 68C NP B8 210 +Baillon+ (CERN, HELD, SACL) I 
SIMS 68 PRL 21 1413 +Albright, Barney, Meer+ (FSU, TUFT, BRAN) 
ARMENTEROS 07C ZPHY 202 486 +Ferro-Luzzi+ (CERN, HELD, SACL) 
UHLIG 67 PR 155 1448 +Charltom Condon, Glasser. Yodh+ (UMD, NRL) 
ARMENTEROS 05C PL 19 338 +Ferr~Lezzi+ (EERN, HELD. SACL) UP 
GALTIERI 63 PL 6 296 +Hussain, Tripp ([RL) IJ 

I T(1840) P13 1 ,(JP) = 1 ( 3 + )  S ta tus :  >k 

C ) M I T T E D  F R O M  S U M M A R Y  T A B L E  

For the t ime being, we l ist together  here all resonance claims in the P13 wave 
between 1700 and 1900 MeV.  

$-(1840) M A S S  

]/ALUE (MeV~ DOCUMENT IO TEEN C_C_C_~OMMENT 

L798 or 1802 1 MARTIN 77 DPWA K N  multichannel 
1720± 30 2 BAILLON 75 IPWA K N  ~ ,^.~r 
L925±200 VANHORN 75 DPWA K -  p ~ A'~ 0 
L840+ 10 LANGBEIN 72 IPWA K N  multichannel 

$ - ( 1 8 4 0 )  W I D T H  

]/ALUE (Me W DOCUMENT ID 

93 or 93 1 MARTIN 77 

Z20 ±30  2 BAILLON 75 

65 +50  VANHORN 75 
- 2 0  

120±10 LANGBEIN 72 

TEEN ~ M M E N T  

DPWA K N  multichannel 
IPWA K N  ~ A~r 

DPWA K p ~ A~r 0 

IPWA K N  multichannel 

T(1840) DECAY MODES 

Mode 

I-1 N K  

I- 2 A~r 
I- 3 T~r  

$-(1840) B R A N C H I N G  RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and ]E Resonances. 

I-(N K----)/rtotal r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

0 or 0 1 MARTIN 77 DPWA K N  multichannel 
0 .37±0.13 LANGBEIN 72 IPWA K N  mult ichannel 

(r;rDV21rtotal i. m~ --. T(1840) --, A~r (FIF2)V21F 
VALUE DOCUMENT ID TEEN COMMENT 

+0.03 or +0.03 1 MARTIN 77 DPWA K N  mult ichannel 
+0.11 ±0 .02  2 BAILLON 75 IPWA K N ~ A~ 
~0.06 ±0 .04  VANHORN 75 DPWA K p ~ A~r 0 
+0 .122±0.078  DEVENISH 74B Fixed-t dispersion rel. 

0.20 ±0 .04  LANGBEIN 72 IPWA K N mult ichannel 

(r~rr)l/Vrtota, i. m~ ~ $-(1840) ~ T-It (rlrs)'/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.04 or - 0 . 0 4  1 MARTIN 77 DPWA K N mult ichannel 
0 .15±0.04 LANGBEIN 72 IPWA K N mult ichannel 

$-(1840) FOOTNOTES 

1The two MARTIN 77 values are from a T-matrix pole and from a Breit Wigner fit. 
2From solution 1 of BAILLON 75; not present in solution 2. 

V111.107 

Baryon Full Listings 
K(1775), T(1840), T(1880) 

T ( 1 8 4 0 )  R E F E R E N C E S  

MARTIN 77 NP B127 349 +Pidcock, Moorhouse (LOUC. GLAS} IJP 
Also 77B NP B120 260 Martin. Pidcock (LOUC) 
Also 77C NP B126 285 Martin, Pidcock (LOU£) IJP 

BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL)UP 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 75B NP B87 157 VanHorn (LBL) IJP 
DEVENISH 74B NP B81 330 +Froggatt, Martin (DESY, NORD. LOUC) 
LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 

1=(1880) Pll I = 1(½ +)  Sta tus :  * *  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

A P l l  resonance is suggested by several part ia l -wave analyses, but  w i th  wide 
variat ions in the mass and other  parameters. We list here all c laims wh ich  

lie wel l  above the P l l  T (1770) .  

$-(1880) M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

1826±20 GOPAL 80 DPWA K N  ~ K N  
1870±10 CAMERON 78B DPWA K -  p ~ N K *  
1847 or 1863 1 MARTIN 77 DPWA K N mult ichannel 
1960±30 2 BAILLON 75 IPWA K N  ~ ATr 
1985±50 VANHORN 75 DPWA K - p ~  A~r o 
1898 3 LEA 73 DPWA Mult ichannel K-matrix 
1850 ARMENTEROS70 IPWA K N  ~ K N  
1950±50 BARBARO-... 70 DPWA K -  N ~ Air 
1920±30 LITCHFIELD 70 DPWA K -  N ~ ATr 
1850 BAILEY 69 DPWA K N  ~ K N  
1882±40 SMART 68 DPWA K -  N ~ A~r 

$ - (1880 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

8 6 ±  15 GOPAL 80 DPWA K N  ~ K N  
80d_ 10 CAMERON 78B DPWA K -  p ~ N K *  

216 or 220 1 MARTIN 77 DPWA K N  multichannel 
260±  40 2 BAILLON 75 IPWA K N  ~ A~T 
220±140 VANHORN 75 DPWA K - p ~  A~7 o 
222 3 LEA 73 DPWA Multichannel K-matr ix 

30 ARMENTEROS7O IPWA K N ~ K N 
2004_ 50 BARBARO-... 70 DPWA K - N  ~ ATr 
170± 40 LITCHFIELD 70 DPWA K - N  ~ hTr 
200 BAILEY 69 DPWA K N  ~ K N  
222±150  SMART 68 DPWA K N ~ ATr 

Mode 

$ ( 1 8 8 0 )  D E C A Y  M O D E S  

r I N K  

F2 ATr 

r 3 T ~  

r 4  N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  P -wave  

r 5  N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  P -wave  

T(1880) B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r(NK)/rtotal 
VALUE DOCUMENT ID 

0.06 d_ 0.02 GO PAL 80 
0.27 or 0.27 1 MARTIN 77 
0.31 3 LEA 73 
0.20 ARMENTEROST0 
0.22 BAILEY 69 

( r i r f ) t / 2 / r t o t a l  in N K - - ~  $ - (1880 )  ~ A ~  
VALUE OOCUMENT ID 

0,24 or - 0 . 2 4  1 MARTIN 77 
- 0 . 1 2  ±0 .02  2 BAILLON 75 

+0.05 +0.07 VANHORN 75 0.02 
- 0 . 1 6 9 i 0 . 1 1 9  DEVENISH 74B 
--0.30 3 LEA 73 

0.09 ±0 .04  BARBARO-... 70 
0.14 ±0 .03  LITCHFIELD 70 

-0 .11  ±0 .03  SMART 68 

r l / r  
COMMENT 

DPWA K N ~ K N 
DPWA K N  mult ichannel 
DPWA Multichannel K-matr ix 
IPWA K N  ~ K N  
DPWA K N  ~ K N  

(QF2)I/VF 
TEEN COMMENT 

DPWA K N  mult ichannel 
IPWA K N  ~ hTr 

DPWA K - p ~  A~r 0 

Fixed-t dispersion rel. 
DPWA Multichannel K-matrix 
DPWA K -  N ~ A ~  
DPWA K N ~ A~r 
DPWA K -  N ~ ^ ~  



V111.108 
Baryon Full Listings 
)-(1880), 5-(1915) 

(riFf)~/=/rtotal in NK -~ Z(1880) ~ Z~T (F~F3)VVF 
VALUE DOCUMENT ID TEEN COMMENT 

+0.30 or +0 .29  1 M A R T I N  77 DPWA K N  mult ichannel 
not seen 3 LEA 73 DPWA Mult ichannel K matr ix  

(Firf)t/~/Ftotal in N K  ~ T(1880) ~ NK-*(892) ,  5=1/2, P-wave 

(QF.)VUF 
VALUE DOCUMENT ID TECN COMMENT 

- - 0 0 5 ± 0 . 0 3  4 C A M E R O N  78B DPWA K p ~ N K *  

(FiFf)t/2/Ftotal in NK- -~ ) - (1880) ~ N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  P-wave 

(rlrs)'/~/r 
VALUE DOCUMENT tD TEEN COMMENT 

+ 0 . 1 1 ± 0 . 0 3  C A M E R O N  78B DPWA K -  p ~ N K *  

Z(1880) F O O T N O T E S  
1 The two M A R T I N  77 values are f rom a T matr ix  pole and f rom a Breit Wigner f i t .  
2 From solution 1 of BA ILLON 75; not present in solution 2. 
3Only  unconstrained states f rom tabte 1 of LEA 73 are listed. 
4 The published sign has been changed to be in accord wi th the baryon-first convention. 

Z(1880)  REFERENCES 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

171 or 173 3 M A R T I N  77 DPWA K N  mult ichannel 
60 DEBELLEFON 76 IPWA K -  p ~ A~r 0 

)-(1915) DECAY M O D E S  

Mode Fraction ( F i / F )  

F; N K  5-]5 % 
F2 A~ seen 
F 3 ]E~r seen 
F 4 )-(1385) ~r <5 % 
F 5 )-(1385);% P-wave 
F6 T(1385)  ~T, F-wave 

The above branching fractions are our estimates, not fits or averages. 

Z(1915) BRANCHING RATIOS 

See "Sign conventions for resonance coupl ings" in the Note on A and ~- Resonances. 

F ( N K )  / Ftota I F 1 / r  
VALUE DOCUMENT ID TEEN COMMENT 
0.05 tO 0.15 OUR E S T I M A T E  
0 .03±0,02  4 G O P A L  80 DPWA K N - -  K N  
0 .14±0,05  ALSTON- . . .  78 DPWA K N  ~ K N  

GOPAL 80 Toronto Conf 159 (RHEL) I JR 
CAMERON 78B NP B146 327 +Franek, Gopal, Kalmus, McPherson+ (RHEL, LO~C) IJP 
MARTIN 77 NP B127 349 +nidcock, Moorhouse (LOUC, GLAS)IJe 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also 77C NP B126 285 Martin, Pidcock (LOUC) IJP 

BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL) IJP 
VANHORN ?5 NP B87 145 (LBL) IJn 

Also 75B NP B87 157 VanHorn (LBL) IJP 
DEVENISH 74B NP B81 330 +Froggatt, Martin (OESY, NORD, LOUC) 
LEA 73 NP BS6 77 +Martin, Moorhouse+ (RHEL, LOUC, GLAS, AARH) IJP 
ARMENTEROS 70 Duke Conf 123 +Baillon+ (CEBN, HELD, SACL)IJn 
BARBARO-. 7O Duke CoM 173 Barbarc~Galtieri (LBL) IJP 
LITCBFIELD 70 NP B22 269 (RHEL) IJn 
BAILEY 09 UCRL 50617 Thesis (LLL) IJP 
SMART 68 PR I69 1330 {LRL) IJP 

I )-(1915) Fls I ~U ~) = 1(,~ +) Status: * * * *  

Discovered by COOL 66. For results published before 1974 (they are now 
obsolete), see our 1982 edition (Physics Letters 111B). 

This entry only includes results from partial-wave analyses. Parameters of 
peaks seen in cross sections and invarianf-mass distributions in this region 
used to be listed in in a separate entry immediately following. They may be 
found in our 1986 edition (Physics Letters 170B). 

0 .11±0 .04  HEMINGWAY 75 DPWA K - p ~  K N  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 05±0 ,03  GOPAL 77 DPWA See GOPAL 80 
0.08 or 0.08 3 M A R T I N  77 DPWA K N mult ichannel 

(rirf)ll21rtotai in NK- - *  Z(1915) -~ ATr ( r t r 2 ) l / 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

0 0 9  ±0.03 GOPAL 77 DPWA K N  mult ichannel 
0 10 ±0,01 2 CORDEN 76 DPWA K n ~ A~r 
0 0 6  ±0.02 BAILLON 75 IPWA K N ~  ATr 

0.09 ±0.02 V A N H O R N  75 DPWA K - p  ~ ATr 0 
0 .087±0.056 DEVENISH 748 Fixed t dispersion rel. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc, • • • 

0.09 or 009  3 M A R T I N  77 DPWA K N  mult ichannel 
0 1 0  DEBELLEFON 76 IPWA K p -  A =  0 

(rirf)i/21rtotai in NK ~ )-(1915) ~ ZTr (rlr3)112/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.17±0.01 1 CORDEN 77C K n ~ Z ~  
- 0 1 5 ± 0 , 0 2  1 C O R D E N  77C K - n ~  ~ 

0.19±0.03  GOPAL 77 DPWA K N  mult ichannel 
0 1 6 ± 0 . 0 3  K A N E  74 DPWA K p ~ ]E= 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

T(1915) MASS 

VALUE (MeV] DOCUMENT ID TEEN COMMENT 

1900 to 1935 OUR ESTIMATE 
1937:L20 A L S T O N  ... 78 DPWA K N  ~ K N  
1894± 5 1 CORDEN 77c K n ~ Y ~  
1 9 0 9 i  5 1 CORDEN 77C K -  n ~ E ~  
1920±10  GOPAL 77 DPWA K N  mult ichannel 
1900± 4 2 CORDEN 76 DPWA K n ~ A ~  
1920±30  BAILLON 75 IPWA K N  ~ A:r 
1914:L10 H E M I N G W A Y  75 DPWA K - p ~  K N  

192n+15  MANHORN 75 DPWA K p ~ A ~  0 
~ - 2 0  

1920± 5 K A N E  74 DPWA K p ~ ~E= 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

not seen DECLAIS 77 DPWA K N  ~ K N  
1925 or 1933 3 M A R T I N  77 DPWA K N mult ichannel 
1915 DEBELLEFON 76 IPWA K p ~ ATr 0 

Z(1915) WIDTH 

VALUE (MeV] DOCUMENT ID TEEN COMMENT 

80 to  160 OUR E S T I M A T E  Our best guess is 120 MeV. 

161-i-20 ALSTON- . . .  78 DPWA K N  ~ K N  

107±14  1 C O R D E N  77c K n ~  } -~  
8 5 ± 1 3  1 CORDEN 77c K n ~ Z =  

130±10  GOPAL 77 DPWA K N  mult ichannel 
7 5 ± 1 4  2 C O R D E N  76 DPWA K n ~  A =  
7 0 ± 2 0  BAILLON 75 IPWA K N  ~ h =  

8 5 ± 1 5  HEMINGWAY 75 DPWA K - p ~  K N  

102±18  V A N H O R N  75 DPWA K - p ~  A =  0 
162±25  K A N E  74 DPWA K p ~ ~_= 

0 05 or 005  3 M A R T I N  77 DPWA K N mult ichannel 

(rirf)l/2/gtotal in N K  -~ T(1915) --* ]E(1385)~r, P-wave ( r l r 5 ) l / a / r  
VALUE DOCUMENT ID TEEN COMMENT 

<0.01 C A M E R O N  78 DPWA K p ~ ~E(1385)~ 

(rirf)I/2/Ftotal in N K  ~ }-(1915) --* T(1385)Tr, F-wave (FIF6)L/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

+ 0 . 0 3 9 ± 0 0 0 9  5 C A M E R O N  78 DPWA K -  p ~ ~-(1385)~ 

T(1915) FOOTNOTES 
1The  two entries for CORDEN 77C are f rom two different acceptable solutions. 
2 Preferred solution 3; see CORDEN 76 for other possibilities. 
3 T h e  two M A R T I N  77 va6ues are f rom a T-mat r i x  pole and f rom a Breit-Wigner fit. 
4 T h e  mass and width are fixed to the GOPAL 77 values due to the low elasticity. 
5 The published sign has been changed to be in accord wi th the baryon-first convention. 

T(1915)  REFERENCES 

GOPAL 80 Toronto Conf 159 
ALSTON 78 PR D18 182 

Also 77 PRL 38 1007 
CAMERON 78 NP B143 189 
CORDEN 77C NP 5125 61 
OECLAIS 77 CERN 77 16 
GOPAL 77 NP Bl19 362 
MARTIN 77 NP B127 349 

Also 775 NP B126 266 
Also 77C NP B126 285 

CORDEN 76 NP B104 382 
DEBELLEFON 78 NP 8109 129 
BAILLON 75 NP B94 39 
HEMINGWAY 75 NP 891 12 
VANHOBN 75 NP B8Y 145 

Also 755 NP 587 157 
DEVENISR 74B NP 881 330 
KANE 74 LBL.2452 
COOt 66 PRL 16 1228 

(RHEL} liP 
Blston Gamjosc Kenney~ (LBL, MTHO, CERN) IJP 
Blston Garnjost, Kenney+ (LBL, MTHO, CERN) IJP 

+Franek, Gopal, Bacon, Butterworth+ (RHEL, LOIC)IJP 
+Cox, Kenyon, OINeale, Stubbs, Sumorok+ (BIRM) IJP 
*Duchon, Louvel, Patty. Seguinot+ (CBEN, CERN)IJP 
-Boss, V~nHorn, Mceherson+ (LOIC, RHEL)IJP 
-Pidcock, Moorhouse (LOUC, GLAS)IJP 

Martin, nidcock (LOUC) 
Martin. Pidcock (LOUC) IJP 

-Cox, Dartnell, Kenyon, O'Neale- (BIRM) IJP 
De Bellefon, Berthon (CDEF) IJP 

+Litchfield (CERN, RHEL) UP 
eades. Harmsen- (CERN, HELD, MPIM)IJP 

(LBL) l ie 
VanHorn (LBL) IJP 

+Froggatt, Martin (DESY, NORD, LOUC) 
(LBL) IJn 

*Giacomelli, Kycia, Leontic, Lundby+ (BNL) 



See key on page IV.1 

I)-(1940) I ,(.,") = s,stus: * * *  

For results publ ished before 1974 ( they  are now obsolete), see our  1982 

edit ion (Physics Letters 111B).  

Not  all analyses require th is  state. I t  is not  required by the GOYAL 77 analysis 
of K n ~ (T~r) nor by the GOPAL 80 analysis of K n ~ K n. See 

also H E M I N G W A Y  75, 

)-(1940) MASS 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
1 9 0 0  to  1 9 5 0  O U R  E S T I M A T E  
19209-50 GOPAL 77 DPWA K N  mult ichannel 
19504-30 BAILLON 75 IPWA K N  ~ A~r 

1949+~ 0 VANHORN 75 DPWA K -  p ~ A~T 0 

1935±80 KANE 74 DPWA K - p ~  T_~r 
1940±20 LITCHFIELD 74B DPWA K p ~ A(1520)~r 0 
19509-20 LITCHFIELD 74C DPWA K -  p ~ A (1232)K  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1886 or 1893 i MARTIN 77 DPWA K N mult ichannel 
1940 DEBELLEFON 76 IPWA K -  p ~ A~r 0 '  F17 

wave 

)-(1940) WIDTH 

VALUE (MeV} DOCUMENT ID TECN COMMENT 
150  tO 380 OUR ESTIMATE Our best guess is 220 MeV. 

1709-25 CAMERON 78B DPWA K p ~ N K *  
300+80 GOPAL 77 DPWA K N  mult ichannel 
1504-75 BAILLON 75 IPWA K N  ~ ATr 

160_+470 VANHORN 75 DPWA K - p  A~ 0 

3304-80 KANE 74 DPWA K -  p ~ :E~ 
6 0 ± 2 0  LITCHFIELD 74B DPWA K - p  ~ A(1520)~ 0 

70_+230 LITCHFIELD 74C DPWA K - p  ~ Z~(1232)K 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

157 or 159 1 MARTIN 77 DPWA K N  mult ichannel 

) - ( 1 9 4 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

r l  N K  <20 % 

F2 A ;T seen 

r 3 )-;T seen 
F4 )-(1385)7r seen 
F 5 )-(1385) Ir, S-wave 
F 6 A(1520) ~r seen 
F7 A ( 1 5 2 0 )  ~T, P -wave  

r 8 A (1520)Tr ,  F -wave  

F9 A ( 1 2 3 2 ) K  seen 

F10 A ( 1 2 3 2 ) K - ,  S-wave 

F l l  A ( 1 2 3 2 ) K - ,  D - w a v e  

r12 N K * ( 8 9 2 )  seen 
F13 N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  S-wave 

)-(1940) BRANCHING RATIOS 
See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

F(N K--)Irtota, QIF 
VALUE DOCUMENT ID TEEN COMMENT 
<0.2 OUR ESTIMATE 
<0,04 GOPAL 77 DPWA K N  mult ichannel 

0.14 or 0.13 1 MARTIN 77 DPWA K N  mult ichannel 

(rFf)g2/rtotal in NK'--~ )-(1940) --* A~r (FIF2)IIvF 
VALUE DOCUMENT ID TECN COMMENT 

--0.06 4-0.03 GOPAL 77 DPWA K N  multichannel 
- 0 . 0 4  4-0.02 BAILLON 75 IPWA K N  ~ A~T 

--0.05 +0.03 VANHORN 75 DPWA K - p ~  ATr 0 - 0 . 0 2  
- 0 . 1 5 3 ± 0 . 0 7 0  DEVENISH 74B Fixed- t dispersion rel. 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.15 or - 0 . 1 4  1 MARTIN 77 DPWA K N  mult ichannel 

VIII.109 

Baryon Full Listings 
) - ( 1 9 4 0 ) , ) - ( 2 0 0 0 )  

( r i r f ) i /2/ r tota l  in N K ' - ~  )-(1940) --* }-I t  (FIF3)I/VF 
VALUE DOCUMENT ID TEEN COMMENT 

- -0 .08+0.04  GOPAL 77 DPWA K N  mult ichannel 
-0 .144-0 .04  KANE 74 DPWA K -  p ~ Z l r  
• • • We do not use the following data for averages, fits, limits, etc. • • • 

+0.16 or +0.16 1 MARTIN 77 DPWA K N  multichannel 

(rirr)V2/rtotal in NK ~ )-(1940) ~ A(1520)Tr, P-wave (FIFT)IIVF 
VALUE DOCUMENT IO TECN COMMENT 

< 0.03 CAMERON 77 DPWA K -  p ~ A(1520)Tr 0 
- 0 . 1 1 ± 0 . 0 4  LITCHFIELD 74B DPWA K p ~ A(1520)~r 0 

(r,-rf)V2/rtota, in NK--*  }-(1940) ~ A(1520)Ir, F-wave (FIFs)I/VF 
VALUE DOCUMENT ID TECN COMMENT 

0.0624-0.021 CAMERON 77 DPWA K - p  ~ A(1520)'/T 0 
- 0 . 0 8  9-0.04 LITCHFIELD 74B DPWA K - p  ~ A(1520)Tr 0 

( r i r f ) ~ / 2 / r t o t a l  in  N K "  --~ ) - ( 1 9 4 0 )  --~ A ( 1 2 3 2 ) K ,  S -wave  (rlrz0)l/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

0.16±0.05 LITCHFIELD 74C DPWA K -  p ~ A (1232)K  

( r i r f ) l l 2 / r t o t a l  in  N K  - - ,  ) - ( 1 9 4 0 )  ~ A ( 1 2 3 2 ) K ,  D - w a v e  (rzrzz)l/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

--0.144-0.05 LITCHFIELD 74C DPWA K -  p ~ A (1232 )K  

(qrf)'/Vrtota, in N K  ~ ) - ( 1 9 4 0 )  - *  ) - ( 1 3 8 5 ) ~ r  (rlr4)Z/2/r 
VALUE DOCUMENT ID TECN COMMENT 

+0 .066±0 .025  2 CAMERON 78 DPWA K -  p ~ T(1385)~ 

(r;r~)l/Vrtota, in N~-~ )-(1940) - N K * ( 8 9 2 )  

(qq2)L/vr 
VALUE DOCUMENT ID TECN COMMENT 

-0 .094-0 .02  3CAMERON 78B DPWA K - p ~  N K *  

)-(1940) FOOTNOTES 

1The two MARTIN 77 values are from a T-matrix pole and from a Breit-Wigner fit. 
2 The published sign has been changed to be in accord with the baryon-first convention. 
3Upper limits on the D 1 and D 3 waves are each 0.03. 

Z(1940) REFERENCES 

GOPAL 80 Toronto Conf. IS9 (RHEL) 
CAMERON 78 NP B143 189 +Franek. Gopal. Bacon. Butterworth+ (RHEL, LOIC)IJP 
CAMERON 7SB NP B146 327 +Franek. Gopal, Kalmus. McPherson+ (RHEL. LOIC) IJP 
CAMERON 77 NP B131 399 +Franek, Gopal, Kalrnus. McPherson+ (RHEL. LOIC)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn. McPherson+ (LOIC, RHEL)IJe 
GOYAL 77 PR D16 2746 +Sodhi (DELH) 
MARTIN 77 NP B127 349 +Pidcock. Moorhouse (LOUC. GLAS)IJP 

Also 77B NP B126 266 Martin, Pidcock (LOUC) 
Also 77C NP B126 285 Martin. Pidcock {LOUC) IJP 

DEBELLEFON 76 NP B109 129 De Bellefon. Berthon (CDEF) IJP 
BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL)IJP 
HEMINGWAY 75 NP B91 12 +Eades, Harmsen+ (CERN. HELD. MPIM)IJP 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 75B NP B87 157 VanHom (LBL) IJP 
DEVENISH 74B NP B81 33O +Froggatt. Mart~n (DESY, NORD. LOUC) 
KANE 74 LBL 2452 (LBL) IJP 
LITEHFIELD 74B NP B74 19 +Hemingway. Baillon+ (CERN. HELD)IJP 
LITEHFIELD 74C NP B74 39 +Hemingway, Baillon+ (CERN. HELD)IJP 

i z(2000) 5,,i '<'-) ,,a,u, • 
OMITTED FROM SUMMARY TABLE 

We list here all reported 511 states lying above the Z(1750) $11. 

Z(2000) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

19444-15 GOPAL 80 DPWA K N  ~ K N  
19554-15 GOPAL 77 DPWA K N  mult ichannel 
1755 or 1834 1 MARTIN 77 DPWA K N  multichannel 
20044-40 VANHORN 75 DPWA K -  p ~ A~T 0 

T ( 2 0 0 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

215125  GOPAL 80 DPWA K N  ~ K N  
170±40  GOPAL 77 DPWA K N  mult ichannel 
413 or 450 1 MARTIN 77 DPWA K N  multichannel 
116"40 VANHORN 75 DPWA K-  p ~ ATr 0 



V111.110 

Baryon Full Listings 
K(2000), K(2030) 

Mode 

Z(2000) DECAY MODES 

F 1 N K  

F2 A= 
F 3 Z~r 
F 4 A(1520)~T 
F 5 NK*(892), S=I/2, S-wave 
F6 NK*(892), 5=3/2, D-wave 

T(2000) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and Z Resonances. 

r (NK- - ) / r to ta ,  r l / r  
VALUE DOCUMENT IO TECN COMMENT 

0.51±005 GOPAL 80 DPWA K N  ~ K N  
0.44±005 GOPAL 77 DPWA See GOPAL 80 
0.62 or 057 1 MARTIN 77 DPWA K N multichannel 

(FiFf)V2/rtota, in NK ~ Z(2000) ~ A~T (FIF2)'/VF 
VALUE DOCUMENT ID TECN COMMENT 

0.08±0.03 GOPAL 77 DPWA K N  multichannel 
-0 .19 or - 0 1 8  1 MARTIN 77 DPWA K N  multichannel 

not seen BAILLON 75 IPWA K N ~ A= 
+0  02 +0.07_0101 VANHORN 75 DPWA K p ~ A= 0 

( r i r f ) l / 2 / r t o t a 4  in N K  ~ ) - (2000)  ~ Tzr  (FIF3I'/VF 
VALUE DOCUMENT ID TEEN COMMENT 

+0.20±0.04 GOPAL 77 DPWA K N  multichannel 
+0.26 or ~ 0 2 4  1 MARTIN 77 DPWA K N  multichannel 

( r i r f ) ~ / 2 / F t o t a l  in NK  ~ Y'(2000) ~ A(1520)~r (FIF4)~/2/F 
VALUE DOCUMENT ID TEEN COMMENT 

+0.081±0.021 2 CAMERON 77 DPWA P-wave decay 

(F iF f )~ /2 /F to ta l  in N K  ~ ) - (2000)  ~ N K ' ( 8 9 2 ) ,  5 = 1 / 2 ,  S-wave 

(FIFs)VUF 
VALUE DOCUMENT IO TEEN COMMENT 

+0.10±0.02 2 CAMERON 78B DPWA K p ~ N K *  

(r~o)'/Vrtota, in N K  -~  T ( 2 0 0 0 )  ~ N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  D-wave 

(rlr0)'/Vr 
VALUE DOCUMENT ID TECN COMMENT 

-0 .07±0.03 CAMERON 78B DPWA K - p  ~ N K *  

£ ( 2 0 0 0 )  F O O T N O T E S  

i The two MARTIN 77 values are from a T-matrix pole and from a Breit Wigner fit. 
2The published sign has been changed to be in accord with the baryon first convention. 

)-(2000) REFERENCES 

GOPAL 80 Toronto Conf 159 (RHEL} IJP 
CAMERON 788 NP B146 327 +Franek. Gopal, Kalmus. McPherson+ (RHEL. LOIC) UP 
CAMERON 77 NP 13131 399 +Franek. GopM. Kalmus. McPherson+ (RHEL. LOIC)UP 
GOPAL 77 NP Blt9 362 +Ross. VanHorn. McPherson+ (LOIC. RHEL) IJn 
MARTIN 77 NP B127 349 +Pidcock. Moorhouse (LOUC. GLAS)IJP 

Also 77B NP B126 266 Martin. eidcock (LOUC) 
Also 77C NP B126 285 Martin. Pidcock (LOUC) IJP 

BAILLON 75 NP B94 39 ~Litchfield (CERN. RHEL) IJP 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 75B NP B87 ]57 VanHorn (LBL) IJe 

Discovered by COOL 66 and by WOHL 66. For most results published before 
1974 (they are now obsolete), see our 1982 edition (Physics Letters 111B). 

This entry only includes results from partial-wave analyses. Parameters of 
peaks seen in cross sections and invariant-mass distributions around 2030 
MeV may be found in our 1984 edition, Rev. Mud. Phys. 56 (Apri l  1984, 
Part II). 

VALUE (MeV) 
2025 to 2044) OUR ESTIMATE 
2036± 5 GOPAL 80 DPWA 
2038±10 CORDEN 77B 
2040± 5 GOPAL 77 DPWA 
2030± 3 1 CORDEN 76 DPWA 
2035±15 BAILLON 75 IPWA 
2038±10 HEMINGWAY 75 DPWA 
2042±11 MANHORN 75 DPWA 
2020± 6 KANE 74 DPWA 
2035±10 LITCHFIELD 74B DPWA 
2020±30 LITCHFIELD 74C DPWA 
2025±10 LITCHFIELD 74D DPWA 
• • • We do not use the following data for averages, fits, limits, 

2027 to 2057 GOYAL 77 DPWA 
2030 DEBELLEFON 76 IPWA 

E(2030 )  M A S S  

DOCUMENT io TEEN COMMENT 

K N  ~ K N  
K - N ~  N K *  
K N multichannel 
K - n ~  A~ 

K N  ~ h~  
K - p ~  K N  
K p ~  A~T 0 
K - p ~  Z =  
K p ~ A(1520)= 0 
K -  p ~ A(1232)K 
K p ~ A(1820)= 0 
etc. • • • 

K N ~  Z~T 
K p ~  ATr 0 

Z ( 2 0 3 0 )  W I D T H  

VALUE (MeV I DOCUMENT ID TEEN COMMENT 
150 tO 200 OUR ESTIMATE Our b ~ 0  MeV. 
172±10 GOPAL 80 DPWA 
137±40 CORDEN 77B 
190± ]0  GOPAL 77 DPWA 
201± 9 i CORDEN 76 DPWA 
180±20 BAILLON 75 IPWA 
172±15 HEMINGWAY 75 DPWA 
178±13 VANHORN 75 DPWA 
111± 5 KANE 74 DPWA 
160±20 LITCHFIELD 74B DPWA 
200±30 LITCHFIELD 74C DPWA 
• • • We do not use the following data for averages, fits, limits, 

260 DECLAIS 77 DPWA 
126 to 195 GOYAL 77 DPWA 
160 DEBELLEFON 76 IPWA 

70 to 125 LITCHFIELD 74D DPWA 

K N  ~ K N  
K N ~  N K "  
K N multichannel 
K - n - -  A ~ -  
K N  ~ A~ 

K p ~  K N  
K - p ~  ATr 0 
K p ~  ~E= 
K -  p -- A(1520),~ 0 

K p ~ A(1232)K 

etc. • • • 

K N  ~ K N  
K - N ~  ~-:'r 
K p ~  A~ 0 
K p ~ A(1820)= 0 

)-(2030) DECAY M O D E S  

Mode Fraction (Fi /F) 

Ft  N K  17-23 % 

I- 2 A ~  17 23 % 

I- 3 ~- ~ 5 10 % 

1-4 - K  <2 % 

F5 I ( 1 3 8 5 )  ~ 5-15 % 

I- 6 ~E(1385)~T, F-wave 

F7 A(1520);T 10-20 % 

F8 A(1520)  ?T, D-wave 

1-9 A(1520)~T, G-wave 

F lu  A(1232)K lO 20% 

F l l  A ( 1 2 3 2 ) K ,  F-wave 

1-12 A ( 1 2 3 2 ) K ,  H-wave 

F13 N K * ( 8 9 2 )  <5 % 

F14 N K * ( 8 9 2 ) ,  5 = 1 / 2 ,  F-wave 

F15 N K * ( 8 9 2 ) ,  5 - 3 / 2 ,  F-wave 

F16 A(1820)Tr, P-wave 

The above branch ing fract ions are our  est imates, no t  f i ts or averages. 

Z(2030) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r(NR)/rtota, r l / r  
VALUE DOCUMENT (D TEEN COMMENT 
O.17 to 0.23 OUR ESTIMATE 
0.19±003 GOPAL 80 DPWA K N  ~ K N  
0.18=003 HEMINGWAY 75 DPWA K p ~  K N  



See key on page IV.1 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.15 DECLAIS 77 DPWA K N  ~ K N  
0.24±0.02 GOPAL 77 DPWA See GOPAL 80 

(rFf)~/2/rtota~ in N K  -~ T(2030) -~ h~r (Qr2)V2/r 
VALUE DOCUMENT IO TEEN COMMENT 

+0.18 ±0.02 GOPAL 77 DPWA K N  multichannel 
+0.20 ±0.01 1CORDEN 76 DPWA K - n ~  A~; 

V111,111 
Baryon Full Listings 

~(2030), T(2070) 

+0.18 +0,02 BAILLON 75 IPWA K N  ~ A~T 
+0.20 ±0.01 VANHORN 75 DPWA K - p ~  A~T 0 
+0.195±0.053 DEVENISH 74B Fixed-t dispersion rel. 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

0.20 DEBELLEFON 76 IPWA K -  p ~ ATr 0 

(rirf)t/2/rtotal in NK--~  ]E(2030) --* )-Tr (rlr3)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.09 ±0.01 2CORDEN 77c K - n ~  E~T 

--0.06 ±0.01 2CORDEN 77C K n ~  ~Tr 
0.15 ±0.03 GOPAL 77 DPWA K N  multichannel 

-0 .10 ±0.01 KANE 74 DPWA K - p ~  TTr 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

-0 .085±0.02 3 GOYAL 77 DPWA K -  N ~ ETr 

(rirf)t/2/rtotal in N K " - ~  )-(2030) -~ - K  (rlr4)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.023 MULLER 69B DPWA K - p  ~ - K  

<0,05 BURGUN 68 DPWA K p ~ - K 

<0.05 TRIPP 67 RVUE K p ~ - - K  

(rF~)V2/rtota~ in NK- - *  E(2030) --* A(1820)lr, P-wave (r,r~6)V=/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.14±0.02 CORDEN 75B DBE K - n ~  N K T r  

0.18±0.04 LITCHFIELD 74D DPWA K - p  ~ A(1820)Tr 0 

(r;rf)VVrtota, in N K  --* ~(2030) --* A(1520)lr, D-wave (Qrg)'/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

+0.114±0.010 4 CAMERON 77 DPWA K -  p ~ A(1520)~ 0 
0.14 ±0.03 LITCHFIELD 74B DPWA K -  p ~ A(1520)~r 0 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.10 ±0.03 5 CORDEN 75B DBC K -  n ~ N K T r -  

(rirf)V2/rtotal in N K - ~  Z(2030) ~ A(1520)Tr, G-wave ( r l r g ) V 2 / r  
VALUE DOCUMENT ID TEEN COMMENT 

+0.146±0.010 4 CAMERON 77 DPWA K p ~ A(1520)Tr 0 
0,02 ±0.02 LITCHFIELD 74B DPWA K p ~ A(1520)~r 0 

(rirf)l/2/rtotal in N K  --, )-(2030) -~ ZI(1232)K, F-wave (r l r~t)V2/r  
VALUE DOCUMENT ID TEEN COMMENT 

0.16±0.03 LITCHFIELD 74C DPWA K p ~ A(1232)K 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.17±0.03 5 CORDEN 75B DBC K -  n ~ N K ~ r -  

(rirf)l/2/rtotal in N K - - ,  )-(2030) ~ A(1232)K, H-wave (r1F12)1/2/r 
VALUE DOCUMENT ID TEEN COMMENT 

0,00~0.02 UTCHFIELD 74C DPWA K -  p - -  A(1232)K 

(rirf)~121rtota~ in N K  -~ T(2030) -~ )-(1385)~T ( r l r s )~ /2 / r  
VALUE DOCUMENT ID TECN COMMENT 

+0.153±0.026 4 CAMERON 78 DPWA K -  p ~ T(1385)~r 

(rirf)~/2/rtotal in N K  --~ T(2030) --* NK*(892), 5=1/2,  F-wave 

(rlrlJ2/r 
VALUE DOCUMENT tO TECN COMMENT 

+0.06±0.03 4 CAMERON 78B DPWA K -  p ~ N K *  
-0 .02±0.01 CORDEN 77B K -  d ~ N N K *  

(r~r~)V2/rtota~ in N K  --* )-(2030) --* NK*(892), 5=3/2,  F-wave 
(Qrls)3/2/r 

VALUE DOCUMENT ID TEEN COMMENT 

+0.04±0.03 6 CAMERON 78B DPWA K -  p ~ N K *  
0.12±0.02 CORDEN 77B K - d ~  N N K *  

)-(2030) REFERENCES 

GOPAL 80 Toronto Conf 159 (RHEL) IJP 
CAMERON 78 NP B143 189 +Franek, Gopal, Bacon, Butterworth+ (RHEL, LOIC)IJP 
CAMERON 78B NP B146 327 +Franek, Gopal, Kalmus, McPherson+ (RHEL, LOIC)IJP 
CAMERON 77 NP B131 399 +Franek, Gopal, Kalmus, McPherson+ (RHEL, LOI£)IJP 
CORDEN 77B NP B121 365 +Cox, Kenyon, O'Neale, Stubbs, Sumorok+ (BIRM) IJP 
CORDEN 77C NP B125 61 +Cox, Kenyon, O'Neale, Stuhbs, Sumorok+ (BIRM) UP 
DECLAIS 77 CERN 77-16 +Duchon, Louvel, Parry, Seguinot+ (£AEN, CERN)IJP 
GOPAL 77 NP Bl19 362 +Ross, VanHorn, McPherson+ (LOIC, RHEL)IJP 
GOYAL 77 PR D16 2;'46 +Sodhi (DELH) IJP 
CORDEN 76 NP B104 382 +Cox, DartnBI, Kenyon, O'Neale+ (BIRM) IJP 
DEBELLEFON 76 NP B109 129 De Bellefon, Berthon (CDEF) IJP 
BAILLON 75 NP B94 39 +Litchfield (CERN, RHEL)IJP 
CORDEN 75B NP B92 365 +Cox, Dartnell, Kenyon, O'Neale+ (BIRM) IJP 
HEMINGWAY 75 NP Bgl 12 +Eades, Harmsen+ (£ERN, HELD, MPIM) IJP 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 7SB NP B87 157 VanHorn (LBL) IJP 
DEVENISH 74B NP B81 330 +Froggatt, Martin (DESY, NORD, LOUC) 
KANE 74 LBL-2452 (LBL) IJP 
UTCHFIELD 74B NP B74 19 +Hemingway, Baillon+ (CERN, HELD)UP 
LITCHFIELD 74£ NP B74 39 +Hemin&,way, Baillon+ (CERN, HELD) IJP 
LITCHFIELD 74D NP B74 12 +Hemin6way, Baillon+ (£ERN, HELD)IJP 
MULLER 69B UCRL 19372 Thesis (LRL) 
BURGUN 68 NP B8 447 +Meyer, Paul±, Tall±hi+ (SACL, CDEF, RHEL) 
TRIPP 67 NP B3 10 +Leith+ [LRL, SLAC, CERN, HELD, SACL) 
COOL 66 PRL 16 1 2 2 8  +Giacomelli, Kycia, Leontic, Lundby+ (BNL) 
WOHL 66 PRL 17 107 +Solmitz, Stevenson (LRL) IJP 

IT(2070) F151 ' ( ' )  = I(~+) Status: ~< 

OMITTED FROM SUMMARY TABLE 

This state suggested by BERTHON 70B finds support in GOPAL 80 with 
new K -  p polarization and K -  n angular distributions. The very broad state 
seen in KANE 72 is not required in the later (KANE 74) analysis of KN 
T~r. 

)-(2070) MASS 

VALUE (MeV} DOCUMENT ID TEEN COMMENT 

2051±25 GOPAL 80 DPWA K N  ~ K N  
2057 KANE 72 DPWA K - p  ~ TTr 

2070±10 BERTHON 70B DPWA K p ~ T~T 

)-(2070) WIDTH 

VALUE (MeV} DOCUMENT ID TECN COMMENT 

300±30 GOPAL 80 DPWA K N  ~ K N  
906 KANE 72 DPWA K -  p ~ :ETr 
140±20 BERTHON 70B DPWA K - p  ~ TTr 

)-(2070) DECAY MODES 

Mode 

rl N K  

r 2 )-~T 

T(2070) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and £ Resonances, 

r ( N K ) / r t o t a l  q / r  
VALUE DOCUMENT tD TECN COMMENT 

)"(2030) FOOTNOTES 
1 Preferred solution 3; see CORDEN 76 for other possibilities. 
2 The two entries for CORDEN 77c are from two different acceptable solutions. 
3 This coupling is extracted from unnormalized data. 
4 The published sign has been changed to be in accord with the baryon-first convention. 
5An upper limit. 
6The upper limit on the G 3 wave is 0.03. 

0.089:0.03 GOPAL 80 DPWA K N  ~ K N  

(rirf)l/2/rtotal in N K  --* T(2070) --+ TTr ( r l r2 )1 /2 / r  
VALUE DOCUMENT tD TECN COMMENT 

+0.104 KANE 72 DPWA K - p ~  ETr 

+0.12 ±0.02 BERTHON 70B DPWA K -  p ~ ~-Tr 

z(2070) REFERENCES 

GOPAL 80 Toronto Conf. 159 (RHEL) UP 
KANE 74 LBL-2452 (LBL) 
KANE 72 PR D5 1583 (LBL) 
BERTHON 70B NP B24 417 +Vrana, autterworth+ (CDEF, RHEL, SACL)IJP 
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Baryon Full Listings 
E(2080 ) ,  T ( 2 1 0 0 ) ,  ~ ( 2 2 5 0 )  

I T ( 2 0 8 0 )  P131 '(JP) = 1 ( ~ + )  S ta tus :  * >k 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

Suggested by some but  not  all part ia l -wave analyses across th is region. 

~ ( 2 0 8 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2091± 7 1 CORDEN 76 DPWA K n ~ ATr 
2070 to 2120 DEBELLEFON 76 IPWA K p ~ A~ 0 
2120±40 8AILLON 75 IPWA K N  ~ ATr (sol. 1) 
2140±40 BAILLON 75 IPWA K N  ~ A~r (sol. 2) 
2082± 4 COX 70 DPWA See CORDEN 76 
20703_30 LITCHFIELD 70 DPWA K N ~ A= 

$ - (2080 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

186±48 1 CORDEN 76 DPWA K n ~ ATr- 
100 DEBELLEFON 76 IPWA K - p  ~ A= 0 
240±50  BAILLON 75 IPWA K N  ~ ATr (sol. 1) 
200±50  BAILLON 75 IPWA K N  ~ ATr (sol. 2) 

87±20  COX 70 DPWA See CORDEN 76 
250±40  LITCHFIELD 70 DPWA K - N  ~ A =  

] £ (2080 )  D E C A Y  M O D E S  

Mode 

F1 N K  

F2 A~ 

$ - (2080 )  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and ~ Resonances. 

(r#r)'/Vrtota~ in N K - - ~  $- (2080)  --~ A ~  (qr2)'/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

0.10±0.03 1 CORDEN 76 DPWA K -  n ~ A : r -  
- 0 .10  DEBELLEFON 76 IPWA K p ~ A:r 0 

0 1 3 ± 0 . 0 4  BAILLON 75 IPWA K N  ~ A~ (sol. 1 and 
2) 

0.16-+0.03 COX 70 DPWA See CORDEN 76 
-009 -P0 .03  LITCHFIELD 70 DPWA K N ~ A~r 

T ( 2 0 8 0 )  F O O T N O T E S  

1preferred solution 3; see CORDEN 76 for other possibilities, including a D15 at this 
mass. 

T ( 2 0 8 0 )  REFERENCES 

CORDEN 76 NP B104 382 +Cox, OartnelL Kenyon, O'Nea~e+ (BIRM) IJP 
DEBELLEFON 76 NP B109 129 De Bellefon, Berthon (CDEF) IJP 

Also 75 NP B90 1 De Bellefon, Berthon. Brunet+ (CDEF, SACL)IJe 
BAILLON 75 NP B94 39 { Litchfieid (CERN, RHEL)IJP 
COX 70 NP B]9 61 +Islam, Colley+ (BIBM, EDIN GLAS, LOIC) IJP 
LITCHFIELD 70 NP B22 269 (RHEL) IJe 

I E ( 2 1 0 0 )  G 1 7  ] / ( J P )  : 1( 7 ) S ta tus :  * 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

$ - (2100 )  M A S S  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

2060±20 BARBARO-... 70 DPWA K -  p ~ ATr 0 
2120±30 BARBARO ... 70 DPWA K p ~ ~ =  

$ - (2100 )  W I D T H  

DOCUMENT ID TEEN COMMENT 

BARBARO-... 70 DPWA K p ~ ATr 0 

VALUE (MeV~ 

70-1-30 
135±30 BARBARO-... 70 DPWA K p ~ ~ : r  

$ - (2100)  D E C A Y  M O D E S  

Mode 

F 1 N K  

F2 A T  

F 3 $-~, 

T(2100) BRANCHING RATIOS 

See "Sign conventions for resonance couplings" in the Note on A and ~- Resonances. 

(r;rr)i/2/rtota~ in N~ -~ ~(2100) -~  ATr (qr2)'/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

0 0 7 = 0 . 0 2  BARBARO-... 70 DPWA K p ~ A= 0 

(rirf)Lt2/rtota~ in N K  -~  $ - (2100 )  ~ Zlr (rzr3)'/Vr 
VALUE DOCUMENT ID TEEN COMMENT 

+0 .13±0 .02  BARBARO ... 70 DPWA K -  p ~ ]E:r 

$-(2100) REFERENCES 

BARBARO. 70 Duke Conf 173 Barbaro Galtieri (LRL)IJP 

Results f rom part ia l -wave analyses are too weak to warrant  separat ing them 

from the product ion and cross-section exper iments.  LASINSKI 71 in K N  
using a Pomeron + resonances model, and DEBELLEFON 76, DEBELLE-  

FON 77, and DEBELLEFON 78 in energy-dependent  part ia l -wave analyses 
of K N  -~ A~ ,  E = ,  and N K ,  respectively, suggest two resonances around 
this mass. 

$ - (2250)  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2210 tO 2280 OUR ESTIMATE 
2270±50  DEBELLEFON 78 DPWA D 5 wave 
2210±30 DEBELLEFON 78 DPWA G 9 wave 
2275±20 DEBELLEFON 77 DPWA D 5 wave 
2215±20 DEBELLEFON 77 DPWA G 9 wave 
2300±30 1 DEBELLEFON 75B HBC K p ~ _-_40 K 0 

2251:~ ° VAN.OR. 7s DPWA K-p~ ^~0 F5 .... 
2280114 AGUILAR ... 70B HBC K -  p 3.9, 4.6 GeV/c 
2237± 11 BRICMAN 70 CNTR Total, charge exchange 
2255±10 COOL 70 CNTR K p, K d total 
2250/- 7 BUGG 68 CNTR K p, K d total 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2260 DEBI-LLEFON 76 IPWA D 5 wave 
2215 DEBELLEFON 76 IPWA G 9 wave 
2250±20 LU 70 CNTR ?p  ~ K + Y* 
2245 BLANPIED 65 CNTR ?p  ~ K + Y* 
2299± 6 BOCK 65 HBC p p  5.7 GeV/c 



See key on pace IV.1 

VIII.113 

Baryon Full Listings 
E(2250), E(2455) Bumps 

120 ± 40 
80 ± 20 
70 ± 20 
60 ± 20 

130±20 
192 ± 30 
100 ± 20 
164 ± 50 
230:5 20 

} - ( 2 2 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

60 to 150 OUR ESTIMATE Our be~ £~ess ~s 1-~ MeV. 

DEBELLEFON 78 DPWA D 5 wave 
DEBELLEFON 78 DPWA G 9 wave 
DEBELLEFON 77 DPWA D 5 wave 
DEBELLEFON 77 DPWA Gcj wave 

1 DEBELLEFON 75B HBC K -  p ~ - * 0  K 0 
VANHORN 75 DPWA K -  p ~ A~ 0, F 5 wave 
AGUILAR-,.. 70B HBC K -  p 3.9, 4.6 GeV/c  
BRICMAN 70 CNTR Total, charge exchange 
BUGG 68 CNTR K -  p, K d total 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

i00 DEBELLEFON 76 IPWA D 5 wave 
14-0 DEBELLEFON 76 IPWA G 9 wave 
110 COOL 70 CNTR K - p , K - d t o t a l  

1:25 LU 70 CNTR "rP ~ K + Y*  
150 BLANPIED 65 CNTR " fp  ~ K + Y *  

21 + 17 BOCK 65 HBC # p  5.7 GeV/c  
21 

} - ( 2 2 5 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / r )  

r l  N K  <10 % 

r 2 A / r  seen 

r 3 $"7r seen 

[-4 NK-Tr 

r 5 - ( 1 5 3 0 )  K 

T h e  above branch in i~  f rac t i ons  are o u r  es t imates ,  no t  f i ts  or averages.  

} - ( 2 2 5 0 )  B R A N C H I N G  R A T I O S  

See "Sign conventions for resonance couplings" in the Note on A and T Resonances. 

r (NK--) Irtota, r l l r  
VALUE DOCUMENT ID TECN COMMENT 
<0.1 OUR ESTIMATE 

0.08±0.02 DEBELLEFON 78 DPWA D 5 wave 
0.024_0.01 DEBELLEFON 78 DPWA G 9 wave 

( J + ½ ) x r ( N K - ) / r t o t a i  r l / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

0 .16±0.12 BRICMAN 70 CNTR Total, charge exchange 
0.42 COOL 70 CNTR K -  p, K -  d total 
0.47 BUGG 68 CNTR 

( r i r r ) ~ / 2 / r t o t a l  in  N K  ~ } - ( 2 2 5 0 )  -~  ATr (rlr2)~/2/r 
t, ALUE DOCUMENT ID TECN COM__MENT 

0.16±0.03 VANHORN 75 DPWA K p ~ ATr 0 '  F 5 wave 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 0.11 DEBELLEFON 76 IPWA D 5 wave 
--0.10 DEBELLEFON 76 IPWA G 9 wave 
--0.18 BARBARO ... 70 DPWA K -  p ~ ATr 0, G 9 wave 

(rirf)l/2/rtota, in N K  - -  } - ( 2 2 5 0 )  --* TTr (rlr3)V2/r 
VALUE DOCUMENT ID TEEN COMMENT 

+0 .06±0 .02  DEBELLEFON 77 DPWA D 5 wave 
0.03±0.02 DEBELLEFON 77 DPWA G 9 wave 

+0.07 BARBARO ... 70 DPWA K -  p ~ ~E~, G 9 wave 

r(NK~/r(}-Tr) Q/r3 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.18 BARNES 69 HBC 1 standard dev. l imit 

r(A.) /r(}-~) r2/r3 
VALUE DOCUMENT ID TEEN COMMENT 

e • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.18 BARNES 69 HBC i standard dev. l imit 

(I-irf)V2/rtotal in  N K - - *  } - ( 2 2 5 0 ) - - *  - ( 1 5 3 0 ) K  (rlrs)V=/r 
VALUE DOCUMENT ID TEEN COMMENT 

0.18±0.04 1 DEBELLEFON 75B HBC K p ~ --*0 K 0 

} - ( 2 2 5 0 )  R E F E R E N C E S  

DEBELLEFON 78 NC 42A 403 De Bellefon, Berthon, Billoir+ (CBEF, SACL)UP 
DEBELLEFON 77 NC 37A 175 De Bellefon, Berthon, Billoir+ (CDEF, SACL)IJP 
DEBELLEFON 76 NP B109 129 De Bellefon, Berthon (CDEF) IJP 

Also 75 NP Bg0 2 De Bellefon, Berthon, Brunet+ (CDEF, SACL)IJP 
DEBELLEFON 75B NC 28A 289 De Bellefon, Berthon, 8illoir+ (CDEF. SACL) 
VANHORN 75 NP B87 ]45 (LBL) IJP 

Also 75B NP B87 157 VanHorn (LBL) IJP 
LASINSKI 71 NP B29 125 (EFI) IJP 
AGUILAR-... 70B PRL 25 58 Aguilar-Benitez, Barnes, Bassano+ (BNL, SYRA) 
BARBARO ... 70 Duke Conf. 173 Barbarc~Galtieri (LRL) IJP 
BRICMAN 70 PL 3tB 152 +Ferro-Luzzi, Perreau+ (CERN, CAEN, $ACL) 
COOL 70 PR D1 1887 +Giacemelli, Kycia, Leontic, Li+ (BNL)~ 

Also 66 PRL 16 1228 Cool, Giacomelli, Kycia, Leontic, Lundby+ (BNL) I 
LU 70 PR D2 1846 +Greenberg, Hushes, Minehart, Mori+ (YALE) 
BARNES 69 PRL 22 479 +Flaminio, Montanet, Samios+ (BNL, SYRA) 
BUGG 68 PR 168 1466 +Gilmore, Knight+ (RHEL, BIRM, CAVE) I 
BLANPIED 65 PRL 14 741 +Greenberg, Hughes, Kitchin•, Lu+ (YALE, CEA) 
BOCK 65 PL 17 166 +Cooper, French, Kinson+ (CERN, SACL) 

I K(2455) Bumps I , ( J ~ )  = I ( ? ? )  S ta tus :  * *  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

There is also some s l ight  evidence for Y *  states in th is mass region f rom the 

reaction "1P ~ K + X - - s e e  GREENBERG 68. 

} - ( 2 4 5 5 )  M A S S  

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2455±10 ABRAMS 70 CNTR K - p ,  K - d t o t a l  
2455± 7 BUGG 68 CNTR K -  p, K d total 

} - ( 2 4 5 5 )  W I D T H  

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

140 ABRAMS 70 CNTR K -  p, K -  d total 
100:520 BUGG 68 CNTR 

} - ( 2 4 5 5 )  D E C A Y  M O D E S  

Mode 

r l  N K  

} - (2455)  B R A N C H I N G  RATIOS 

(J+½lxr(N~)/rtota, r l / r  
VALUE DOCUMENT ID TECN COMMENT 

0.39 ABRAMS 70 CNTR K -  p, K -  d total 
0 .05±0.05 1 BRICMAN 70 CNTR Total, charge exchange 
0.3 BUGG 68 CNTR 

T ( 2 4 5 5 )  F O O T N O T E S  

1 Fit of total cross section given by BRICMAN 70 is poor in this region. 

T ( 2 4 5 5 )  R E F E R E N C E S  

ABRAMS 70 PR DI 1917 +Cool, Giacomelli, Kyda, Leontic, Li+ (BNL) I 
Also 67E PRL 19 678 Abrams, Cool, Giacomelli, Kycia, Leonti¢+ (BNL) 

BRICMAN 70 PL 31B ]52 +Ferro-Luzzi, Perreau+ (CERN, CAEN, SACL} 
BUGG 68 PR 168 1466 +Gilmore, Knight+ (RHEL, BIRM, CAVE) I 
GREENBERG 68 PRL 20 221 +Hughes, Lu, Minehart+ (YALE) 

T ( 2 2 5 0 )  F O O T N O T E S  

1Seen in the (init ial and final state) D 5 wave. Isospin not determined. 
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Baryon Full Listings 
)--(2620) Bumps, )--(3000) Bumps, )--(3170) Bumps 

IT(2620) Bumps I sta u : * *  

OMITTED FROM SUMMARY TABLE 

T(2620) MASS 

VALUE (MeV~ DOCUMENT ID TEEN COMMENT 

2542±22 DIBIANCA 75 DBE K -  N ~ _=KTr 
2620i15 ABRAMS 70 CNTR K p, K d total 

T(2620) WIDTH 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 

221±81 DIBIANCA 75 DBC K N ~ =KTr  

175 ABRAMS 70 CNTR K p, K d total 

E(2620) DECAY MODES 

Mode 

r l  N K  

Z(2620) BRANCHING RATIOS 

(J+½)xr (NK-K) / r to ta  I r l / r  
VALUE DOCUMENT ID TECN COMMENT 

032 ABRAMS 70 CNTR K -  p, K -  d total 
036±0.12 BRICMAN 70 CNTR Total, charge exchange 

~(2620) REFERENCES 

DIBIANCA 75 NP B98 137 +Endorf (CMU) 
ABRAMS 70 PR D1 1917 +Cool Giacomelfi, Kycia, Leondc, Li+ (BNL) I 

Also 67E PRL 19 678 Abrams, Cool Giacomefli, Kycia, Leontic+ (BNL) 
BRICMAN 70 PL 31B 152 +Ferrc~Luzzi, Pe.eau+ (CERN, CAEN, SACL) 

I :E(3000) Bumps I ,<.~) = 1(? 7) Status: * 

OMITTED FROM SUMMARY TABLE 

Seen as an enhancement in ATr and KN invariant mass spectra and in the 
missing mass of neutrals recoiling against a K 0. 

T(3000) MASS 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

3000 EHRLICH 66 HBC 0 7r p 7.91 GeV,/c 

Z(3000) DECAY MODES 

Mode 

F1 N K  
F2 A~ 

ASTON 
AMIRZADEH 

Z(3000) REFERENCES Also 

EHRLICH 66 PR 152 1194 +Se~ove, Yuta (PENN)I 

Iz(3170) Bumps I = Status: * 
OMITTED FROM SUMMARY TABLE 

Seen by AMIRZADEH 79 as a narrow 6.5-standard-deviation enhancement in 
the reaction K - p  ~ y * t  7r- using data from independent high statistics 
bubble chamber experiments at 8.25 and 6.5 GeV/c. The dominant decay 
modes are multibody, multistrange final states and the production is via 
isospin-3/2 baryon exchange. Isospin 1 is favored. 

Not seen ina K p experiment in LASS at 11GeV/c(ASTON 85B). 

T(3170) MASS 
(PRODUCTION EXPERIMENTS) 

VALUE IMeV) E V T 5  DOCUMENT ID TEEN COMMENT 

31709-5 35 AMIRZADEH 79 HBC K p ~ Y*+  = -  

T(3170) WIDTH 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVT5 DOCUMENT IO TEEN COMMENT 

<20 35 1AMIRZADEH 79 HBC K - ~ - ~  Y * + ~  

E(3170) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

Mode 

Ft AKKcr 's 
F2 Z KK~r'S 
r 3 - K ~ ' s  

T(3170) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

F(A K B~Tr's)/rtotal q / r  
VALUE DOCUMENT ID TEEN COMMENT 

seen AMIRZADEH 79 HBC K - ~ - ~  Y * + T r -  

r (E K K-Tr's)/Ftota I F2/F 
VALUE DOCUMENT ID TEEN COMMENT 

seen AMIRZADEH 79 HBC K-  p ~ Y*+ 7r 

r (_-- K ~'s) / Ftotal F3/F 
VALUE DOCUMENT ID TEEN COMMENT 

seen AMIRZADEH 79 HBC K p ~ Y * +  

Z(3170) FOOTNOTES 
(PRODUCTION EXPERIMENTS) 

1 Observed width consistent with experimental resolution. 

T(3170) REFERENCES 
(PRODUCTION EXPERIMENTS) 

85B PR D32 2270 , Carnegie 
79 PL 89B 125 
80 Toronto Conf 263 Kinson* 

[SLAC, CARL, CNRC ClNC) 
(BIRM, CERN, GLAS, MSU, LPNP, CAM8+)I 

(BIRM, CERN, GLAS, MSU. LPNP) I 



See key on page IV.1 

- BARYONS 
( S =  -2 ,  I =  1/2) 

- - 0  = U S S ,  - - -  = d s s  

I ' ~  I(JP) = ½(½+) 

The pari ty has not  ac tua l ly  been measured, but  + is of course expected. 

- 0  M A S S  

VALUE (MeV) EVT5 DOCUMENT ID TEEN 
1314.9=1=0.6 OUR FIT 
1314.8=1=0.8 OUR AVERAGE 
1315.2±0.92 49 WILQUET 72 HLBC 
1313.4±1.8 1 PALMER 68 HBC 

=- _ =0 MASS DIFFERENCE 

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
6.44-0.6 OUR FIT 
6.3=1:0.7 OUR AVERAGE 
6 .9±  2.2 29 LONDON 66 HBC 
6.13_0.9 88 PJERROU 65B HBC 
6 .8±1 .6  23 JAUNEAU 63 FBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

6 .1±1.6  45 CARMONY 64B HBC See PJERROU 65B 

_o MEAN LIFE 

VALUE (10 10 s) EVTS DOCUMENT ID TECN COMMENT 
2.90d:0.09 OUR AVERAGE 
2.83±0.16 6300 1 ZECH 77 SPEC Neutral hyperon beam 

+0.21 2 8 8 _ 0 . 1 9  652 BALTAY 74 HBC 1.75 GeV/c  K p 

+0.32 157 2 MAYEUR 72 HLBC 2.1 GeV/c K -  2.90 0.27 

3 0 7 + 0 2 2  • " 0.20 340 DAUBER 69 HBC 

3.0 ±0 .5  80 PJERROU 65B HBC 

2.5 + 0 4  - 0 . 3  101 HUBBARD 64 HBC 

3.9 +1 .4  24 JAUNEAU 63 FBC 0 8  

II 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

3.5 +1.0  45 CARMONY 64B HBC See PJERROU 658 0.8 

1The ZECH 77 result is T_= 0 = [2.77 (T A 2 .69) ]x10  - 1 0  s, in which we use T A = 

2.63 × 10 10 s. 
2The MAYEUR 72 value is modified by the erratum. 

E ° MAGNETIC MOMENT 

See the Note on Baryon Magnetic Moments in the A Listings. 

VALUE ClaN) EVT5 DOCUMENT ID TEEN 
--1.2504-0.014 OUR AVERAGE 
- 1 . 2 5 3 ± 0 . 0 1 4  270k COX 81 SPEC 

1.20 ±0 .06  42k 8UNCE 79 SPEC 

r- 1 

i- 2 

F3 

F4 

F5 

I- 6 

F7 
F8 

F9 

F to  P # -  ~,u 

- 0  D E C A Y  MODES 

Mode Fraction ( r i / F )  Confidence level 

ATr 0 I00 % 

A ?  ( 1.063_0.16) x 10 3 

~ -07  ( 3.6 ±0 .4  ) x i0  - 3  

Z +  e - ~ e  < 1.1 x l 0  3 90% 

~-+/I- ~ < i.I x 10 -3 90% 

A S  = A Q  ( S Q )  or A S  = 2 ( A S )  v i o l a t i n g  modes 

T- e + re SO < 9 x 10 -4 90% 

} - -  t~+  b'# 5 Q  < 9 x 10 - 4  90% 

p i t  AS < 4 x 10 5 90% 

pe ~Xe AS < 1.3 x i0  3 

AS < 1.3 × i0  3 
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__-0 BRANCHING RATIOS 

EVT5 DOCUMENT tO TECN 

F(A~')/F(A~ °) r u r l  
VALUE (unitS lO 3) COMMENT 

1.06:hO.12:EO.11 116 JAMES 90 SPEC FNAL hyperons 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

5 3-5 1 YEH 74 HBC Effective denom.=200 

F(Z%)/F(A~ °) r3/rl 
VALUE (units 10 -3)  CL% EVT5 DOCUMENT ID TEEN COMMENT 

3.56-1-0.42+0.10 85 TEIGE 89 SPEC FNAL hyperons 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

< 8 90 BENSINGER 88 MPS2 K -  W 6 GeV/c  
<65 90 0-1 YEH 74 HBC Effective de- 

nom.=60 

r(Z+e-~e)/r(A~°) r d r l  
VALUE (units 10 3) EL% EVTE DOCUMENT ID TEEN COMMENT 

< 1.1 90 0 YEH 74 HBC Effective denom.=2100 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 15  DAUBER 69 HBC 
< 7 HUBBARD 66 HBC 
<13 TICHO 63 HBC 

r (z+#-~.) / r (A~ °) rE/r1 
VALUE (units io -3) EL% EVT5 DOCUMENT ID TEEN COMMENT 

<1.1 90 0 YEH 74 HBC EfFective denom.=2100 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.5 DAUBER 69 HBC 
<7 HUBBARD 66 HBC 

r ( z -  e + ve ) I r  (A~ °) r 6 / r l  
Test of AS = A Q  rule. 

VALUE (units 10 3) CL % EVTS DOCUMENT ID TECN COMMENT 

<0.9 90 0 YEH 74 HBC EfFective denom.=2500 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.5 DAUBER 69 HBC 
<6 HUBBARD 66 HBC 

r(~--~+~.)Ir(A~ °) r u r l  
Test of AS = A Q  rule. 

VALUE (units 10 -3 ) CL% EVT5 DOCUMENT ID TEEN COMMENT 

<0.9 90 0 YEH 74 HBC Effective denom.=2500 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<1.5 DAUBER 69 HBC 
<6 HUBBARD 66 HBC 

F(p~T-) /F(A/r0)  Fs/F1 
A5=2. Forbidden in first order weak interaction. 

VALUE (units lO -5 ) EL% EVTS DOCUMENT ID TECN COMMENT 

< 3.6 90 GEWENIGER 75 SPEC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 180 90 0 YEH 74 HBC Effective denom.=1300 
< 90 DAUBER 69 HBC 
< 500 HUBBARD 66 HBC 
<2700 TICHO 63 HBC 

F(pe -  ~e)/r(ATr °)  rg/rl 
AS=2.  Forbidden in first-order weak interaction. 

VALUE (units 10 3) EL% EVT5 DOCUMENT ID TEEN COMMENT 

< 1.3 DAUBER 69 HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 3.4 90 0 YEH 74 HBC Effective denom.=670 
< 6 HUBBARD 66 HBC 
<27 TICHO 63 HBC 

r(P.-~.)Ir(A~°) r lolr l  
A5=2. Forbidden in first-order weak interact•oil. 

VALUE (units io 3) EL% EVTS DOCUMENT IO TEEN COMMENT 

<1.3 DAUBER 69 HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.5 90 0 YEH 74 HBC EFFective dehorn.=664 
<6  HUBBARD 66 HBC 
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E ° DECAY P A R A M E T E R S  

See the Note on Baryon Decay Parameters in the neutron Listings. 

~(~o) ~_(A) 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
--0.264±0.013 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram 

below. 
0.260±0004±0.005 300k HANDLER 82 SPEC FNAL hyperons 
0.317±0027 6075 BUNCE 78 SPEC FNAL hyperons 
0.35 ±0.06 505 BALTAY 74 HBC K p 1.75 

GeV/c 
-. 0,28 ±0.06 739 DAUBER 69 HBC K -  p 1.7-2.6 

GeV/c 

WEIGHTED AVERAGE 
-0 .264  = O.O13 (Error scaled by 2.1) 

f 

- 0 . 3 5  - 0 . 3 0  

v 

/ 

X 2 

. . . . . . .  HANDLER 82 SPEC 0.4 
~ . . . . . . . .  BUNCE 78 SPEC ! i  
,T//J . . . . . . . .  BALTAY 74 HBC 

/ - • DAUBER 69 HBC . 

(Confldence Level : O.0951 

-0 .25 -0 .20  -0.15 

D I(jP) : 1 1~  ~(~ ) 

The parity has not actually been measured, but ~ is of course expected. 

We have omitted some results that  have been superseded by later exper- 

iments. The omitted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

E -  MASS 

VALUE [MeV/ EVT5 

1321.32=1:0.13 OUR FIT 
1321.3440.14 OUR AVERAGE 

DOCGMEtVT ID TEEN COMMENT 

1321.46±0.34 632 DIBJANCA 75 DBC 4.9 GeV/c K -  d 
]32112±0.41 268 WILQUET 72 HLBC 
132187±0.51 195 1 GOLDWASSER70 HBC 5.5 GeV/c K- p 
132167±052 6 CHIEN 66 HBC 6.9 G e V / c p p  

13214 ±1 1 299 LONDON 66 HBC 
13213 ±0.4 149 PJERROU 65B HBC 
1321 l ±0  3 241 2 BADIER 64 HBC 
13214 ±0.4 517 2 JAUNEAU 63D FBC 
13211 ±0,65 62 2 SCHNEIDER 63 HBC 

1GOLDWASSER 70 uses re(A) = 1115.58 MeV. 

2These masses have been increased 0.09 MeV because the A mass ir~creased. 

_ = +  MASS 

VALUE (MeV~ EVTS DOCUMENT ID TEEN COMMENT 
1 3 2 1 . 3 2 ~ O . 1 3  OUR FIT 
1 3 2 1 . 2 0 : t : 0 . 3 3  O U R  A V E R A G E  

1 3 2 1 6  ± 0 . 8  35 V O T R U B A  72 HBC 10 G e V / c  K + p 
13212 ±0.4 34 STONE 70 HBC 

132069±0.93 5 CHIEN 66 HBC 6.9 G e V / c # p  

.(z°),, (A) 

FOR Z ° ~ A~r ° 

The above average, ~(_0)<z (A) : 0 264 ± 0.013, where the error includes a scale 
factor of 21, divided by our current average ~ CA) = 0.642 ± 0,013, gives the following 
value for ~(--0). 

VALUE DOCUMENT ID 
0.411±0.022 OUR EVALUATION Error includes scale factor of 2.1. 

ANGLE FOR _-0 ~ ATr 0 ( tan¢  = fl/,j 
VALUE ~ )  EVTS DOCUMENT ID TEEN COMMENT 

21~ 12 OUR AVERAGE 
16±17 652 BALTAY 74 HBC 1.75 GeV,,'c K p 
38±19 739 3 DAUBER 69 HBC 

8±30 146 4 BERGE 66 HBC 

3DAUBER 69 uses ~A = 0.647 ± 0020. 

4 The errors have been multiplied by 1.2 due to approximations used for the - polarization; 
see DAUBER 69 for a discussion. 

FOR E ° ~ Aft 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

+0.43±0.44 87 JAMES 90 SPEC FNAL hyperons 

(~ F O R E  ° ~ E°"f 
VALUE EVT5 DOCUMENT ID TEEN COMMENT 

+0.20:t:0.32:!-0.05 85 TEIGE 89 SPEC FNAL hyperons 

REFERENCES FOR_ --0 

JAMES 90 PRL 64 843 -Hefler, Border, Dworkin- (MINN, MICH, WISC, RUTG) 
TEIGE 89 PRL 63 2717 -Beretvas, Caracappa, Devlin+ (RUTG, MICH. MINN) 
BENSINGER 88 PL B215 195 fFortner, Kitsch, Piekarz+ (BRAN, DUKE, NDAM, SMAS) 
HANDLER 82 PR D0S 839 ~G;obel. Pondl~m+ (WIBC, MICH, MINN, RUTG} 
COX 81 PRL 46 877 , Dworkin~ (MICH, WISE. RUTG. MINN. BNL) 
BUNCE 79 PL 86B 386 -Overseth Cox+ (BNL, MICH, RUTG WISC) 
BUNCE 78 PR DI8 633 .Handler, March, Martin- (WISE, MICH, RUTG) 
ZECH 77 NP B124 413 .Dydak, Navarria* (SIEG, CERN, DORT, HELD) 
GEWENIGER 75 PL 57B 193 -Gjesdal, Presser~ (CERN. HEIO) 
BALTAY 74 PR D9 49 -BridGewater. Cooper, Gershwin, (COLU, BING) J 
YEH 74 PR D10 3545 +Gaigalas, Smith, Zendle, Baltay- (BING, COLU) 
MAYEUR 72 NP B47 333 +VanBinst. Wilquet* (BRUX, CERN TUFT LOUC) 

Also 73 NP BS3 268 erratum M~yeur 
WILQUET 72 PL 42B 372 +Fliagine, Guy4 (BRUX, CERN, TUFT, LOUC) 
DAUBER 69 PR 179 1262 eBerge, Hubbard, Merrill, Miller (LRL) 
PALMER 68 PL 26B 323 tRadojicic, Ram Richardson+ (BNL, SYRA] 
BERGE 66 PR 147 945 ~Eberhard, Hubbard, Merrill- (LRL) 
HUBBARD 66 UCRL 11510 Thesis (LRL) 
LONDON 66 PR 143 1034 *Rau. Goldber 6 Lkhtrnan4 (BNL SYRA) 
RJERROU 65B PRL 14 275 +Schlein, Slate< SmBh Stork, T~cho lUCiA) 

Also 65 Thesis ejerrou [UCLA) 
CARMONY 64B PRL 12 482 +Pjerrou. SchlebJ, S~ater. Stork- iUCLA 
HUBBARD 64 PR 135B 183 t Berge. Kalbfleisch Shafer- (LRLI 
]AUNEAU 63 PL 4 49 - IEPOL CERN, [ OLIE, RHEL BERG/ 

Also 63C Siena Eonf 1 1 Jauneau. (EPOL, CERN, LOUC, RHEL. BERG) 
TICHO 63 BNL Eonf 4]0 {UCLA) 

- -  MEAN LIFE 

Measurements with an error > 02 x 10 10 s or with systematic errors not included 
have been omitted. 

VALUE [10 10 s) EVTS DOCUMENT IO TEEN COMMENT 
1.639~0.015 OUR AVERAGE 
1.652=0.051 32k BOURQUIN 84 SPEC Hyperon beam 
t665mO065 41k BOURQUIN 79 SPEC Hyperon beam 
1609=0.028 4286 HEMINGWAY 78 HB£ 4,2 G e V / c  K -  p 

1 67 ± 0 0 8  DIBIANCA 75 DBC 4,9 GeV,'c K -  d 
163 m003 4303 BALTAY 74 HBC 1.75 GeV/c K -  p 
! 73 + 0 0 8  -0.07 680 MAYEUR 72 HLBE 2.1 GBV/'c K 

i 61 m0.04 2610 DAUBER 69 HBC 
1.80 m016 299 LONDON 66 HBC 
1 70 ~ 0 1 2  246 PJERROU 65B HBC 
1.69 ~0.07 794 HUBBARD 64 HBC 

1.86 +015 014 517 JAUNEAU 63D FBC 

~+_ M E A N  LIFE 

VALUE i10 10 s) EVT5 DOCUMENT ID TEEN COMMENT 

1.6 i 0 . 3  34 STONE 70 HBC 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

4 0.35 3 
1 55 0.20 35 VOTRUBA 72 HBC I0 GeV,'c K ~ p 

1 9 + 07 3 05 12 SHEN 67 HBC 

i 51±0 55 5 3 CHIEN 66 HBC 6.9 GeV,'c # p  

3 The error is s tat is t ical  Oflty. 

- -  M A G N E T I C  M O M E N T  

See the Note on Baryon Magnetic Moments M the A Listings. 

VALUEOIN) EVT5 UOCUMENT ID TEEN COMMENT 
-0.679±0.031 OUR AVERAGE 

0661±0.036±0.036 44k TRUST 89 SPEC Z ~ 250 GeV/c 
069 ± 0 0 4  2181< R A M E I K A  84 SPEC 400 GeV pBe 

• • • We do not use the followMg data for averages, fits, limits, etc. • • • 

21 ! 0.8 2436 COOL 74 OSPK 1.8 GeV,,c K p 
01 i 2.I 2724 B/NGHAM 70B OSPK 1.8 GeV,,c K p 
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Mode 

- - -  D E C A Y  M O D E S  

Fraction ( r i / r )  Confidence level 

F I  A~-- 

F: 2 Z 7 
r3  Ae ~e 
F¢ A / z - ~  

F 5 )'-0 e -  ~ e 
F 5 T 0 #  ~ 

F l _--0 e -  t/e 

F B n / r -  

F 9 ne ~e 
FIe n # - ~ #  
FI1 pTr 7r 

Ft2 p ~  e Ue 

r t 3  pTr # z/~, 

100 % 
( 2 . 3 ± 1 . 0 )  x 10 . 4  

( 5.5±0.3) × 10 - 4  

( 3.5±3.5) × 10 - 4  

( 8 . 7 ± 1 . 7 )  × 10 5 

< 8 x 10 - 4  90% 

< 2.3 x 10 - 3  90% 

A 5  = 2 ( A S )  v i o l a t i ng  modes 

AS < 1.9 x i0 -5  90% 

AS < 3.2 x i0 -3 90o/0 

AS < 1.5 %0 90% 

AS < 4 x i0 -4  90% 

A5 < 4 x 10 -4  90% 
A5 < 4 x i0  4 90% 

- -  B R A N C H I N G  R A T I O S  

A number of early results have been omitted. 

r(z-~)/r(A~-) 
V_ALUE {units lO 4) EVT5 

2.274-1.02 9 

r(Ae-Ve)/F(ATr-) 
V_ALUE (units i0 3) EVT5 
0 . 5 5 0 4 - 0 . 0 3 0  O U R  A V E R A G E  

0.564 4- 0.031 2857 
0.30 ±0.13 11 

F(A/~-~.)IF(A~-) 
V_ALUE {units 10 -3 ) EL% EVT5 

0 . 3 5 4 - 0 . 3 5  1 

r 2 / r l  

BIAGI 87B SPEC SPS hyperon beam 

F3/F1 

DOCUMENT ID TECN COMMENT 

BOURQUIN 83 SPEC SPS hyperon beam 
THOMPSON 80 ASPK Hyperon beam 

r4/rl 
DOCUMENT ID TECN COMMENT 

YEH 74 HBC Effective denom.=2859 
• • • We do not use the following data for averages, fits, limits, etc. J • • 

<: 23 90 0 THOMPSON 80 ASPK Effective denom.=1017 
< 1.3 DAUBER 69 HBC 
<:12 BERGE 66 HBC 

r(z °e- ~e)Ir(A~-) rBlrl 
V_ALUE {units 10 -3 ) EVT5 DOCUMENT /D TECN COMMENT 

0.087+0.017 154 BOURQUIN 83 SPEC SPS hyperon beam 

r(z°/~-~.)/r(ATr -) r6/rl 
VALUE (units 10 -3) CL% EVTS DOCUMENT ID TECN COMMENT 

<:0.76 90 0 YEH 74 HBC Effective denom.=3026 
I I I We do not use the following data for averages, fits, limits, etc. • • • 

<5 BERGE 66 HBC 

[F(Ae-Pe) + r(Z°e-~el]/r(A~ -) (r3+rs)/rl 
V_ALUE {units i0 3) EVTS DOCUMENT ID TECN COMMENT 

• = ! We do not use the following data for averages, fits, limits, etc. • • = 

0.651±0.031 3011 4 BOURQUIN 83 SPEC SPS hyperon beam 
0.68 ±0.22 17 5 DUCLOS 71 OSPK 

4See the separate BOURQUIN 83 values for r (Ae  ~ e ) / r ( A , r - )  and r ( k - 0 e - ~ e ) /  
F(A~T ) above. 

5 DUCLOS 71 cannot distinguish Z 0's from A's. The Cabibbo theory predicts the Z 0 rate 
is about a factor 6 smaller than the A rate. 

r(-°e-~e)Ir(A~ -) rT/rl 
V_ALUE {units 10 3) CL% EVTS DOCUMENT ID TECN COMMENT 

<2.3 90 0 YEH 74 HBC Effective denom.=1000 

r(mr-)/r(ATr-) FB/Q 
AS=2. Forbidden in first-order weak interaction. 

VALUE (units 10 -3 ) EL% EVT5 DOCUMENT ID TEEN COMMENT 

<:0.019 90 BIAGI 82B SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<:3.0 90 0 YEH 74 HBC Effective denom.=760 
<:1,1 DAUBER 69 HBC 
<:5.0 FERRO-LUZZI 63 HBC 

r(oe-~e)/r(A~-) rg/rl 
AS=2.  Forbidden in first-order weak interaction. 

VALUE (units 10 .3 ) CL% EVT5 DOCUMENT ID TECN COMMENT 

<: 3.2 90 0 YEH 74 HBC Effective denom.=715 
• • • We do not use the following data for averages, fits, limits, etc. • • * 

<:10 90 BINGHAM 65 RVUE 

V111.117 

Listings 
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- - -  D E C A Y  P A R A M E T E R S  

See the Note on Baryon Decay Parameters in the neutron Listings. 

~(--)~_(A) 
VALUE EVTS DOCUMENT ID TECN COMMENT 
~3=EO.0B7 O U R  A V E R A G E -  ~rror includ~es ~ fa~or of 1.8. See the ideogram 

below. 
0.303±0.004±0,004 192k RAMEIKA 86 SPEC 400 GeV pBe 
0.257±0.020 11k ASTON 85B LASS 11 GeV/c K -  p 
0.260±0.017 21k BENSINGER 85 MPS 5 GeV/c K -  p 

-0.2994-0.007 150k BIAGI 82 SPEC SPS hyperon 
beam 

0.315±0.026 9046 CLELAND 80c ASPK BNL hyperon 
beam 

-0.23910.021 6599 HEMINGWAY 78 HBC 4.2 GeV/c K -  p 
-0 .243+0.025 4303 BALTAY 74 HBC 1.75 GeV/c 

K p 
-0 .252±0.032 2436 COOL 74 OSPK 1.8 GeV/c  K p 
-0 .253±0.028 2781 DAUBER 69 HBC 

WEIGHTED AVERAGE 
-0 .293  ± 0 .007  (Error scaled by  1.8) "--~+ 

X 
. . . . . . . . . . . . .  RAMEIKA 86 SPEC 3.4 

I . . . . . .  ASTON 85B LASS 3.2 
I . . . . . .  BENSINGER 85 MPS 3.7 

. . . . . . . . . . . . .  BIAGI 82 SPEC 0.9 

. . . . . . . . . . . . .  CLELAND B0C ASPK 0.8 
I - • - HEMINGWAY 78 HBC O.5 

I 1  I • . • BALTAY 74 HBC 3.9 - - - COOL 74 OSPK 1.6 
. . . .  DAUBER 69 HBC 2.0 

, I ~ (Conf!dence Level = O.OO1) 

- 0 . 3 5  - 0 . 3 0  -O.25 -O.20 

~(---- )~ (A) 

a F O R E -  --* ATr -  
The above average, a(E ) ~x_(A) = -0.293 ± 0.007, where the error includes a 
scale factor of 1.8, divided by our current average ~_ (A) = 0.642 ± 0.013, gives the 
following value for ~ { - - - ) .  

VALUE DOCUMENT ID 
--0.456±0.014 OUR EVALUATION Error includes scale factor of 1.8. 

A N G L E  FOR - - -  -~  ATr -  ( tan@ = / ~ / ' y )  
VALUE (o) EVT5 OOCUMENT ID TECN COMMENT 

4 4- 4 OUR AVERAGE 
5 ±10 11k ASTON 85B LASS K - p  

14.7± 16.0 21k 6 BENSINGER 85 MPS 5 GeV/c K -  p 
11 ± 9 4303 BALTAY 74 HBC 1.75 GeV/c K -  p 

5 ± 16 2436 COOL 74 OSPK 1.8 GeV/c K -  p 
- 2 6  ±30 2724 BINGHAM 70B OSPK 
- 1 4  ±11 2781 DAUBER 69 HBC Uses c~ A = 0.647±0.020 

0 ±12 1004 7 BERGE 66 HBC 
0 ± 2 0 A  364 7 LONDON 66 HBC Using ~A = 0.62 

54 ±30 356 7 CARMONY 64B HBC 

6 BENSINGER 85 used c~ A = 0.642 ± 0.013. 

7The errors have been multiplied by 1.2 due to approximations used for the _= polarization; 
see DAUBER 69 for a discussion. 

r(.~- ~)/ r (A~-)  rl0/rl 
/ ' ,5=2. Forbidden in first-order weak interaction. 

VALUE (unit510 3) CL% EVT5 DOCUMENT ID TECN COMMENT 

<15.3 90 0 YEH 74 HBC Effective denom.-150 

r(p~-~-)/r(A~-) ru / r l  
/',5--2. Forbidden in first-order weak interaction. 

VALUE (units l0 4) CL% EVTS DOCUMENT ID TECN COMMENT 

<3.7 90 0 YEH 74 HBC Effective denom. 6200 

r(p~- e-~e)/r(A~-) r12/r1 
/ ' ,5=2. Forbidden in first-order weak interaction. 

VALUE {units 10 4) CL% EVT5 DOCUMENT ID TECN COMMENT 

<3.7 90 0 YEH 74 HBC Effective dehorn.-6200 

r(p~-~-~.)/r(M-) rls/rl 
/ ' ,5=2. Forbidden in first-order weak interaction. 

VALUE (units 10 -4 ) CL% EVT5 DOCUMENT ID TECN COMMENT 

<3.7 90 0 YEH 74 HBC Effective denom.=6200 
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--,-'s,-(1530) 
gA / g v  F O R - -  ~ A e - ~ e  
VALUE EVTE DOCUMENT IO TECN COMMENT 

--0.25+0.05 1992 8BOURQUIN 83 SPEC SPS hyperon beam 

8BOURQUIN 83 assumes that g2 = 0. Also, the sign has been changed to agree with | 
our conventions, given in the Note on Baryon Decay Parameters in the neutron Listings. I 

REFERENCES FOR E -  

We have omitted some papers that have been superseded by later experiments. 
The omitted papers may be found in our 1986 ed;tion (Physics Letters 170B) or in 
earlier editions. 

TROST 89 PR D40 1 7 0 3  +McClimenC Newsom, Hseuh, Mueller+ (FNAL 715 Collab ) 
BIAGI 87a ZPHY C35 143 + (BRIS, CERN. GEVA, HELD, LAUS, LOQM, RAL) 
NAMEIKA 86 PR D33 3172 +Beretvas, Deck+ (RUTG, MICH, W~SC, MINN) 
ASTON 858 PR D32 2270 +Carnegie4 (SLAC, CARL, CNRC, CINC) 
BENSINGER 85 NP B252 561 + (CHIC, ELMT, FNAL, ISU, LENI, SMAS} 
BOURQUIN 84 NP B2411 4 (BRIS, GEVA. HELD, LALO, BAL, STRB) 
RAMEIKA 84 PRL 52 581 +aeretvas, Deck+ (RUTG, MICH. WISE, MINN] 
BOUBQUIN 83 ZPHY C211 +B~own+ (BRIS, GEVA, HELD, LALO, RL, STRB) 
BIAGI 82 PL 112B 265 4 (BRIS, CAMB, GEVA, HELD, LAUS, LOQM, RL) 
BIAGI 82e PL 1128 277 + (LOQM, GEVA, RL, HELD, CAMB, LAUS, BRIS) 
CLELAND 8OC PR D21 12 +Cooper, Dds, Engels, Herbert+ (PITT, BNL) 
THOMPSON 80 PR D21 25 +Cieland, Cooper, Dris, Engels+ (PITT, BNL) 
BOURQUIN 79 PL 87B 297 + (BRIS, GEVA, HELD, ORSA, RHEL STRB) 
HEMINGWAY 78 NP B142 205 +Armenteros+ (EERN, ZEEM, NIJM, OXF) 
DIBIANCA 75 NP B98 137 *Endorf (CMU) 

74 PR D9 49 +Bridgewater, Cooper, Gershwin+ (COLU, BING) 3 BALTAY 
COOL 74 PR DIe 792 + Giacomelli, Jenkins, Kycia, Leontic, Li + (BNL] 

A~SO 72 PRL 29 1630 Cool, Giacomelli, Jenkins, Kycia, Leontk + (BNL) 
YEH 74 PR D10 3545 +Go±galas, Smith. Zendle, Baltay. (BING, COLU} 
MAYEUR 72 NP B47 333 +VanBinst, Wilquet~ (BRUX, CERN, TUFT, LOUC) 
VOTRUBA 72 NP B45 77 +Safder, Ratcliffe (BIRM, EDIN) 
WILQUET 72 PL 42B 372 ~Fliagine, Guy+ {BRUX. CERN, TUFT, LOUC) 
DUCLOS 71 NP B32 493 +Freytag, Heintze, Heinze~mann, Jones+ (CERN) 
BINGHAM 70B PR D1 3010 +Cook, Humphrey, Sander+ (UCSD WASH) 
OOLDWASSER 70 PR D1 1960 +Schultz (ILL) 
STONE 70 PL 32B 515 • aerlinghied, Bromberg, Cohen, Ferbel * (BOCH) 
DAUBER 69 PR 179 1262 -Berge, Hubbard, Merrill, Miller (LRL) J 
SHEN 67 PL 25B 443 +Firestone, Ooldhaber (UCB, LRL) 
BERBE 66 PR 147 945 -Eberhard, Hubbard, Merril~ (LRL) 
CHIEN 66 PR 152 1171 ~ Lach, Sandweiss, Taft, Yeh, Oren t (YALE, BNL) 
LONDON 66 PR 143 1034 ~Rau, Goidberg, Lichtman÷ (BNL SYRA) 
BINGHAM 65 PRSL 285 202 (CERN) 
PJERROU 658 PRL 14 275 f ScNein, Staler, Smitb Stork, Ticho (UCLA) 

Also 65 Thesis Pjerrou (UELA) 
BADIEB 64 Dubna Conf. 1 593 +Demoulin, Barloutaud+ (EPOL, SACL, ZEEM) 
CARMONY 64B PRL 12 482 +Pjerrou, Schlein, Slater, Stork+ (UCLA) 1 
HUBBARD 64 PR 135a 183 ~Berge, Kalbfleiscb, ShafeH (LRL) 
FERRO LUZZI 63 PR 130 1568 -Aiston Garfljost, Rosenfeld, Wojcicki (LRL) 
JAUNEAU 63D Siena Conf 4 - (EPOL, CERN, LOUC, RI4EL, BERG) 

Also 63B PL 5 261 Jauneau • (EPOL, CERN, LOUC, RHEL, BERG) 
SCHNEIDER 63 PL 4 360 (CEBN) 

- -  O T H E R  R E L A T E D  PAPERS - -  

PONDROM 8 5  PRPL 122 57 {WISC) 
Review of FNAL hyperon experiments 

N O T E  O N  ~ R E S O N A N C E S  

The a e e o m p a n y i n g  t ab le  gives our  eva lua t ion  of the  present  

s t a tu s  of the  - resonances.  Not  much  is known abou t  E 

resonances.  Th i s  is because  (11 they  can  only  be p roduced  

as a pa r t  of a final s ta te ,  and  so the  ana lys i s  is nlore 

compl i ca t ed  t h a n  if d i rect  fo rma t ion  were possible .  (2) t hey  

are p roduced  wi th  smal l  eross sec t ions  ( typ ica l ly  a few iLb). 

and  (3) the  final s t a t e s  are  topo log ica l ly  comp l i ca t ed  and  

difficult  to s t u d y  wi th  e lec t ronic  techniques .  Thus  our ear ly  

in fo rmat ion  a b o u t  E resonances  eame en t i re ly  from bubb le  

c hambe r  exper imen t s ,  where  the  nurubers  of events  arc small ,  

and  only in recent  years  have  e lec t ronic  e x p e r i m e n t s  n lade  

s ignif icant  con t r ibu t ions .  However,  there  is no th ing  at  all  new 

on - resonances  since our  1988 edi t ion .  

For a de ta i l ed  ear l ier  review, see Meadows.  t 

R e f e r e n c e s  

1. B.T. Meadows,  in Proceedings of the I~ "th lrlterna 
tional Conj?renee o'n Baryon Resonances (Toronto.  1980), 
ed. N. lsgur,  p. 283. 

Tab le  1. T h e  s t a t u s  of t h e  -= resonances .  On ly  those  w i t h  an overal l  

Mat l l5  of *** or **** a re  i l l rh lded  ill t he  B a r y o n  S u l n i n a r y  "Fable. 

StaLl.is aS seen in 
Overa l l  

I ' a r t i ch '  L212J s t a t u s  ZIT A K  E K  _~(1530)r~ O t h e r  channe l s  

= ( 1 3 1 8 )  t'11 **** 
E ( 1 5 3 0 )  P la  **** 

-~(162l)) * 

= (1690 )  *** *** ** 

E (1820 )  D x l  *** ** *** ** ** 

_=(1950) *** ** ** 

E(203(/)  1 *~* ** *** 

= (2120 )  * * 

- ( 2 2 5 0 )  ** 3 -body  decays  

E (2370 )  I ** 3 -body  decays  

E(25(/ll) * * 3 -body  decays  

• *** Good ,  f l ea r ,  a l l a  l ln l l l i s takable .  
• ** G o e d ,  bu t  in need of c la r i f i ca t ion  or not  a b s o h l t e l y  ce r t a in ,  

~* No t  e s t ab l i shed :  needs  confirnlatio11. 
• EvidenL'e weak: eoulct d i s a p p e a r .  

Decays  weak ly  

I I ~ ( :  ) Status: * * ~< * - - (1530)  P13 i ( j p )  = 1 3 +  

This is the only - resonance whose properties are all reasonably well known. 

Spin-parity 3 / 2 -  is favored by the data. 

We use only those determinations of the mass and width that  are accompa- 

nied by some discussion of systematics and resolution. 

--(15303 M A S S E S  

--(153030 M A S S  

VALUE (MeV,) E V T ~  DOCUMENT ID TECN COMMENT 
1531.80:t=O.32 OUR FIT Error includes scale factor of 1.3. 
1531.'/8-t=O.34 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram 

below, 
15322 ± 0 7  DEBELLEFON 75B HBC K -  p - -  - K ~  
1533 ±1 ROSS 73B HBC K p ~ _=K~7(Tr) 
15314 ±0.8 59 BADIER 72 HBC K p 3.95 GeV/c 
1532.0 ±0.4 1 2 6 2  BALTAY 72 HBC K -  p 1.75 GeV/c 
1531 3 ±0.6 324 BORENSTEIN 72 HBC K p 2.2 GeV/c 
1532 3 ± 0 7  286 KIRSCH 72 HBC K -  p 2.87 GeV/'c 
15287 ± 1 1  76 LONDON 66 HBC K p 2.24 GeV,'c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

15321 ± 0 4  1244 ASTON 85B LASS K p 11 GeV,,c 
15321 ± 0 6  2700 1 BAUBILLIER 81B HBC K-" p 8.25 GeV/c 
1530 ± 1 450 BIAGI 81 SPEC SPS hyperon beam 
1527 ± 6 80 SIXEL 79 HBC K -  p 10 GeV/c 
1535 ±4  100 SIXEL 79 HBC K -  p 16 GeV/c 
15336 ± 1.4 97 BERTHON 74 HBC Quasi 2 body 

WEIGHTED AVERAGE 
1531.78 ± 0 .34  (Error scaled by 1.41 

" ~ " t "  Values above of weighted average, error, ~ and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
util izing measurements of other (related) 
quantities as additional information. 

. . . . .  DEBELLEFON 75B HBC 
I • ' ROSS 73B HBC 
. . . . . .  BADIER 72 HBC 

. . . . .  BALTAY 72 HBC 

. . . . .  BORENSTEIN 72 HBC 

. . . . .  KIRSCH 72 HBC 

1526 

2 
X 

0.4 
1.5 

0.2 
0.3 
0.6 
0.6 
78 

11.4 
(Conf idence Level = 0.077) 

I 

1528 1530 1532 1534 1536 1538 

_-(153010 mass (MeV)  



See key on page IV.1 

2 (1530 ) -  MASS 
~e~LUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 
1535.0:1:0.6 OUR FIT 
1535.2=1=0.8 OUR AVERAGE 

1534.5±1.2 DEBELLEFON 75B HBC K - p  ~ = - - K =  
1!535.3±2.0 ROSS 73B HBC K - p ~  --K~T(~T) 
1536.2± 1.6 185 KIRSCH 72 HBC K -  p 2.87 GeV/c 
1535.7±3.2 38 LONDON 66 HBC K -  p 2.24 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1540 ±3  48 BERTHON 74 HBC Quasi-2-body 
1534.7±1.1 334 BALTAY 72 HBC K -  p 1.75 GeV/c 

- ( 1 5 3 0 ) -  - -=(1530) 0 MASS DIFFERENCE 

V_ALUE (MeV) DOCUMENT 10 TEEN COMMENT 
3 2:E0.6 OUR FIT 
2 9 + 0 . 9  OUR AVERAGE 

2 7±1.0 BALTAY 72 HBC K p 1.75 GeV/c 
20±3 .2  MERRILL 66 HBC K - p  1.7-2.7 GeV/c 
5 7±3.0 PJERROU 65B HBC K -  p 1.8-1.95 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

39±1 .8  2 KIRSCH 72 HBC K -  p 2.87 GeV/c 
7 ±4  2 LONDON 66 HBC K p 2.24 GeV/c 

- (1530)  WIDTHS 

-=(1530) 0 WIDTH 
VALUE (MeV) EVT5 DOCUMENT ID TEEN COMMENT 

9.1 ±0.5 OUR AVERAGE 

95±1.2 DEBELLEFON 75B HBC K - p  ~ .~ K~T 
9.1±2.4 ROSS 73B HBC K p ~ _=KTr(~) 

1[ ±2  BADIER 72 HBC K - p  3.95 GeV/c 
90±0 .7  BALTAY 72 HBC K - p  1.75 GeV/c 
8.4±1.4 BORENSTEIN 72 HBC -- ~r + 

11.0±1.8 KIRSCH 72 HBC ---Tr  + 
-7 ± 7  BERGE 86 HBC K p 1.5-1.7 GeV/c 
8.5±3.5 LONDON 66 HBC K -  p 2.24 GeV/c 
r :~2 SCHLEIN 63B HBC K p 1.8, 1.95 GeV/c 

• • • We do not use the following; data for averages, fits, limits, etc. • • • 

12.8±1.0 2700 1 BAUBILLIER 81B HBC K p 8.25 GeV/c 
19 ±6  80 3 SIXEL 79 HBE K -  p 10 GeV/c 
14 ±5  100 3 SIXEL 79 HBC K p 16 GeV/c 

-=(1530)- WIDTH 
VALUE (MeV) DOCUMENT I0 TECN COMMENT 

9.9_+1:97 OUR AVERAGE 

9.6±2.8 DEBELLEFON 75B HBC 
8 3 ± 3 6  ROSS 73B HBC 

-T R + 3 5  BALTAY 72 HBC ~ 7.8 

16.2±4.6 KIRSCH 72 HBC 

K p ~ - - K c r  
K - p ~  --KTr(Tr) 

K -  p 1.75 GeV/c 

---- 7tO, _-~ 7r 

--(1530) POLE POSITIONS 

VII1.119 

Baryon Full Listings 
E(1530), E(1620) 

-=(1530) 0 REAL PART 
VALUE OOEUMENT ID COMMENT 

1!$31,6±0.4 LICHTENBERG74 Using HABIBI 73 

-=(1530) 0 IMAGINARY PART 
VALUE DOCUMENT ID COMMENT 

4.45±0.35 LICHTENBERG74 Using HABIBI 73 

-=(1530)-  REAL PART 
VALUE DOCUMENT ID COMMENT 

1534.44-1.1 LICHTENBERG74 Using HABIBI 73 

-=(1530)-  IMAGINARY PART 
VALUE DOCUMENT ID COMMENT 

3.9+~175 LICHTENBERG74 Using HABIBI 73 

-=(1530) DECAY MODES 

Mode Fraction (Fi /F) Confidence bevel 

FI -=~T 100 % 

r:_~ --~ <4 % 90% 

--(1530) BRANCHING RATIOS 

F (E~')/Ftota, r2 / r  
VALUE CL% DOCUMENT ID TECN COMMENT 

<0.04 90 KALBFLEISCH 75 HBC K-  p 2.18 GeV/c 

---(1530) FOOTNOTES 
1 BAUBILLIER 81B iS a fit to the inclusive spectrum. The resolution (5 MeV) is not 

unfolded. 
2 Redundant with data in the mass Listings. 
3SIXEL 79 doesn't unfold the experimental resolution of 15 MeV. 

- (1530)  REFERENCES 

ASTON 85B PR D32 227O 
BAUBILLIER 8tB NP B192 1 
BIAGI 81 ZPHY C9 305 
SIXEL 79 NP B159 125 
DEBELLEFON 75B NC 28A 289 
KALBFLEISCH 75 PR Dl l  987 
BERTHON 74 NC 21A 146 
LICHTENBERG 74 PR D1O 3865 

Also 74B Private Comm Lichtenber 8 (IND) 
HABIBI 73 Nevis 199 Thesis (COLU) 
ROSS 73B Purdue Cone 355 +Lloyd, Radojicic (OXF) 
BADIER 72 NP Ba2 429 +Barrelet, Charlton, Videau (EPOL) 
BALTAY 72 PL 42B 129 +Bridgewater, Cooper, Gershwin+ (COLU, BING) 
BORENSTEIN 72 PR D5 1559 +Danbur 8, Kalbfle]sch. (BNL, MICH)I 
KIRSCH 72 NP B40 349 +Schmldt, Chang+ (BRAN, UMD, SYRA, TUFT) I 
BERGE 66 PR 147 945 +Eberhard, Hubbard, Merrill+ (LRL) I 
LONDON 66 PR 143 1034 +Rau, Goldber 8, Lichtman+ (BNL, SYRA)U 
MERRILL 66 UCRL 16455 Thesis (LRL) JP 
PJERROU 658 PRL 14 275 ~Schiein, Slater, Smith, Stork, Tieho (UCLA) 
SCHLEIN 63B PRL 11 167 +Carmony, Pjerrou, Slater, Stork, Ticho (UCLA) IJP 

- -  OTHER RELATED PAPERS - -  

MAZZUCATO 81 NP BI78 1 +Pennino+ (AMST, CERN, NIJM, OXF) 
BBIEFEL 77 PR D1E 2 7 0 6  +Gourevitch, Chang+ (BRAN, UMD, SYRA, TUFT) 
BRIEFEL 75 PR D12 1 8 5 9  +Gourev]tch+ (BRAN, UMD, SYRA, TUFT) 
HUNGERBU, 74 PR D10 2 0 5 1  Hungerbuhler, Majka+ (YALE, FNAL, BNL, PITT) 
BUTTON-... 66 PR 142 883 Button Shafer, Lindsey, Murray, Smith (LRL) JP 

+Carnegie+ (SLAC, CARL, CNRC, CINC) 
+ (BIRM, CERN, GLAS, MSU, LPNP) 
+ (BRIS, £AMB, GEVA, HELD, LAUS, LOQM, RHEL) 
+Bottcher+ (AACH, 13ERL, CERN, LOIC, VIEN) 

De Bellefon, Berthon, Billoir+ (CDEF, SACL) 
+St(and, Chapman (BNL, MICH) 
+Tristram+ (CDEF, RHEL, SACL STRB) 

(INO) 

I--( 62o)1 
OMITTED FROM SUMMARY TABLE 

What little evidence there is consists of weak signals in the --Tr channel. A 
number of other experiments (e.g., BORENSTEIN 72 and HASSALL 81) 
have looked for but not seen any effect. 

I(J P) = ½(??) Status: * 
J, P need confirmation. 

- (1620)  MASS 

VALUE (MeV~ EVT5 DOCUMENT ID TEEN COMMENT 

1624± 3 31 BRIEFEL 77 HBC K -  p 2.87 GeV/c 
1633±12 34 DEBELLEFON 75B HBC K -  p ~ -- K~T 
1606± 6 29 ROSS 72 HBC K -  p 3.1-3.7 GeV/c 

--(1620) WIDTH 

VALUE (MeV I EVT5 DOCUMENT ID TEEN COMMENT 

22.5 31 1 BRIEFEL 77 HBC K p 2.87 GeV/c 
40 ±15 34 DEBELLEFON 75B HBC K - p  ~ - K =  
21 ± 7 29 ROSS 72 HBC K p 

=-- 7r+ K*0(892) 

-=(2620) DECAY MODES 

Mode 

rl --;r 

- (1620)  FOOTNOTES 
1The fit is insensitive to values between 15 and 30 MeV. 

2(1620) REFERENCES 

HASSALL 81 NP B189 397 +Ansorge, Carter, Neale+ (CAMB, MSU) 
BRIEFEL 77 PR D16 2 7 0 6  +Gourevitch, Chang+ {BRAN, UMD, SYRA, TUFT) 

Also 70 Duke Conf 317 Bdefel+ (BRAN, UMD, 5YRA, TUFT) 
Also 75 PR D12 1859 Briefeh Gourevitch+ {BRAN, UMD, SYRA, TUFT) 

DEBELLEFON 75B NC 28A 289 De Bellefon, Berthon, B]lloir+ (CDEF, SACL) 
BORENSTEIN 72 PR D5 1559 +Danburg, Kalbfleisch+ (BNL, MICH)I 
ROSS 72 PL 38B 177 tBuran, Lloyd, Mulvey, Radojicic (OXF/I 

- -  OTHER RELATED PAPERS - -  

HUNGERBU 74 PR D10 2 0 5 1  Hungerbuhler. Ma]ka+ (YALE, ENAL, BNL, PITT) 
SCHMIDT 73 Purdue Conf 363 (BRAN) 
KALBFLEISCH 70 Duke £onf 331 (BNL) I 
APSELL 69 PRL 23 884 + {BRAN. UMD, SYRA, TUFT) 
BARTSCH 69 PL 28B 439 + (AACH, BERL, EERN. LOIC. VIEN) 



V111.120 

Baryon Full Listings 
- - ( 1 6 9 0 ) , - - ( 1 8 2 0 )  

I-(169o) I , u ~ / =  ½(??) Status:  ~<>g~< 

DIONISI 78 sees a threshold enhancement in both the neutral and negatively 
charged ~ -K  mass spectra in K - p  ~ ( [ _ K ) K T r  at 4.2 GeV/c.  The data 
from the :EK  channels alone cannot distinguish between a resonance and a 
large scattering length. Weaker evidence at the same mass is seen in the 
corresponding A K  channels, and a coupled-channel analysis yields results 
consistent wi th a new E. 

BIAGI 81 sees an enhancement at 1700 MeV in the diffractively produced 

A K -  system. A peak is also observed in the A K  0 mass spectrum at 1660 
MeV that  is consistent wi th  a 1720 MeV resonance decaying to 'J;-O K43, wi th 
the ? from the ;-0 decay not detected. 

BIAGI 87 provides further confirmation of this state in diffractive dissociation 
of E -  into A K  . The significance claimed is 6.7 standard deviations. 

- ( 1 6 9 0 )  0 MASS 
VAL UE {MeV) EVTS 

1699±5 175 
1684±5 183 

-(1690)- MASS 
VALUE (MeV) EVT5 

1 6 9 1 1 ;  1 .9 ;2 .0  104 
1700 ; I0 150 
1694 ± 6 45 

--(1690) MASSES 

DOCUMENT ID TEEN 

1 DIONISI 78 HBC K p 4.2 GeV/c 
2 DIONISI 78 HBC K p 4.2 GeV/c 

DOCUMENT ID TEEN COMMENT 

BIAGI 87 SPEC -- Be 116 GeV 
3 BIAGI 81 SPEC E H 100, 135 GeV 
4 DIONISI 78 HBC K p 4.2 GeV/c 

- ( 1 6 9 0 )  o W I D T H  
VALUE (MeV) EVT5 

44 = 23 175 
20= 4 183 

- ( 1 6 9 0 ) -  W I D T H  
VALUE (MeV) EL% EVTS 

< 8 90 104 
47 ± 14 150 
26± 6 45 

:=(1690) W I D T H S  

DOCUMENT ID TECN 

1 DIONISI 78 HBC K -  p 4.2 GeV/'c 
2 DIONISI 78 HBC K p 4.2 GeV/c 

DOCUMENT ID TEEN COMMENT 

BIAGI 87 SPEC --- Be 116 GeV 
3 BtAGt 81 SPEC - H 100, 135 GeV 
4 DIONISI 78 HBC K p 4.2 GeV/c 

- (1690) DECAY MODES 

Mode Fraction (F//F) 

F1 AK seen 

r2 Z K  seen 

F 3 _---~F 

F4 - ~+ 7F 0 

r 5 _= ~+ 7r 
F 6 ---(1530)~T 

5(1690) BRANCHING RATIOS 

r (A~)/rtota I r l / r  
VALUE EVTS DOCUMENT ID TEEN CHG COMMENT 

seen 104 BIAGI 87 SPEC - -  Be 116 GeV 

r(z~)/r(^~) rut1 
VALUE DOCUMENT ID TECN E HG COMMENT 

2 7 ± 0 9  DIONISI 78 HBC 0 K p 4.2 GeV/c 
3 1 =  1 4 DIONISI 78 ItBC K -  p 4.2 GeV,,c 

r(_--~)Ir(z~) r31r2 
VALUE DOCUMENT ID TEEN C HG COMMENT 

<009 DIONISI 78 HBE 0 K p 4.2 GeV/'c 

rE--  ~r+ ~r°)/r(zR - ) r4/r2 
VALUE DOCUMENT tD TEEN CHG COMMENT 

<004 DIONISI 78 HBC 0 K p 4 2 G e V / c  

r ( z - = + .  ) l F t o t a  I rs/r 
VALUE EVTS DOCUMENT ID TEEN CHG COMMENT 

possibly seen 4 BIAGI 87 SPEC -Z Be 116 GeV 

r ( - - ~ + ~  )Ir(z~) rs/r2 
VALUE DOCUMENT ID TECN CHG COMMENT 

<003 DIONISI 78 HBC K p 4.2 GeV, 'c  

r(--(1530)~)/r(~-ff) FElt2 
VALUE DOCUMENT ID TEEN EHG COMMENT 

<006  DIONISI 78 HBC K -  p 4.2 GeV/c 

-=(1690) FOOTNOTES 
1 From a fit to the ~-+ K spectrum. 

2 From a coupled-channel analysis of the Z + K and A ~  spectra. 
3 A fit to the inclusive spectrum from - N ~ AK X. 
4 From a coupled-channel analysis of the ~-0 K -  and A K -  spectra. 

BIAGI 87 ZPHY C34 15 
BIAGI 81 ZPHY C9 305 
DIONISI 78 PL 80B 145 

E(1690)  REFERENCES 

(BRIg, CERN, GEVA, HELD, LAUS. LOQM, RAL) I 
(BRIg, £AMB, GEVA, HELD, LAUS, LOQM, RHEL) 

÷ Diaz, Armenteros- (tERN, AMST, HUM, OXF) I 

I I 2 ( ~  ) Status:  >k * >I< - - - - ( 1 8 2 0 )  D 1 3  / ( j P )  = 1 3 

The clearest evidence is an 8 standard-deviation peak in A K -  seen by 
GAY 76. TEODORO 78 favors J - 3 / 2 ,  but cannot make a parity discrimi- 
nation. BIAGI 87C is consistent wi th  J - 3 / 2  and favors negative parity for 
this J value. 

-----(1820) MASS 

We only average the measurements that appear to us to be most significant and 
best determined. 

VALUE (MeV~ EVTS DOCUMENT ID TECN CHG COMMENT 

1823 J. 5 OUR ESTIMATE 
1823.4; 1.4 OUR AVERAGE 
18194= 3 1 ± 2 0  280 1 BIAGI 87 SPEC 0 - Be 

( A K - )  X 

1826 = 3 ±1 54 BIAGI 87C SPEC 0 -= B e - -  (A~ ;u) 
X 

1822 = 6 JENKINS 83 MPS K p ~ K '  
(MM) 

1830 : 6 300 BIAGI 81 SPEC SPS hyperon 
beam 

1823 ~_ 2 130 GAY 76c HBC K p 4.2 GeV/c 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1797 i 19 74 BRIEFEL 77 HBC 0 K -  p 2.87 GeVic 
1829 ± 9 68 BRIEFEL 77 HBC 0 E(1530),~ 
1860 ~ 14 39 BRIEFEL 77 HBC - [ K 0 
1870 ± 9 44 BRIEFEL 77 HBC 0 A-K ~0 
1813 + 4 57 BRIEFEL 77 HBC AK 
1807 +27 DIBIANCA 75 DBC 0 -=~=, - *  
1762 ± 8 28 2 BADIER 72 HBC O -~r ,  =~,~ ,  Y K  

1838 + 5 38 2 BADIER 72 HBC 0 - x ,  - ~ T r ,  Y K  

1830 ± 10 25 3 CRENNELL 708 DBC 0 3.6, 3.9 GeV/c 
1826 ± 12 4 CRENNELL 70B DBC 0 3.6, 3.9 GeV/c 
1830 ±10 40 ALITTI 69 HBC A, Y K  

1814 £ 4 30 BADIER 65 HBC 0 A ~  0 
1817 & 7 29 SMITH 65C HBC 0 AK O, AK  
1770 HALSTEINSLID63 FBE 0 K freon 3,5 

GeV/c 

- - (1820) W I D T H  

VALUE (Met,'/ EVT5 DOCUMENT tO TEEN CH6 COMMENT 

24 +15 OUR ESTIMATE - 1 0  
24 ; 6 OUR AVERAGE Error includes scale factor of 1.5, See the ideogram 

below, 
2 4 6 ~  53 280 1 BIAGI 87 SPEC 0 :-_- Be - -  

( A K ) x  
12 ~ i 4  1 1 7  54 BIAGI 87C SPEC O - Be - -  (AN *J) 

X 
72 T20 300 BIAGI 81 SPEC SPS hyperon 

beam 
21 ± 7 130 GAY 76c HBC K p 4.2 GeV,c 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

99 ±57 74 BRIEFEL 77 HBC 0 K p 2.87 GeV,/c 
52 ±34 68 BRIEFEL 77 HBC - 0 E(1530)= 
72 t 17 39 BRIEFEL 77 HBC ~E 
44 L l l  44 BRIEFEL 77 HBC O A ~  
26 ±11 57 BRIEFEL 77 HBC AK 
85 ± 58 DIBIANCA 75 DBC O _--==, Z* 
51 ± I3 2 BADIER 72 HBC 0 Lower mass 



See key on page IV. 1 

58 ± 13 

103 + 38 
- 24 

48 + 36 
- 19 

55 +40 
- 20 

12 ± 4 
30 ± 7 

< 8O 

2 BADIER 72 HBC 

3 CRENNELL 70B DBC 

4 CRENNELL 70B DBC 

ALITTI 69 HBC 

BADIER 65 HBC 
SMITH 65B HBC 
HALSTEINSLID63 FBC 

0 Higher mass 

0 3.6, 3.9 GeV/c 

- 0  3.6, 3.9 GeV/c 

A , T ~  

0 AK ~ °  
-0 AK 

WEIGHTED AVERAGE 
24 J. 6 (Error scaled by  1.5) 

-4- 

- 0  K -  freon 3.5 
GeV/c 

V111.121 

Baryon Full Listings 
--(1820) 

r(z~)/r(A~) r2/rl 
VALUE DOCUMENT ID TECN CHG COMMENT 

0.24±0.10 GAY 76C HBC K -  p 4.2 GeV/c 

F( - - (1530)  ~T)/r tota l  r 4 / r  
VALUE OOCUMENT (D TEEN CHG COMMENT 

0.30±0.15 ALITTI 69 HBC K -  p 3.9-5 
GeV/c 

X 2 

. . . . . . . . . . . . . . . . . .  BIAGI 87 SPEC 
" ' ' . ~ t - . . . - -  : : : : : : i i i BIAGI 87C SPEC O.B 

BIAGI 81 SPEC 5.7 
GAY 76C HBC 0.2 

6.7 
I (Conf idence Level = 0 .083 )  

50  1OO 150 2 0 0  

-(1820) width (MeV)  

- ( 1 8 2 0 )  D E C A Y  M O D E S  

Mode Fraction ( r i / F )  

I- 1 AK-  large 

F 2 Z K  small 

F3 - z  small 
F4 E(1530)Tr small 

F 8 --~r ;T (no t  - ( 1 5 3 0 ) f r )  

- ( 1 8 2 0 )  B R A N C H I N G  R A T I O S  

The dominant modes seem to be AK and (perhaps) -(1530)7r, but the branching 
fractions are very poorly determined. 

r (A K--)/rtota~ r l / r  
VALUE DOCUMENT ID TECN CHG COMMENT 

0.30±0.15 ALITTI 69 HBC ~ p 3~9-5 

F ( - T r ) / r t o t a  I 
VALUE 

0.10:1-0,10 

r(--~)/r(AE) 
VALUE 

<0.36 
0.20=1:0.20 

F ( E ~ T ) I F ( E ( 1 5 3 0 ) T r )  

VALUE 

1~+0.6 
"~-0A 

r (~- K--~ / Ftota I 
VALUE 

0.30=t=0.15 

GeV/c 

DOCUMENT ID TEEN CHG COMMENT 

ALITTI 69 HBC K -  p 3.9 5 
GeV/c 

r j / F 1  
DOCUMENT ID TECN , C HG COMMENT 

95 GAY 76C HBC K -  p 4.2 GeV/c 
BADIER 65 HBC O K -  p 3 GeV/c 

F3/r4 
DOCUMENT ID __ TEEN CHG COMMENT 

APSELL 70 HBC 0 K -  p 2.87 GeV/c 

r 2 / F  
DOCUMENT ID - -  TEEN, CHG COMMENT 

ALITTI 69 HBC K~ p 3.9-5 
GeV/c 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.02 TRIPp 67 RVUE Use SMITH 65c 

r 3 / r  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen ASTON 85B LASS K-  p 11 GeV/c 
not seen 5 HASSALL 81 HBC K -  p 6.5 GeV/c 

<0.25 6 DAUBER 69 HBC K -  p 2.7 GeV/c 

r ( - ( 1 5 3 0 )  sT)IF ( A K )  F4 /F  1 
VALUE DOCUMENT ID_D TEEN CHG COMMENT 

Error includes scale factor of 2.3. 0 . 3 8 ± 0 . 2 7  O U R  A V E R A G E  

1.0 ±0.3 GAY 76c HBC 
0.26±0.13 SMITH 65c HBC 0 

K -  p 4.2 GeV/c 
K -  p 2.45-2,7 

GeV/c 

F(E~Tr (not E ( 1 5 3 0 1 7 r ) ) / F ( A ~ )  r s / r l  
VALUE DOCUMENT ID TECN CHG COMMENT 

0.30±0.20 BIAGI 87 SPEC - - -  Be 116 GeV 
• • • We do not use the following data for averages, fits, limits, etc, m • . 

<0.14 7 BADIER 65 HBC 0 1 st. dev. limit 
>0.1 SMITH 65c HBC - 0  K p 2.45-2,7 

GeV/c 

r(--TrTr (not E(1530)Tr))Ir(--(1530)Tr) rs/r4 
VALUE DOCUMENT ID TEEN CHG COMMENT 

consistent with zero GAY 76c HBC K -  p 4.2 GeV/c 
• • • We do not use the following data for averages, fits. limits, etc. • • • 

0.3±0.5 8 APSELL 70 HBC 0 K -  p 2.87 GeV/c 

• E(1820) FOOTNOTES 

I BIAGI 87 also sees weak signals in the in the _--- :r + 7r- channel at 1782.6 ± 1.4 MeV 
(F = 6.0 ± 1.5 MeV) and 1831.9 -E 2.8 MeV (r - 9.0 ± 9.9 MeV). 

2BADIER 72 adds all channels and divides the peak into lower and higher mass regions. 
The data can also 0e fitted with a sing(e Breit-Wigner of mass 1800 MeV and width 150 
MeV. 

3From a fit to inclusive - ~ ,  -Try,  and AK spectra. 
4From a fit to inclusive E~r and --~TTr spectra only. 
5 Inc lud ing -- ir~r. 

6DAUBER 69 uses in part the same data as SMITH 65c. 
7 For the decay mode - - - : r +  7r0 only. This l imit includes --(1530)7r. 
8Or less. Upper l imit for the 3-body decay. 

- ( 1 8 2 0 )  REFERENCES 

BIA61 87 ZPHY C34 15 + (BRIS, CERN, GEVA, HELD. LAUS, LOQM, RAL) 
BIAGI 87C ZPHY C04 175 + (BRIS, CERN, GEVA, HELD, LAUS, LOQM, RAL)JR 
ASTON 85B PR D32 2 2 7 0  +Carnegie~ (SLAC, CARL, CNR£, £1NC) 
JENKINS 83 PRL 5]. 951 +Albright, Diamond+ (FSU, BRAN, LBL, CINC, SMAS) 
BIAGI 81 ZPHY C9 300 ÷ (BRIS, CAMB, GEVA, HELD, LAUS, LOQM, RHEL) 
HASSALL 81 NP B189 397 +Ansorge, Carter, Neale+ {CAMB, MSU) 
TEODORO 78 PL 77B 451 +Diaz, Dionisi, Blokzijl+ (AMST, CERN, NIJM, OXF)JP 
BRIEFEL 77 PR D16 2 7 0 6  +Gourevitch, Chang+ (BRAN, UMD, SYRA, TUFT) 

Also 69 PRL 23 884 Apsell+ (BRAN, UMD, SYRA, TUFT) 
GAY 76 NC 31A 593 +Jeanneret Bogdanski+ (NEU£, LABS, LIVP, LRNP) 
GAY 76£ PL 62B 477 +Armenteros, Berge+ IAMST, £ERN, NIJM) IJ 
DIBIANCA 75 NP Bg8 137 +Endorf (CMU) 
BADIER 72 NP B37 429 +Barrelet, Chadton, Videau (EPOL) 
APSELL ?O PRL 24 777 + (BRAN, UMD, SYRA, TUFT) I 
CRENNELL 70B PR D]. 847 +Karshon, Lai, O'Neall, Scarf, Schumann (BNL) 
ALITTI 69 PRL 22 79 +Barnes, Flaminio, Metzger+ (BNL SYRA) I 
DAUBER 69 PR 179 ].262 +Berge, Hubbard, MerrJJl, Maler (LRL~ 
TRIPP 67 NP B3 10 +Leith~ (LRL, SLAC, CERN, HEID, SACL) 
BADIER 65 PL 16 171 +Demoulin, Goldberg+ (EPOL, SACL, AMST) I 
SMITH 65B Athens Conf. 251 +Lindsey (LRL) 
SMITH 65C PRL 14 25 +Lindsey, Button Shafer, Murray (LRL) UP 
HALSTEINSLtD63 Siena Conf. 1 73 + (BERG, £ERN, EPOL, RHEL, LOU£)I 

- -  O T H E R  R E L A T E D  PAPERS - -  

TEODORO 78 PL 77B 451 +Diaz, Dionisi, Blokzijl+ (AMST, CERN, NIJM, OXF)JR 
BRIEFEL 75 PR D12 1 8 5 9  +Gourevi/ch+ /BRAN, UMD, SYRA, TUFT) 
SCHMIDT 73 Purdue Conf. 363 (BRAN) 
MERRILL 68 PR 167 1202 ±Shafer (LRL) 
SMITH 64 PRL 13 61 +Lindsey, Murray, Button-Shafer+ (LRL) IJP 



VII1.122 

Baryon Full Listings 
- - ( 1 9 5 0 ) , - - ( 2 0 3 0 )  

1_=(1950) I : S, ,DS: * * *  

We list here everyth ing reported between 1875 and 2000 MeV. The accu 
mulated evidence for a _= near 1950 MeV seems strong enough to include 

a -=(1950) in the main Baryon Table, but  not much can be said about  its 
properties. In fact,  there may be more than one _-- near this mass. 

- ( 1 9 5 0 )  M A S S  

VALUE (MeV) E V T 5  DOCUMENT ID TEEN COMMENT 

1950+15 OUR ESTIMATE 
1944± 9 129 BIAGI 87 SPEC ---- Be ~ (---- 7r e ) ~ -  

X 
19639- 5m2 63 BIAGI 87C SPEC E -  Be ~ (AK  u )  X 
1937± 7 150 BIAGI 81 SPEC SPS hyperon beam 
1961±18 139 BRIEFEL 77 HBC 2.87 K -  p ~ -- ~+ X 
1936±22 44 BRIEFEL 77 HBC 2.87 K p ~ _-~)=- X 
1964±10 56 BRIEFEL 77 HBC _=(1530) = 
1900±12 DIBIANCA 75 DBC _--~ 
1952± 11 25 ROSS 73c (--:r) 
1956± 6 29 BADIER 72 HBC - ~ ,  - - ~ ,  Y K  

1955±14 21 GOLDWASSER 70 HBC - ~  
1894±18 66 DAUBER 69 HBC - - x  
1930±20 27 ALITTI 68 HBC - ~+ 
1933±16 35 BADIER 65 HBC - ~T g 

- ( 1 9 5 0 )  W I D T H  

VALUE (MeV) E V T S  DOCUMENT ID TEEN COMMENT 

6 0 ± 2 0  OUR ESTIMATE 
100±31 129 BIAGI 87 SPEC - Be -. (-=- ~ ) x  

X 
2 5 ± 1 5 ± 1  2 63 BIAGI 87C SPEC - Be ~ (AT~ J )  X 
60±  8 150 BIAGI 81 SPEC SPS hyperon beam 

159±57 139 BRIEFEL 77 HBC 2.87 K p ~ - x + X 
87±26  44 BRIEFEL 77 HBC 2.87 K p ~ ------O~T X 
609-39 56 BRIEFEL 77 HBC --(1530) ~7 
63±78  DIBIANCA 75 DBC - =  
389-10 ROSS 73C (-~) 
35±11 29 BADIER 72 HBC ~ ,  - ~ ,  Y K  

56±26  21 GOLDWASSER 70 HBC ---= 
98±23  66 DAUBER 69 HBC - ~  
80±40  27 ALITTI 68 HBC - ~+ 

140±35 35 BADIER 65 HBC - - -  ~{ 

Mode 

- - ( 1 9 5 0 )  D E C A Y  M O D E S  

Fraction (Fi,, F) 

F1 AK-  seen 

F 2 ~-K- possibly seen 

F 3 ---= seen 

F4 --(1530)~ 
r5 --=~ ( n o t  ---(1530), 'T) 

- - ( 1 9 5 0 )  B R A N C H I N G  R A T I O S  

r (~ -~) / r  (A~)  
VALUE ~ E V T 5  DOCUMENT ID TEEN 

<23 90 0 BIAGI 87c SPEC 

r (ZK)/Ftotal 
VALUE E V T 5  DOCUMENT ID TEEN 

possibly seen 17 HASSALL 81 HBC 

r (z ~) /r  (--(15301 ~ ) 
VALUE DOCUMENT ID TEEN 

-~ 07  APSELL 70 HBC 28  06  

F(-~-~r (not -(1530)=))/F(-(iS30)Tr) 
VALUE DOCUMENT ID TEEN 

0 0 1 0 3  APSELL 70 HBC 

F2/F1 
COMMENT 

Z Be ]16 GeV 

r 2 / r  
COMMENT 

K p 6.5 GeV/'c 

F 3 / F 4  

rs/r4 

- (1950)  REFERENCES 

BIAGI 87 ZPHY C34 15 * (BRIS, CERN, GEVA, HELD. LAUS, LOQM, RAL) 
81AGI 87C ZPHY C34 175 (aRtS, CERN, GEVA, HELD, LADS, LOQM, RAL] 
BIAGI 81 ZPHY C9 305 * (8RIS, CAMB, GEVA, HELD, LAUS, LOQM, RHEL) 
HASSALL 8] NP B189 397 +Ansorge, Carter, Neale+ (CAMB, MSU) 
BRIEFEL 77 PR D16 2706 f Gourevitch Chang+ IBRAN, UMD, SYRA, TUFT) 

Also 70 Duke Conf 317 Briefel- (BRAN, UMD, SYRA, TUFT) 
DIBIANEA 75 NP B98 137 +Endorf (CMU) 
ROSS 73C Purdue Conf. 345 t Lloyd. Radojicic (OXF] 
BADIER 72 NR 837 429 4 Barrelet. CharBon. Videau (EPOL) 
APSELL 70 PRL 24 777 ~ iBRAN, UMO, SYRA, TUFT) I 
GOLDWASSER 70 PR D1 1960 +SchuRz (ILL) 
DAUBER 69 PR 179 1262 +Berge, Hubbard, Merrill, Mille[ (LRL}I 
ALITTI 68 PRL 21 1119 + Flaminio, Metzger, Radoj]cic- (BNL, SYRA) I 
BADIER 65 PL 16 ]71 + Demoulin, Goldberg- (EPOL, SACL, AMST)I 

The evidence for th is state has been much improved by H E M I N G W A Y  77, 

who see an eight standard deviat ion enhancement  in Z K  and a weaker cou 
pi ing to A K ,  AL ITT I  68 and H E M I N G W A Y  77 observe no signals in the Z~ ,=  

(or - - ( 1530 )= )  channel,  in contrast  to D IB IANCA 75. The  decay ( A / Z ) K T  
reported by BARTSCH 69 is also not conf irmed by H E M I N G W A Y  77. 

A moments analysis of the H E M I N G W A Y  77 data indicates at a level of three 

standard deviat ions t ha t  J > 5 /2 .  

- ( 2 0 3 0 )  M A S S  

VALUE (MeV) EVT5 DOC~UMENT IO TEEN CHG COMMENT 

2025 9- 5 OUR ESTIMATE 
2025.1± 2.4 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below. 

2022 ± 7 JENKINS 83 MPS K p ~ K + 
MM 

2024 ± 2 200 HEMINGWAY 77 HBC K -  p 4,2 GeV/c 
2044 ± 8 DIBIANCA 75 DBE 0 ETrrr, E ~ ,'T 
2019 ± 7 15 ROSS 73C HBC - 0  I K  
2030 ± 10 42 ALITT} 69 HBC K p 3,9-5 

GeV,,'c 
2058 ± 17 40 BARTSCH 69 HBC 0 K p 10 GeV/c 

WEIGHTED AVERAGE 
2025.1 ± 2.4 (Error sca led  by  13)  

-4- 

. . . . . . . . .  JENKINS B3 NiPS &'~ 
HEMINGWAY 77 HBC 0.3 

' I '  " " " • • "DIBIANCA 75 DBC 5.8 
ROSS 73C HBC 0.8 
ALITTI 69 HBC 0.2 

I ) BARTSCH 69 HBC 3 8  

• (Conf i ldence Leve l  = 0 0 5 5 )  

2 0 0 0  2 0 2 0  2 0 4 0  2 0 6 0  2 0 8 0  21OO 

- ( 2 0 3 0 )  mass (MeV)  

VALUE (MeV~ 

2 0  +15  OUR ESTIMATE 

21± 6 OUR AVERAGE 
16± 5 
60224  
33 t t7 

f 40 
45 20 

57+30  

- ( 2 0 3 0 )  W I D T H  

E V T S  DOCUMENT ID TEEN CHC COMMENT 

Error includes scale factor of 1.3. See the ideogram below. 

200 HEMINGWAY 77 HBC K -  p 4.2 GeV/c 
DIBIANCA 75 DBC 0 - ~ ,  - *  ,~ 

15 ROSS 73C HBC 0 Y K  

ALITTI 69 HBC K p 3.9 5 
GeV/c 

BARTSCH 69 HBC 0 K p 10 GeV/c 



:See key on page IV. 1 

V111.123 

Baryon Full Listings 
- ( 2 0 3 0 ) ,  - ( 2 1 2 0 )  

WEIGHTED AVERAGE 
21 ± 6 (Error scaled by 1.3) 

< 
- I -  

2 
X 

. . . . . . . . . . . . . . . . . . .  HEMINGWAY 77 HBC 1.1 
[ " ~  . I . . . . . . . . . .  DIBIANCA 75 DBC 2.6 
J ~ . . . . . . . . . . . . . . .  ROSS 73C HBC 0.5 

~ . . . . . . . . . .  ALITTI 69 HBC 1.4 

/ VV~ ~ . . . . . . . . .  BARTSCH 69 HBC 7.014 

V (Confidence Level = 0.135) 

r(Ag~r)Ir(Zg) r6/r2 
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

<0.32 95 HEMINGWAY 77 HBC - K -  p 4.2 GeV/c 
r (z~) /r tota,  rT/r 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen BARTSCH 69 HBC K-p 10 GeV 

r ( r ~ ) / r ( ~ - ~ )  rT/r2 
VALUE EL% DOCUMENT ID TEEN CHG COMMENT 

<0.04 95 2 HEMINGWAY 77 HBC K -  p 4.2 GeV/c 

-(2030) F O O T N O T E S  

1 For the decay mode -_-- 7r + 7r- only. 
2 For the decay mode T ± K -  7r :F on{y. 

- ( 2 0 3 0 )  REFERENCES 

JENKINS 83 PRL 51 951 +Albright, Diamond+ (FSU, BRAN, LBL, CINC, SMAS) 
HEMINGWAY 77 PL 68B 197 +Armenteros~ (AMST, CERN, NIJM, OXF) IJ 

Also 76C PL 62B 477 Gay, Armenteros, eerge+ (AMST, CERN, NIJM) 

0 50  100 

- (2030)  width (MeV) 

150 2 0 0  

- ( 2 0 3 0 )  DECAY M O D E S  

Mode Fraction ( r i / r )  

['1 A K  ~ 20 % 
r2 T~ ~ 80% 

r 3 _=Tr small 
r4 --(1530) ~- small 

r5 _--=~ (not  --(1530)7r) small 
r6 A K ~  small 

r 7 ~E K-/T small 

E(2030) BRANCHING RATIOS 

r(-~)/[F(AR-) + F(Z~) + r(-~r) + r(z(153o)~-)] 

VALUE DOCUMENT ID TECN 
r3 / ( r l+ r2+r3+r4 )  

CHG COMMENT 

DIBIANCA 75 NP B98 137 +Endorf (CMU) 
ROSS 73C Purdue Conf. 345 +Lloyd, Radojicic (OXF) 
ALITTI 69 PRL 22 79 +Barnes, Flaminio, Metzger+ (BNL, SYRA) I 
BARTSCH 69 PL 28B 439 + (AACH, BERL, CERN, LOIC, VIEN) 
ALITTI 68 PRL 21 3119 +Flaminio, Metzger, Radoj]cic+ (BNL, SYRA) 

I I I(JP) = ½(??) Status: -(2120) J, P need conf irmation. 

O M I T T E D  FROM S U M M A R Y  T A B L E  

-(2120) MASS 

VALUE (MeV) EVTE DOCUMENT ID TEEN COMMENT 

2137±4 18 1 CHLIAPNIK... 79 HBC K + p 32 GeV/c 
2123+7 2 GAY 76c HBC K -  p 4.2 GeV/c 

- - (2120) W I D T H  

VALUE (MeV~ EVT5 DOCUMENT ID TEEN COMMENT 

<20 28 2 ~ K . . .  79 HBC K+p32GeV/c 
25±12 2GAY 76C HBC K-p4.2GeV/c 

- - (2120) DECAY MODES 

Mode 

rz  A K  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.30 ALITTI 69 HBC 1 standard dev. 
limit 

r(-~)/r(z~) r3/r2 
VALUE ~ DOCUMENT ID TEEN CHG COMMENT 

<0.19 95 HEMINGWAY 77 HBC K p 4.2 GeV/c 

r ( A ~ ) / [ r ( A K - - - )  + r ( T K )  + r ( - ~ )  + r ( - ( 1 5 3 0 ) T r ) ]  

r l / ( r l + r 2 + r 3 + r 4 )  
~,ALUE DOCUMENT ID TEEN EHG COMMENT 

0.25±015 ALITTI 69 HBC K -  p 3.9-5 
GeV/c 

r (A~)/r (Z~) rdr2 
V;4LUE DOCUMENT ID TEEN CHG COMMENT 

0.22±0.09 HEMINGWAY 77 HBC - K p 4.2 GeV/c 

r(Tg)/[r(hg) + r(~-g) + r(-Tr) + r(-(1530)~)] 
r 2 / ( r z + r 2 + r 3 + r 4 )  

9ALUE DOCUMENT tD TECN CHG COMMENT 

0.75±0.20 ALITTI 69 HBC K -  p 3.9-5 
GeV/c 

r(-(153o)~)/[r(A~ + r(z~-) + r(-~r) + r(-(153o)=)] 
r 4 / ( r l + r 2 + r 3 + r 4 )  

t/aLUE DOCUMENT ID TEEN CHG COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

<0.15 ALITTI 69 HBC 1 standard dev. 
limit 

[ r ( - ( 1 5 3 0 ) T r )  + r ( - . , ~  (not  - - ( 1 5 3 0 ) ~ ) ) ] / F ( T K )  ( r 4 + r 5 l / r 2  
V4LUE CL" /o  DOCUMENT ID TEEN EHG COMMENT 

<0.11 95 1 HEMINGWAY 77 HBC K p 4.2 GeV/c 

r (A ~-)/rtota ~ rdr  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

seen BARTSCH 69 HBC K p 10 GeV 

--(2120) B R A N C H I N G  RATIOS 

r(AK)/rtota, rz/r 
VALUE DOCUMENT ID TECN COMMENT 

seen ]CHLIAPNIK~. 79 HBC ~ p ~  ( A K + ) X  
seen 2 GAY 76¢ HBC K -  p 4.2 GeV/c 

; ( 2 1 2 0 )  F O O T N O T E S  

1 C H L I A P N I K O V  79 does not uniquely identify the K + in the ( A K  + ) X final state. It 
also reports bumps wi th  fewer events at 2240, 2540, and 2830 MeV, 

2GAY 76C sees a 4-standard deviation signal. However, HEMINGWAY 77, with more 
events from the same experiment points out that the signal is greatly reduced if a cut is 
made on the 4-momentum u. This suggests an anomalous production mechanism if the 
--(2120) is real. 

; ( 2 1 2 0 )  REFERENCES 

CHLIAPNIK... 79 NP B158 253 Chliapnikov, Gerdyukov+ (CERN, BELG, MONS) 
HEMINGWAY 77 PL 68B 197 +Arrnenteros+ (AMST, CERN, NIJM, OXF) 
GAY 76E PL 62B 477 +Arrnenteros, Berge~ (AMST, CERN, NIJM) 



V I I 1 . 1 2 4  

Baryon Full Listings 
-(2250), -(2370),-(2500) 

I I '(JP) = ½(??) Status:  g< >~ --(2250) J, P need conf i rmat ion .  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

The evidence for this state is mixed. BARTSCH 69 sees a bump of not 
much statistical significance in AKTr, E K = ,  and --Tr ~r mass spectra. GOLD- 
WASSER 70 sees a narrower bump in ETrTr at a higher mass. Not seen by 
HASSALL 81 wi th  45 events / l ib  at 6.5 GeV/c.  Seen by JENKINS 83. Per- 
haps seen by BIAGI 87. 

2 ( 2 2 5 0 )  M A S S  

VALUE (MeV) EVTS DOCUMENT ID TEEN EHG COMMENT 

2189± 7 66 BIAGI 87 SPEC -=- Be 
( - -  ,-+ ,~ ) 
X 

2214± 5 JENKINS 83 MPS K p ~ K ~ 
MM 

2295±15 18 GOLDWASSER70 HBC K p 5.5 GeV/c 
2244±52 35 BARTSCH 69 HBC K "~ p 10 GeV/c 

- - (2250)  W I D T H  

VALUE (MeV) EVT5 DOCUMENT I0 TEEN CHG COMMENT 

46±27 66 BIAGI 87 SPEC - E Be 
( - - -  ~+  ~ ) 
X 

< 30 GOLDWASSER 70 HBC K -  p 5.5 GeV/c 
130±80 BARTSCH 69 HBC 

Mode 

F I _:?T?T 

F 2 AK~ 

F3 EK~ 

- ( 2 2 5 0 )  D E C A Y  MODES 

- - (2250)  REFERENCES 

BIAGI 87 ZPHY C34 15 + (BRIS. CERN. GEVA. HELD. LAUS LOOM. RAL) 
JENKINS 83 PRL 51 951 +Albright. Diamond+ (FSU. BRAN. LBL. CINC. SMAS) 
HASSALL 81 NP B189 397 +Ansarge. Carter. Neale- (CAM& MSU) 
GOLDWASSER 70 PR D1 1960 -Schultz (ILL) 
BARTSCH 69 PL 28B 439 (AACH. BERL. CERN. LOIC. VIEN) 

I I '(JP) = ½(??) Status: -(2370) ~, p need conf i rmat ion .  

OMITTED FROM SUMMARY TABLE 

r(AK~)/r total  
VALUE 

seen AMIRZADEH 80 HBC 

r(ZR~)/rtota, 
VALUE DOCUMENT /D TEEN 

seen AMIRZADEH 80 HBC 

[F(AR-Tr) + r ( Z K T r ) ] / r t o t a ,  
VALUE EVTS DOCUMENT ID TEEN 

seen 50 

r(~/- K)/rtota, 
VALUE DOCUMENT ID TEEN 

0 0 9 ± 0 0 4  1 KINSON 80 HBC 

[F(^~-*(892)) + r(r~*(892))t/rtota, 
VALUE DOCUMENT IU TEEN 

o 2 2 ± o . i 3  i KINSON 8o HBC 

F ( Z ( 1 3 8 5 ) K ) / F t o t a l  
VALUE DOCUMENT ID TEEN 

0 12=0.08 1 KINSON 80 HBC 

r i / r  
CHG COMMENT 

0 K -  p 8.25 GeV.,'c 

r2/r 
EHO COMMENT 

0 K -  p 8.25 GeV/c 

(q+r2l/r  
CHG COMMENT 

-(2370) BRANCHING RATIOS 

DOCUMENT ID TEEN 

- ( 2 3 7 0 )  M A S S  

VALUE (MeV) EVTS DOCUMENT 10 

2356± 10 JENKINS 83 

2370 50 HASSALL 81 
2373± 8 94 AMIRZADEH 80 
2392±27 DIBIANCA 75 

HASSALL 81 HBC 0 K p 6.5 GeV/c 

F3/F 

F1 

F2 

F3 
F4 

F5 

F6 

JENKINS 83 PRL 51 95] +Albright. Diamond+ (FSU. BRAN. LBL. CINC. SMAS) 
HASSALL 81 NP B189 397 +Ansorge. Carter. Nealet (CAMB. MSU) 
AMIRZADEH 80 eL 90B 324 (BIRM. CERN. GLAS. MSU. LPNP) I 
KINSON 80 Toronto Conf 263 - (BIRM. CERN. GLAS. MSU LPNP!I 
DIBIANCA 75 NP B90 137 -Endorf (CMU'I 

I ) I I ( J P )  = ½(??) Status:  ~< E(2500 J, P need conf i rmat ion .  

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

The AL ITT I  69 peak might  be instead the E(2370) or might  be neither the 
Z(2370) nor the E(2500). 

VALUE (MeV) EVTS 

80 50 HASSALL 81 
80±25 94 AMIRZADEH 80 
75±69 DIBIANCA 75 

--(2500) MASS 

VALUE (MeV) EVTS DOCUMENT ID TEEN E HG COMMENT 

2505±10 JENKINS 83 MPS K - p - -  K + 
MM 

2430±20 30 ALtTTI 69 HBC K -  p 4.6 5 
GeV/c 

2500~10 45 BARTSCH 69 HBC 0 K p 10 GeV,/c 

TEEN C HG COMMENT 

MPS K p ~ K + 
MM 

HBC 0 K -  p 6.5 GeV/c 
HBC 0 K p 8.25 GeV/c 
DBC - 2 =  

- - (2500) W I D T H  

VALUE (MeV i DOCUMENT ID TEEN CHG 

+60 150 40 ALITTI 69 HBC 

59±27 BARTSCH 69 HBC -0  

-(2370) W I D T H  

DOCUMENT ID TEEN CHG COMMENT 

HBC 0 K p 6.5 GeV/'c 
HBC - 0  K p 8.25 GeV/c 
DBC - 2 ~  

F I Z z  
F 2 A K  

F 3 Y K  
F 4 -- TF ,'r 

F s --(1530)~r 

F 6 A K F r  + ] E K ~  

- ( 2 3 7 0 )  D E C A Y  M O D E S  

Mode 

Includes F4 + rg .  

- ( 2 5 0 0 )  D E C A Y  M O D E S  

Mode 

-(2500) BRANCHING RATIOS 
E K ~  
Includes F 5 + F6. 
~ - K  

A K * ( 8 9 2 )  
T K - * ( 8 9 2 )  

E (1385)  K 

r(_--~)/[r(-~) + rEAR) + FErn) + F(-(1530)~)] 
F 1 / ( F I + F 2 + F j + F 5 )  

VALUE DOCUMENT )D TEEN COMMENT 

< 0 5  ALITTI 69 HBC 1 standard dev. timit 

r(AR-)/[r(-~) + r(A~) + r (z~ )  + r(-(1530)~)] 
F 2 / ( F I + F 2 + F 3 + F 5 )  

VALUE DOCUMENT ID TEEN CHG 

0 5±0.2 ALITTI 69 HBC 

---(2370) REFERENCES 

E(2370)  F O O T N O T E S  

1 K~NSON 80 is a reanalysis of AMIRZADEH 80 with 50% more events. 

CHG COMMENT 

K p 8.25 GeV/c 

(r4+rs)/r 
CHO COMMENT 

K p 8.25 GeV/c 

rdr  
CH5 COMMENT 

K -  p 8.25 GeV,'c 
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Baryon Full Listings 
-(2500), £2- 

r ( z~ / [ r ( z~ )  + F(A~ + r(~-~ + r(-(ts3o)~r)] 
r 3 / ( r l + r 2 + r 3 + r 5 )  

VALUE DOCUMENT ID TECN CHG 

0.5±0.2 ALITTI 69 HBC 

r(-(1530)~)/[r(-~) + F(A~) + r(rg) + r(-(1530)Tr)] 
r5/(rl+r2+r3+rs) 

VALUE DOCUMENT ID TECN COMMENT 

<0.2 ALITTI 69 HBC 1 standard dev. l imit 

~ -  M E A N  LIFE 

Measurements with an error > 0.1 × 10 -10  s have been omitted. 

VALUE (10 10 s) EVT5 DOCUMENT ID TECN COMMENT 
0.822~0.012 OUR AVERAGE 
0.811±0.037 1096 LUK 88 SPEC pBe 400 GeV 
0.B23±0.013 12k BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.822±0.028 2437 BOURQUIN 79B SPEC See BOURQUIN 84 

r(-Tr~)/rtota, r4/r 
VALUE DOCUMENT ID TECN CHG 

seen BARTSCH 69 HBC - 0  

[r(A~Tr) + r (ZK~) ] /F to ta  I ro/r 
VALUE DOCUMENT ID TECN CHG 

seen BARTSCH 69 HBC - 0  

- ( 2 5 0 0 )  REFERENCES 

JENKINS 83 PRL 51 951 ~Albright, Diamond+ (FSU, BRAN, LBL, CINC, SMAS) 
ALITTI 69 PRL 22 79 +Barnes, Flaminio, Metzger+ (BNL, SYRA) I 
BARTSCH 69 PL 28B 439 ~ (AACH, BERL, CERN, LOIC, VIEN) 

£Z BARYONS 
(s=-3, i=0) 

~ -  = S S S  

I ( J  P )  = 0 ( 3 + )  

~ -  D E C A Y  M O D E S  

Mode Fraction ( l ' i /F )  Confidence level 

F1 A K -  (67.84-0.7) % 
F2 E 0 ; r  - (23.64-0.7) % 

F3 - - n  0 ( 8.64-0.4)% 

F4 - - -  "a - + / l - -  ( 4.3+13:4 ) x 10 - 4  

F8 --(1530)0~T - ( 6.4_4-25:1) x 10 - 4  

F6 - 0 e - ~ e  ( 5 . 6 ± 2 . 8 )  x 10 - 3  

r7  E -  ? < 2.2 x 10 - 3  

A S  = 2 ( A S )  v io la t i ng  modes 

r8 AT- AS < 1.9 x 10 .4 

90% 

90% 

~ -  BRANCHING RATIOS 

The BOURQUIN 84 values (which include results of BOURQUIN 79B, a separate 
experiment) are much more accurate than any other results, and so the other results 
have been omitted. 

F ( A K - ) / r t o t a l  r l / r  
VALUE EVTS DOCUMENT tO TECN COMMENT 

The unambiguous discovery in both production and decay was by 
BARNES 64. The quantum numbers have not actual ly been measured, 
but  fol low from the assignment of the particle to the baryon decuplet. 
DEUTSCHMANN 78 and BAUBILLIER 78 rule out  J = 1/2 and f ind con- 
sistency w i th  J = 3/2.  

We have omi t ted some results that  have been superseded by later exper- 
iments. The omi t ted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

£ t -  M A S S  

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
1672-434-0.32 OUR AVERAGE 
1673 ± 1 100 HARTOUNI 85 SPEC 80-280 GeV K~ C 
1673.0 d_0.8 41 BAUBILLIER 78 HBC 8.25 GeV/c K -  p 
1671.7 ±0.6 27 HEMINGWAY 78 HBC 4.2 GeV/c K -  p 
1673.4 ±1.7 4 1 DIBIANCA 75 DBC 4.9 GeV/e K -  d 
1673.3 ±1.0 3 PALMER 68 HBC K -  p 4.6, 5 GeV/c 
1671.8 ±0.8 3 SCHULTZ 68 HBC K -  p 5.5 GeV/c 
1674.2 4-1.6 5 SCOTTER 68 HBC K p 6 GeV/c 
1672.1 ± i .0  1 2 FRY 58 EMUL 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

1671.43+0.78 13 3 DEUTSCH... 73 HBC K -  p 10 GeV/c 
1671.9 4-1.2 6 3SPETH 69 HBC See 

DEUT~CHMANN 73 
1673.0 ±8.0 1 ABRAMS 64 HBC ~ - - -7 r -  
16706 ±1.0 1 2 FRY 55B EMUL 
1615 1 4 EISENBERG 54 EMUL 

1 DIBIANCA 75 gives a mass for each event. We quote the average. 
2The FRY 55 and FRY 55B events were identified as f2- by ALVAREZ 73. The masses 

assume decay to A K at rest. For FRY 55B, decay from an atomic orbit could Doppler 
shift the K energy and the resulting i'l mass by several MeV. This shift is negligible 
for FRY 55 because the f l  decay is approximately perpendicular to its orbital velocity, 
as is known because the A strikes the nucleus (L.Alvarez, private communication 1973). 
We have calculated the error assuming that the orbital n is 4 or larger. 

3 Excluded from the average; the ~ -  lifetimes measured by the experiments differ signifi- 
cantly from other measurements. 

4The EISENBERG 54 mass was calculated for decay in flight. ALVAREZ 73 has shown 
that the £Z interacted with an Ag nucleus to give K - A g .  

~ +  M A S S  

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
1672.64- 0.7 OUR AVERAGE 
1672 4-1 72 HARTOUNI 85 SPEC 80-280 GeV /~i C 

1673.1±1.0 1 FIRESTONE 71B HBC 12 GeV/c K + d 

0.678+0.007 14k BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc, • • • 

0.686±0.013 1920 BOURQUIN 79B SPEC See BOURQUIN 84 

F ( - ° r r - ) / r t o t a l  r 2 / r  
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.2364-0.00? 1947 BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.234_L0.013 317 BOURQUIN 79B SPEC See BOURQUIN 84 

r(_---n °)/Ftotal r3/r 
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.0864-0.004 759 BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

0.080±0.008 145 BOURQUIN 79B SPEC See BOURQUIN 84 

r ( - -  ~+ ~-)/Ftota I r4/r 
VALUE (units 10 4) EVT5 DOCUMENT ID TECN COMMENT 

4.3_+3:~ 4 BOURQUIN 84 SPEC SPS hyperon beam 

F (E(1530)0  l r - ) / r t o t a l  F s / F  

VALUE (units 10 4) EVTS DOCUMENT ID TECN COMMENT 

6.4_4-511 4 5 BOURQUIN 84 SPEC SPS hyperon beam 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

20 i BOURQUIN 79B SPEC See BOURQUIN 84 

5The same 4 events as in the previous mode, with the isospin factor to take into account 
---(1530) 0 ~ -07r0 decays included. 

r(-°e-~e)/Ftotal ro/r 
VALUE (units 10 3) EVTS DOCUMENT ID TECN COMMENT 

5.6±2.8 14 BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

10 3 BOURQUIN 79B SPEC See BOURQUIN 84 

r ( - -  ~)/rtota, r7/r 
VALUE (units 10 3) CL% EVT5 DOCUMENT ID TECN COMMENT 

<2.2 90 9 BOURQUIN 84 SPEC SPS hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<3.1 90 0 BOURQUIN 79B SPEC See BOURQUIN 84 

F ( A ~ - ) / F t o t a l  F s / F  
AS=2.  Forbidden in first-order weak interaction. 

VALUE (units lO 4) CL% EVTS DOCUMENT ID TECN COMMENT 

< 1.9 90 0 BOURQUIN 84 SPEC SP8 hyperon beam 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

<13 90 0 BOURQUIN 79B SPEC See BOURQUIN 84 
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~-, £~(2250)-, £2(2380)-, 92(2470)- 

Q -  DECAY PARAMETERS 

c~ FOR £2- --, A K  
Some early results have been omi t ted .  

VALUE E V T 5  DOCUMENT ID TEEN COMMENT 
-0.026±@026 OUR AVERAGE 

0 . 0 3 4 ± 0 . 0 7 9  1743 L U K  88 SPEC p B e  400 GeV 

0 . 0 2 5 ± 0 . 0 2 8  12k B O U R Q U I N  84 SPEC SPS hyperon beam 

FOR D -  ~ E07r 
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 

+ 0 . 0 9 ± 0 . 1 4  1630 B O U R Q U I N  84 SPEC SPS hyperon beam 

c~ FOR £ -  ~ - - T r  ° 
VALUE E V T S  DOCUMENT ID TECN COMMENT 

+ 0 . 0 5 + 0 . 2 1  614 B O U R Q U I N  84 SPEC SPS hyperon beam 

REFERENCES FOR Q-  

We have omi t t ed  some papers tha t  have been superseded by later exper iments .  

The  omi t t ed  papers may  be found  in our  1986 ed i t ion (PhysTcs Letters 170B)  or in 

earlier edi t ions. 

LUK 88 PR D38 19 +Beretvas, Deck+ (RUTG, WISC, MICH, MINN) 
HARTOUNI 85 PRL 54 628 +Atiya, Holmes. Knapp, Lee+ [COLU, ILL, FNAL) 
BOURQUIN 84 NP B241 ] - (BRIS, GEVA, HELD, LALO, RAL, STRB) 

Also 79 PL 87B 297 Bourquin+ (BRIS, GEVA, HESD, ORSA, RHEL STRR) 
BOURQUIN 79B PL 88B 192 * (BRIS, GEVA, HELD, LALO, RAL) 
RAUBILLIER 78 PL 78B 342 + (BIRM. CERN, GLAS, MSU, LPNP) J 
DEUTSCH 78 PL 73B 96 Deutschmann+ (AACH, BERL, CERN, INNS, LOIC+) J 
HEMINGWAY 78 NP B142 205 ±Armenteros+ (CERN, ZEEM, NIJM, OXF) 
DIBIANCA 75 NP B98 137 +Endorf (CMU) 
ALVAREZ 73 PR D8 702 (LBL) 
DEUTSCH 73 NP BE1 102 Deutschrnann, Kaufmann. Bes~iv+ (ABELV Eollab I 
FIRESTONE 71B PRL 26 410 +Goldhaber, Lissauer, Sheldon, Trilling (LRL) 
SPETH 69 PL 29B 252 ÷ (AACH, BERL, CERN LOIC, VtEN) 
PALMER 68 PL 26B 523 + Radojici( Rau, Richardson~ (BNL, SYRA) 
SCHULTZ 68 PR I68 I509 + (ILL, ANL, NWES, WISE) 
SCOTTER 68 PL 26B 474 , (BIRM, BLAS, LOIC, MUNI, OXF) 
ABRAMS 64 PRL 15 670 -Burnstein, Glasser ~ (UMD, NRL) 
BARNES 64 PRL 12 204 -Connolly, Crennell, Culwick e (BNL) 
FRY 55 PR 97 1189 + Schneps Swami (WISE} 
FRY 55B NC 2 346 +Schneps, Swami (WlSC/ 
EISENBERG 54 PR 96 541 (CORN) 

1 (22s°) -I = 0(??) Status: * * *  

£2(2250) MASS 

VALUE (MeV) E V T S  DOCUMENT ID TECN COMMENT 

2252± 9 OUR AVERAGE 
2 2 5 3 ± 1 3  44 A S T O N  878 LASS K p 11 GeV,/c 

2 2 5 1 ±  9 ~ 8  78 BIAGI 86B SPED SPS - - -  beam 

E2(2250) WIDTH 

VALUE (MeV} E V T B  DOCUMENT ID TEEN COMMENT 

55± 18 OUR AVERAGE 
8 1 ± 3 8  44 A S T O N  87B LASS K p 11 G e V / c  

4 8 ~ 2 0  78 BIAGI 868 SPED SPS -- beam 

£(2250) -  DECAY MODES 

Mode Fract ion ( F i / r )  

r I - ~T + K -  seen 

1- 2 - - ( 1 5 3 0 )  0 K seen 

£(2250) -  BRANCHING RATIOS 

F ( - (1530) 0 K - )  / F (_--- ~r + K - )  F2/F1 
VALUE E V T 5  DOCUMENT ID TECN COMMENT 

1 0 44 A S T O N  87B LASS K -  p 11 G e V / c  

0 , 7 0 ± 0 . 2 0  49 BIAGI 86B SPEC --- Be 116 G e V / c  

ASTON 
BIAGI 

~(2250) -  REFERENCES 

87B PL B194 579 +Awaji, Bienz, Bird ~ (SLAC, NAGO. CINC, TOKY) 
86B ZPHY C31 33 (LOQM, GEVA, RAL, HElD LAUS, BRIS, CERN) 

I 
OMITTED FROM SUMMARY TABLE 

Status: * 

£~(2380)- MASS 

VALUE (MeV) E V T S  DOCUMENT ID TEEN COMMENT 

2 3 8 4 ± 9 ± 8  45 BIAGI 86B SPEC SPS E -  beam 

~(2380) WIDTH 

VALUE (MeV) E V T S  DOCUMENT /D TEEN COMMENT 

2 6 ~ 2 3  45 BIAGI 86B SPEC SPS ---- beam 

£(2380) -  DECAY MODES 

Mode 

F1 Z ¢r + K 
F 2 Z(1530)0 K 
r3 - K*(892) 0 

Q(2380)-  BRANCHING RATIOS 

F ( - ( 1 5 3 0 ) O K - ) / F (  - ~ + K  ) F2/F1 
VALUE EL% E V T S  DOCUMENT ID TEEN COMMENT 

< 0 4 4  90 9 BIAGI 86B SPEC E -  Be 116 GeV/c  

r ( - -  ~*(892)°) /r(  - -  ~+ K- )  r3/rl 
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 

0 5 ± 0 3  21 BIAGI 86B SPEC E Be 116 G e V / c  

Q(2380)- REFERENCES 

86B ZPHY C31 35 (LOQM, GEVA, RAL. HELD, LAUS, BRIS, EERN) 

I  12470)- [ Status: ** 
OMITTED FROM SUMMARY TABLE 

A peak in the ~ =+ ;T mass spectrum with a signal significance claimed to 
be at least 5.5 standard deviations. There is no reason to serious;y doubt the 
existence of this state, but unless the evidence is overwhelming we usually 
wait for confirmation from a second experiment before elevating peaks to the 
Summary Table. 

£ (2470) -  MASS 

VALDE (MeV) E V T E  DOCUMENT ID TEEN COMMENT 

2 4 7 4 ± 1 2  59 A S T O N  88G LASS K p 11 GeV,/c 

£(2470) -  WIDTH 

V4LUE (MeV/ E V T S  DOCUMENT fD TEEN COMMENT 

72:[-33 59 A S T O N  886 LASS K p 11 G e V / c  

C~(2470)- DECAY MODES 

Mode 

F 1 ~ - ; T +  ~ 

£Z(2470)- REFERENCES 

ASTON BaG P[ B215 799 .Awaji Rierw Bird~ (SLAC. NAGD ONE TOKY) 
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CHARMED BARYONS 
(C= +1) 

A + = udc, Tc++ = u u c ,  T +  c = udc, T O = d d c ,  

=+=usc, Z °=dsc, f2 ° = s s c  - -C  

N O T E  ON C H A R M E D  B A R Y O N S  

Figures l(a) and l(b) show the SU(4) multiplets that have 

as their "ground floors" (a) the SU(3) octet that contains the 

nucleon and (b) the SU(3) deeuplet that contains the A(1232). 

All the particles in a given SU(4) multiplet have the same 

spin and parity. The only charmed baryons that have been 

discovered each contain one charmed quark and belong to the 

first floor of the multiplet shown in Figure l(a). Figure 2 

shows this first floor, pulled apart into two SU(3) multiplets, 

a 3 that contains the Ac(2285) and the Ec(2470), both of 

which decay weakly, and a 6 that contains the Ec(2455), which 

decays strongly to AcTr. A second -c  and an ~c remain to 

be discovered to fill out the 6, and a host of other baryons 

with one or more charmed quarks are needed to fill out the 

full SU(4) multiplets in Figure 1. Furthermore, every N or A 

baryon resonance "starts" a multiplet like that in Figure l(a) 

or l(b), so the woods are full of charmed baryons, most of 

which no doubt will forever remain undiscovered. 

(b) a+~ + 
(a) --+ -~++ 

-cc ~cc 

cc ~ c c  

0 + +  
c 

Da,++ 

Figure 1. SU(4) multiplets of baryons made of u, d, 
s, and e quarks. (a) The 20-plet with an SU(3) octet 

on the "ground floor." (b) The 20-plet with an SU(3) 

decuplet on the ground floor. 

t - -c  ~ - -c  I 
~\ d s c  J u s c / /  

/ £-~o 

~\ S 2 c  J 

Figure 2. The SU(3) multiplets on the "first floor" of the 

SU(4) multiplet of Figure l(a). The particles in dashed circles 

have yet to be discovered. 

VII1.127 

Baryon Full Listings 
Charmed Baryons, A~ 

The states of the 3 multiplet are ant±symmetric under 

interchange of the two light quarks (the u, d, and s quarks), and 

the states of the 6 multiplet are symmetric under interchange 

of these quarks. Actually, there is probably some mixing 

between the pure 3 and 6 --c states (they have all the same 

ordinary quantum numbers) to form the physical =c states. 

It need hardly be said that the flavor symmetries Figure 1 

displays are very badly broken, but the figure is the simplest 

way to see what charmed baryons should exist. For an entry 

into the literature on models of charmed baryons, see Ref. 1. 

References  

1. K. Maltman and N. Isgur, Phys. Rev. D22, 1701 (1980); 

S. Capstick and N. Isgur, Phys. Rev. D34, 2809 (1986); 

W. Kwong, J.L. Rosner, and C. Quigg, Ann. Rev. Nuel. 

Part. Sci. 37, 325 (1987); and S. Fleck and J.M. Richard, 

Part. World 1, 67 (1990). 

D i ( j p  ) = 0(½ + )  

J has not actual ly been measured yet. J = 1/2 is of course expected. The 
quark content is udc.  

We have omi t ted some results that  have been superseded by later exper- 
iments. The omit ted results may be found in our 1986 edition (Physics 
Letters 170B) or in earlier editions. 

A + M A S S  

We only average the measurements with an error less than 10 MeV. It seems clear 
that the early values around 2260 MeV were too low. 

VALUE (MeV) EVT5 DOCUMENT ID TECN COMMENT 
2285.2:1:1.2 OUR FIT Error includes scale factor of 1.5. 
2285.2=1= 1.2 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below. 
2285.8± 0.6:t- 1.2 101 BARLAG 89 CCD 
2284.7± 2.3:t- 0.5 5 AGUILAR-... 88B LEBC 

2283.1± 1.7:L 2.0 628 ALBRECHT 88C ARG 
2286.2± 1.7=t- 0.7 97 ANJOS 88B TPS 
2305 ± 3 ± 6 621 CHAUVAT 87 SPEC 
2281 ± 3 2 JONES 87 HBC 
2268 ± 6 187 ALEEV 84 BIS2 

2283 ± 3 3 BOSETTI 82 HBC 
2284 ± 5 55 RUSSELL 81 SPEC 
2285 ± 6 39 ABRAMS 80 MRK2 
2290 -~ 3 1 CALICCHIO 80 HYBR 
• • • We do not use the following data for averages, fits, limits, 

2301 ±17 4 ADAMOVICH 87 EMUL 
2285.6± 1.1 14 BARLAG 87 CCD 
2293 ± 6 9:30 78 DIESBURG 87 SPEC 
2300 ±25 1 AMMAR 86 EMUL 
2266 ±13 8 USHIDA 86 EMUL 
2270 ,1 15 3 KITAGAKI 82 DBC 
2260 -}-20 1 ALLASIA 80 EMUL 

2275 ± 10 19 KITAGAKI 80 DBC 
2257 ±10 6 BALTAY 79 HLBC 
2254 J_ 12 1 CNOPS 79 DBC 
2262 :I-10 30 1 GIBONI 79 SPEC 
2260 ±10 60 KNAPP 76 SPEC 
2260 ±20 1 CAZZOLI 75 HBC 

1 GIBONI 

pK ~r+ + c.c. 
p K -  ~r + +c .c .  
p K -  ~+, p~O, A37r 
p K -  ~r + + c.c. 
pp 63 GeV ISR 
pK 7r + 

p K 0 7r + ~ r -  

pK 7+ 
p ~  + C.C. 
p K -  ~:+ + C.C. 
p K -  ~r + 
etc. • • • 

qA  20-70 GeV/c 
See BARLAG 89 
nA ~ 600 GeV 
Z + ~r + r 

Wideband v 
Z 0 ,~+ 
p K -  7r + 
h l r +  ' p~O 

A~T-- 
pK~(892) - ~+ 
p K'- 7r + 
h 2 7 r  ~T + 
A27r + 7r 

79 has been changed from 2255 ± 4 MeV by the authors; see KERNAN 79. 
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Baryon 
At 

Full Listings 

WEIGHTED AVERAGE 
2285.2 ± 1.2 (Error scaled by 1.5) 

+ Values above of weighted average, error, 
v and scale factor are based upon the data in 
v this ideogram only. They are not neces- 
v sari ly the same as our "best" values, 

obtained from a least-squares constrained fit 
utilizing measurements of other (related) 
quantities as additional information. X 2 

. . . . . . . . . . .  BARLAG 89 CCD 

. . . . . . . . . . . .  AGUILAR-... 88B LERC 0.0 
" ~ v l  . . . . . . . . . . . . .  ALBRECHT 88C ARG 0.6 

~ ~..~, . . . . . . . . . . . .  ANJOS 88B TPS 0.3 
I v l  I • • • CRAUVAT 87 SPEC 8.7 

--]1'.- ~. } . . . . . . . . . . . .  JONES 87 HBC 1,9 
- - - I ' - -  ' '~ '~  1 . . . . . . . . . . . .  ALEEV 84 BIS2 8.2 

I . . . . . . . . . . . .  BOSETTI 82 HBC 0.5 
. . . . . . . . . .  RUSSELL 81 SPEC 0.1 

. . . . . . . . . . .  ABRAMS 80 MRK2 0.O 
S ~ ~  . CALICCHIO 80 HYBR 2 6 

I 

2260  

2 
X 
0.2 
0.0 
0.6 
0.3 
8.7 
1,9 
8.2 
0.5 
0.1 

0.O 
26 

23.2 
(Conf idence Level = O.O10) 

i 

2280  2 3 0 0  2320  2 3 4 0  

A~ mass (MeV) 

A + M E A N  LIFE 

Measurements with an error > 1.0 × 10 I3 s have been omitted. 

_VALUE (1O 13 s) EVTS DOCUMENT IO TEEN COMMENT 

1 o l  +0"17 OUR AVERAGE " ' - 0 . 1 3  

1 Q~+0.23 101 BARLAG 89 CCD p K  ~ ~ c.c. " ~  0.20 

1,2 + 0 5  9 AGUILAR-... 88B LEBC 
0.3 

22 ±0.3 4`02 97 ANJOS 88B TPS pK ~r+ + c.c. 

E0.9 ± 0 4  11 ADAMOVICH 87 EMUL ~ A 2 0 - 7 0 G e V / c  2.3 -0 .6  

1.1 +0.8 9 AMENDOLIA 87 SPEC -~Ge-Si, pK ~4 ~0 
- 0 A  

2.0 +0.7 13 USHIDA 86 EMUL 
-0 .5  

• • • We do not use the following data for averages, fits, limits, etc. • • • 

1.4 ~0.5 ± 0 3  14 BARLAG 87 CCD See BARLAG 89 - 0 3  

Ac + D E C A Y  M O D E S  

Mode Fraction (Fi /F)  

r I p K  0 

r 2 p K - r r  + 

r 3 p K * ( 8 9 2 )  ° 

F4 A ( 1 2 3 2 )  + +  K 

r 5 pK0~T+  ~ 

r 6 p K  ~T-~  0 

r 7 p K * ( 8 9 2 )  ~r- 
r 8 A ( 1 2 3 2 ) K * ( 8 9 2 )  

F 9 A any th i ng  

rlO Ar t  ~ 
F I t  ATr ~ ?;+~T 
F12 ~07r+  

F13 ]E ± any th i ng  
F14 T + 7r 0 

r l 5  ]E+ ,'T+ ~T 
F16 e + any th i ng  

F17 p e  + any th ing  

r l 8  p K ° : r - , " r ° e +  v 

F19 Ae  4 any th i ng  

F20 p hadrons 

F21 all except F1, F2, Fs, and F l l  

(1.6=-_0.6) % 

( 284`0.8) % 
[a] ( 6 . 0 ± 3 1 )  × 10 3 

(5.74`2.8) x 10 3 

( 8.1J~3 5) % 

seen 

seen 

seen 

(27 4-9 )% 

seen 

(19~07) % 

seen 
(10 +-5 )% 

(10 ±8 ) % 

4 5 ± 1 7 )  % 

18J 0.9) % 

] 1 i0 .8)  % 

[b](86 ~-5 )% 

[a] Corrected for the K * ( 8 9 2 )  0 - -  ~ r r  0 mode.  

[b] A d u m m y  mode used by the  f i t .  

C O N S T R A I N E D  FIT INFORMATION 

An overall f i t  to 5 branching ratios uses 9 measurements and one 
constraint to determine 5 parameters. The overall f i t  has a X2 = 
1.6 for 5 degrees of freedom. 

The fol lowing off-diagonal array elements are the correlation coefficients 

{ ,~xthx21/(hxi .#xj) ,  in percent, from the fit to the branching fractions, x{ 

r i / F to ta  I. The fit constrains the x~ whose labels appear in this array to sum to 
one. 

x 2 84 

x 5 51 61 

X l l  66 79 78 

x21 - 70 79 - 9 6  88 

x t  x2 x5 Xl i 

A + BRANCHING RATIOS 

r ( p K  " r r+ ) / r to ta l  r 2 / r  
VALUE CL~/~ E V T S  DOCUMENT ID TEEN COMMENT 

0.028=E0.008 OUR FIT 
0.025=E0.009 OUR AVERAGE 
0.041±0.024 208 2 ALBRECHT 88E ARG I 
0022±0010  39 ABRAMS 80 MRK2 e + e 5.2 GeV 

• • • We do not use the following data for averages, fits, qimits, etc. • • • 

>0.044 90 6 3 AGUILAR ... 88B LEBC pp 27.4 GeV 

2ALBRECHT 88E use their result B(B ~ AC + X).B(Ac + ~ p K -  ~ + )  = (0 30 ± 012 ± | 
006)% plus B(B ~ Ac + X) = (74 = 2.9)% from other measurements of inclusive proton I and A yields in B decays. 

3 The AGUILAR-BENITEZ 88B lower l imit is, on the face of it, in disagreement with the 
ABRAMS 80 measurement. However, the limit assumes that "r(Ac) = 1.2 >: 10 -13  s, 
and it "decreases by 20% [to >0035] assuming a lifetime of 17 < 10 -13  s instead." 

. . . . . .  age for ~-(Ac)is still higher, (1 9 1 ~ ) i ~  ) ~ 10 -13  s (see th . . . . . .  life section), O 
which if correct would further reduce the limit. The two experiments then do not disagree 
so badly. Given the very limited statistics and the uncertainties all around, we incPude 
the ABRAMS 80 result, which claims to be a measurement rather than a limit, in our 
average. 

r(pK°)/r(pK-~ +) r l /F2 
VALUE EL% EVr5 DOCUMENT ID TEEN COMMENT 

O.58±O.11 OUR FIT 
0.58i0,11 OUR AVERAGE 
055±0.17±0.14  45 ANJOS 90 TPS -rBe 70-260 GeV 
0 62±0.15±0 03 73 ALBRECHT 88C ARG e + e- 10 GeV 
05 ± 0 2 5  12 WEISS 80 MRK2 e + e 5.2 GeV 

• • • We do not use the following data for averages, fits, Hmits, etc, • • • 

>0.67 90 50 RUSSELL 81 SPEC Photoproduction 

F(pK*(892)°)/F(pK 7r +) r3/r2 
Corrected for the ~ * 0  ~ ~0  ,~0 mode. 

VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.22+0.09 OUR AVERAGE 
0 4 2 ± 0 2 4  12 BASILE 81B CNTR p p -  Ac+e X 
018±0.10 WEISS 80 MRK2 e + e 5.2 GeV 

F (A(2232) ++ K-)/r(p K-  7r +) F4/r2 
VALUE EVTS DOCUMENT ID TEEN COMMENT 
0.20~-0.08 OUR AVERAGE Error includes scale factor of 1.3. 
040±0.17 17 BAStLE 81a CNTR pp ~ A c e X 
0 174`0.07 WEISS 80 MRK2 e -  e -  5.2 GeV 

r(pE%r+~r-)/r(pK °) Fs/Ft 
VALUE EL% E V T S  DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

< 3 3 90 45 RUSSELL 81 SPEC Photoproduction 

I-(pR°rr+rr-)/r(pK-~ +) rs/r2 
VALUE ~ DOCUMENT ID TEEN COMMENT 

• • • We do not use the following data for averages, fits, limits, etc. • • • 

• 17 90 ANJOS 90 TPS t'Be 70-260 GeV 

r ( p K  ¢r* IT0) /Ftota l  
VALUE EvrE DOCUMENT ID T~CN COMMENT 

seen 44 AMENDOLIA 87 SPEC ~,Ge Si 

r ( p K * ( 8 9 2 ) -  = + ) / F t o t a  I F z / F  
~'ALUE EVT5  DOCUMENT IO TEEN COMMENT 

CNOPS 79 DBC ~,N in BNL 7 ft 

r8 / r  
DOCUMENT ID TEEN COMMENT 

AMENDOLIA 87 SPEC ~',Ge Si 

seen I 

r ( A ( 1 2 3 2 ) K * ( 8 9 2 ) ) / r t o t a L  
VALUE EVT5 

seen 35 

% / r  



.See key on page IV. 1 
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Baryon Full Listings 
Ac+, T c ( 2 4 5 5 )  

I'(A anything)/rtota I rg/r 
VALUE E V T S  DOCUMENT ID TEEN COMMENT 
0.274-0.09 OUR AVERAGE 
0.49+0.24  A D A M O V I C H  87 E M U L  3`A 20-70 G e V / c  
0 .23±0.10  8 4 ABE 86 HYBR 20 GeV "TP 

4 A B E  86 includes h's f rom Z 0 decay. 

I(A~+)/F(pK°) r18/r l  
We regard this mode as seen, bu t  wi th a l imi t  given by the A L B R E C H T  88c result. 

VALUE EL% EVT5 DOCUMENT IO TEEN COMMENT 
seen OUR E V A L U A T I O N  

<0.26 90 5 A L B R E C H T  88c ARG e + e 10 GeV 
q, • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.4 90 40 RUSSELL 81 SPEC Photoproduct ion 

0 ~1+0 .62  '~"  0.27 9 K I T A G A K I  80 DBC v d in FNAL  15-ft 

0 ~- t+0.78 6 ~ ' - 0 . 3 5  5 BALTAY 79 HLBC u Ne-H in 15-ft 

5Th is  A L B R E C H T  88c result is redundant w i th  their  l imit  on F ( A I c + ) / F ( p K  - 7r + )  , 
below. 

6Calculated by K ITAGAKI  80 f rom BALTAY 79 results. 

r(A= +)/r(pK- 7r +) r l0/r2 
1/ALUE ~ DOCUMENT ID TEEN COMMENT 

<0.16 90 A L B R E C H T  88C ARG e + e -  10 GeV 
a • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.33 90 ANJOS 90 TPS 3'Be 70-260 GeV 
<0.8 90 WEISS 80 MRK2 e + e -  5.2 GeV 

r ( A  ~ +  ~r + 7 r - ) / F t o t a  I r u / r  
VALUE EVT5 DOCUMENT ID TECN COMMENT 
0,019:E8.007 OUR F IT  
Cl.O28:EB.007:hO.811 70 7 BOWCOCK 85 CLEO e + e- 10.5 GeV 

7See BOWCOCK 85 for assumptions made on charm product ion and Ac production f rom 
charm to get this result. 

r'(ATr+ 7r+ ~ - ) / F ( P  R'° ) r n / r l  
VALUE EL% EVT5 DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<3.1 90 220 RUSSELL 81 SPEC Photoproduct ion 

r(A~+ ~+ ~-)IF(pK-~+) r n / r 2  
VALUE CL~  E V T S  DOCUMENT ID TEEN COMMENT 

0.684-0.15 OUR FIT 
0.64=t=0.15 OUR AVERAGE 
0 . 8 2 ± 0 . 2 9 ± 0 . 2 7  44 ANJOS 90 TPS --/Be 70-260 GeV 
0.61J_0.16±0.04 105 ALBRECHT 88C ARG e + e-  i0 GeV 

• • • We do not use the following data for averages, fits, limits, etc. • I • 

<1.4 90 WEISS 

r (p~+~-) / r (A~+~+~-)  
VALUE E V T S  DOCUMENT ID 
4 . 3 4 - 1 . 2 O U R  FIT  
4 . 3 +  1.2 130 ALEEV 

r (z4- anything)/rtota I 

V,~LUE EVT5 DOCUMENT ID 

0.1 / :0 .05  5 ABE 

r (z ° ~+) / rtota I 
V4LUE E V T 5  DOCUMENT ID 

seen 3 K ITAGAKI  82 

r (Z+ lr+ ~r-)/rtotal 
VdLUE E V T S  DOCUMENT ID 

8.104-0.08 A D A M O V I C H  87 

80 MRK2 e + e 5.2 GeV 

r s / r 1 1  
TECN COMMENT 

84 BIS2 nC 40-70 GeV 

r 1 3 / r  
TECN COMMENT 

86 H Y 8 R  20 GeV -~p 

r12/r 
TEEN COMMENT 

DBC v d in FNAL 15-ft 

r15/r 
TEEN COMMENT 

E M U L  -rA 20-70 G e V / c  
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

seen 1 A M M A R  86 EMUL v A  

r(p hadrons)/rtota I r2o/r 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 4 1 ± 0 . 2 4  A D A M O V I C H  87 E M U L  ? A  20-70 G e V / c  

r(P e+ anything)/rtotal r l7 / r  
VALUE DOCUMENT ID TEEN COMMENT 

8818±O.009  8 V E L L A  82 MRK2 e + e 4.5-6.8 GeV 

8 V E L L A  82 includes protons f rom A decay. 

r(Ae + anything)/rtota I r 1 9 / r  

~'~LUE ~ E V T 5  DOCUMENT tD TEEN COMMENT 

0.011+8.008 9 V E L L A  82 MRK2 e + e 4.5-6.8 GeV 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

<0.022 90 1 BALLAGH 81 H Y B R  u Ne-H in 15-ft 

9 V E L L A  82 includes A's f rom Z 0 decay. 

r(Ae + anything)/r (A anything) r19/r9 
VALUE DOCUMENT ID TEEN COMMENT 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

0 .027±0.017  10 SON 82 DBC ~ d in FNAL 15-ft 

10SON 82 uses own data and A # -  e + events of M U R T A G H  79. 

r(A~r+ 7r+~r-)/r(Ae + anything) Ell/r19 
VALUE EL% DOCUMENT ID TEEN COMMENT 

<1.7 90 KLEIN 89 MRK2 e + e 29 GeV 

r (  e+ anything)/rtotal rzE/r 
VALUE DOCUMENT IO TEEN COMMENT 

0.045:1=0.017 V E L L A  82 MRK2 e + e -  4.5-6.8 GeV 

ANJOS 
BARLA6 
KLEIN 
AGUILAR ... 

Also 
Also 
Also 

ALBRECHT 
ALBRECHT 
ANJOS 
ADAMOVICH 

Also 

AMENDOLIA 
BARLAG 
CHAUVAT 
DIESBURG 
JONES 
ABE 
AMMAR 

USHIDA 
BOWCOCK 
ALEEV 
BOSETTI 
BITAGAKI 
SON 
VELLA 
BALLAGH 
BASILE 
RUSSELL 
ABRAMS 
ALLASIA 
CAUCCHIO 
KITAGAKI 
WEISS 
BALTAY 
CNOPS 
GIBONI 
KERNAN 
MURTAGH 
KNAPP 
CAZZOLI 

REFERENCES FOR A~ 
We have omitted some papers that have been superseded by later experiments. 
The omitted papers may be found in our 1986 edition (Physics Letters 170B) or in 
earlier editions. 

90 PR D41 801 ~Appel, Bean+ (Tagged Photon Spectrometer Collab.) 
89 PL B218 374 +Booker, Boehringer, 8osman+ (ACCMOR Collab.) 
89 PRL 62 2444 +Himel, Abrams, Am•de•, Baden+ (Mark II Collab ) 
88B ZPHY CdO 321 Aguilar Benitez, A~lison, Bailly+ (LEBC-EHS Collab.) 
87 PL B189 254 Agui~ar 8enitez, Allison, Baitly+ (LEBC EHS Collab ) 
87B PL B199 462 Aguilar Benitez, A~lison, Bailly+ (LEBC EHS Collab.) 
88 SJNP 48 833 Begalli, Otter, SchuRe, Gensch~ (LEBC-EHS Collab ) 

Translated from YAP 48 1310. 
88C PL 8207 109 + (ARGUS Collab,) 
88E PL B220 263 +Boeckmann, Glaeser+ (ARGUS Collab.) 
88B PRL 60 1379 +Appel+ (Ta~ged Photon Spectrometer Collab.) 
87 EPL 4 887 +Alexandrov, Bolta+ (Photon Emulsion £ollab,) 
87 SJNP 46 447 Vinci, Gessarol]* (Photon Emulsion Collab.) 

Translated from YAF 46 799, 
87 ZPHY C36 513 +Bagliesi, Batignani, Beck¢ (CERN NA1 Collab.) 
87 PL B184 283 + (MPIM, CERN, RAL, ANiK, BRIS, CRAC+) 
87 PL 8199 304 +Cousins, Hayes+ (CERN, UCLA, SACL, UDCF) 
87 PRL 59 2711 +Ladbury+ (COLD, ILL, FNAL, BGNA, MILA, [NFN) 
87 ZPHY C36 593 +Jones+ (BIRM, CERN, LOIC, MPIM, OXF, LOUC) 
86 PR D33 1 + (SLAC HybEd Facility Photon Collab ) 
86 JETPL 43 515 +Ammosov, 8akic, Baranov, Burnett+ (ITEP) 

Translated from ZETFP 43 40I. 
86 PRL 56 1767 +Kondo* (AICB, FNAL, GIFU, GYEO, KOBE, SEOU+ 
85 PRL 55 923 +Gi}es, Hassard, Kinoshita+ (CLEO Collab ) 
84 ZPHY C23 333 +Arefiev, Balandin, Berdyshev+ (BIS-2 Collab 
82 PL 109B 234 +Graessler+ (AACH, BONN, CERN, MPIM, OXF 
82 PRL 48 299 +Tanaka, Yuta+ (TOHO, ilT, UMD, STUN, TUFT 
82 PRL 49 I128 ~Snow, Chang+ (UMD, liT, STUN, TOHO, TUFT 
82 PRL 48 1515 +Trilling, Abrams, Alam+ (SLAC, LBL, UCB) 
81 PR D24 7 -Bingham+ (LBL, UCB, FNAL HAWA, WASH, WISC 
81B NC 62A 14 +Romeo+ (CERN, BGNA, PGIA, FRAS 
81 PRL 46 799 +Avery, Butler, Gladding+ (ILL, FNAL, COLU 
80 PRL 44 10 +Alam, Blocker, Boyarski~ (SLAC, LBL 
80 NP B176 13 + (ANKA, LIBH, CERN, DUUC, LOUC, KEYN+ 
80 PL 938 521 + (BARI, BIRM, BRUX, CERN, EROL, RHEL+ 
80 PRL 45 955 +Tanaka, Yuta+ (TOHO, liT, UMD, STUN, TUFT 
80 Toronto Conf. 319 (SLAC) 
79 PRL 42 1 7 2 1  +Caroumbalis, French, Hibbs+ (COLU, BNL 
79 PRL 42 197 +Connolly, Kahn, Kirk, Murtagh, Palmer+ (BNL) 
79 PL 85B 437 * (AACH, CERN, HARV, MUNI, NWES, UCR 
79 Lepton Conf. FNAL (UCR) 
79 Fermilab Symp. 277 (FNAL) 
76 PBL 37 882 +Lee, Leung, Smith+ (COLU, HAWA. ILL, FNAL) 
75 PRL 34 1125 +Cnops, Conno~ly, Louttit, Mur~agh+ (BNL) 

I zc(2455) I = 
JP not confirmed. 1/2 + is the quark model prediction. 

Tc(2455) MASSES 
The mass measurements in this section are redundant w i th  the mass difference 
measurements that  fol low. We get the masses by adding the TLc (2455) - / ~  mass 

differences to the Ac + mass. 

Tc(2455) ++ MASS 
VALUE (MeV) EVT5 DOCUMENT ID TECN CHG COMMENT 

2453.04- 1.2 OUR FIT  Error inclu~es sc~e-e f~ctor of I T  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2 JONES 87 HBC + +  ~ p  in BEBC 
1 A D A M O V I C H  84 EMUL + +  " /A  ( O M E G A )  
1 BOSETT I  82 HBC + +  See JONES 87 
6 BALTAY 79 HLBC + +  u Ne-H in 15-ft 
1 BARISH 77B DBC + +  v d  in 12-ft 
1 CAZZOLI  75 HBC + +  v p  in BNL 7-ft 

2449 ± 3 

2480 
2454 ± 5 
2425 -L i0 

>2439 
2426 ± 12 

Tc(2455) + MASS 
VALUE (MeV) E V T S  DOCUMENT ID TEEN CHG COMMENT 
2453.2±3 .2  OUR FIT  

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2457 ± 4  1 CALICCHIO 80 HBC + u p  in BEBC-TST  
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Baryon Full Listings 
T (2455) =+ C ~ - - C  

Zc(2455} 0 MASS 
VALUE (MeV) EVT~ DOCUMENT I ~  TECN CHG COMMENT 

2452.74- 1.3 OUR FIT Error includes scale factor of 1.4. 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

2462 ± 2 6  1 A M M A R  86 EMUL 0 ~/A 
2460 9 K N A P P  76 SPEC 0 "r Be 

Tc(2455)  - A + MASS DIFFERENCES 

T + +  - A + M A S S  D I F F E R E N C E  
VALUE (MeV) EVT5 DOCUMENT ID TEEN CHG COMMENT 

167.8± 0.4 OUR FIT 
161',7-1- 0.4 OUR AVERAGE 
167.8± 0 .4±0 .3  54 B O W C O C K  89 CLEO + +  e + e 10 GeV I 
168.2± 0 .5±  t .6 92 A L B R E C H T  88D ARG + +  e + e -  10 GeV 
1 6 7 4 ±  0 5 ± 2 . 0  46 DIESBURG 87 SPEC + + n A  ~ 600 GeV 
167 ± 1 2 JONES 87 HBC ~ +  ~.p in BEBC 
168 ± 3 6 BALTAY 79 HLBC ± 4  u Ne-H in 15 ft 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

166 ± 1 1 BOSETTI  82 HBC - +  See JONES 87 
166 ±15  1 CAZZOLI  75 HBC + +  l~p in BNL 7 f t  

Tc+ - A + MASS DIFFERENCE 
VALUE (MeV) EVTS DOCUMENT ID TEEN CHG COMMENT 

168.0~3.0 OUR FIT 
168 4-3 1 CALICCHIO 80 HBC f z,p in BEBC T S T  

TO C - A + MASS DIFFERENCE 
VALUE (MeV) EVT~ DOCUMENT IO TEEN CHG COMMENT 

161'.6±0.6 OUR FIT Error includes scale factor of 1.1. 

168 ,4±1 .0±0 .3  14 ANJOS 89D TPS 0 ~ Be 90-260 GeM I 
• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

] 6 7 . 9 ± 0 . 5 ± 0 . 3  48 1 BOWCOCK 89 CLEO 0 e + e 10 GeV I 
] 6 7 . 0 ± 0 . 5 ± 1 . 6  70 l A L B R E C H T  88D ARG 0 e + e 10 GeV 
178 .2±0 .4±2 .0  85 2 DIESBURG 87 SPEC 0 nA ~ 600 GeV 
163 ± 2  1 A M M A R  86 EMUL 0 z~A 

1This  result enters the fit through the ~-c ~ +  - ~c mass difference given in the next I 
section. 

2See the note in the TC ++ - ZcO mass difference section betow. I 

£c(2455)  MASS DIFFERENCES 

Ec + +  - E ° MASS DIFFERENCE 
DIESBURG 87 is completely incompatible wi th the other experiments, which is sur 
prising since it agrees wi th them about the ~_c(2455) + ±  A + mass difference. We 
go wi th  the major i ty here. 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

0 .2±0 .5  OUR FIT Error includes scale factor of 1.2. 
0.4~-0.6 OUR AVERAGE Error includes scale factor of 1.3. 
0 . 1 ± 0 . 6 ± 0 . 1  BOWCOCK 89 CLEO e ± e 10 GeV 

± 1 2 ± 0 . 7 ± 0 . 3  A L B R E C H T  880 ARG e ± e ~ 10 GeV 

• • • We do not use the fol lowing data for averages, fits, l imits, etc. • • • 

- 10 8 ± 2 . 9  DIESBURG 87 SPEC n A  ~ 600 GeV 

Ec(2455 ) DECAY MODES 

Mode Fraction ( F i / F )  

r l  A + ~  100% 

£ C ( 2 4 5 5 )  R E F E R E N C E S  

ANJOS 89D PRL 62 1721 +Appel, Bean, Bracker, Browder+ (TPS Collab } 
BOWCOCK 89 PRL 62 1240 *Kinoshita, Pipkin, Procado, Wilson# (CLEO Collab.) 
ALBRECHT 88D eL B211 489 -Boeckmann, Glaeser- (ARGUS Col~ab) 
DIESBURG 87 PRL 59 2711 -Ladbury+ (COLD, ILL, FNAL, BGNA MILA, INFN) 
JONES 87 ZPHY C36 593 ~Jones~ (BIRM, CERN, LOIC, MPIM, OXF, LOUC) 
AMMAR 86 JETPL 43 5t5 *Ammosov, Bakic. Baranov, Bumett~ (ITEP) 

Translated from ZETFP 43 401. 
ADAMOVICH 84 PL 140B i19 *Alexandrov, Bolta, Bravo+ (WAS8 Collab ) 
BOSETTI 82 PL 109B 234 -Graessler+ (AACH, BONN, CERN, MPIM OXF) 
CALICCHIO 80 PL 93B 521 , (BARI, BIRM, BRUX, CERN, EPOL, RHEL+) 
BALTAY 79 PRL 42 1721 * Caroumbalis, French, Hibbs+ (COLU, BNL)I 
BARISH 77B PR 015 I ~Derrick, Dombeck, Musgrave+ {ANL, PURD) 
KNAPP 76 PRL 37 882 * Lee, Leung, Smith+ (COLU HAWA, ILL. FNAL) 
CAZZOLI 75 PRL 34 1125 -Cnops, Coflflolly. Louttit, Murtagh÷ (BNL) 

D 
According to the quark model, the E + (quark content use) and _--c O form an 
isospin doublet, and the spin-parity ought to be JP = 1/2~.  None of I, J, 
or P have actually been measured. 

-+ MASS 

VALUE (MeV) EVT5 DOCUMENT ID TECN COMMENT 

2466.84- 2.4 OUR FIT 
2466.5;  2.5 OUR AVERAGE 
2467 ± 3 ± 4 23 A L A M  89 CLEO e + e 10.6 GEV 
2 4 6 6 5 ±  2 7 ±  1.2 5 BARLAG 89C CCD ~T CU 230 GeV 
2459 = 5 = 3 0  56 1 COTEUS 87 SPEC n A  ~ 600 GeV 
2460 = 2 5  82 BIAGI 83 SPEC ~£ Be 135 GeV 

1 A l though COTEUS 87 claims to agree well wi th BIAGI 83 on the mass and width, there 
appears to be a discrepancy between the two experiments. BIAGI 83 sees a single peak 
(stated significance about 6 standard deviations) in the A K -  ~,+ 7r + mass spectrum, 

COTEUS 87 sees two peaks in the same spectrum, one at the ~ F  mass, the other 75 

MeVlower .  The latter is at t r ibuted to -- c ~ ~ 0 K  =~Tr  + ~ ( A ? ) K - = - 7 , + , w i t h  
the ~, unseen. The combined significance of the double peak is stated to be 5.5 standard 
deviations. But the absence of any trace of a lower peak in BIAGI 83 seems to us to 
throw into question the interpretation of the lower peak of COTEUS 87. 

=+ MEAN LIFE - -c  

VALUE (10 13 s~ EVTS DOCUMENT /D TEEN COMMENT 

3 . 0 : 1 : 0  OUR AVERAGE Error inciud . . . . .  ,e factor of 1.1. 

+ 1 1  6 BARLAG 89C CCD 7r- ( K  ) Cu 230 GeV 20 0.6 

+ 1 8 + 1 0  COTEU5  87 SPEC n A  ~ 600 GeV 4.0 1 2  10  

4 2 9 53 BIAGI 85C SPEC Z Be 135 GeV 4 8 1.8 

Mode 

= +  DECAY MODES - -c  

Fraction (Fi,, F) 

F 1 A K  =+ ;T~ seen 

F 2 T 0 K ~ / r  + seen 

F3 _-- ,1 -÷  ~,+ seen 

F4 E "  K ~ ~ seen 

_--+ BRANCHING RATIOS 

F(AK- ?T+~T+)/rtotal r l / r  
VALUE EVTS DOCUMENT ID TECN COMMENT 

seen 82 2 BIAGI 83 SPEC ~_- Be 135 GeV 

2 BIAGI 85B look for hut do not see the --+ in p K ~ 0  =+  (branching fraction <0.08 wi th 

9 0 % C L ) , p 2 K  2 ~ +  ( < . O . 0 3 , 9 0 % C L ) , E 2 -  K ±  r, 4 , A K * O ~ , + , a n d T ( 1 3 8 5 ) ~  K , *r~ . 

r (z ° K -  ~*  ~+ ) / r  (A K -  =+ ~+) r2/r]  
VALUE EVT5 DOCUMENT ID 

0.844-0.36 102 COTEUS 

FeE ~T+ 7r+)/rtotal 
VALUE EVT5 DOCUMENT IU 

seen 23 A L A M  

r(x+K ~ + ) / r ( - - - ~ + ~ )  
VALUE EVT5 DOCUMENT ID 

+ 0 . 1 3 + 0 . 0 3  5 BARLAG 0 0 9 -  0.06 - 0 . 0 2  

TECN COMMENT 

87 SPEC n A  ~ 600 GeV 

TECN COMMENT 

89 CLEO e + e 10.6 GeV 

TEEN COMMENT 

89e CCD 2 ~E- K ~ - ,  3 

r3/r 

r4/r3 

ALAM 89 PL B226 401 
BARLAG 89C PL B233 522 
COTEUS 07 PRL 59 1530 
BIAGI 85B ZPHY C28 175 
BIAGI 05C PL 150B 230 
BIAGI 03 PL 122B 455 

REFERENCES FOR 

÷Katayama, Kim, L, Lou, Sun, Bortoletto~ (CLEO Col}ab ) 
-Boehringer Bosman+ (ACCMOR Collab) 
÷Binklev+ (COLD, ILL, FNAL, BGNA, MILA, INFN) 

(BRIS, CERN, GEVA, HELD, LAUS, LOQM-) 
(BRIS, CERN, GEVA, HELD, LAUS, LOQM+) 
(BRIS CERN, GEVA, HELD, LAUS, LOQM~) 



See key on page IV.1 
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Baryon Full Listings 
-~,-° ~,0 A o, Dibaryons 

D 
According to the quark model,  the _0 (quark content dsc) and - +  form an 

isospin doublet,  and the spin-parity ought  to be JP = 1/2 + .  None of I,  J, 
or P have actual ly been measured. 

- °  c MASS 

VALUE (MeV) E V T 5  DOCUMENT ID TEEN COMMENT 
2473.04-2.0 OUR FIT 
2473.1 4- 2.0 OUR AVERAGE 
2473.34-1.94-1.2 4 BARLAG 90 CCD l r -  ( K - )  Cu 230 GeV 
2472 4-3 :I-4 19 ALAM 89 CLEO e + e -  10.6 GeV 
• • • We do not use the following data for averages, fits, limits, etc. • • • 

2471 4-3 9-4 14 AVERY 89 CLEO See ALAM 89 

_-O _ =+ MASS DIFFERENCE --c --¢ 

VALUE (MeV) DOCUMENT ID TEEN COMMENT 
6.24-2.6 OUR FIT 
6.1 4-2.6 OUR AVERAGE 

+6.84-3.3:1-0.5 BARLAG 90 CCD 7r- ( K - )  Cu 230 GeV 
+ 5  4-4 4-1 ALAM 89 CLEO _----~c ~ - - ~ r + , - + c  ~ 

= -  ~t+ 7r+ 

_-o MEAN LIFE --¢ 

VALUE (10 -13 s t E V T 5  DOCUMENT ID TEEN COMMENT 

0Q~+0.59 4 BARLAG 90 CCD 7r- ( K - )  Cu 230 GeV I " w - 0 . 3 0  

=0  D E C A Y  M O D E S  - c  

Mode Fraction (Fi /F)  

El  - - / r  + seen 
F2 p K - K * ( 8 9 2 )  0 seen 

R E F E R E N C E S  FOR 

BARLAG 90 PL B236 495 
ALAM 89 PL B226 401 
AVERY 89 PRL 62863 

+Becker, Boehringer, Bosman+ (ACCMOR Collab.) 
+Katayama, Kirn, Li, Lou, Sun, Bortoletto+(CLEO Collab.) 
+Sesson, Garren, Yelton, Bow~ock+ {CLEO Collab.) 

r ~  1(JP) = .~(?:) 
I, J, P need confirmation. 

OMITTED FROM SUMMARY TABLE 

A cluster of three E -  K -  7r + 7r + events. The ~'I0c - E + mass difference is 
280 ± 10 MeV. The existence of the effect and its interpretat ion as being 
the n 0 (quark content ssc) need confirmation. 

n o MASS 

VALUE (MeV) E V T 5  DOCUMENT ID TEEN COMMENT 

2Y40120 3 BIAGI 85B SPEC T -  Be 

REFERENCES FOR f~c 

858 ZPHY C28 175 + (SRIS, CERN, GEVA, HELD, LAUS, LOQM+) 

BOTTOM (BEAUTY) BARYON 
(B = - 1 )  

A°b = u d b  

D 1(jp ) = 7(7 7) 
I, J, P need confirmation. 

OMITTED FROM SUMMARY TABLE 

The claim by BASlLE 81 to have discovered the A 0 (quark content udb) is 
hot ly disputed by DRIJARD 82. BASlLE 82 is the reply, and DRIJARD 82B 
is the reply to that .  

The decay of the A O to the final state observed by ARENTON 86 is Cabibbo 

suppressed, whereas the decay of a E O to this final state is allowed. AREN- 
TON 86 thus only claims to have observed a baryon which probably has a 
b q u a r k  and which has a D o among the decay products, not necessarily the 
^~- 

A 0 MASS 

VALUE (MeV) EVTS DOCUMENT ID TEEN COMMENT 

5750 4 ARENTON 86 FMPS AK O 21r + 27r- 

5 4 2 5  +175 BASILE 81 SFM 62 GeV pp 

A 0 DECAY MODES 

Mode Fraction ( r / / r )  

r l  pD °7r seen 
r2 AK °2~ + 2 r -  seen 

A 0 BRANCHING RATIOS 

r(pO°Ir-)/I-total r l / r  
VALUE DOCUMENT ID TEEN COMMENT 

seen BASILE 81 SFM ~ ~ K- -  ~+ 

r (A K ° 2~r + 2~r-) /rtota, r2/ r  
VALUE E V T 5  DOCUMENT ID TEEN COMMENT 

seen 4 ARENTON 86 FMPS AKO27r+2~r - 

REFERENCES FOR A~ 

ARENTON 86 NP B274 707 +Chen, Cormell, Dietene+ (ARIZ, NDAM, VAND) 
BASlLE 82 NC 68A 289 +Bonvicini, Romeo+ (CERN, BGNA, FRAS) 
DRIJARD 82 PL 108B 361 + (CERN, CDEF, DORT, HELD, LAPP, WARS) 
DRIJARD 82B CERN-EP/82-31 + (EERN, CDEF, DORT, HELD, LAPP, WARS) 
BASILE 81 LNC 31 97 +Bonvicini, Romeo+ (CERN, BGNA, FRAS. PGIA) 

N O T E  ON D I B A R Y O N  R E S O N A N C E S  

Dibaryons were reviewed in our 1986 edition 1 and have 

been reviewed more extensively by Locher, Sainio, and Svarc. 2 

We no longer compile data on dibaryons. See our 1988 edition 3 

for our last compilation. 
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OTHER COMPILATIONS OF INTEREST 

Compilat ion of Coupling Constants  and Low-Energy 
Paramete rs  

O. Dumbrajs, R. Koch, H. Pilkuhn, G.C. Oades, 
H. Behrens, J.J. de Swart, P. Kroll 

Nucl. Phys. B216, 277 (1983) 

Pion Nucleon Scattering: 1) Tables of Data,  
2) Methods and Results of Phenomenological  
Analyses 

G. HShler (ed. H. Schopper) 
Landolt-BSrnstein New Series Volumes I /9  b l  
(1982) and I /9  b2 (1983) 

Compilat ion of Cross Sections h ~r + and 7r- 
Induced Reactions 

V. Flaminio, W.G. Moorhead, D.R.O. Morrison, 
N. Rivoire 

CERN-HERA Report 83-01 (1983) 

Compilat ion of Cross Sections II: K + and K -  
Induced Reactions 

V. Flaminio, W.G. Moorhead, D.R.O. Morrison, 
N. Rivoire 

CERN-HERA Report 83-02 (1983) 

Compilat ion of Cross Sections I I h  p and 
Induced Reactions 

V. Flaminio, W.G. Moorhead, D.R.O. Morrison, 
N. Rivoire 

CERN-HERA Report 84-01 (1984) 

Scattering of Elementary  Particles: N N  and K N  

J. Bystricky, P. Carlson, C. Lechanoine, F. Lehar, 
F. MSnnig, K.R. Schubert (ed. H. Schopper) 

Landolt-BSrnstein New Series Volume I /9  a 
(1980) 

Current  Exper iments  in Elementary  Particle Physics 
C.G. Wohl, F.E. Armstrong, T.G. Trippe, G.P. Yost, 
Y. Oyanagi, D.C. Dodder, Yu.G. Ryabov, S.R. Sla- 
bospitsky, R. Frosch, A. Olin, F. Lehar, I.A. Klumov, 
I.I. Ivanov 

Lawrence Berkeley Laboratory Report LBL-91, 
revised (1989) 

A User 's  Guide to Particle Physics Computer -  
Searchable Databases  on the SLAC-SPIRES System 

A. Rittenberg 
Lawrence Berkeley Laboratory Report 19173 
(1986) (This is not a compilation itself, but a 
guide to SLAC computer compilations.) 

Major  Detectors  in Elementary  Particle Physics 
G. Gidal, B. Armstrong, A. Rittenberg 

Lawrence Berkeley Laboratory Report LBL-91, 
supplement, revised (1985) 

A Guide to Data  in Elementary  Particle Physics 
G.P. Yost, A. Rittenberg, B. Armstrong, M. Fergu- 
son, Jr., B.S. Levine, K.H. Simpson, T.G. Trippe, 
M.J. Visser, G.S. Wagman, C.G. Wohl, A. Ogawa, 
S.I. Alekhin, N.G. Demidov, V.V. Ezhela, S.B. Lugov- 
sky, N.L. Petrova, S.R. Slabospitsky, Yu.G. Stroganov, 
A.N. Shelkovenko, A.N. Tolstenkov, O.P. Yushchenko 

Lawrence Berkeley Laboratory Report LBL-90, 
revised (1986) 

Table of Isotopes, 7 th Edition 
C.M. Lederer, V.S. Shirley, E. Browne, J.M. Dairiki, 
R.E. Doebler, A.A. Shihab-Eldin, L.J. Jardine, 
J.K. Tuli, A.B. Buyrn 

John Wiley & Sons, New York (1978) 

Table of Radioactive Isotopes 
E. Browne and R.B. Firestone (Editor: V.S. Shirley) 

John Wiley & Sons, New York (1986) 

1986 Adjus tment  of the Fundamental  Physical 
Constants  

E.R. Cohen and B.N. Taylor 
Rev. Mod. Phys. 59, 1121 (1987) 

Compilat ion of Structure  Functions of Deep 
Inelastic Scattering 

R.G. Roberts and M.R. Whalley 
RAL Report RAL-84-125 (1984) 

Compilat ion of Nucleon-Nucleon and Nucleon- 
Antinucleon Elastic Scattering Data  

M.K. Carter, P.D.B. Collins, and M.R. Whalley 
RAL Report RAL-86-002 (1986) 

Compilat ion of Data  on "~' ---* Hadrons 
R.G. Roberts and M.R. Whalley 

RAL Report RAL-86-058 (1986) 

Compilat ion of Da ta  on the Energy-Energy Correla- 
tion and its A s y m m e t r y  in e+e - Annihilation 

W.J. Stirling and M.R. Whalley 
RAL Report RAL-87-107 (1987) 

Astronomical  Almanac 
(US Government Printing Office, Washington, and Her 
Majesty's Printing Office, London)(annual) 

Char t  of the Nuclides 
F.W. Walker, J.R. Parrington, and F. Feiner 

General Electric Co., Nuclear Energy Operations, 
175 Curtner Av., M/C 397, 
San Jose CA 95125 USA 
(14 th edition, 1989) 


