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September 13, 1982 

\ 

New Service Announcement: Stable Particle Data Card Listings 
Now Updated and Available Between Editions 

As an experiment, the contents of the Stable Particle Database, that is, pages 
54-121 of the 1982 Review of Particle Properties, excluding notes or 
ideograms, will.be updated every six months and will be available in three 
forms of computer output: microfiche, paper, and magnetic tape. 

Microfiche is the recommended choice for individuals with access to a fiche 
reader. Paper listings are a bulky 200 pages and are more expensive for us to 
produce and mail. 

The magnetic tape option is limited to one tape per institution, to be sent to 
the first person requesting it. When the tape arrives, please copy the file 
promptly and return the original tape to us for subsequent updates. Others at 
the institution should be informed about the location of the file and a 
suggested method of access, e.g. some text editing program. The file contains 
card images (80 characters per line) so thatmost text editing programs can 
search the file and select subsets for printing or other use. 

The first distribution is planned for December 1982. Those interested should 
fill out the following request form and ret1,1rn it to us • 

..._ - - - -
Stable Particle Database Listing Request 

Check desired form(s) of output: 

Microfiche (recommended) 

Paper (200 pages) 

Magnetic Tape 
Tape will be unlabeled 9 track, 1600 BPI, ASCII character code, 
80 characters per line, 30 line per record blocking unless unaccept­
able. If so, specify all p9ssible acceptabl~ options: 

Your mailing address: 

Mail request to: Stables Tape 
Particle Data Group 
Bldg. 50, Rm. 308 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720 
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September 13, 1982 

ERRATA FOR THE 1982 EDITION .OF THE REVIEW OF PARTICLE PROPERTIES·. 

In the Meson Table, on page 10, the mass given for the W(l670) .should 
be 1668 MeV rather than 1688 MeV. (This error was corrected in the pocket­
size Data Booklet prior to printing, but not in the full-size report.)' 

In the Meson Data Card Listings, on page 151, the APEL 75 measureme~t 
of the h(2040) mass should be 2020 MeV rather than 2030 MeV. 

In Appendix II C, on page 290, the author of-the section should be 
N. A. Tornqvist instead of M. Roos, and in Eq. (12) the form factor F 
should be squared. 

/ 
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This review of the p"roperties of leptons, mesons, and baryons is an updating of Review of Particle Properties, Particle 
Data Group [Rev. Mod. Phys. 52 (1980) No.2, Part II]. Data are evaluated, listed, averaged, and summarized in tables. 
Numerous tables, figures, and formulae of interest to particle physicists are also included. A data booklet is available. 
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attempted to make the text as complete and self-con­
tained as possible. 

As usual, 'the results of our compilation are pre­
sented in two sections, the Tables of Particle Proper­
ties and the Data Card Listings. The Tables summarize 
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the properties of only those particles whose existence 
is in our judgment experimentally well founded and 
which have a high probability of standing the test of 
time. This is a conservative judgment, and surely some 
genuine resonances are omitted, awaiting confirmation 
(see section V below). 

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

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

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

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

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

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

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

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

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

( 4) General, including text: All authors. 

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

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

. G. Goldhaber (LBL), 
M. Goldhaber (BNL), 
Y. Goldschmidt-Clermont (CERN), 
R. Hagstrom (Argonne National Laboratory), 
K. Hashimoto (Virginia Polytechnic Institute and 

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

· University). 

iii 
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The usefulness of this compilation depends in large 
part on the interaction between the users and the au­
thors and consultants. We appreciate comn1ents, crit­
icisms, and suggestions for improvements of all stages 
of data retrieval, processing, evaluation, and presenta­
tion. 

II. Selection of data 

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

(1) Stable particles, defined to be those immune to 
decay via the strong interaction, including the photon, 
the leptons, the 1), the D and F charmed mesons, the 
Ac charmed baryon, etc. 

(2) Mesoh resonances, including the t/1, the x, and 
the T particles. 

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

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

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

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

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

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

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

iv 

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

different methods employed, rendering averaging 
meaningless. 

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

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

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

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

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

III. Nomenclature 

A. Quantum numbers 
The symbols JG (JP)cn represent: 

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

of the isospin multiplet. 
We also use: 

B =baryon number, 
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S = strangeness, 
e =charm, 
I =orbital angular momentum. 

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

G = C exp(i1Tly). (1) 

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

(2) 

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

Consider a meson as a bound state of fermion­
antifermion, e.g. quark-antiquark qq, with orbital 
angular momentum/, and with the two fermion spins 
coupling to give a spins. Then one can show thatthe 
charge-conjugation eigenvalue [defined as iri eq. (2)] 
is 

en= (-1)/+s. 

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

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

The parity is 

P=-(-1)1. 

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

enp = -(-1)s , 

(3) 

(4) 

(5) 

(6) 

so all singlets (ls0 , 1P1 , ... )have enp = -1, and all 
triplets (3s1, ... )have enp = + 1. F9r proofs of the 
above, see our 1969 text [Particle Data Group (1969)] 

-t 1 Most texts define it as in eq. (1); see e.g. Gasioro~icz 
(1966); however, sometimes the rotation is taken about 
lx. The difference between the two conventions is men­
tioned in a footnote in Kallen (1964 ). 

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

of boson-antiboson (e.g. A2 ~ KK), it turns out that 
some signs cancel, and eqs. (3) and (4) [not eq. (5)!] 
apply unchanged. Of course, the mesons are often 
spinless, so sis zero, but the equations are more gen­
eral. Eqs. (3) and ( 4) can be considered as selection 
rules forbidding many decays. 

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

This .triplet of quarks is of course defined to have 
isospin and hypercharge properties such that qq can 
combin,e (according to the SU(3) relations {3} 0 {3} 
= {8} Ell {1}) so as to form only octets and singlets. 
The non-observation of "exotic'' mesons (i.e., mesons 
in larger SU(3) representations, or mesons requiring at 
least a qqqq structure) is of course a direct consequence 
of the naive quark model. It is Jess obvious that even 
some octets are forbidden by the model, namely those 
with (JP)en = (O±)-, (1-)+, (2+)-, .... Such states 
are not observed, and this is an additional success of 
the naive quark model classification scheme. 

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

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

The top part of table 1 shows all the low angular 
momentum states that can be formed from qq. Note 
that half of the .JP states can be formed by both a 
triplet and a singlet qq state, e.g. 3p 1, I P 1 , or 3 D2 , 
1 D2, in spectroscopic notation [<2s+ l)z1 ]. Eq. (3) 
shows that 3pl and lpl have opposite en, so the qq 
model allows both. But the states 3p0 and 3p2 have 
no 1 P counterparts. According to eq. (6) they have 
enP = + 1, and with the qq model there is no way to 
form a state with a JP ofJp0,2 (i.e. JP =Normal) and 

v 
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Table 1 
Orbital excitations of the qq system, and corresponding mesons. for the distinction between Abnormal 1P and Abnormal Cn, see 
text following eq. (6) in section III. Strange and charmed mesons share the same values of Jp as the/= 0 and 1 states shown, but 
are not eigenstates of G. The second column, which gathers together (Jp)N or A CnP, is a redundant. intermediate step intended to 
make the table easier to read. The table repeats itself for each radial excitation. 

qq State (Zs+l) ~J (Jp) n C P 

'+' n ~ ~ Nornial or 
abnormal 

ExamPles of ground-state rresons 

Non-strange, Strange. Charrred Strange, Charrred 
Non-charrred lSI =1 ICI = 1 lSI= ICI =1 

S = C = 0 (I=~) (I = ~) (I = 0) + 
NORMAL-C STATES THAT CAN COME FROM qq MODEL 

15 

-~ --~----------.. 
"' 0.. 

+ 

-~ .. 
"' 0.. 

I 

.~ .. 
"' 

r 
+ 

.~ .. 
"' 0.. 

I 

vi 

Abnormal C 
n 

states 

Have no qq 

model 

to:(O~)+ n.n',nc(2980)? K D(lBlO) F(2030)? 

----- ~J~-2~--------~-------------------------------------------

{
0-(1-)- w,<P,J/1/J(3100) K*(892) n'\2010) F*(2140)? 
1+(1-)- p 

are 

Jp =normal, 
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with CnP = -I. As mentioned, such octets have not 
been found. With the help of table I one can also see 
that the special state 1 s0 , CnP = + 1, cannot be formed, 
so has Abnormal Cn. 

When, in addition to the /-excitation, there are 
radial excitations of the qq system, table I repeats it­
self, and we need a radial quantum number n for each 
repetition (n = I for the ground state). Examples of 
first r~dial excitations, n = 2, are p'(I600), 1/;(3685), 
and 1'(10020). Examples offurther possible radial ex­
citations can be found in the 1/1 and 1' families. 

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

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

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

use it. If not, we name it by a single symbol which 
specifies its JP."Normality", its isospini, its strange­
ness Sand charm C, and, for a non-strange, non­
charmed meson, its G parity. 

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

For some pairs of mesons with supposedly identical 
quantum numbers, we also use primes; e.g. T/, f/

1
; f, f'; 

p, p'. Note that primes and subscripts do not carry any 
further specific meaning. 

For baryons no attempt has been made to attach a 
subscript about J and P. The name conventions are 
given in the second part of table 2. For stable bary-
ons of each I and S we use the symbol standing alone; 
for resonances, the mass is in parentheses [i.e. N(I680), 
A(I405), ~(1775), etc.]. The JP assignments are re­
ported in the Baryon Table as ~ +, ~ -, ~ +, etc., and 
also by the symbols P 11 , D 13 , F 15 , which refer to the 
1rp or Kp partial-wave amplitude in which the resonant 
state occurs (the first subscript refers to the isospin 

Table 2 
Particle name conventions. 

Name I s c G 

Mesons, 
;P "Normal" 
w, rp, 1/1, T a) 0 0 0 

0 0 0 + 
0 0 

p 1 0 0 + 
K*,K 1/2 ±1 0 
o* 1/2 0 ±I 
p* 0 ±1 ±1 
Mesons, 
;P "Abnormal" 

7] 0 0 0 + 
1T 1 0 0 
K, Q 1/2 ±l 0 
D 1/2 0 ±1 
F 0 ±1 ±1 

Baryons 
N 1/2 0 0 
A 3/2 0 0 
ZJ 0, 1 +1 0 
A 0 -1 0 
:E 1 -1 0 
::: 1/2 -2 0 
.n 0 -3 0 
Ac 0 0 
:Ec 0 

a) We use the symbol w for those/G = 0- mesons which are 
mainly uti and. dd quark states; rp for those which are main­
ly ss quark states, 1/J for mainly cc states, and T for mainly 
bb states. 

state: 2 X 1 for N, A, and :::, and just I for Z, A, and 
~).When two or more baryons have identical quan­
tum numbers we warn the reader by adding primes to 
the spectroscopic symbol as explained in footnote (a) 
of the Baryon Table. 

IV. Conventions and parameters for strong interactions 

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

resonances comes in the form of partial-wave analyses. 
In addition data concerning meson resonances (mr, 
K1r, 1T1T1T) are, with increasing frequency, being sub­
jected to partial-wave analyses. We thus find it natural 
to introduce the resonance parameters which we com-

vii 



Volume lllB PHYSICS LETTERS 22 Aprill982 

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

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

T11 = [77 exp(2io)- l]/2i, (1) 

where 77 is the absorption parameter (0 ,.;;; 77 ,.;;; 1) and 
o is the phase shift. The subscripts 11 on T denote 
scattering from channel 1 to channel 1 (e.g. 1m ~ 1111 

or RK~KK). 
In fig. 1 we show an Argand plot of the elastic par­

tial wave amplitude T 11 . It illustrates geometrically 
how the real parameters 77 and o are related to the real 
and imaginary parts cif T 11 . Many examples of such 
Argand plots may be found in the Baryon Data Card 
Listings. 

Consider the so-called non-relativistic Breit-Wigner 
approximation for T i ( 

r 11 = !rJi(M- E- hn, (2) 

where E is the c.rr\. energy or invariant mass, r 1 and 
r are the elastic and total widths, and M is the reso­
nance mass. Eq. (2) is, of course, not the only possible 
description of a resonant amplitude; but it suffices to 
illustrate the properties of partial-wave amplitudes 
which we associate with resonance behavior in the ab­
sence of any background in the same partial wave 
(see, e.g., the 11N Dis and F 15 waves in the Baryon 
Data Card Listings). Usually the widths contain bar­
rier-penetration factors which can vary rapidly with 
energy. Near threshold, r 1 (£) should start up as q 21+ 1 

lmT lmT 

y, 

Ia) (b) 

Fig. 1. Argand plots for the elastic partial wave amplitude 
T11 . The outer circles are the unitarity bound (71 = 1 ). The 
inner circles correspond to the Breit-Wigner approximation· 
of eq. (2)for (a) x 1 = r]/r = 0.75 and (b) x 1 = 0.4. Note: 
€ = 2(M- £)/r. 

viii 

(also true for the inelastic width r (3). Various E depen­
dences are then used for r 1, mostly of the form 

t' 1 (£) ex (qR)2l+1j [const + ... + (qR)2l] ; (3) 

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

The BW approximation to the amplitude for an in, 
elastic process leading from channel 1 to channel~ 
(1m ~ KK or KN ~ ~11, for example) is 

T1(3=!Cr1rf3)112J(M-£- ~ir) 

= (x 1xf3)1/2 [~ r/(M- E- ~ir)], (4) 

where 

N 

r = :6 r f3 , x f3 = r (3 ;r , 
1 

(5) 

and x 1 (called the elasticity) is often written xe. (Note 
that in the Data Card Listings we use the symbolP(3 to 
denote x (3 .) The channel cross section a 1 (3 for the reac­
tion 1 ~~,for spin 0-spin 1/2 scattering, is · 

(6) 

where J = l ± ! . 
The important features of eq. (4) which character­

ize resonant behavior in the Argand diagram (Im T 1 (3 

versus Re T1(3) are: 
energy variation given by circles with diameter 

(x 1x(3)11 2 and maximum amplitude atE= M of 

Tmax = i(x X )1/2 . 1 (3 1 (3 , (7) 

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

"Speed" (res)= I dT1f3/dEIE=M = 2(x 1xf3) 112jr(E), 
. ~) 

for slowly varying r(£). These features may be related 
to the 77, o representation ofT j I. Thus when E = M, o 
is either 90° (x 1 > ! ) or 0° (x 1 < ! ) and 77 dips to its 
minimum value. 

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

two resonances in the same partial wave overlapping 
in energy, 

the resonant energy M being dose to an inelastic 
channel threshold, in which case a K-matrix-like pa- · 
rametrization is more appropriate, 

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

B. Sign conventions for resonance couplings 
Consider the partial width r !l of a resonance decay­

ing into the channel (3. We can always define a cou­
pling constant such that 
. 2 rll o: c13 . 

In this case the inelastic amplitude in the Breit­
Wigner approximation, eq. (4}, will go as 

. I . 
T1!l o: G1 G!l/(M- E- 21r), 

where G 1 is the coupling constant for the elastic chan­
nel. In the context of exact SU(3) symmetry the rela­
tive signs of the product G1 G13 

for different resonan­
ces are often useful as a consistency check on SU(3) 

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

. In the Data Card Listings for baryon resonances, we 
tabulate measured values for (x 1x!l) 112 o: G 1 Gil. When 
the sign of the amplitude is determined, it is given; ab­
sence of an explicit sign indicates that it is undeter­
mined (not that it is positive). For A and L resonances, 
the signs are chosen according to the convention advo­
cated by Levi-Setti (1969) and used in the table of 
SU(3) lsoscalar Factors presented in this review. Thus 
the signs multiplying the Breit-Wigner amplitudes for 
KN-+ L(I385)-+ Lrr, Arr and KN-+ A(l405)-+ Lrr 
are simply the product of the phases of the appropri­
ate isoscalar factors. This convention is shown in fig. 2, 
adapted from Levi-Setti (I 969). 

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

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

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

TRES -a(GNi<v•. GY'7Tv•)/(M-E-i r/z) 

-A., 

)!~ 
Ii1395) 

P13 

• 

SOl 
A(l405l 

)1( 

/'-~'\ 
I I \ 
I I 

' ' .... - o#/ 

P13 
I(i385) 

lio( 

{a} )el 
A I 16 701 A(1690) 

S 01 DO 3 

)a( lel 
A(l820) A(1830) 

F05 005 
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X 
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Fig. 2. Plot adapted from Lcvi-Sctti (1969) showing the sign convention adopted here for the ~"and A1r amplitudes. Once the 
signs of one I= 0 and one I= I amplitude arc fixed, the others can be measured relative to these two. Arrows here indicate signs 
predicted by SU(3); x marks indicate the observed phases; • indicates phase chosen according to sign convention described in text. 
The ~(1915) predictions have been changed from Levi-Setti's original figure. 
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In an IPWA, data at different energies are analyzed 
separately. Usually each partial wave included in the 
fit is allowed to vary freely (subject to unitarity con­
straints) over some large region, and waves whose an­
gular momenta are above some cutoff value are as­
sumed to be negligible. The sharp cutoff in angular 
momentum resolves continuum ambiguities in the so­
lution (such as the overall phase ambiguity), but there 
remains a finite number of indistinguishable "best" 
solutions (i.e., solutions corresponding to identical 
physical observables) which have been codified by 
Barrelet (1972). In addition, there are generally some 
nearby solutions (and their associated Barrelet ambi­
guities) which have chi-squared values close to the 
minimum one. 

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

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

X 

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

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

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

significant peaks in invariant mass plots or, loosely, in 
integrated cross sections. Many meson resonances are 
of this type. We expect most of these peaks to be asso­
ciated with Breit-Wigner behavior in appropriate 
Argand plots; thus the p meson peak in 7T7T mass plots 
is firmly related to the I= I, l = 1 7T7T phase shift pas­
sing through 90°. The shape of the p meson is reason­
ably well described by the relativistic Breit-Wigner 
formula with the three parameters M; r(M), and R of 
eq. (3). 

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

(9) 

In the case of total cross sections, the peak above back­
ground gives us, using the optical theorem, the product 
(J + ~)xc: 

(10) 

V. Criteria for resonances 

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

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

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

Of course even if Argand plots are available, it may 
still be a matter of opinion as to what behavior consti­
tutes a resonance. Such an example is the Z0(1780) 
state seen in KN total cross-section experiments and 
in partial-w~ve analysis. The partial-wave analyses of 
Giacomelli (1974) and Martin (1975) find preferred. 
solutions which exhibit a resonance-like loop in the 
P01 wave near 1740 MeV. However, Giacomelli et al. 
and Martin point out that, despite the resonantlike 
appearance of the loop, the evidence for resonant 
energy dependence is inconclusive. Thus we omit the 
Z0 (1780) from the Baryon Table. A similar quandary 
has existed for some time concerning the Z1 (1900), 
and it too has been omitted from the Tables. 

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

(c) Partial-wave analyses of three-body final states 
(rrN---* rrrrN) are now available. While these analyses 

are based on the isobar model (rrN---* pN, rrl:,, etc.) and 
are subject to theoretical.objections of varying impor­
tance, they provide increasingly reliable information 
on inelastic decay m.odes of otherwise established reso­
nances .. 

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

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

VI. Conventions and. parameters for weak and 
electromagnetic decays 

A. Muon-decqy parameters 
The J.L-decay parameters describe the momentum 

spectrum (p and 1/), the asymmetry(~ and 8), and the 
helicity (h) of the electron in the process J.L- ---* e-
+ vJJ. + ve· Assuming a local and lepton-conserving 
interaction, the matrix element in the charge-retention 
form may be written as 

L>~l ri IJ.L> <vJJ.l ri(Ci + Cj-y5)ive>, 
1 

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

P = (3gi + 3g~+ 6gi)ID, 

1/ = (g§- g~ + 2gi- 2g~)/D; 

for the asymmetry parameters: 

. . 2 
""' _:6gsgp cos ¢sp- 8g AgV COS¢ AV + l4gT cos ¢TT 

~- -·-- ...... ·-·-- ........ 15 ________ .-.. -------

and for the parameter describing the helicity of the 
electron:. 

xi 
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") 

2gsgp cos if>sp + 8g AgV cos¢ AV + 6gf cos ¢rr 
h = ---------------··-·- n-···--- ----··---·------
Here 

D = g§ + g~ + 4g~ + 6g} + 4d. , 

g{ = 1Cil2 + IC/1 2 , 

and 

* , , *)/ cos ¢ii = Re(Ci ci + cici gigi. 

The quantities gi are defined to be relil non-negative 
numbers and the ¢·. are phase angles between the i-

, l] . . 

type and j-type interactions. Under the assumptiOn of 
two-component neutrinos c.y = -Cv and c~ = -C A• 
the S, P, and T terms vanish, and ¢A yis the phase 
angle between C A and Cy in the complex plane. 

By using the above equations and the experimental 
determinations of p, 17, to, and h, iimits can be 
placed ongs/gy, gA/gy, gT/gy, gp/gy, and ¢AV· 
The results, given in the Data Card Listings, assume 
neither two-component neutrinos nor time-reversal 
invariance. If, however, two-component .neutrinos are 
assumed, then sin¢ AV is the amplitude of time-rever­
sal violation. Note that most experiments study only 
the upper end of the spectrum where p and 11 are high­
ly correlated, so they can only report p for 17 = 0 and 
17 for p = ~. The values for p and 17 we use here were 
obtained by combining measurements of both upper 
and lower ends of the spectrum and turn out to be 
nearly uncorrelated. 

Note also that the radiative corrections are unam­
biguous only when gs = gT = gp = 0. The same limits 
ongA/gy and ¢Av are obtained, however, as when 
gs, gT, and gp are left free. 

Current values for the asymmetry parameters as 
well as Jg Afgv I and ¢A v are given in the Addendum 
to the Stable Particle Table. In addition, upper limits 
ort lgs/gyl, lgTfgvl and lg~fgvl are given in the 11 
section of the Stable Particle Data Card Listings. 

B. K-decay parameters 
1. Dalitz plot forK--+ 3n decays. The Dalitz plot 

distribution for the 7 mode (K±--+ n±n±n+), the T' 

mode (K±--+ n°n°n±), and the To mode (K~--+ n+n-n°) 
of K decay can be parametrized by a series expansion 
such as that introduced by Weinberg (1960). We use 
the form 

xii 

2 
+js2 -_s!+k(s2-~) + ... , (1) 

m2 m2 
rr+ rr+ 

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

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

si = (PK- PY = (mK- mi)2 - 2mKTi, i= 1, 2, 3, 

Here the p. are four-vectors, mi and Ti are the mass 
and kineti~ energy of the ith pion, and the index 3 is 
used for the odd pion. 

The coefficient g is a measure of the slope in the 
variable s3 (or T 3) of the Dalitz plot, while hand k 
measure the quadratic dependence on s3 and (s2- SJ), 

respectively. The coefficient j is related to the asym­
metry of the plot and must be zero if CP in variance 
holds (C stands for charge conjugation throughout the 
discussion in this section). Note also that if CP is good, 
g must be the same forT+ and T-, and similarly for h 
and k. 

Since different experiments use different forms fo.r 
IMI2, in order to compare the experiments we have 
converted tog, h, j, and k whatever coefficients have 
been measured. See the mini-review in the K± section 
of the Stable Particle Data Card Listings for details on 
this point. The results are given in the Addendum to 
the Stable Particle Table and in the K± and K~ sec­
tions of the Stable Particle Data Card Listings. 

Relations among T±, T'±, and T0 are predicted by 
the ill=~ rule. 

2. Form factors in K23 leptonic decays. Assuming 
that ·only the vector current contributes to these de­
cays, we write the matrix element as 

(2) 

where PK and P tr are the four-momenta of K and 1T 

mesons; mQ is the lepton mass; f+ and f _ are dimen­
sionless form factors which can depend only on t 
= (PK- P tr)2, the square of the four-momentum 
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transfer to the leptons, f+ and f _ are relatively real if 
time-reversal invariance holds for these decays. Kll 3 
experiments measure f+ and/_, while Ke 3 experi­
ments are sensitive only to f+ because the presence of 
the lepton mass makes the f _ term negligible. 

(a) KIll experiments. Analyses of K!l 3 data fre­
quently assume a linear d~pendence off+ and[_ on t, 
i.e. 

(3) 

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

(1) 'A+, HO) parametrization. Analyses of K!l 3 data 
often introduce the ratio of the two form factors 

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

The Kll 3 decay distribution is then described by the 
two parameters A+ and HO) (assuming time reversal 
invariance and 'A_ = 0). These parameters can be deter­
mined by three different methods: 

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

p[E~,E!l) a: f1(t)[A + BW) + q(t)2
] ' 

where 

A= mK(2EilEv- mKE~) + m~(!E~- £,;), 

B = m~(Ev- ~£~), 

C - i 2£' -4m!l n• 

E' "=£max- E = (m2 + m2- m2)/2m - E 
1r 1r 1r K n · J.l K 1r • 

Here E11 , E !l, and Ev 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+, HO), and their correlation. 

Method B. By measuring the KJ.l 3/Kc 3 branching 
ratio and comparing it with the theoretical ratio [see, 
e.g., Fearing et al. (1970)] as given in terms of 'A+ and 
HO), assuming p-e universality: 

f(K~ 3 )/f(K~ 3 ) = 0.6457 + 1.4115'1\+ + 0.1264HO) 

+ o.0192H0)2 + o.0080'A+HO), 

f(K~ 3 )/f(K~3 ) = 0.6452 + 1.3162'A/+ 0.1246~(0) 

+ o.Ol86H0)2 + 0.0064'A+HO). 

This cannot determine 'A+ and HO) simultaneously but 
simply fixes a relationship between them. 

Method C. By measuring the muon polarization in 
Kll 3 decay. In the rest frame of the K, the 11 is ex­
pected to be polarized in the direction A with P =A/ 
lA I, where A is given [Cabibbo and Maksymowicz 
(1964)] by 

A= a 1 (~)p!l 

- a2m[~~-' ( mK- En+ Plrr_·_l~~ (Ell- mJ.l)) + Pn] 
!l p!l . 

+ mK Im Ht)(p11 X p!l) . 

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

(2) 'A+, Ao parametrization. Some of the more 
recent Kll 3 analyses have parametrized in terms of the 
form factors f+ and fo which are associated with vec­
tor and scalar exchange, respectively, to the lepton 
pair. fo is related to f+ and f _ by 

fo(t) = f+(t) + [t/(mk- m;)]f_(t). 

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

!0(t) = !0 (0)[1 + 'A0 (t/m;)] . 

With the assumption that [0(0) = f+(O), the two pa­
rametrizations, ('A+, HO)) and ('A+, 'A0) are equivalent 
as long as correlation information is retained. ('A+, 'A0) 
correlations tend to be less strong than ('A+, HO)) cor­
relations. 

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

Because current experiments tend to use the ('A+, 
'A0 ) parametrization, we have added a subsection LO 
for 'Ao results. Wherever possible we have converted 
HO) results into 'Ao results and vice versa. 

(b) KeJ experiments. Analysis of Kc 3 data is sim­
pler than that of K!l 3 because the second term of the 

xiii 



Volume lllB PHYSICS LETTERS 22 April 1982 

matrix element assuming a pure vector current [eq. 
(2) above] can be neglected. Here f+ is usually as­
sumed to be linear in t, and the linear coefficient A+ 
of eq. (3) is determined. 

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

+ 2mKfsli2(1 + 15 )uv 

+ (2fT/mK)(PK);,._(P1T)J..LuQa;>..,.J1 + ls)uv, 

where fs is the scalar form factor, and f T is the tensor 
form factor. In the case of the Ke 3 decays where the 
f _ term can be neglected, experiments have yielded 

limits on lfslf+l and lh/f+I-
The Ke 3 results for A+, lfslftl, and lhlf+l are 

listed in the subsections L + M; FS, and FT, respec­
tively, of the K± and K~ sections of the Stable Particle 
Data Card Listings. 

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

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

(a) Ks--+ 1T+1T-1To. The quantity measured here is 
the ratio of amplitudes 

As(Ks--+ 1T+1T-1T0)/AL(KL--+ 1T+1T-1T0) =x + iy. (4) 

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

(b) Charge asymmetry in KL --+ 31T decays. As men­
tioned above, the presence of a term in (s2 -:- s1) in 
expression ( 1) describing the Dalitz plot distribution 
for r±, rO decays of K mesons would be an indication 
of CP violation. Experimenters have used several forms 
for this CP-violation term. As described in the mini­
review in the K± section of the Stable Particle Data 

xiv 

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

(c) Asymmetry in the K L --+ 1T+ Q± v decays. The 
quantity measured and compiled here is 

r(KL--+ 1T-Q+v)- r(k.L--+ 1T+Q-v) 
8 = ------ ------------- -·---- ---··-. 

r(KL--+ 1T-Q+v) + r(KL--+ 1T+Q-:-v) 

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

8=2[(J-Ixi2)/(11-xi2)]Ree, 

where x is the D.S = D.Q-violating parameter defined 
in section B4, and e is the parameter of the-expansion 

IKL) = [(1 + e)IK>-(1-e)IK>]/[2(1 + lei 2)] 112,(5a) 

IKs > = [(I + e)i K) + (1- e)l K)]/ [2(1 + le !2)]11 2.(5b) 

We give 8 in the Addendum to the Stable Particle 
Table. In addition, in the K~ CP-violation section of 
the Stable Particle Data Card Listings, we list 8 sepa­
rately forK£--+ 1Tf.J.V and K~--+ 1rev. 

(d) KL--+ 21T decay:The relevant parameters are 

77+ _ = A(KL--+ 1T+1T-)/A(Ks--+ 1T+1T-) 

= 177+-1 exp(i¢+_), 

77oo = A(KL--+ 1T01TO)jA(Ks--+ 1T01TO) 

= l77oo I exp(i¢oo) , 

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

e' = hv'2 exp[i(8 2 - 80 )] Im(A 2/A 0). 

Here, Ai and 8i are the amplitude and phase of 1T1T 
scatteringat the K mass, defined by 

(!.= OITIK> = exp(i8 0)A 0 , 

(!= 2ITIK>= exp(i8 2)A2. 

Wu and Yang (1964) have derived the relationships 

77+- ,; e + e' , 77oo = e--:- 2e' . 

We give 77+-' 7700 , ¢+_,and ¢00 in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes 77+- and 77oo are 
derived parameters. We use, as far as we can, the 
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directly measured quantities as input and calculate 
17+- and T7oo from the values given by our constrained 
fits. Therefore, if one looks at the Data Card Listings, 
most of the 1171 measurements appear in the form of 
branching ratios, with appropriate comments. We then 
give the values of17+- and IT7ool 2 in a separate list at 
the end of the CP-violating parameters section of the 
K~ section of the Stable Particle Data Card Listings. 

4.· AS= AQ rnle in Ko decays. The relative amount 
of AS i= AQ component present is measured by the 
parameter x, defined as 

x = A(KO-+ 1T-Q+v)/A(KO-+ 1T-Q+v). 

We list Re {x} and Im {x} for both Ke 3 and K~ 3 at the 
end of the Stable Particle Data Card Listings and give 
values in the Addendum to the Stable Particle Table. 

C. 17-decay parameters 
1. C-violation in 17 decays. As a test of possible C­

violation in electromagnetic interactions, a number of 
experiments have looked for possible charge asymme­
tries in the decays 17-+ 1T+1T-1To and 17-+ 7T+7T-'Y. We 
list the following parameters: 

(a) The left-right asymmetry 

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

where N(±) means the number of events with the 
7T(±) energy greater than the 7T(+) energy in the 17 rest 
frame. 

(b) The sextant asymmetry 

Nl +N3+Ns-N2-N4-N6 
A = ------··-··---·--------------

s NI+N2+N3+N4+Ns+N6 

for the decay 17-+ 1T+1T-1To. The numbers refer to the 
sextants of the Dalitz plot [see, for example, La:yter 
( 1972)]. As is sensitive to an I= 0 C-violating asym­
metry. 

(c) The quadrant asymmetry Aq, defined in a sim­
ilar way as A 

8
, but with each sector of the Dalitz plot 

now containing 7T/2 rather than 7T/3 radians. Aq is sen­
sitive to.an I= 2 C-violating final state. 

(d) The d-wave contribution to the C-violating am­
plitude in the decay 17-+ 7T+7T-'Y. The upper limit for 
this contribution is measured by the parameter~' de­
fined by 

dN/d I cos e I a: sin28(1 + ~ cos2e), 

where e is the angle between the 7T+ and the 'Yin the 
di-pion center of mass. A term proportional to cos2 e 
could also be due to p- and f-wave interference. 

We list A for the decay modes 17-+ 1T+1T-1To and 17 
-+ 1T+1T- ')',As and Aq for the decay 17-+ 1T+1T-1To, and 
~for the decay 17-+ 7T+7T-'Y in the 1) section of the 
Stable Particle Data Card Listings. 

2. Dalitz plot for 17-+ 1T+1T-1To. The Dalitz plot for 
the decay 17-+ 7T+7T-7T0 may be fit by the distribution 

IM(x,y)l2 a: 1 + ay + by2 +ex+ dx2 + exy. 

Here, 

x = ..,f3(T+- T _)/Q, y = (3T0JQ)- 1 , 

T+, T _, T0 are the kinetic energies of the 7T+, 1T-, and 7To 
in the 17 rest system, and Q = mn - m

11
+- m

11
-- m110 • 

The coefficient of the term linear in x is sensitive to 
C-violation due to an I= 0 or I= 2 final state. We list 
papers presenting determinations of the parameters a, 
b, c, and d in the 17 section of the Stable Particle Data 
Card Listings. However, we do not tabulate values of 
these parameters because the assumptions made by 
different authors are not compatible and do not allow 
comparison of the numerical values. 

3. Dalitz plot for 17-+ 7T+7T-')'. The Dalitz plot for 
the decay 17-+ 7T+7T-'Y may be fit to the _expression 

IM 12 
0: 1 + 2 QZ ' 

where 
3 

z = ~ 6 [3(mn- 3m11 )-
1(Ei- ~m17 )] 2 = p 2JP~ax . 

i= 1 

Here Ei is the energy of the ith pion in the 17 rest 
frame, and p is the distance to the center of the Dalitz 
plot. We list the parameter a in the 17 section of the 
Stable Particle Data Card Listings. 

D. Baryon-decay parameters 
1. A/V ratio for baryon leptonic decays. Consider 

the decay 

Bi -+ Br + Q + v . 

Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the q 2 dependence of the form 
factors, the baryon part of the matrix element for 

XV 
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these decays may be written [Goldberger ·and Treiman 
(I 958)] as 

<Bfi'YA.(gy- gA 'Ys) + (gwfmBi)aA.vqviBi>, 

where Bi and Br represent initial and final baryons, 
g A and gy the axial and vector coupling constants, gw 
the weak magnetism coupling constant, and qv the 
sum of the lepton momenta. Here the Pauli represen­
tation is used for the 'Y matrices. The ratio g A/gy may 
be written as 

gAfgv = lgAfgvl exp(i¢), 

where </>is 0 + n 1T if time reversal holds [see Jackson 
et a1.(1957)]. 

Experiments on the leptonic decays of baryons 
other than the neutron have generally assumed </> to be 
either 0 or 1f' and have thus measured the magnitude 
and sign of gA/gy. In studying neutron beta decay, 
however, experiments have been sensitive enough to 
measure </> more precisely, and we include the phase 
angle in our Listings for this case. It is consistent with 
time-reversal invariance, and by using the above defi­
nition of the matrix element with the Pauli represen­
tations, the value of gA/gy in neutron beta decay is 
negative. 

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

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

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

(c)The lepton spectrum, given enough statistics, 
provides a measure of gA/gy with its sign [for relevant 
formulas, see, e.g., Bender ( 1968)]. The lepton spec­
trum also provides a measure of gwfgA if the eve- _ 
SU(3) assumption is relaxed. 

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

(e) The presence of a term proportional to 

CJBi. (Pe X Pv) , 

xvi 

where the initial baryon is polarized or 

crBf • (Pe X Pv) ' 

where the polarization of the decay baryon is observed 
provides a measure of the deviation of</> from 0 or 1T, 

and is thus a test oftime:reversal invariance [see, e.g., 
Willis and Thompson (I 968)]. 

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

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

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

M=s+p(cr· q), (6) 

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

The asymmetry parameters are defined by the rela­
tions 

a= 2 Re(s*p)/(lsl 2 + lpl2), 

~ = 2 Im(s*p)/(lsl2 + lpl2), 

'Y = (lsl 2 -lpl 2)/(lsl 2 + IPI 2). 

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

!= 1 + aPy • q, 

where Py = (Yicr,IY> is the hyperon polarization. 
In the notation of Lee and Yang (1957) the polari­

zation Ps- of the decay baryons is 1 2 

(a+ Py ·q)q + ~(Py Xq) + 'YQ X (Py Xq) 
p = ---· ----------·--·-------------------

B 1 + aPy • q 

*2 Note that Lee and Yang (1957) contains a misprint. The 
minus sign in the definition of {3 should be replaced by a 2. 
In addition, our unit vector q is the direction of the baryon, 
whereas their unit vector p is the direction of the pion. 
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where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from 
the hyperon rest system in which q and Py are defined. 
Note that a: is the helicity of the decay baryon for un­
polarized hyperons. 

The three parameters a:, {3, and 'Y satisfy the relation 

a:2 + (32 + 'Y2 = 1 0 

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

{3 = (1 - a:2)1/2 sin¢ , 

'Y = (1 - a:2)1/2 cos¢ ' 

which has a more nearly gaussian distribution than {3 
or 'Y· Evidently 

-!1T:c;;;;cp.;;;;!1T 
I __.. 3 +;z1T.;;;;¢""'-;z1T 

for 'Y > 0, 

for 'Y < 0. 

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

a:= 2lsllpl cos ~/(lsl 2 + lpl 2), 

{3 = -2lsllpl sin ~/(lsl 2 + lpl2); 

that is,~ is the phase angle of s relative top. Evident­
ly 

for a:> 0, 

for a:< 0. 

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

~ = os- oP , 
modulo 1r, where os and op are the pion-baryon scat­
tering phase shifts at the appropriate energy and for 
the appropriate isospin state. For A decay, assuming 
the validity of the I Ml =! rule, 

~=os-op =(7.0± l.O)deg'" 3
• 

In the Stable Particle Data Card Listings we give a: and 

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

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

VII. Statistical procedures 

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

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

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

dard deviation (la); that is, for central value x and 
error ox, the range x ±ox constitutes a 68.3% confi­
dence interval. 

A. Unconstrained averaging 
We are returning this year to the use of a standard 

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

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

x±ox= ('l(wix) ~wi)± (~wir
112

, 
(1) 

where xr and oxi are the value and error, respectively, 
reported by the ith experiment, and the sums run over 
N experiments. We also calculate x2 and compare it 
with its expectation value of N- 1. 

If x2 /(N- 1) is less than or equal to I, and there 
are no known problems with the data, we accept the 
above results. 

xvii 
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If x2 /(N- 1) is very large, or if there is prior knowl­
edge of extremely large inconsistencies between exper­
iments, we may choose not to average the data at all. 
Alternatively, we may quote the calculated average, 
but then give an educated guess as to the error; such a 
guess is generally a quite conservative estimate de­
signed to take into account known problems with the 
data. 

Finally, if x2 /(N- 1) is greater than 1, but not to 
such a large extent, we still average the data, but then 
try to make up for this fact in two ways: 

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

WEIGHTED AVERAGE - 2281.8 ± 2.7 
ERROR SCALED BY 1 7 
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Fig. 3. Ideogram of measurements of the A~ mass. The verti­
cal line indicates the position of the weighted average, while 
the horizontal bar atop the line gives the error in the average 
after scaling by the SCALE factor. Only those experiments 
indica ted by + error flags were precise enough to be accepted 
in the calculation of the SCALE factor; the column on the 
far right gives the x2 contribution of each of these experi­
ments. The less precise experiments were included in the cal­
culation of the weighted average, but not SCALE; they have 
1 error flags. 
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confidence that a significant systematic error has not 
been made in a given experiment, as compared with 
other contradictory experiments, then tends to go up 
as 1/oxi. 

But why not assign a weight 1/o[, as is done when 
computing a weighted average? We feel that this is 
equivalent to assuming that large systematic er·rors are 
as infrequent as large statistical fluctuations, and that 
this is unrealistic. 

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

(ii) The second way in which we try to take account 
of x2 /(N- 1) being greater than 1 is to scale up our 
quoted error ox in eq. (1) by a factor 

SCALE= [x2/(N-l)]i/2. (2) 

Our reasoning is as follows. Since we do not know 
which one or more of the experiments are wrong, we 
assume that all experimentalists underestimated their 
errors by the same scale factor (2). If we scale up all 
input errors by this factor, x2 returns toN- 1, and 
of course the output error scales up by the same factor. 

If all the experiments have errors of about the same 
size, the above (straightforward) procedure for calcu­
lating SCALE is carried out. If, however, we are to 
combine experiments with widely varying errors, we 
must modify the procedure slightly. This is because it 
is the more precise experiments that most influence 
not only the average value x, but also the error ox. 
Now, on the average, the low-precision experiments 
each contribute about unity to both the numerator 
and the denominator of SCALE, hence the x2 contri-
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bution of the sensitive experiments is diluted, i.e., re­
duced. Therefore, we evaluate SCALE by using only 
experiments for which the errors are not much greater 
than those of the more precise experiments. Explicit­
ly, to calculate SCALE we use only the most sensitive 
experiments, i.e., those with errors less than 50 , where 
the ceiling 50 is (arbitrarily) chosen to be 

50 = 3Nlf2ox . 

Here 5x is the unsealed error of the mean of all the 
experiments. Note that if each experiment had the 
same error 5xi, then 5x would be 5xijNI/2, so each 
individual experiment would be well under the ceiling 
on SCALE. 

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

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

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

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

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

Assume that a state has only three partial-decay 
fractions, P 1, P 2 , and P 3 ('f. Pi = 1 ), which have been 
measured in four different ratios, R 1, ... , R 4 , where, 
e.g.,R 1 =P1/P2 ,R2 =P1/P3, etc. ' 4 Further assume 
that each ratio has been measured by N experiments 

t4 We can handle any R of the fotm R = 2: a;Pi/L. {3;Pj, where 
a; and 13; are constants, usually J·or 0. The forms R = P; •Pj 

and R = (P; · Pj) 1 12 arc also allowed. . 

(we designate each experiment with a subscript x, e.g., 
R 1x)· Then AHR finds the best values of P1,P2 , and 
P3 by minimizing x2, namely 

x2 = ~ [ t ( ~!_::__-_~,C!_~·!3·P3))2]. (3) 
r=l x=J 5Rrx 

In addition to the fitted values Pi, the program cal­
culates an error matrjx (5Fi__5Pj!_· We tabulate the 
diagonal elements 5Pi = (5Pi 5PYI 2 [except that 
some errors are scaled according to eq. (2) as discussed 
below]. In the listings we give the complete error ma­
trix; we also calculate the fitted value of each ratio, 
for comparison with the input data, and list it below 
the relevant input, along with a simple unconstrained 
average of the same 'input. 

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

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

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

In asymmetric errors, we use a continuous function 
of 5(P)+ and 5(P)- in the fitting. When no errors are 
reported, we merely list the data for inspection. 

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

Inconsistent constrained data. According to our 
simple example, which led to eq. (3), the double sum 
for x2 is summed over experiments x = 1 toN, leaving 
a single sum over ratios 

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

(SCALE)}= x;/<x;>, 
and if any (SCALE), is greater than 1, allN of the 
measurements of that particular ratio are equally pe­
nalized by having their errors increased by (SCALE),. 
Program AHR then recycles on all the data, those 
with errors unchanged as well as those with errors 
increased. We then get new values, 8Pj for the errors 
in the partial-decay modes. 

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

At the end of AHR's fi'!_al pass we have two mea­
su!es of the errors for the Pi. One is, of cour~e, the 
8Pj, i.e., the errors in the final fitted valuesP/ which 
include the effects of scaling the input errors. The 
other measure of the errors is (Pi - Pj), i.e., the shift 
in the central values of the ith mode between the first 
(unsealed) fit and the final (scaled) fit. In practice we 
find that on the average these two measures of the un­
certainty are about equal. Rather than selecting just 
one or the other, our tabulated errors are given by the 
combination 

(8P)tab = [oPj2 +(Pi_ Pj)2 1112 , 

where Pi is the fitted value of the ith partial-decay 
m~de before scalin~, Pf is its value after scaling, and 
8P j is the error in Pf. The SCALE factors we finally 
list in such cases are defined by 

(SCALE)i = (8Pi )tab/8Pi . 

However, in line with our policy of not letting SCALE 
affect the central values, we give the values of Pi ob­
tained from the original (unsealed) fits. [The differ­
ences between the Pi calculated with either the scaled 
or the unsealed errors are, of course, always within 
the tabulated errors, (8Pi)tab .] 

XX 
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TABLES OF PARTICLE PROPERTIES 
April1982 

M. Aguilar-Benitez, R.L. Crawford, R. Frosch, G.P. Gopal, R.E. Hendrick, R.L. Kelly, M.J. Losty, L. Montane!, 

F.C. Porter, A Rittenberg, M. Roos, L.D. Roper, T. Shimada, R.E. Shrock, T.G. Trippe, Ch. Walck, C.G. Wohl, G.P. Yost 

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

Stable Particle Table 
For additional parameters, see Addendum to this table. 

Quantities in italics have changed by more than one (old) standard deviation since April /980. 

Particle IG(Jp)Cn a Massb Mean lifeb Partial decay mode 
(MeV) (sec) 

Fractionb 
p or 

Mass2 CT Mode Prnax 
c 

(GeV2) (em) (MeVfc) 

PHOI'ON 

"Y o.l(n- ( < 6xlo-22) stable 

LEPI'ONS 

Ve J=l. ( < 0.000046)d stable stable 
2 

(>3xl08m (MeV)) 
ve 

e J=l. 0.5110034 stable stable 
2 

±0.0000014 (>2xl022y) 

VI' 
J=l. 0( < 0.52) stable stable 

2 
(> 1.1 x105m (MeV)) 

VIJ. 

!l 1. (or !l+ -CC) 

Jl. J=l. 105.65943 2.19714xl0-6 e-vv ( 98.6 ± 0.4 )% 53 
2 

±0.00018 ±0.00007 e-vwy '( 1.4 )% 53 
m2=0.01116392 CT=6.5868xlo4 t[e-vi!J. ( <9 )%) 53 

e-')' ( <1.9 )xlo-10 53 
e-e+e- ( <1.9 )xlo-9 53 
e-'Y'Y ( <5 )xlo-8 53 

VT J=l. 
2 

<250 

T ""1 (or T+ -CC) 

T J=l. 1784.2 ( 4.6± 1.9) xlo-13 !l-;;v ( 18.5 ± 1.2 )% 889 
2 

±3.2 CT=0.014 e-vv ( 16.2 ± 1.0 )% 892 
m2=3.18 hadron - neutrals ( 37.0 ± 3.2 )% 

3( hadron±) neutrals ( 28.4 ± 3.0)% 
5(hadron ±) neutrals ( <6 )% 

t[3(hadron±)v ( 13 ± 8 )% 
3(hadron ±)v(~l'Y) ( 15 ± 7 )%) 

t(7r-V ( 10.7 ± 1.6)% 887 
p-v ( 21.6 ± 3.6 )% 726 
K- neutrals ( small ) 
7r-7r-7r+V ( 7 ± 5 )% 864 
7r-7r-7r + (;;,:071"~ v ( 18 ± 7 )%) 864 

t(K*-(892)v ( 1.7 ± 0.7 )% 669 
K*-(1430)v ( <0.9 )% 316 
7r-pov ( 5.4 ± 1.7 )%) 718 

(continued next page) 
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Stable Particle Table ( cont' d) 

Particle IG(Jp)C
0 

a Mass b 

(MeV) 
Mass2 

(GeV2) 

T (continued) 

Mean lifeb 
(sec) 

CT 

(em) 
Mode 

T J. (or T+ ---cc) 
e- chgd. parts. 

+ JJ.- chgd. parts. 
~~--'Y 

e-'Y 
~~--~~-+~~--
e-JJ.+JI.-
JJ.-'e+e-
e-e+e-
~~--.,(' 
e-.,1' 
JJ.-Ko 
e-Ko 
JJ.-Po 
e-po 

NONSTRANGE MESONS a 

., 

139.5673 
±0.0007 

m2=0.0194790 
m1r±-m ± =33.9079 

ll ±0.0007 

1-(0-)+ 134.9630 
±0.0038 

m2=0.018215 
m1r±-m~ =4.6043 

±0.0037 

2.6030x1o-8 

±0.0023 
CT=780.4 
(T+ - T-)j'f= 
(0.05±0.07)% 
(test of CPf) 

0.83xi0-16 

±0.06 8=1.8° 
CT=2.5x10-6 

o+(o-)+ 548.8 
±0.6 

8=1.4° 
m2=0.3012 

r=(0.83±0.12)keV 
Neutral decays 

(70.9±0.7)% 

Charged decays 
(29.1 ±0.7)% 

JI.+V 
e+v 
JI.+V'Y 
e+v'Y 
e+v?T0 

e+ve+e-

'Y'Y 
"(e+e-

'Y'Y'Y 
e+e-e+e-

'Y'Y'Y'Y 
e+e-

vv 

Partial decay mode 

Fractionb 

( <4 
( <5.5 
( <6.4 
( <4.9 
( <3.3 
( <4.4 
( <4.0 
( <8.2 
( <2.1 
( <1.0 
( <1.3 
( <4.4 
( <3.7 

100% 

)% 
)x1o-4 
)x1o-4 
)x1o-4 
)x1o-4 
)x1o-4 
)x1o-4 
)x1o-4 
)x1o-3 

)x1o-3 

) x1o-3 

)x1o-4 
)x1o-4 

( 1.267±0.023)x10-4 
e( 1.24± 0.25)x10-4 
e( 5.6 ± 0.7 )x1o-8 

( 1.02± 0.07)x1o-8 
( <5 )xHr9 

( 98.787 ± 0.030)% 
( 1.213 )% 
( <3.8 )x1o-7 

f( 3.32 )x1o-5 
( <4 )x!0-6 
( 2.2 :!: ::t ) xw-7 

( <2.4 )x1o-5 

( 39.1 ± 0.8 )% 
( 31.8 ± 0.8 )% 8=1.1" 

K( <0.3 )% 
( 23.7 ± 0.5 )% 
( 4.91 ± 0.13)% 
( 0.50± 0.12)% 
( 3.1 ± 0.4 )x1o-4 
( <3 )x10-4 
( 6.5 ± 2.1 )x10-6 
( 0.13 ± 0.13)% 
( <0.21 )% 
( <6 )x1o-4 
( <0.15 )% 
( <5 )x1o-5 
( <5 )x1o-6 
( <3 )x!0-6 

p or 
Pmax' 

(MeV/c) 

889 
892 
876 
886 
889 
892 
884 
887 
819 
823 
722 
726 

30 
70 
30 
70 

5 
70 

67 
67 
67 
67 
67 
67 

67 

274 
180 
258 
175 
236 
274 
253 
274 
253 
236 
236 
175 
236 
258 
211 
211 
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Stable Particle Table (cont' d) 

Particle IG(JP)Cn a Massb ' Mean lifeb Partial decay mode 
(MeV) (sec) 

Fractionb 
p or 

Mass2 CT Mode Pmax 
c 

(GeV2) (em) (MeV/c) 

STRANGE MESONS a 

K+-"1 (or K- -+CC) 

K± t<o-) 493.667 1.2371 xlo-8 p.+v ( 63.50± 0.16)% 236 
±0.015 ±0.0026 S=r.9• 11'+ n» ( 21.16± 0.15)% 205 

m2=0.2437 CT=370.9 11'+11'+11'- ( 5.59± 0.03)% S=l.l• 125 
(T+ - T~)fT= 11'+ 11'011'0 ( I. 73 ± 0.05)% S=1.4• 133 
(0.11 ±0.09)% ?Top. +v ( 3.20± 0.09)% S=i.7• 215 
(test of CPf) ?T0e+v ( 4.82± 0.05)% S=l.l• 228 
S=1.2• IJ.+V'Y e( 5.8 ± 3.5 ) xw-3 236 

?To?Toe+v ( 1.8 :!: &: )x!0-5 207 

mK±-mKo=-4.01 ?T+?T-e+v ( 3.90± 0.15)xlo-5 203 
±0.13 'li'+?T+e-ji ( <1.2 ) xlo-8 203 

S=l.l• 11'+11'-IJ.+V ( 1.4 ± 0.9 ) xlo-5 151 
'll'+'li'+IJ.-ji ( <3.0 )xiO~ -!51 
e+v ( 1.54± 0.07)xlo-5 247 
e+v'Y (SD+)h ( 1.52± 0.23)xlo-5 247 
e+V'Y (SD-)h ( <1.6 )xlo-4 247 
11' + n»'Y l,e( 2.75± 0.16)x10-4 205 
11'+11'+11'-'Y e( 1.0 ± 0.4 )xlo-4 125 
?TOIJ.+V'Y e( <6 )xlo-5 215 
?T0e+v'Y e( 3. 7 ± 1.4 )xlo-4 228 
?T+e+e- ( 2.7 ± 0.5 )xlo-7 227 
11'-e+e+ (<I )xHr-8 227 
?T+J.I.+J.I.- ( <2A )xiO~ 172 
'li'+'Y'Y e( <3.5 ) xHr-5 227 
'li'+'Y'Y'Y e( <3.0 )xlo-4 227 
?T+Vji ( <1.4 )x!0-7 227 
'li'+'Y ( <4 )xiO~ 227 
?T"'e+J.L± ( <7 )xlo-9 214 
?T+e-p.+ ( <5 )xlo-9 214 
e+vvii ( <6 )xlo-5 247 
p.+vvii ( <6 )xiO~ 236 
p.+ve+e- ( II ± 3 )xlo-7 236 
p.-ve+e+ ( <2.0 )xlo-8 236 
e+ve+e- ( 2 +2 )xlo-7 247 -I 
J.L+ve ( <4 )xHr-3 236 

Ko 
t<o-) 

. 497.67 
i(O ±0.13 50 % Ksbort• 50% Kl.ong 

S=l.l• 
m2=0.24768 

~ t<o-) 
0.8923xlo-10 . 11'+11'- ( 68.61 ± 0.24)% S=l.l• 

206 
±0.0022 11'011'0 ( 31.39 )% 209 
CT=2.675 11'+11'-'Y e( 1.85± O.IO)xi0-3 206 

J.I.+IJ.- ( <3.2 )xlo-7 225 
e+e- ( <3.4 )xlo-4 249 

'Y'Y ( <0.4 )xlo-3 249 
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Stable Particle Table ( cont' d) 

r;(JP)<;_a Massb. Mean lifeb 
(MeV) (sec) 
Mass2 CT Mode 
(GeV2) (em) 

t<o-) 
5.183x!0-8 

±0.040 

1ro1ro1ro 
7r+ 7r-7ro 

cr=1554. 1r±!J."''V 
1r±e"~'v 

m~ -mKg = 0.5349x1010 fz sec-1 
±0.0022 

t( 7rCV'Y 
7r+7r-
.,(l.,(l 

1869.4 
±0.6 

m2=3.495 

m0 ±-moo= 4. 7 
±0.3 

1864.7 
±U.6 

m2=3.477 

-=-r<:.::D::...o...,--==oo,... .... ..:.K=-+-"'Ir'---.L) < 0.16 
f(o0-+K7r) 

7r+7r-'Y 
7ro'Y'Y 

'Y'Y 
ep. 
!J.+!J.-
!J.+!J.-'Y 
7ro!J.+!J.-
e+e-
e+e-'Y 
1r0e+e-
7r+7r-e+e-
7r07r±e"'v 

CHARMED NONSTRANGE MFSONS a 

o+""l (oro- -+CC) 

(9.I~U)x!0-13 e± anything 
K- anything 

cr=0.027 K0 any + K0 any 
K+ anything 
17 anything 

t[K-7r+7r+ 
K-7r+7r+7r+7r­
Ko7r+ 
Ko1r+ 7ro 
i(O'Ir + 7r + 7r­
i(~+ 
K+K-1r+ 
K+7r+7r-
7r+.,(l 
11"+7r+11"-

t[K007r+ 

(4.8 ~~:~)xlo-13 e± anything 
K- anything 

cr=0.014 K0 any+ K0 any 
K+ anything 
17 anything 

t!K-1r+ 
K-7r+.,(l 
K-7r+7r+7r­
K-7r+.,(l7rO 
i(011"0 
i(011"+7r-
11"+7r-
11"+11"+11"-11"­
K+K-

t[K•-7r+ 
i(•O.,(l 

K-p+ 
i(OpO 

Partial decay mode 

Fractionb 

( 21.5 ± 1.0 )% S=l.7° 
( 12.39± 0.20)% S=l.3° 
( 27.1 ± 0.4 )% S=l.4° 
( 38.7 ± 0.5 )% S=l.5• 

e( 1.3 ± 0.8 )%] 
1( 0.203± 0.005)% 
1( 0.094± 0.018)% 
e( 4.41 ± 0.32)x!0-5 
( <2.4 ) xlo-4 
( 4.9 ± 0.4 )x!0-4 

k( <6 )xi~ 
( 9.1 ± 1.9 ) x!o-9 
( 2.8 ± 2.8 )xlo-7 
( <1.2 )x!O~ 

k( <2.0 )xlo-7 

( 1.1 ± 0.9 )xJo-5 

( <2.3 )x!O~ 
( <8.8 )x!O~ 
( 6.2 ± 2.0 )x!o-5 

( 19 ~ ~ )% 
( 16 ± 4 )% 
( 48 ± 15 )% 
( 6.0 ± 3.3 )% 

l ( < 13 )% 
( 4.6 ± 1.1 )% 
( <4 )% 
( 1.8 ± 0.5 )% 
( 13 ± 8 )% 
( 8.4 ± 3.5 )% 
( 0.45± 0.30)% 
( <0.6 )% 
( <0.23 )% 
( <0.5 )% 
( <0.37 )%] 
( <3.7 )%] 

( <6 )% 

S=l.l• 
S=l.5° 

( 44 ± 10 )% S=l.3• 
( 33 ± 10 )% 
( 8 ± 3 )% 

t ( < 13 )% 
2.4 ± 0.4 )% 
9.3 ± 2.8 )% 
4.5 ± 1.3 )% S=l.4° 
seen ) 
2.2 ± 1.1 )% 
4.2 ± 0.8 )% 

( 7.9 ± 3.8 ) x!0-4 
( <9 )xlo-4 
( 2.7 ± 0.8 )xlo-3] 
( 3.4 ± 1.4 )% 
( 1.4 ! t! )% 
( 7.2 ~ ~:? )% 
( 0.1 ~ 8:~ ) %] 

p or 
Pmax 

c 

(MeVfc) 

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

845 
772 
862 
845 
814 
792 
744 
845 
925 
908 
714 

861 
844 
812 
815 
860 
842 
922 
768 
791 
711 
711 
679 
677 
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Stable Particle Table (cont' d) 

Particle IG(JI)Cn a Massb Mean lifeb Partial decay mode 
(MeV) (sec) 

Fractionb 
p or 

Mass2 CT Mode Pmax 
c 

(GeV2) (em) (MeVjc) 

CHARMED STRANGE MESON a 

p+~ (or F -+CC) 

p± 0(0-) m 2021 (2o2:!:U)x1o-13 7111'+ seen 930 
±15 7111'+11'+11'- seen 885 

71'11'+11'+11'- seen 713 
p+cf> seen 467 

--+B 

NONSTRANGE BARYONS a 

p l( .l +) 93802796 stable k8xi030y) stable 
2 2 

±000027 ° 

m2=0o880369 JqpJ-J~~el < I0-211'1eln 

n l( .l +) 93905731 925±11 pe-v 100% 
2 2 -

±000027 CT=2o77xio13 pvii ( chgo nonconso) ( <9 )xlo-24 

m2=0o882798 
~-~=-1.29343 

±Oo00004 JqnJ < I0-21J'Ieln 

STRANGENESS -1 BARYONS a 

A 0( .l +) 1115060 20632xl0-IO p'll'- ( 6402 0 5 )% 100 
2 ±Oo05 ±Oo020 8=1.6° 011'0 ( 35o8 ± 0 )% 104 

8=1.2° CT =7089 pe-v ( 8o35± Ool5)xl0-4 163 
m2=1.2446 Pf.L-V ( 1.57± Oo35)xl0-4 131 

mA-m2:0=-76o86 p'II'-'Y •( 805 ± 1.4 )xlo-4 100 
±Oo08 

~+ I( .l +) 1189o36 Oo800xlo-10 ~ ( 51.64 )% 189 
2 n'll'+ ( 48036± 0030)% ±0006 ±00004 185 

8=1.8° CT=2o40 P'Y ( 1.20± Ool3)xl0-3 8=1.4° 225 
m2=1.4146 n'II'+'Y •( 405 ± 005 )xlo-4 185 

Ae+v ( 200 ± Oo5 )xlo-5 71 
m~+-m~-=-7097 nf,L+V ( <3o0 )xio-5 202 

±Oo07 + ( <5 )xlO~ 224 r(~;+-+ t+nv) ne v 
8=1.3· < o04 +e- ( <7 )xlO~ 225 

ro;--+ rnv) pe 
~0 I( l +) P 1192o46 5o8xl0-20 A-y 100% 74 

2 
±0008 ±1.3 Ae+e- K( )xio-3 5045 74 

m2=1.4220 CT=l.7xl0-9 A'Y'Y ( <3 )% 74 

~ 0 I(.!.+) 1197o34 1.482xl0-IO n'll' 100% 193 
2 

±0005 ±OoOII 8=1.3° ne-v ( 1.08 ± Oo04)xi0-3 230 
m2=1.4336 CT=4o44 nf,L-V ( 0.45 Oo04)xlo-3 210 

Ae-v ( 0061 Oo05)xl0-4 79 
m2;0-m2:-= -40 88 n'II'-'Y e( 4o6 006 )xio-4 193 

±Oo06 
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Stable Particle Table (cont' d) 

Particle IG(JI)Cn a Massb Mean lifeb . Partial decay mode 
(MeV) (sec) 

Fractionb Mass2 CT Mode 
(GeV2) (em) 

STRANGENESS-lBARYONSa 

-o 1.( l. +) q 1314.9 2.90xi0-10 A'fl 100% 1:!. 2 2 
±0.6 ±0.10 A-y ( 0.5 ± 0.5 )% 

m2=1.729 CT=8.69 ""ifJy ( <7 )% 
p1T ( <3.6 )x1o-5 
pe-v ( <1.3 ) x1o-3 

mt>--m::-=-6.4 l:+e-v ( <1.1 )xHr-3 

±0.6 l:-e+v ( <0.9 )xHr-3 
l:+!L-JI ( <1.1 ) x1o-3 

l:-!L +v ( <0.9 ) x1o-3 
PIL-JI ( <1.3 ) x1o-3 

-- 1.( l. +) q 1321.32 1.641 x1o-10 A1r- 100% 1:!. 2 2 
±0.13 ±0.016 Ae-v ( 2.9 ± 1.1 )x1o-4 

m2=1.7459 CT=4.92 ~e-v ( <1.4 )x10-4 
A!L-v ( 3.5 ± 3.5 ) x!0-4 
~!L-JI ( <8 ) x1o-4 
D'lr - ( <1.1 )x1o-3 
ne-v ( <3.2 ) x1o-3 
njl-JI ( <1.5 )% 
l:-y ( <1.2 )x1o-3 

p1T1r ( <4 )x1o-4 
p1T-e-JI ( <4 )x1o-4 
p1T-!L-JI ( <4 )x!0-4 
'Ef!e-v ( <2.3 )x1o-3 

STRANGENESS -3 BARYON a 

0( 1. +) q 1672.45 0.819xi0-10 Ar ( 68.6 ± 1.3 )% 
2 

±0.32 ±0.027 'EfJtr- ( 23.4 ± 1.3 )% 
m2=2.7971 CT=2.46 z-~ ( 8.0 ± 0.8 )% 

ZOe-v ( -1 )% 
'E!l( 1530)7r- ( -2 )x1o-3 
A1r- ( <1.3 )x1o-3 
z-1' ( <3.1 )x1o-3 

NONSTRANGE CHARMED BARYON a 

A.+ 
c 

2282.2 
±3.1 

S=l.8° 
m2=5.21 

(I.J:!:g::>x1o-!3 
CT=0.003 

-+ AO . 
....,hf .. d1 .. -+ scare es or mass1ve neutnnos an epton m!Xmg 

-+ v bounds from astrophysics and cosmology 
-+ heavy lepton searches 
-+ weak gauge boson searches 
-+ free quark searches 
-+ magnetic monopole searches 
-+ charm searches and evidence 
-+ bottom hadron searches 
-+ top ·hadron searches 
-+ other stable particle searches 

pK 1r+ 
pKo 
pKo7r+1r­
A7r+ 
A1r+1r+1r­
~1r+ 

t(pK"0 

~++K­

pK"-1r+ 
e+ anything 

t[pe+ anything 
Ae + anything 

( 2.2 ± 1.0 )% 
( 1.1 ± 0. 7 )% 
( <4 )% 
( 0.6 ± 0.5 )% 
( <3.1, seen )% 
( seen ) 
( 0.48± 0.30)% 
( 0.45 ± 0.27)% 
( seen )) 
( 4.5 ± I. 7 )% 
( 1.8 ± 0.9 )% 
( 1.1 ± 0.8 )%) 

p or 
Pmaxc 

(MeVfc) 

135 
184 
117 
299 
323 
120 
112 
65 
49 

309 

139 
190 
123 
163 
70 

303 
327 
313 
118 
223 
304 
250 

6 

211 
294 
290 
319 

449 
314 

820 
870 
751 
861 
804 
822 
682 
707 
576 
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ADDENDUM TO. 

Stable Particle Table 
Magnetic Moment 

1.001 159 652 209 
. efl ew 
211\:c :f.OOO 000 000 031 

p. Decay parameters8 

Jl.w efl p = 0.752±0,003 17 = - 0.12 ±0.21 
1.001 165 924 -- ~·P = 0.972±0.014 0 = 0.755±0.009 h == 1.01 ±0.06-
±.000 000 009 2m c !L 

/.L lgA/8vl =y.86~:n cJ> = 180°±15° 

11 
Mode left-right asymmetry Sextant asymmetry Quadrant asymmetry 
7r+7r-7ro ( 0.12±.17)% (0.19±0.16)% (~.17±0.17)% 
7r+7r-'Y ( 0.88±.40)% {1=0.047 ±0.062 

K± Mode Partial rate (sec -I) Slope parameters for K --+ :nr' 
/.LV (51.33±0.17) x106 8=1.2* K+ .... 7r+7r+7r- g=~.215±.004 8=1.4* See Data Card Listings 
7r7ro ( 17.10±0.13)xl06 8=1.1* K-.... 1r-1r-1r+ g=~.217±.007 8=2.5* for quadratic coefficients. 
7r7r+7r- ( 4.52±0.02)xl06 8=1.1* K± .... ,(l1r01r± g= 0.607±.030 8=1.3* 
1r1ro1ro ( 1.40±0.04)xl06 8=1.4* K(l--+7r+7r-7r0 g= 0.670±.014 8=1.6* 
/.L'IroV ( 2.58±0.07)x1o6 8=1. 7* 
e1r0v ( 3.90±0.04)xl06 8=1.1* Form factors for K 13 decays 

{ x:= o.o3oo±.OOI6 8=1.2* 

~ 
7r+7r- j( 0.7689±.0033)xl010 

{ x:= o.o29±.004. 

7r0,(> j( 0.3517±.0029)xl010 8=1.1* KA ~= 0.026±.008 8=1.5· K2J >.~= 0.034 ±.006 8=2.5* 

~ 
1ro1ro1ro ( 4.14±0.20)xl06 8=1. 7* 

>.~= ~.003±.007 8=1.5* >.~= 0.020 ±.007 8=2.5* 

7r+7r-7ro ( 2.39±0.04)xlo6 8=1.2* See Data Card Listings for ~. f5, and f1. 

1r/.LV ( 5.23±0.09)xl06 8=1.3* CP violation parametersuJ 
nv ( 7.47±0.1l)xl06 8=1.3* 117+-1 =(2.274±.022)xlo-3 117oo I =(2.33±.08)xlo-3 8=1.1* 
7r+7r- j ( 3. 91 ±0.10) x104 8=1.1* cl>+-=(44.6±1.2) 0 cJ>oo=( 54± 5) 0 

7ro7ro j( 1.81±0.36)xi04 8=t.s* 
117+-ol 2<0.12 117oool 2<0.28 o=(0.330±.0I2)% 

~=-4Q 
Re x=0.009±.020 8=1.4* Im x = ~.004±.026 8=1.1* 

Magnetic Decay parameters" 
moment Measured Derived Coupling Constant Ratios 
(efl/2,~c) a c/>(degree) 'Y 4(degree) 

-

p 2. 7928456 
±.0000011 

nw -1.91304184 -pe-v gA/gy=-1.255 ±0.006 
±.00000088 c/>Av=(l80.11 ±0.17) 0 

.A.w ~.613 p7r 0.642±0.013 (-6.5±3.5) 0 0.76 (7.7±4.1) 0 

±.004 n?(l 0.646±0.044 
.pev gAfgv=-0.690±0.034 8=1.4* 

~+ 2.33 p,(l -0.979±0.016 (36±34) 0 0.17 (187±6)" 
±.13 n7r+ +0.068±0.013 (167±20) 0 ~.97 (-73~lt'>o 

P'Y ~.72±0.29 8=LI*. 

- -1.41 n7r - ~.068±0.008 (10±15) 0 0.98 (249~lf6) 0 

~ 
±.25 ne-v gA/gy= ±(0.385±0.070) 8=2.3* 

Ae-v 8y/8A =0.14±0.24 8=1.6* gWMfgA=2.4±1.7 

..,.o -1.250 A7ro ~.413±0.022 (21 ±12) 0 0.85 (218~:~) 0 - ±.014 8=2.0* -- -1.85 A1r -0.434±0.0/5 (2±6)" 0.90 (184± 12) 0 .. - ±.75 8=-1.4* 8=u· 

0 - Ar -0./0±0.38 
8=1.2* 
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Stable Particle Table ( cont' d) 
Indicates an entry in the Stable Particle Data Card listings not entered in the Stable Particle Table. 

* S = Scale factor = Vx2/(N-l), where N::::: number of experiments. S should be :::::1. If S > I, we have enlarged the error 
of the mean, ox; i.e., ox ... SOx. This convention is still inadequate, since if S >> I the experiments are probably incon­
sistent, and therefore the real uncertainty is probably even greater than SOx. See text, and ideograms in Stable Particle Data 
Card listings. 

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

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

Mesons (B=O) S C Baryons (B=i) S C 
11',71 0 0 p,n 0 0 
K+ K0 +I 0 A,~ -I 0 
r).0 -1 o 2 -2 o 
o+oo o +I n- -3 o 
o-:o0 o -I A+ o +I 
F+ +I +I c 
F- -1 -1 

b. Quoted upper limits correspond to a 90% confidence level. 

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

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

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

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

g. See note in Stable Particle Data Card listings. 

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

i. The direct emission branching fraction is (1.56±.35)XI0-5. 

j. The Ks0 ... 11'11' and K(l ... 11'11' rates (and branching fractions) are from our branching fraction and rate fits and do not include 
results of K(l-Ks0 interference experiments. The 171+-1 and 171ool values given in the addendum are these rates combined 
with the 171+-1 and 171ool results from interference experiments. 

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

t. This is a weighted average of o± ( 44%) and 0° (56%) branching fractions. 

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

n. limit from neutrality-of-matter experiments. Assumes lq0 1 =lqpl - I 'lei· 

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

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

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

s. lgA/gvl defined by g} = ICAI 2+1C'AI 2, gy2 = 1Cvi 2+1C'vl 2, and ~<eW;IJL><iilf;(q+C'(Ys)lv>; 4> defined by 

cos r/J = -Re(C:.C'y+C' Ac.;)/gAgV, PI' is muon longitudinal polarization (for more details, see text Section VI A]. 

1. Tho dofioitioo of O.olopo "''-"' ohho Doliu ¢m ;, u foil~ 1~ olw ""' Sootioo VI B. I]' I Ml 2 - I + g [ ~; ] 

u. The definition for the CP violation parameters is as follows [see also text Section VI B.3]: 
ir/J - A(KLo ... 11'+11'-) ir/J A(KLo ... 11'o~ 

71+- = 171+-le + = 'A(Kso ... 11'+11' ) 71oo = 171oole 
00 

= A(l<so ... 11'o11'~ 
r(KLo ... t+)-f(KLo ... r) f(l<so ... 11'+1r-~CP viol. T(l<so ... ~~~CP viol. 

o = f(K(l ... t+)+f(K(l ... r) , 171+-ol2 = r(K(l ... 11'+11'-~ , 171oool2 = r(K(l ... ~~~ 

v. The definition of these quantities is as follows [for more details on sign convention, see text Section VI B]: 
2lsllplcos~ R _ • 1':'2 · ) _lv 

a= 2 2 f..l - V J-a·sm</> gA' gy, gWM defined by <Bri'Y,_(gy-gA'Ys)+(gWMjm8. u·-q IB;> 
lsi +lpl ' v 

{j= -2lsllplsin~ 'Y= ~~:</> rf>AvdefinedbygA/gy= lgAfgylei<t>Av 
lsl 2+1pl 2 

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

April 1982 

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

Quantities in italics are new or have changed by more than one (old) standard deviation since April/980. 

• IG(JP)C
0 

Mass 
M 

>---4 estab. (MeV) 

,-(o-)+ 139.57 
134.96 

o+(o-)+ 548.8 

Full 
Width 
r 

(MeV) 

0.0 
7.95 eV 

±0.55 eV 

0.83 keV 

Mode 

NONSTRANGE MESONS 

0.019479 
0.018215 

0.301 Neutral 

Partial decay mode 

Fraction(%) 
[Upper limits (%) are 90% CL) 

See Stable Particle Table 

70.9 See Stable 

p or 
Pmaxb 

(MeV/c) 

±0.6 ±0.12 keV ±0.000 Charged 29.1 Particle Table 

p(770) I+<n- 769t 
±3§ 

M and r from neutral mode. 

w(783) o-(1-)- 782.6 
±0.2 

1/'(958) o+(o-)+f 957.57 
±0.25 

S\975) o+(o+)+ 975c 
±4 

S=I.4* 
See note on -rr-rr and KK S wave.~ 
o(98o)* ,-(o+)+ 983h 

±2 

cf>(1020) o-<n- 1019.61 
±0.07 

H(1190) o-o+)- l/90 
±60 

Seen in one experiment only. 

B(1235) '+o +)- 1233 
±10§ 

154f 
±5§ 

9.9 
±0.3 

0.28 
±0.10 

33c 
±6 

54h 
±7 

4.21 
±0.13 

320 
±50 

137 
±10§ 

0.591 
±0.118 

0.612 
±0.008 

0.917 
±0.0003 

0.951 
±0.032 

0.966 
±0.053 

1.040 
±0.004 

1.416 
±0.381 

1.52 
±0.17 

7r7r :=:::JOO 

7r"f 0.044 ±0.005 d 
IJ.+IJ.- 0.0067 ±0.0012 d 
e+e- 0.0043 ±~.0005 
1J'Y seen 

For upper limits, see footnote e 

-rr+-rr--rr0 89.9±0.5 
-rr0"f 8. 7 ±0. 5 
7r+7r- 1.4±0.2 
~IJ.+IJ.- 0.010±0.002 
e+e- 0.0072 ±~.0001 8=1.3* 
1J'Y seen 
For upper limits, see footnote f 

1J7r1r 65.3 ± 1.6 

Po"' 30.0±1.6 
W"f 2.8 ±0.5 

;r!J.-'Y 
1.9 ±0.2 

0.009±0.002 
For upper limits, see footnote g 

7r7r 78±3 
KK. 22±3 

f/"Tr seen 
KK. seen 

K+K- 49.1 ±1.0 S=I.3* 

KKs 34.6 ±1.0 S=l.3* 
-rr :\: -rr--rr0 (incl. p-rr) 14.8±0.7 S=1.2* 

1J'Y 1.5 ±0.2 
~"{ 0.14±0.05 
e+e- 0.031 ±0.001 

+ -
IJ. IJ. 0.025 ±0.003 
7r+7r- 0.02±0.01 
For upper limits, see footnote i 

p7r seen 

W7r only mode seen 
[D/S amplitude ratio= 0.29±0.05] 
For upper limits, see footnote j 

358 
372 
370 
384 
189 

327 
380 
366 
349 
391 
199 

231 
170 
!59 
479 
467 

467 

320 

127 
Ill 
462 
362 
501 
510 
499 
490 

327 

349 
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Meson Table (cont' d) 

JP <N 0 I ~ Full Partial decay mode 
N + ~ PK Mass Width M2 

- wf<P o M r ±rMa Mode Fraction(%) 

A +- 11 ,.K o----1 estob. (MeV) (MeV) (GeV2) [Upper Hmits (%) are 90% CL) 

1273 179 1.62 1m' 

±5§ ±20§ ±0.23 211'+2?1'-
f(l270) 83.1 ±1.9 8=1.4* 

2.8±0.4 8=1.2* 
KK. 2.9 ±0.2 8=1.2* 
yy 0.0016 ±0.0003 
?1'+11'-2~ seen 
For upper limits, see footnote k 

A1(1270) 1-(1+)+ 1275* 315* 1.63 {1?1' dominant 
±30 ±45 ±0.40 11'( 1rn')S-wave seen 

0(1285) o+(l+)+ 1283 26§ 1.65 KK?I' 11 ±3 
±5§ ±5 ±0.03 'T/1rn' 49±6 

t[~?l' 36±7) 
411' (prob. {1?1'11')* 40±7 

~(1300) o+(o+)+ -1300 200-600 1m' -90 
KK. -10 

See note on 1m' and KK S wave.* 
1/'T/ 

11'(1300) 1-(0-)+ 1300§ 200-600 {1?1' seen 
±100§ 11'( 1rn')s-wave seen 

Not a well-established resonance. 

~(1320) 1-(2+)+ 1318 IIO§ 1.74 {1?1' 70.1 ±2.2 
±5§ ±5 ±0.14 'T/11' 14.5±1.2 

c.onnr 10.6±2.5 
KK. 4.8±0.5 
71'11' <2 (CL=97%) 
?!")' 0.45 ±0.11 
yy 0.0007 ±0.0004 

E(1420)t o+o+>+ 1418 52 2.01 KK?I' (prob. K*K+KK*) seen 
±10§ ±10§ ±0.07 'T/1rn' possibly seen 

t[~?l' possibly seen) 

f'(l515) o+(2+)+ 1520 75 2.31 KK. dominant 
±10§ ±10§ ±0.11 1m' possibly seen 

p'(1600) t+(l-)- 1600* 300* 2.56 411' (incl. {1?1'+11'-,A111') la~e 
±20§ ±100§ .±0.48 1m' < 30 

K*K + K*K -15 

'T/1rn' -13 
RK -I 
e+e- seen 

w(1670) o-(r)- 1688 166§ 2.78 311' seen 
±5 ±15 ±0.28 t[{l?l' seen] 

S=l.l* 511' seen 
t[ c.onnr (prob. 8?1') seen] 

A3(1680)t 1-(2-)+ 1680§ 250§ 2.82 f?l' 55±5 
±30§ . ±50§ ±0.42 {1?1' 36±6 

11'( 1rn')S-wave 9±5 
For upper limits, see footnote t 

Q>'(l680) o-<n- 1684§ 126 2.84 K*K + K*K dominant 
±!5 ±22 ±0.21 c.onnr seen 

KK. seen 

g(1690)t t+(r)- 1691 :ioo§ 2.86 211' 23.8 ±1.3 
±5§ ±20§ ±0.34 4~ (incl. 1MrP.f!P.~?I',W?I') 70.9 ±I. 9 

KK?I' (incl. K*K) 3.8±1.2 
KK. L5±0.3 8=1.3* 

..... JP, M, and r from the 211' and KK modes . ..... ..... 

p or 
Pmaxb 

(MeV/c) 

621 
558 
397 
637 
561 

389 
599 

302 
482 
236 
564 

635 
418 
348 

407 
612 

419 
534 
361 
434 
286 
652 
659 

423 
565 
348 

574 
747 

738 
788 
388 
675 
630 
800 

806 
648 
740 
616 

337 
656 
813 

541 
624 
682 

834 
787 
625 
684 



11 

Meson Table (cont'd) 

>--~ estab. 

Full Partial decay mode 
Mass Width M2 p or 

M r ±rMa Mode Fraction(%) Pmax b 

(MeV) (MeV) (GeV2) [Upper limits (%) are 90% CL) (MeVjc) 

jP I<N 0 I 'h 

N + E P K 
- wi</J o 

A +- 11 trK 

2040§ 150§ 4.16 7r7r seen 1010 
±20§ ±50§ ±0.31 KK seen 890 

h(2040) 

..... ..... ..... 
71c(2980) o+( >..±. 2981 < 20 8.89 711T+1T- 1426 seen 

±6 2(1T+1T-) seen 1458 
K+K-1r+1r- seen 1343 
pp seen 1158 

J/~3100) ~ 3096.9 0.063 9.591 e+e 7.4 ± 1.2 1548 
±0.1 ±0.009 ±0.000 J.I+J.I- 7.4 ±1.2 1545 

hadrons + radiative 85±2 

Decay modes into stable hadrons Decay modes into hadronic resonances 

t[2(?T+?T-)7r0 3.7 ±0.5 1496 t[p?T 1.22±0.12 1449 
3( 11" + 1T -)11"0 2.9±0.7 1433 w2?T+2?T- 0.85±0.34 1392 
1r+?T-~+K- 1.2 ±0,3 1368 p~ 0.84±0.45 1126 
4( 1T + 1T -)11"0 0.9±0.3 1345 W7r7r 0.68±0.19 1435 
?T+1r-K+K- 0.72±0.23 1407 K*0(892)K.*0( 1430) +c. c. 0.67±0.26 1007 
pjnr + ?T- 0.53±0.06 1107 K±K*=~'(892) 0.34±0.05 1373 
2(1T+1T-) 0.4±0.1 1517 a±(1235)?T+ 0.29±0.07 1299 
3(11"+11"-) 0.4±0.2 1466 K0K.*0( 892) +c. c. 0.27±0.06 1373 
nii?r+?T- 0.38±0.36 1106 wf 0.23±0.08 S=l.2* 1144 

zz 0.32±0.08 818 ctnr+?r- 0.21 ±0.09 1365 
2~?T+?T-)K+K- 0.31 ±0.13 1320 71'Pii 0.18±0.06 596 

~±?T+ 0.26±0.07 1440 ¢KK 0.18±0.08 1176 

2: 2:- 0.24±0.26 988 wpp 0.16±0.03 768 

Pii71 0.23±0.04 948 wKK 0.16±0.10 1265 

pp 0.22±0.02 1232 4>71 0.10±0.06 1320 

pii?T- or j'in?T + 0.21 ±0.02 1174 ¢f(1515) 0.08±0.05 874 

nii 0.18±0.09 1231 ?T±~ < 0.43 1263 
pjnr + 11"-11"0 0.16±0.06m 1033 K*O~ 430)1(*0(1430) < 0.29 584 

~ 0.13±0.04 988 KOK. 0(1430) +c. c. < 0.2 1154 

AX 0.11 ±0.02 1074 K±K*=~'(1430) < 0.2 1154 

p~ 0.11 ±0.01 1176 ¢211"+211"- < 0.15 1318 

2(K+K-) 0.07±0.03 1131 ~~(892)K.*0(892) < 0.13 1192 

K+K- 0.022±0.008 1468 < 0.05 1266 

1T+1T- 0.011 ±0.005 1542 ¢f < 0.037 1037 

il < 0.015 1032 wf' < 0.016] 1006 

« < 0.009] 1466 Radiative decay modes 

t ['yt (1440) 0.55±0.2~ 1224 
yq' 0.36±0.05 1400 
")'f 0.15±0.04 1287 

"Y7I 0.086±0.009 1500 
'Y?To 0.007±0.005 1546 
')'0(1285) < 0.6 1283 
2-y < 0.05 1548 
")1'(1515) < 0.03 1175 

'YPP < 0.01 1232 
3-y < 0.006] 1548 

x(3415) . o+(o+)+. · 3415.0 11.662 2(1T+7r-) (incl. 7r7rp) 4.3±0.9 1679 
±1.0 . ?T+?T-K+K- (incl. 1rKK*) 3.4 ±0.9 1580 

3(?T+1T-) I. 7 ±0.6 1633 
1T+1T- 0.9±0.2 1702 
-yJ/~3100) 0.8±0.2 303 
K+K- 0.8±0.2 1635 
pj'i?r+?T- 0.6±0.2 1320 
For upper limits, see footnote o 
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Meson Table ( cont' d) 

Jp I<N_ 0 I ~ Full 
N 

A 

+ f PK Mass Width 
- wf,p o M r 
+- " 'IrK 1---1 estab. (MeV) (MeV) 

Pc or 
x(35IO) 

3510.0 
±0.6 

x(3555) o+(2+)+ 3555.8 
±0.6 

~3685) o-o->- 3686.o 0.215 
±0.040 ±0.1 

m~3685)- m~3100) = 589.06±0.13 

Radiative decay modes 

t[ 'YX(3415) 
'YX(3510) 
'YX(3555) 
'Y71c<2980) 
')'71p590) 

'Y1T 

'Y'I' 
'YL(l440) 

~3770) 3770 
±3 

8.2 ±1.4 
8.0±1.3 
7.4±1.3 

0.43±0.26 
0.2 to 1.3 

<0.5 (CL=95%) 
<0.02 
<0.02 
<0.018'1] 

25 
±3 

m~3770)- m~3685) = 83.9±2.4 
S=i.8* 

~4030) <n- 4030§ 52 
±5§ ±10 

~4160) (!-)- 4159 78 
±20 ±20 

~4415) (I-)- 4415 43 
±6 ±20§ 

T(9460) <n- 9456 0.042 
±10 ±0.015 

T(l0020) <n- 10016 0.030 
±10 ±0.010 

ffit(I0020) .- ffit(9460) = 559 ± 3 

T(l0350) (!-)- 10347 
±10 

ffit(I0350) - ffit(9460) = 891 ±4 

M2 
±fMa 

(GeV2) 

12.320 

12.644 

13.587 
±0.001 

261 
172 
128 
638 

91 
1841 
1802 
1719 
1570 

14.213 
±0.094 

16.241 
±0.210 

17.297 
±0.324 

19.492 
±0.190 

89.416 
±0.0004 

100.320 
±0.0003 

107.060 

Partial decay mode 

·Mode Fraction(%) 
(Upper limits (%) are 90% CL) 

'YJ /~3100) 28 ±3 
3(11"+11"-) 2.4±0.9 
2(11"+11"-) (incl. 1r1rp) 1.8±0.5 
1r+1r-K+K- (incl. 1rKK*) 1.0±0.4 
1T+1r~pji 0.15 ±0.10 
For upper limits, see footnote p 

'YJ/~3100) 15.7±1.7 
2(1r+1r-) (incl. 1r1rp) 2.3±0.5 
1r+1r-K+K_ (incl. 1rKK*) 2.0±0.5 
3(11"+11"-) 1.2±0.8 
11"+11"-pji 0.35 ±0.14 
1r+1r- 0.20±0.II 
K+K- · 0.16±0.12 
For upper limits, see footnote q 

e+e­
J.I+J.I-

hadrons + radiative 

0.9±0.1 
0.8±0.2 

98.1 ±0.3 

Decay modes into hadrons 

t[J/f1!"+1T- 33±2 
J/~~ 17±2 

J /1/nl 2.8±0.~ 
2(11"+11"-)~ 0.35±0.15 
1r+1r-K+K- 0.16±0.04 
J/-hro 0.10±0.03 
pji'lr + 11"- 0.08±0.02 
K"0(892)K ±1r+ 0.067 ±0.025 
2(11"+11"-) 0.05±0.01 
p01T+1T- 0.042±0.015 
pji 0.019±0.005 
3(11"+11"-) 0.015 ±0.010 
K+K- 0.010±0.007 
11"+11"- 0.008±0.005 
p1T <0.1 
AX <0.04] 

e+e:- 0.0011 ±0.0002 
DD dominant 

e+e- 0.0014 ±0.0004 
hadrons dominant 

e+e- 0.0010±0.0004 
hadrons dominant 

e+e- 0.0010 ±0.0003 S=l.4* 
hadrons dominant 

J.I+J.I- 3.2±0.7 
e+e- 2.8±1.1 

J.I+J.I- seen 
e+e- 1.7±0.6 
T( 9460)1r1r 30±6 

e+e- seen 

p or 

Pmax
6 

(MeV /c) 

389 
1683 
1727 
1632 
1381 

429 
1750 
1656 
1706 
1410 
1772 
1708 

1843 
1840 

477 
481 
196 

1799 
1726 
528 

1491 
1674 
1817 
1751 
1586 
1774 
1776 
1838 
1760 
1467 

1885 
242 

2015 

2079 

2208 

4727 
4728 

5007 
5008 
472 

5174 
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Meson Table (coni'd) 

JP IG'Z 0 I 'h 
Full Partial decay mode 

~ estab. 

Mass Width M2 p or 

M: r ±rMa ·-Mode Fraction(%) Pmaxb 
(MeV) (MeV) (GeV2) [Upper limits (%) are 90% CL) (MeVfc) 

N + f P K 
-. wftj> o 

A +- 17 ,.K 

T(l 0570) (!-) - 10569 14 Ill. 704 e+e- 0.0019 ±0.0008 5285 
±10 ±5 ±0.15 

Inroos7o) - Inr<9460) = 11 13 ±4 

S1RANGE MESONS 

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

K*(892) 1/2(1-) 891.8 50.8 0.795 K1r <::::!00 288 
±0.4 ±0.9 ±0.045 K'Y 0.15±0.07 309 

S=1.2* K1r1r < 0.07 (CL=95%) 216 
M and r from charged mode; m0 - m± = 6.7±1.2 MeV. 

Q1(1280) 1/2(1 +) 1270§ 90§ 1.61 Kp 42±6 45 
±10§ ±20§ ±0.11 K11" 28±4 

K*1r 16±5 299 
Kw 11±2 
Kf 3±2 

K( 1350) 1/2(0+) -1350 -250 1.82 K1r seen 574 

See note on K1r S wave.* 
±0.34 

Q2(1400) 1/2(1 +) .· 1414 180 2.00 K*1r 94±6 410 
±13 ±10 ±0.25 Kp 3±3 308 

Kf 2±2 
Kw 1 ±1 294 

K*(l430) 1/2(2+) ' 1434§ 100§ 2.06 K1r 44.8±2.3 S=2.7* 623 
. ±5§ ±10§ ±0.14 K*1r 24.6±2.0 S=l.l* 424 

K*1r1r 13.0±2.6 S=l.l* 374 
Kp 8.8 ±1.1 S=1.3* 334 
Kw 4.2±1§5 320 
K71 5±5 492 

--+ 

--+ L( 1770)f 1/2(2-) -1770§ -200§ 3.13 K*(l430)1r dominant 278 
±0.35 K*(892)1r seen 652 

See note on L( 1770). * 
Kf seen 

K*(l780)f 1/2(:3-) 1775§ 140§ 3.15 K1r1r large 793 
±10§ ±20§ ±0.25 t(Kp large) 616 

t!K*1r large~ 654 
K1r 17±5 812 

See note on K*(l780). * 

CHARMED, NONS1RANGE MESONS 

o+ 1/2(0-) 1869.4 3.495 See Stable Particle Table 
oo 1864.7. 3.477 

o•+(20IO) 112<n 2010.1 < 2.0 .4.041 1)011"+ 64±11 39 
±0.7 o+11"o 28±9 38 

o+,.. 8±7 136 
m *+- II])o = 145.4±0.2 MeV 

D . . 

0*0(2010) 112<n. 2007.2 < 5 4.029 oo~ 55±15 44 
±2.1 oo,.. 45±15 137 

CHARMED, S1RANGE MESON 

F+ 0(0-) 2021 4.084 See Stable Particle Table 

-
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Meson Table ( cont' d) 

Contents of Meson Data Card listings 

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

entry IG(JP)Cn entry IG(JP)Cn entry IG(J~Cn entry I (JP) 

71' 1-(o-)+ f' (1515) o+(2+)+ -+ li (2450) 1-(6+)+ K 1/2(0-) 

11 o+(o-)+ p' ( 1600) 1+(1-)- -+ e+e- (1100-2200) K* (892) 112<n 

p (770) I+(!-)- -+ 8 (1640) o+(2+)+ -+NN (1400-3600) Ql (1280) 1/2(1 +) 

w (783) o-o->- w (1670) o-(r)- -+X (1900- 3600) K (1350) 1/2(0+) 

11' (958) o+(o-)+ A3 (1680) 1-(2-)+ 11c (2980) + Q2 (1400) 1/2(1 +) 

s• (975) o+(o+)+ <II (1680) o-o->- J/11; (3100) o-o->- -+ K' (1400) 1/2(0-) 

li (980) 1-(o+)+ g (1690) 1+(3-)- X (3415) o+(o+)+ K
0 

(1430) 1/2(2+) 

4> (1020) o-<n- -+4> (1850) 0 Pc or x(3510) o+o +> + -+ L (1580) 1/2(2-) 

H (1190) o-o+>- -+X (1850) (2+) X (3555) o+(2+)+ -+ K
0 

(1650) 112<n 

B (1235) 1 +o +>- -+S ( 1935) -+ 1'/c' (3590) + L (1770) 1/2(2-) 

-+ p' (1250) 1+(1-)- -+ li (2030) 1-(4+)+ 1/t (3685) o-<n- K* (1780) l/2(r) 

f (1270) o+(2+)+ h (2040) o+(4+)+ 1/t (3770) (!-)- -+ K* (2060) 1/2( 4+) 

A1 (1270) 1-(1+)+ -+71' (2050) 1-(3+)+ 1/t (4030) (!-)- -+ K
0 

(2200) 

-+11 (1275) o+(o-)+ -+71' (2100) 1-(2-)+ 1/t (4160) (!-)- Charmed <I q = I) 

D (1285) o+o +>+ -+p (2150) 1+(1-)- 1/t ( 4415) (!-)- D (1870) 1/2(0-) 

f ( 1300) o+(o+)+ -+ f (2150) o+(2+)+ T (9460) <n- D* (2010) 112<n 

71' (1300) 1-(o-)+ -+ p (2250) 1+(3-)- T (10020) <n- F (2020) 0 (0-) 

~ (1320) 1-(2+)+ -+ f (2300) o+(4+)+ T (10350) (!-)- -+ F
0 

(2140) 

E (1420) o+o +)+ -+ p (2350) 1+(5-)- T (10570) <n- Bottom (Beauty) <IBI = I) 

-+ B (5200) 

-+ Exotics 

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

~ See Meson Data Card Listings. 

• Quoted error includes scale factorS= Vx2/(N-1). See footnote to Stable Particle Table. 

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

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

a. rM is approximately the half-width of the resonance when plotted against M2. 

b. For decay modes into 2:: 3 particles, Pmax is the maximum momentum that any of the particles in the final state can have. The 
momenta have been calculated by using the averaged central mass values, without taking into account the widths of the resonances. 

c. From pole position (M- ir/2). 

d. The e+e- branching fraction is from e+e--+ 71'+71'- experiments only. The wp interference is then due to wp mixing only, and is 
expected to be small. See note in the Meson Data Card listings. The J.I.+J.I.~ branching fraction is compiled from 3 experiments, 
each possibly with substantial wp interference. The error reflects this uncertainty; see notes in the Meson Data Card Listings. If eJ.L 
universality holds, r(p0 -+ J.l. +Ill = r(p0 -+ e +e-) X 0. 99785. 
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Meson Table ( cont' d) 

e. Empirical limits on fractions for other decay modes of p(770) are 11"±71 < 0.8% (CL=84%), 11"+11"+11"-11"- < 0.15%, 11"±11"+11"-11"0 < 
0.2% (CL=84%). 

f. Empirical limits on fractions for other decay modes of w(783) are 11"+11"-'Y < 5%, 11"011"0-y < Io/o, 11 + neutral(s) < 1.5%, IL+IL- < 
0.02%. 

g. Empirical limits on fractions for other decay modes of 71'(958) are 11"+11"- < 2% (CL=84%), 11"+11"-1r0 < 5% (CL=84%), 11"+11"+11"-11"­
< I% (CL=95%), 11"+11"+11"-11"-11"0 < 1% (CL=84%), 61r < 1%, 11"+11"-e+e- <0.6o/o, 1r0e+e- < 1.3% (CL=84%), 71e+e- < 1.1%, 1r0p0 

< 4%, 1/IL+IL- < 1.5 X 10-5, 1I"OJI.+JI.- < 6 X 10-5. 

h. The mass and width are from the 7111" mode only. If tlie KK channel is strongly coupled, the width may be larger. 

i. Em.firical limits on fractions for other decay modes of r/>(1020) are 11"+11"-'Y < 0.7%, W')' < 5% (CL=84%), P'Y < 2% (CL=84%), 
211" 211"-11"0 <I% (CL=95%), 211"+211"- < 0.1%. . 

j. Empirical limits on fractions for other decay modes of B(1235) are 11"11" < 15%, KK < 2% (CL=84%), 411" < 50% (CL=84%), r/>11" < 
1.5% (CL=84%), 711r < 25%, (KK) ±1r0 < 8%, Ksl<s1r± < 2%, KsKL 1r± < 6%. 

k. Empirical limits (CL=95%) on fractions for other decay modes of f(1270) are 7111"11" < 1%, K°K-1r+ + c.c. < 0.5%, 1111 < 2%. 

l. Empirical limits on fractions for other decay modes of A3(1680) are 7111" < 10%, 511" < 10%. 

m. Includes pj511"+11"-'Y and excludes PM· pjiw, PM'· 
n. The L(l440) evidence is listed under E(1420); see E(1420) mini-review. 

o. Empirical limits on fractions for other decay modes of x(3415) are 2-y < 0.17%, pji < 0.011%. 

p. Empirical limits on fractions for other decay modes of x(3510) are (11"+11"- and K+K-) < 0.2%, 'Y'Y < 0.16%, pji < 0.13%. 

q. Empirical limits on fractions for other decay modes of x(3555) are 2-y < 0.06%, pji < 0.10%, J/1/nr+11"-11"0 < 1.5%. 

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

(JI)Cn Nonet members olin. oquadr. 0lin. 0quadr. 

(0-)+ 11",K.m11' -24.4 ± 0.1° -11.1 ±0.2° -59.7 ± 0.1° -46.4 ± 0.2° 

<n- p, K*,.rf>; w 35.9 ± 0.5° 38.6 .± 0.4" 0.6 ± 0.5° 3.3 ± 0.4° 

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

(I+) +t A1, QA' E; D 52 ± 13° 51 ± 12° 16 ± 13° 15 ± 12° 

t m(Q~ is assumed to be the average of m(Q1) and m(Q2). 

More generally, because of unitarity, the mixing angles are energy dependent and complex above thdirst threshold (see Appendix II 
C), which is important especially for the scalar and the axial mesons. Note also tliat the two axial strange mesons (Q1 and Q~ are 
mixtures of the exact SU(3) states: Q1 = cosr/> QA + sinr/> ~· Q2 = -sinr/> QA + cosrf> ~- Below we give the mixing angles li and 
r/> obtained in a unitary mixing scheme using both masses and widths as input data: · 

(JP)cn Nonet members Mixing angles 

(!+)+ Ap QA' E; D o0E(1283) = 14° + il" 

o0E(1418) = 25° + iS" 

(I+)- B, ~· H't; H /jHH,(II90) = -6" + i4° 

/jHH,(1400) = -15° + i!O" 

rf>Q
1
Q

2
(!270) = so• + i3° 

rt>Q
1
Qp414) = 61° - i3° 

(0+)+ o, K, s*; f o5.,(975) = +4" + i29° 

/)!';•.0300) = -33° + i7° 

t as yet, not seen experimentally 
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Baryon Table 
April 1982 

.. The foliowing short list gives the name, the nominal mass, the quantum numbers (where known), and the status of each of the 
Baryon States in the Data Card Listings. States- with 3- or 4-stiu status are inCluded in the Baryon Table below; the others 

· are omitted because the evidence for the existence of the effect and/or for its interpretation as a resonance is open to question.· 

N(939) P11 ··~·' 6(1232) P33 ..... A( 111S) POl- ·~•• ~1193) P11 •••• Z(1317) Pll •••• 
N(1440) P11 •••.• 6(1SSO) P31 •• · A(140S) SOl •••• ~ 138S)·. P13 •••• Z(IS30) P13 •••• 
N(IS20) Dl3 ~··· 6(1600) P33 ••• A(IS20) 003 •*•• ~1480) Z(1630) •• 
N(IS3S) Sl1 •••• 6(1620) S31 •••• A(1600) POl ... ~IS60) •• Z(1680) Sl1 •• 
N(IS40) Pl3 • 6(1700) D33 •••• A(1670) SOl •••• ~IS80) D13 •• Z(1820) 13 ••• 
N(16SO) Sl1 •••• 6(1900) S31 ••• A(1690) 003 •••• ~1620) Sll •• Z(1940) •• 
N(167S) DIS •••• 6(190S) F3S •••• A(1800) SOl ••• ~( 1660) PI! ••• Z(2030) ••• 
N(1680) FIS •••• 6(1910) P31 •••• A( 1800) POl ••• ~1670) D13 .... Z(2120) • 
N(1700) D13 •••• 6(1920) P33 ••• A(1800) G09 Dead ~(1670) •• .. Z(22SO) 
N(1710) P11 •••• 6(1930) D3S •••• A(1800) .. ~1690) •• Z(2370) •• 
N(1720) P13 •••• 6(1940) D33 • A(1820) FOS •••• ~1750)' Sl1 ••• Z(2SOO) • • 
N(1990) F17 ••• 6(19SO) F37 •••• A(1830) DOS •••• ~1770) Pll Dead 
N(2000) FIS •• 6(21SO) S31 • A(1890) P03 •••• ~177S) DIS •••• !l(1672) P03 •••• 
N(2080) D13 ••• 6(2160) • A(2000) ~1840) P13 • 
N(2100) Sll • 6(2200) G37 •• A(2020) F07 • ~1880) Pll •• Ac(2282) •••• 
N(2100) P11 ... · 6(2300) H39 •• A(2100) G07 ·~·· ~191S) FIS •••• 
N(2190) G17 •••• 6(23SO) D3S • A(2110) FOS ••• ~1940) D13 ••• ~p4SO) •• 
N(2200) DIS ••• 6(2400) F37 A(232S) 003 • ~2000) Sll • 
N(2220) H19 •••• 6(2400) G39 • A(23SO) •••• ~2030) F17 •••• Ab(SSOO) 
N(22SO) Gl9 ···•· 6(2420) H311 ••• A(2S8S) ••• ~2070) FIS • 
N(:2600) 1111 ••• 6(2SOO) ~2080) P13 .... Dibaryons 
N(2700) K113 • 6(27SO) 1313 • ~2100) ,G17 • NN(2170) 102 ••• 
N(2800) G19 • 6(28SO) ••• ~22SO)' ..... NN(22SO) 3F3 ••• 
N(3000) 6(29SO) K31S • ~24SS) ••• NN(?) 
N(3030) .... 6(3230) ••• ~2620) ••• AN(2130) 3Sl • •• 
N(324S) • ~3000) •• ZN(?) • 
N(3690) Z0(1780) PO! ~3170) 
N(37SS) ZO( 186S) 003 • 

.. Z1(1900) P13 • 

. Z1(21SO) ... 
Z1(2SOO) 

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

Massa .. Full' · Mzf Partial deca;~: llllide 

I(Jp)~~·2J 
P~am (GeVfc) M width r ±rM Fractionh pj 

Particle a u = 41rX2 (mb) · (MeV) (MeV) (GeV2) Modeg (%) (MeV/c) 

S=O 1=1/2 NUCLEON RESONANCFS (N) 

p, 1/2(1/2 ) 938.3 0.880 See Stable Particle Table 
n 939.6 0.883 

N(1~40) 1/2(1/2+)P!J p = 0.61 1400 to 120 to 2.07 N11" S0-70 397 
(1 = 31.0 1480 3SO ±0.29 N17 8-18 t 

(200) N1f1f, -30 342' 

[~11" 12-28]* 143 
Np - 7 t 
Nt - s t 

N(IS20) 1/2(3/2 )D!J p = 0.74 ISIO to 100 to 2.31 N11" S0-60 4S6 
(1 = 23.S 1530 140 ±0.19 N17 <I 149 

(12S) N11"11" 3S-SO 410 

[~11" IS-2Sr 228 
Np IS-2S t 
Nt <S t 

N(IS3S) 1/2(1/2 )S!J p- 0.76 IS20 to 100 to 2.36 N11" 3S-SO ' 467 
(1 = 22.4 IS60 2SO ±0.23 N17 40-6S 182 

(ISO) N11"11" -s 422 

[~11" -'J 242 
.. Np - 3 t 

Nt -2 t 
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Baryon Table (cont'd) 
Massd Fulle w.f Partial decay mode 

I(Jpll:z~·2J 
P~am (GeV/c) M width r ±rM Fractionh PI 

Particle a fl = 4rX2 (dl) (MeV) (MeV) (GeV2) Modeg (%) (MeV/c) 

N(l650) 1/2(1/2 )S)'1 p- 0.96 1620 to 100 to 2.72 N?r 55-65 547 
u = 16.4 1680 200 ±0.25 N!7 -1 346 

(ISO) AK 5-10 161 
l:K 3-10 t 
N1r1r -30 511 

e'IT 4-15]* 344 
Np -20 t 
NE <5 t 

N(l675) 1/2(5/2. )Df5 p- 1.01 1660 to 120 to 2.81 N?r 30-40 563 
u = 15.4 1690 180 ±0.26 N!7 <2 374 

(!55) AK <I 209 
N1r1r 55-70 529 

[;; 50-65]• 364 
-5 t 

N(l680) I/2(5/2+)Ff5 p- 1.01 1670 to 110 to 2.82 N?r 55-65 567 
u = 15.2 1690 140 ±0.21 N!7 <I 379 

(125) N1r1r -40 532 

[a?r -ID• 
369 

Np -10 t 
NE -2 t 

N(l700) 1/2(3/2 )Df) p - 1.05 1670 to 70 to 2.89 N?r 8-12 580 
u = 14.5 1730 120 .±0.17 N!7 -4 400 

(100) AK -1 250 
N1r1r -85 547 

[a?r 15-:n· 
385 

Np - 5 t 
NE < t 

N(l710) 1/2(1/2+)Pf'l p- 1.07 1680 to 90 to 2.92 N?r 10-20 587 
u = 14.2 1740 130 ±0.19 N!7 5-35 410 

(110) AK 5-15 264 
l:K 2-10 138 
N1r1r >50 554 

e'IT 10-!T 
393 

Np 25-65 48 
NE 15 t 

N(l720) I/2(3/2+)Pf) p -1.09 1690 to 125 to 2.96 N?T 10-20 594 
u = 13.9 1800 250 ±0.34 N!7 3-6 420 

(200) AK 2-12 278 
l:K 2-5 162 
N1r1r -70 561 

e'IT -2D· 
401 

Np 45-70 104 
NE -2 t 

N(l990) 1/2(7 /2+)F17 p - 1.62 1950 to 120 to 3.96 N?r -5 766 
u = 8.34 2050 400 ±0.70 Nl1 -3 648 

(350) AK seen 554 
l:K seen 497 

-+ 
N(2080) 1/2(3/2 )Df3 p = 1.82 2030 to 115 to 4.33 N?r -10 821 

u = 7.26 2100 300 ±0.57 AK seen 627 
-+ (275) l:K seen 576 
-+ 

N(2190) 1/2(7 /2 )Gl7 p = 2.07" 2120 to 200 to 4.80 N?r -14 888 
u = 6.21 2230 500 ±0.77 N!7 -2 790 

(350) AK <I 712 

N(2200) 1/2(5/2 )Dfs p- 2.10 1900 to 150 to 4.84 N?r -8 894 
u = 6.12 2230 400 ±0.66 N!7 seen 797 

(300) AK seen 718 

N(2220) I/2(9/2+)H19 · p- 2.14 2150 to 300 to 4.93 N?T -18 905 
u = 5.97 2300 500 ±0.89 N!7 -I 811 

(400) 
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Baryon Table (corit'd) 
Massd Fulle M2f Partial decay mode 

·p c (GeV/c) M width r ±rM Fractionh pi beam .. 
Particle a I(Jp)~~·2J (, = 411'll.2 (mb) (MeV) (MeV) (GeV2) Mode8 (%) · (MeVfc) 

N(2250) 1/2(9/2 )G)9 p = 2.21 2130 to 200 to 5.06 N1r -10 923 
q = 5.74 2270 500 ±0.68 N1! -2 831 

(300) 

N(2600) 1/2(11/2 l1ut p- 3.12 25SO to >300 6.76 N1r -5 1126 

-+ q = 3.S6 2700 (400). ±1.04 
-+ 
-+ N(3030) 1/2( ? ) . p = 4.41 -3030 -400 9.1S N1r (J+1/2)x . 1366 

q = 2.62 (400) ±1.21 <0.1 J 
-+ 

S-0 1-3/2 DELTA RESONANCES (<1) -+ 

~(1232) 3/2(3/2+)P)3 p = 0.30 1230 to 110 to 1.52 N1r 99.4 227 
q = 95.0 1234 120· ±0.14 Ny 0.6 259 

(115) 
~(++)pole position:k M-ir/2 = (1210.6±0.5) - i(49.7±0.3) l 
~(0) pole position:k M-ir/2 = (1210.3±1.0) - i(53.0±1.0) l 

-+ ~(1600) 3/2(3/2+)P)) p- O.S7 1500 to 150 to 2.-56 N1r 15-25 512 
q = 1S.7 1900 350 ±0.40 N1r1r -so 473 

(250) ~;; 20-65]" 301 
<10 t 

~(1620) 3/2(1/2 )S)1 p- 0.91 1600 to 120 to 2.62 N1r 25-35 526 
q = 17.7 1650 160 ±0.23 N1r1r -70 4SS 

(140) ~;; 35-SOJ• 31S 
<40 t 

~(1709) 3/2(3/2 )D)J p- 1.05 1630 to 190 to 2.S9 N1r 10-20 5SO " 
q = 14.5 1740 300 ±0.43 N1r1r -ss 547 

(250) ~;; <50]• 3S5 
-40 t 

~(1900). 3/2(1/2 )Sf1 p=1.44 IS50 to 130 to 3.61 N1r 6-12 710 
q = 9.71 2000 300 ±0.29 l:K -10 410 

(150) 

~(1905) 3/2(5/2+)F35 p- 1.45 1S90 to 250 to 3.63 N1r S-15 713 
q = 9.63 1920 400 ±0.57 l:K <3 415 

(300) N1r1r -so 6S7 

~;; 10-30]" 542 
-60 421 

. ~(1910) 3/2(1/2+)Pf1 p = 1.46 1S50 to 200 to 3.65 N1r 20-25 716 
q = 9.54 1950 330 ±0.42 l:K 2-20 421 

(220) N1r1r >40 691 

1;11' smal~• 545 

P. <40 426 

~(1920) 3/2(3/2+)PJ3 p- 1.4S 1S60 to 190 to 3.69 N1r 14-20 722 
q = 9.39 2160 300 ±0.4S l:K -5 431 

(250) 

~(1930) 3/2(5/2 )D)5 p - 1.50 1S90 to 150 to 3.72 N1r 4-14 729 
q = 9.21 1960 350 ±0.4S l:K <10 441 

(250) 
-+ 

3/2(7 /2+)F)? ~(1950) p- 1.54 1910 to 200 to 3.SO N1r 35-45 741 
q = S.91 1960 340 ±0.47 l:K <I 460 

-+ (240) N1r1r -60 716 -+ 
-+ 

~ -40]• 574 -+ 
-+ -20 469 -+ 
-+ 

'~(2420) 3/2(11/2+)H311 p- 2.64 23SO to 300 to 5.S6 N1r 5-15 1023 
q = 4.6S 2450 500 ±0.73 

.... (300) 
-+ 

~(2S50) 3/2( ? +) p- 3.S5 2SOO to -400 . S.12 N1r (J+lf2)x. 1266 
q = 3.05 2900 (400) ±1.14 -o.25 J 

-+ 
~(3230) 3/2( ? ) p = 5.0S 3200 to -440 10.43 N1r (J+I/2)x 1475 

-+ 
q = 2.25 3350 (440) ±1.42 -o.os i -+ 

-+ 
-+ 
-+ 
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Baryon Table (cont' d) 

Massd Fulle M2f Partial decay mode 

I(Jp)Ll2J 

P~am (GeV jc) M width r ±rM Fractionh p; 

Particle a u = 4rX2 (mbi (MeV) (MeV) (GeV2) Mode (%) (MeV/c) 

S--1 I -0 lAMBDA RFSONANCFS (A) 

A O(l/2'f) 1115.6 1.245 See Stable Particle Table 

A(1405) oo12 )s0, Below 1405 40±101 1.97 l:1!" 100 152 
K-p ±51 ±0.06 
threshold 

A(1520) 0(3/2 )o03 p = 0.395 1519.4 15.6±1.0 1 2.31 NK 45±1 244 
(1 = 82.2 ±t.ot ±0.02 l:1!" 42±1 267 

Ari 10±1 252 
l:11"1!" 0.9±0.1 152 

A(1600) o(lf2+)P01 p = 0.58 1560 to 50 to 2.56 NK 15-30 343 
(1 = 41.6 1700 250 ±0.24 l:1!" 10-60 336 

(!50) 

A(1670) 0(1/2 >s6, p = 0.74 1660 to 25 to 2.79 NK 15-25 414 
(1 = 28.5 1680 50 ±0.06 l:1!" 20-60 393 

(35) ATf 15-35 64 

A(1690) 0(3/2 )o03 p = 0.78 1685 to 50 to 2.86 NK 20-30 433 
(1 = 26.1 1695 70 ±0.10 l:1!" 20-40 409 

(60) A11"11" -25 415 
l:11"1!" -20 350 

A(l800) 0(1/2 )SQ'{ p = 1.01 1720 to 200 to 3.24 NK 25-40 528 
(1 = 17.6 1850 400 ±0.54 l:1!" seen 493 

(300) l:( 1385)11" seen 345 
NK*(892) seen t 

A(1800) 0(1/2+)P01 p = 1.01 1750 to 50 to 3.24 NK 20-50 528 
(1 = 17.6 1850 250 ±0.27 l:1!" 10-40 493 

(150) l:( 1385)11" seen 345 
NK*(892) 30-60 t 

A(1820) o(5/2+)F05 p = 1.06 1815 to 70 to 3.29 NK 55-65 545 
(1 = 16.5 1825 90 ±0.15 l:1!" 8-14 508 

(80) l:( 1385)11" 5-10 362 

A(1830) 0(5/2 )D05 p = 1.08 1810 to 60 to 3.35 NK 3-10 553 
(1 = 16.0 1830 110 ±0.17 l:1!" 35-75 515 

(95) l:( 1385)11" >15 371 

A(l890) 0(3/2+)P03 p = 1.21 1850 to 60 to 3.57 NK 20-35 599 
(1 = 13.6 1910 200 ±0.19 l:1!" 3-10 559 

(100) l:(1385)11" seen 420 

-+ NK*(892) seen 233 
-+ 

A(2100) 0(7 /2 )G07 . p = 1.68 2090 to 100 to 4.41 NK 25-35 751 
(1 = 8.68 2110 250 ±0.42 l:1!" -5 704 

(200) AT/ <3 617 
ZK <3 483 
Aw <8 443 

NK*(892) 10-20 514 

A(2110) 0(5/2+)F05 p = 1,70 2090 to 150 to 4.45 Nf 5-25 757 
(1 = 8.54 2140 250 ±0.42 l:1!" 10-40 711 

(200) . Aw seen 455 
l:( 1385)11" seen 589 
NK*(892) 10-60 524 

-+ 
0(9/2+) A(2350) p = 2.29 2340 to 100 to 5.52 NK -12 .915 

(1 = 5.84 2370 250 ±0.35 l:1!" -10 867 
(150) 

A(2585) 0( ? ) p = 2.92 -2585 -300 6.68 NK (J+1/2)x. 1060 
(1 = 4.35 (300) . ±0.78 -1.01 
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Baryon Table (cont'd) 
Massd FuUe Mz/ Partial decay mode 

I(JP>4~u 
P~am (GeV/c) M width r ±rM Fractionh PI 

Particle 0 
tT = 4...X2 (ril) (MeV) (MeV) (GeV2) Mode (%) (MeV/c) 

S=-1 1=1 SIGMA RESONANCES(~ 

l: 1(1/2+) ( +)1189.4 1.415 See Stable Particle Table 
(0)1192.5 1.422 
(-)1197.3 1.434 

l:( 1385) 1(3/2+)Pl3 Below ( +)1382.3±0.4 35±1 1.92 A1r 88±2 208 
K-p S=l.6m s=Lom ±0.05 l:1r 12±2 127 
threshold (0)1382.0±2.5 -35 

S=1.6m 

-+ (-)1387.4±0.6 40±2 
-+ S=2.2m S=l.~ -+ 
-+ 

1(1/2+)Ph l:( 1660) p = 0.72 1630 to 40 to 2.76 NK 10-30 405 
u = 29.8 1690 200 ±0.17 A1r seen 439 

(100) l:7r seen 385 

1:(1670) I(3/r)D!3 p = 0.74 1665 to 40 to 2.79 NK 7-13 414 
u = 28.5 1685 80 ±0.10 A1r 5-15 447 

-+ (60) l:7r. 30-60 393 
-+ 

l:( 1750) 1(1/2 )SJ'1 p = 0.91 1730 to 60 to 3.06 NK 10-40 486 
u = 20.7 1800 160 ±0.16 A1r seen 507 

(90) l:7r <8 455 

1:77 15-55 81 
-+ 

l:( 1775) 1(5/2-)015 p = 0.96 1770 to 105 to 3.15 NK 37-43 508 
u = 19.0 1780 135 ±0.21 A1r 14-20 525 

(120) l:1r 2-5 474 
l:( 1385)7r 8-12 324 
A(1520)7r 17-23 198 

1:(1915) 1(5/2+)Fis p = 1.26 1900 to 80 to 3.67 NK 5-15 618 
u = 12.8 1935 160 ±0.23 A1r seen 622 

(120) l:7r seen 577 
l:( 1385)11' <5 440 

1:(1940) 1(3/2 )D1J p = 1.32 1900 to !50 to 3.76 NK <20 637 
u = 12.1 1950 300 ±0.43 A1r seen 639 

(220) / l:1r seen 594 
l:( 1385)7r seen 460 
A(1520)7r . seen 354 
~(1232)K seen 410 
NK*(892) seen 320 

-+ 
1(7/2+)F17 1:(2030) p = 1.52 2025 to !50 to 4.12 NK 17-23 702 

u = 9.93 2040 200 ±0.37 A11' 17-23 700 
(180) l:7r 5-10 657 

ZK <2 412 
l:( 1385)7r 5-15 529 
A(1520)7r 10-20 430 
~(1232)K 10-20 498 

-+ NK*(892) <5 438 
-+ 

1:(2250) I( ? ) p = 2.04 2210 to 60to 5.06 NK <10 851 
u = 6.76 2280 !50 ±0.23 A1r seen 842 

(100) l:1r seen 803 

1:(2455) I( ? ) p = 2.57 -2455 -120 6.03 NK (J+l/2)x. 981 
u = 5.08 (120) ±0.29 -.0.2 J 

1:(2620) I( ? ) p = 3.02 -2600 -200 6.86 NK (J+l/2)x. 1081 

-+ u =4.19 (200) ±0.52 -.0.3 J 
-+ 
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Baryon Table ( cont' d) 

Each arrow in the left-hand margin indicates there is an entry in the Data Card Ustings for a baryon that is not well 
enough established (status less than 3 stars) to be includCd here. There is. a short list of all the baryons in the Ustings, 
whatever their status, at the front of this Table. 

f. This mode is energetically forbidden when the nominal mass of the decaying resonance (and of any resonance in the final 
state) is used, but is in fact allowed due to the finite width of the resonance(s). 

*. The modes in brackets are sub-reactions of the first preceding unbracketed mode. 

a. The nominal mass here (in MeV) is used for identification. See ~himn 4 for the actual mass. 

b. When there is more than one baryon with the same quantum numbers, one prime is attached to the spectroscopic symbol 
for the first of them (e.g., S{ 1), two primes 'to the second, etc. 

c. The quantities here are .calculated using the nominal mass of column I. 

d. Usually a conservatively large range of masses rather than a statistical average of various determinations of the mass is 
given. In these cases, the mass determinations are nearly entirely from various phase-shift analyses of more or less the 
same data. It is thus not appropriate to treat the determinations as independent measurements or to average them 
together. The masses, widths, and branching fractions in this Table are Breit-Wigner parameters. The Data Card Ust­
ings also include pole parameters where they are.available. 

e. Usually a conservatively large range of widths rather than a statistical average of various determinations of the width is 
given (see noted for the reason). The nominal value in parentheses is then simply a best guess. 

f. The quantities here are calculated using the nominal mass of column I and the nominal width of column 5. 

g. For information on the N-y decay modes of the N and ~ baryons, see the mini-review on these states in the Ustings. 

h. Most of the inelastic branching fractions come from·partial-wave analyses, and these determine ..,;;;;, where x and x' are 
the elastic and inelastic branching fractions, not x' directly. Thus any uncertainty (and it is often considerable) in x car­
ries over into x'. When x' so determined is really poorly known, we here simply note that the mode is seen. The values of 
& are given in the Data Card Ustings .. 

i. For a 2-body decay mode, this is the momentum of the decay products in the rest frame of the decaying particle. For a 
mode with more than two decay products, this is the maximum momentum any of the products can have in this frame. 
The nominal mass of column I is used, as is the nominal mass of any resonance in the final state. 

j. The size of the bump in the total cross section gives (J+l/2)x, where xis the elastic branching fraction, but the value of 
J is not known. 

k. These pole positions are from fits to phase shifts (without Coulomb corrections). The Data Card Ustings now include pole 
positions and residues for most of the N and ~ resonances. See Sect. I of the N and ~ mini-review in the Ustings for a 
brief discussion of the advantages of pole parameters over the usual Breit-Wigner parameters. 

f. The error given here is only an educated guess. It is larger than the error on the weighted average of the published values 
(the error on this average is given in the Ustings). 

m. The error given here has been scaled up by the "S factor" (see the * footnote to the Stable Particle Table for how S is 
defined) because the various measurements disagree more· seriously than one would expect from statistics. 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANIS 
Uncert. (ppm) 

· NA ................. ; .... = 6.022 045(31) x1o23 mole-1 ................. :...................................... 5.1 
Vm ...................... = 22413.83(70) em3 mole-1 =molar volume of ideal gas at STP ......... 31 
c ......................... = 2.997 924 58( 1.2)XI010 em sec-I ................................................ 0.004 
e ......................... = 4.g03 242(14)x1o~10 esu = 1.602 189 2(46)xHr19 coulomb .......... 2.9; 2.9 
1 MeV ................. = 1.602 189 2(46)X10-6 erg ........................................................... 2.9 
ll=h/27r ............... = 6.582 173(17)XI0-22 MeV sec= 1.054 588 7(57)xi0-27 erg sec..... 2.6; 5.4 
lie ....................... = 1.973 285 8(51)xi0-11 MeV em= 197.32858(51) MeV fermi ......... 2.6; 2.6 
(fzc) 2 ................... = 0.389 385 7(20) Gev2 mb ........................................................... 5.2 
a ........................ = e2jfzc = 1/137.03604(11) ........................................................... 0.82 
kBoltzmann ............ = 1.380 662(44)xi0-16 erg °K-1 .......................... ; ......................... 32 

= 8.61735(28)xi0-11 MeV oK-1 = 1 e~11604.50(36) °K ................ 32; 31 
ustef. Boltz ............ = 5.67032(71)X10-5 erg sec-1 em-2 °K ........................................ 125 

= 3.53911(44)X107 eV sec-1 em-2 °K-4 .......................................... 125 
m~ ...................... = 0.511 003 4(14) MeV= 9.109 534(47)X1o-28 g............................ 2.8; 5.1 
~ ...................... = 938.2796(27) MeV = 1836.15152(70) Me = 6. 722 775(39) m ± ...... 2.8; 0.38; 5.8 

· = 1.007 276 470(11) amu ................................................... ~......... 0.011 
1 amu ......... : ........ = 1/12 mc12 = 931.5016(26) MeV ................................................. 2.8 

md ...................... = 1875.6280(53) MeV .......................... _. .............................. .'......... 2.8 
re ........................ = e2fmec2 = 2.817 938 0(70) fermi (1 fermi = w-13 em) ................. 2.5 
1-.e ....................... = fz/ffieC = rea-1 = 3.861 590 5(64)X1o-11 em................................ 1.6 
aooBohr ................ = fz2 /mee2 = r ea-2 = 0. 529 177 06( 44) A ( 1 A = w-8 em) .. .. . . ..... .. . 0. 82 
a-Thomson .............. = (8/3)n/ = 0.665 244 8(33) barn (1 barn = w-24 cm2) ................ 4.9 
~'Bohr ................... = efz/2ffieC = 0.578 837 85(95) XI0-14 MeV gauss-I ......................... 1.6 
ILN ••..••.••.••..•.•.•.•• = efz/2~c = 3.152 451 5(53)X1o-18 MeV gauss-!........................... 1.7 
ILp/ILBohr .............. =0.001 521 032 209(16) ............................................................... 0.011 
172wiclotron ......... = ef2mec = 8.794 024(25)X106 rad sec-1 gauss-1 ............................ 2.8 
1/2wcyclotron ......... = e/2~c = 4.789 378(14)XI03 rad sec-1 gauss-1 ............................ 2.8 
Hydrogen-like atom (nonrelativistic, IL = reduced mass): 

_v_ = za. ~ = .1!:.. v2 = .1!:..( cza)2. a = n2fz 
c)rms n ' 2 2 n ' n !LZca 

Rae,= mee4/2fz2 = mec2a2/2 = 13.605 804(36) eV (Rydberg) ........................................ 2.6 
· = meca2/2h = 109 737.3177(83) em-1 .............................. O.o75 

pc = 0.3 Hp (MeV, kilogauss, em) 
1 year (sidereal) .: ................ = 365.256 days= 3.1558XI07 sec (:::::::.n-x107 sec) 
density of dry air ................. = 1.204 mg em-3 (at 20°C, 760 mm) 
acceleration by gravity ......... = 980.62 em sec-2 (sea level, 45°) 
gravitational constant ........... = 6.6720(41)X1o-8 em3 g-1 sec-2 ..................................... 615 
1 calorie (thermochemical) .... = 4.184 joules 
1 atmosphere ....................... = 1.01325 bar (1 bar = 106 dynes em-2) 
1 eV per particle .................. = 11604.50(36) °K (from~ = kT) ................................... 31 

= 3.141 592 7 
= 2.718 281 8 
= 0.693 147 2 
= 0.301 030 0 

NUMERICAL CONSTANIS 

I rad = 57.295 779 5 deg 
1/e = 0.367 879 4 
lnlO = 2.302 585 I 
log10e = 0.434 294 5 

y; = I. 772 453 85 
v1 = 1.414 213 6 
V3 = 1.732 050 8 
v'iO= 3.162 277 7 

• Revised 1982 by Barry N. Taylor. Originally prepared by Stanley J. Brodsky, based mainly on the "1973 Least-Squares Adjustment of the 
Fundamental Constants," by E. R. Cohen and B: N. Taylor, J. Phys. Chem Ref. Data 2, 663 (1973). The figures in parentheses correspond to 
the one-standard-deviation uncertainty in the last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the 
last column. Note that the uncertainties of the output values of a least-squares adjustment are in general correlated, and the general law of error 
propagation must be used in calculating additional quantities. 

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for international use by CODATA 
(Committee on Data for Science and Technology), and is the most u~to-date, generally accepted set currently available. However, since the pub­
lication of the 1973 adjustment, a number of new experiments have been completed, yielding improved values for some of the constants: NA = 
6.022 097 8(63)XIo23 mole-1 (1.04 ppm); a-1 = 137.035 963(15) (0.11 ppm); ~/ffie=1863.15300(25) (0.14 ppm); and Rae, = 
109 737.31521(11) em-1 (0.001 ppm). But it must be realized that, since the output values o( a least-squares adjustment are related in a complex 
way and a change in the measured value of one constant usually leads to corresponding changes in the adjusted values of others, one must be cau­
tious in carrying out calculations using both the output values from the 1973 adjustment and the results of more recent experiments. A new 
adjustment is planned for completion by mid 1982. 
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CLEBSCH-GORDAN COEFFICIENTS; SPHERICAL HARMONICS~ AND d FUNCTIONS. 
J J ... 

Note: A ·r is to be understood over every coefficient: e. g., for -8/15 read -.J8/15. Notation: 
M M ... 

2 X 1/2 j"! Y o=Jf cos 9 
2 X 1/2 1~ 

ml m2 
+I I 0 

I .r,;-
ml m2 Coefficient~ 

I+ I 2 +1/2 I 0 0 
In; sine eiq, 

+5/2 5/2 3/2 

r:1, 2 - ~I,Z i? 1/< I 
yl =- s; 1+2 1/2 I 3/2 +3/2 

-1/2 +1/2 I 2 -I/ -I +2 -~~2 1/5 4/5 5/2 3/2 

1-1/2 -1/2 I 
0 ff(3 2 1\ 

+I tl/2 4/5-1/5 +1/2 +1/2 

Y 2 = 4" 2 cos o- 2) r -~~2 2/5 3/5 5/2 3/2 

1 1/2 ~ 
0 tl/2 3/5 -2/5 -1/2-1/2 

X I. o -1/2 3/5 2/5 5/2 3/2 +3/2 
~~2 ~~2 Yl=-)15 

. i<j> P"'!' -I + 1/2 2/5 -3/5 -3/2 -3/2 
1+1 +1/2 I 1/2 +1/2 s1n8cos8e ~ 

2 8~ 3/2 X 1/2 2 
tl -1/,2 4/5 1/5 5/2 

+I -1/2 1/3 2/3 3/2 1/2 +2 2 I -2 + 1/2 1/5 -4/5 -5/2 
0 +1/2 2/3-1/3 1/2 -1/2 y 2 _ I jTJ . 2 O 2i<j> 1+3 2 + 1/2 I +I +I l-2 -1/2 I 2 - 4 z;r sm e 

1.0 -~~2 2/3 1/3 3/2 +3/2 -1/2 1/4 3/4 2 I 

2 
""'!!' -I +1/2 1/3 -2L -3/2 

3/2 X 1 ~ 
+1/2 +1/2 3/4-1/4 0 0 

1 +; l-1 -1/2 ' X I - 3 2 5/2 3/2 
+1/2 -1/2 1/2 1/ 2 I 

1+2 +I I +2 +2 -1/2 +1/2 1/2 -1/2 -I -I 
1+3/2 +I I +3/2 +3/2 

+2 0 1/3 2/3 3 2 1 1+3 2 0 2/5 3/5 5/2 3/2 1/2 1~1/2 -1/213/4 1/ 2 

+I +I 2/3 -1/3 +I +I +I +1/2 +I 3/5 -2/5 1/2 +1/2 +1/2 -3/2 +1/2 1/4-3/4 -2 

1/ 

1~ r-1 
1/15 1/3 3/5 r3/2 -I 1/10 2/5 1/2 l-3/2 -1/2 I 

X +I 0 8/15 1/6 -3/10 3 2 I +1/2 0 3/5 1/15 -1/3 5/2 3/2 1/2 
+2 

2 I 0 +I 6/15 -1/2 1/10 0 0 0 -lf2 +I 3/10 -8/15 i/6 -1/2 -1/2 -1/2 1 
L+l +I I +I +I 

rl -1 
1/5 1/2 3/10 rl/2 -I 3/10 8/15 1/6 

1+1 0 1/2 1/2 2 I 0 0 0 3/5 0 -2/5 3 2 I -1/2 0 3/5 -1/15 -1/3 5/2 3/2 
0 +I lf2 -1/2 0 0 0 -I +I 1/5-1/2 3/10 -I -I -I -3f2 +I 1/10 c2/5 1/2 -3/2 -3/2 

+I -I 1/6 1/2 1/3 
r-1 

6/15 1/2 1/10 1-1~2 -1 3/5 2/5 5/2 

0 0 2/3 0 -1/3 2 1 -1 0 8/15-1/6-3/10 3 2 -3/2 0 2/5 -3/5 -5/2 

-1 +I 1/6 -1/2 1/3 -I -I -2 +I 1/15 -1/3 3/5 -2 -2 l-3/2 -1 I 

0 -I 1/2 1/ 2 2/3 1/ 3 I~ I -I 
yl-m = (-1)mY7'* -I 01/2 -I/ -2 -2 0 1/3-2/ -3 <i1i2 m1 m2li1i2 1 M) 

1-1 -1 I 1-2 -I I 
dl =J 4rr Yme-im<j> 

m,O 2H1 i = ( -1) 

3/2 X 3/21"J1 
3 2 

112 _ e 
d1/2,1/2 - cosz 

I + 3/2 + 3/2 1 1 + 2 + z 
2 X 3/21 ·~/3 I+ 3/2 +1/2 1/2 1/2 3 2 

+7/ZI 7/2 5/2 1+1/2 +3/2 1/2 -1/2 +1 +1 
1 

+1 

J - i 1 - i 2 I . 
(i 2 i 1 m 2 m 1 lzl 1 J M 

1 1+cos8 
a1.1=-2--

(+2+3/21 1 +5/2 +5/2 

1
+3/2 -1/2 1/5 1/2 3/10~!"""~-~-""'!!' .. 

1
+2 +'1/2 3/7 4/7 7/2 5/2 3/2 +1/2 + 1/2 3/5 0 -2/5 3 2 1 0 
+1 +3/2 4/7 -3/7 3/2 +3/2 +3/2 -1/2 +3/2 1/5 -1/2 3/10 0 0 0 0 1 1 -cose 

+1 1/2 4/7 1/35 -2/5 7/2 5/2 3/2 1/2 +1/2 -1/2 9/20 1/4 -1/20 -1/4~'!!"'""""'!!--· 
2 X 2.f11-!4--3!!'1 

(+2+211 +3 +3 

1
+2 -1/2 1/7 16/35 2/5J-~!"""~~!;;:::;::;"';r++i3/~2~-3~/~211i//~200t1/f4~99;/~2"Do11f/44J d1,-1 = -2--

._o.....,30./oi021ooii2/.;7.;.;-1ioi8r/3•5!!-1~/l!o5~+::;-1/~2-=-+~1/72~+~1:-;/2~-+1~/~2-l • 1; 2 +1;2 9; 2o -1/4 -1/20 1/4 3 2 1 
+2 -3/2 1/35 6/35 2/5 2/5 -3/2 t3/2 1/20 -1/4 9/20 -1/4 -1 -1 -1 

1 do.o :: case 

I+ 2 +1 112 112 4 
1+1 +2 1/2 -1/2 +2 

3 
+2 

2 
+2 

0 1/2 18/35 -3/35 -1/5 i/5 7/2 . 5/2 3/2 1/2 -1/2 -1/2 3/5 0 -2/5 3 2 
+1 -1/2 12/35 5/14 0 -3/10 1:+1/2 -3/2 1/5 1/2 3/10 

-1 3/2 4/35-27/70 2/5 -1/10 -1/2 -1/2 -1/2 -1/2 -3/2 +1/2 1/5 -1/2 3/10 -2 -2 

[

+2 0 3/14 1/2 2/7 +1 -3/2 4/35 27/70 2/5 1/10 l-1/2 -3/2 1/2 1/2 3 
+1 1 

0 2 
4 3 

+1 
2 

+1 
0 -1/2 18/35 3/35 -1/5 -1/5 l-3/2 -1/2 1/2 -1/2 -3 

-1 1/2 12/35 -5/14 0 3/10 7/2 5/2 3/2 
+2 -1 1/14 3/10 3/7 1/5 -2 3/2 1/35 -6/35 2/5 -2/5 -3/2 -3/2 -3/2 l-3/2 -3/2 1 

4/7 0 -3/7 
3/14 -1/2 2/7 +1 

3/2 1tcos8 0 
d3/2, 3/2 = ---z-- cos L' 

d
3/2 __ . r-;

3 
1+cos8 . 0 

3/2,1/2- "" -2- sm< 

3/2 .ro1-cosA 8 
d3/2, -1/2 ="13 -2-cosz: 

d
3/2 __ 1-cose . '!_ 
3/2, -3/2- 2 s 1 n2 

3/2 _3cos8-1 0 
d1/2, 1/2 ---2--cosz: 

d 3/2 3coset 1 . e 
1/2, -1/2 =- ----z- s m L 

0 1 3/7 -1/5 -1/14 3/10 4 3 2 1 0 -1 -1/2 4/7 -1/35 -2/5 7/2 5/2 
1 0 3/7 1/5 -1/14 -3/10 1: 0 -3/2 2/7 18/3 5 1/5 

.-.1_2 .... 1;./1·4--3•/•1•o...,3/•7.--!"'1;./5'!!"'111-:-;:o:::--:-;o-:-::--:::-o;-::---:-o-;:----:-:o:1 -2 1/2 1/7 -16/35 2/5 -5/2 -5/2 

d2 = ( 1 +cosO) 
2 +2 

+1 
2,2 -----z- 0 

-1 
2 =-1+~ose sine 

-2 
d2,1 

d2 = (1-cosO )
2 

2,-2 2 

1/70 1/10 2/7 2/5 1/5 l-1 -3/2 4/7 3/7 7/2 
8/35 2/5 1/14 -1/10 -1/5 l-2 -1/2 3/7 -4/7 -7/2 

18/35 0 -2/7 0 1/5t---""!'""-""!'""--.. 
8/35 -2/5 1/14 1j1o -1/5 4 3 2 1 l-2 -3/2 1 
1/70-1/10 2/7 -2/5 1/5 -1 -1 -1 -1 

-2 
-1 

0 
1 
2 

+1 -2 1/14 3/10 3/7 1/5 
0 -1 3/7 1,..S -1/14 -3/10~-~-!!"'"""'!!' .. 

d
1
2'

1 
= 1+c

2
ose( 2cose- 1 ) -1 0 3/7 -1/5 -1/14 3/10 4 3 2 

-2 1 1/14 -3/10 3/7 -1/5 -2 -2 -2 

d~,o =-{f sinO cos$ 1
: 0 -2 3/14 1/2 2/7 
-1 -1 4/7 0 -3/7 
-2 0 3/14 -1/2 2/7 

-1 -2 
-2 -1 2 (3 2 1) do,o = 2 cos o - 2 

4 3 
-3 -3 

1/2 1/2 
1/2 -1/2 

l-2 -2 

4 
-4 

11 

S1gn convention 1s that of W1gner (Group Theory, Academ1c 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, I957L 
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 cal.culated by computer progr_ams written independently by Cohen and at LBL. (Table 
extended April 1974.) 
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SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICITIES, AND PROPERTIES OF QUARKS 

The most cqmmonly used isoscalar factors, corresponding to 
the singlet, octet, and decuplet c~:mtent of 8 0 8 and 10 ®·a, are 
displayed .:it the right. The notation uses particles names· to 
identify the coefficients, so that the pattern of relative c'ouplings 
can be seen at a glance. We illustrate the use of the coeffici-ents· 
by example; see J. J. de Swart, Rev. Mod. Phys. 35; 916' (1963) f6r 
detailed explanation and ph~se conventions. 

A V is understood over every integer in the matrices; the 
exponent 1£ is a remi~der of this. For example, in de Swart's 
notation the ~ -+ QK element of our 10 + 10 ® 8 matrix reads 

( 

10 
0 -2 8 I 10 ) 1.2 l 1.2 -1 

Intra-multiplet relative decay strengths can be read directly 
from our matrices. Thus, the partial widths for 6*~(Nn) 1= 3/2 and 
Q* ~ C~:i<.) I=O are in the ratio 

r(n* + C":K) I=O) 

r(ll* .. (NJT) 
1

=
312

) 

1
: x (threshold factors), 

Supplying isospin Clebsch-Gordan cOe"fficients one obtains, e.g., 

r w·- .. ::'K-> 
f(fl*+ + p1T 0 ) 

l/2 X 12 X tf 
2/3 6 

3 2 X tf 

Partial widths for 8 + 8 ® 8 involve a linear superposition of 8
1 (syrtu:netric) and 8 2 (anti-symmetric) couplings. For example, 

r<::* +21T> (-#a 91 + ~ 92y 
The relation between gl, 92 (with de Swart's normalization) and 
the standard D,F couplings appearing in the interaction La"grangian, 

£ = -Vi"D Tr((B,B]+ M) + ..f2 F Tr((B,B] M) 

is 

D F 

Thus, r<::* _,. ;:1T) _ (l _ 2<>)2 

where " _ D/ (D+F). 

NK Elf An 2K ) 
8 ® 8 

_1_ (2 
V8 

-1 -2 )1.2 

( 

N ) ( NlT Nn EK AK ) ( 3 -3 )1.2 l: _ NK _ ETI ATI En 2K 1 2 8 o o -2 

A NK ETI An 2K V'i2 6 0 0 6 

" Ei< Ai< 21T ::n 3 -3 
- 82 8 ® 8 

10 .. 8 ® 8 

8 +. 10 ® 8 

10 + 10 ® 8 

(:) c· lln 

~) (: 
15 3 _, y 

llK Elf En 2K 8 0 -8 
1 - Ei< ~Tr ::n OK -3 -6 V24 

n 10 ::i< nn 10 ® 8 12 -12 

SU{n) Multiplicities 

The table below gives the multiplicities of the multiplets 
that occur in qq, qq, and qqq systems in various SU {n). Normal 
mesons are qq systems, and normal baryons are qqq ·systems. Also. 
given are the multiplets that occur in meson-baryqn scattering when 
the meson multiplet is the. one to Which the pion belongs and the 

qq 

SU(2)' 2 ® 2 3 e 1 
SU(3): 3 ® 3 6@ 'i 
SU(4): 4 ® 4 10 Ql 6 
SU(n): n®n n(n+l)/2 <3l n(n-l)/2 

qq {Mesons) 

SU(2): 2 ® 2 3 e 1 
su (3): '3 ® 'i 8 <ll 1 
SU(4), 4 ® 4 15 e 1 
SU(n), n®fi .. (n 2-l) e 1 

baryon multiplet is the one to which the proton belongs. Cornplex­
conjuga.te rep:r-esentations are indicated by a bar. The two 
20-dimensional representations of SU{4) are indicated as 20 (which 
contains the SU(3) decuplet) and 20' (which contains the SU(3) 
octet) •. The C(N,M) 's are ·the binomial coefficients N!/[M! (N-M) !]. 

qqq (Baryons) 

SU(2): 
SU(3): 
SU(4): 
SU(n): 

2 ® 2 ® 2 
3 ® 3 <il 3 
4 ® 4 <il 4 
n~n@n 

4 e 2 e 2 
10 <ll 8 e s e 1 
2oe2o• e 2o• e 4 
C(n+2,3) E9 2C(n+1,3) 

·Ell 2C(n+l,3) E9 C(n,3) 

Meson-Baryon Scattering 

su (2): 3 ® 2 + 4 <ll 2 
su (3), 8 ® 8 .. 21 e 10 <ll lii e 8 e 8 <ll 1 
su(4), 15 ® 2o• 140 e 60 e 36 e 20 e 2o• e 2o• e 4 
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SU(3) ISOSCALAR FACTORS, SU(N) MULTIPliCITIES~ AND PROPERTIES OF QUARKS (Cont'~) 
ProE:erties of Quarks 

Quark 
Quantum number d u c b t 

baryon number B 1/3 l/3 1/3 1/3 1/3 1/3 
charge Q -1/3 +2/3 -1/3 +2/3 -1/3 +2/3 

isospin z component Iz -1/2 +1/2 0 0 0 0 
strangeness s 0 0 -1 0 ·o 0 

charm c 0 0 0 +1 0 0 
bot tom (beauty) B 0 0 0 0 +1 0 

top (truth) T 0 0 0 0 0 +1 

WEAK INTERACTIONS OF QUARKS AND LEPTONS 

The "standard" SU(2>_r. t&l U{l) model
1

'
2 

is described here for six 
quarks and six leptons in left-handed doublets of SU(2lweak and. 
right-handed singlets of SU(2)weak (T3 = third component of w~.ak 
isospin): 

C:) C~) C:) C.) C.) C.) 
L L L L L L 

Mixing occurs between quarks d, s, b of charge -1/3 (by 
convention the charge 2/3 quarks, u, c, t, are unmixed) and 
can be written 

(
::) = (::: ~:: :::) (:) 

u' vtd vts vtb b 

where, for example, the mixing matrix element V d modulates the 
strength of the udW vertex. In 'the Kobayashi-M~skawa parametriza­
tion2 this matrix is expressed 

(::) i6 c
1

c 2 c
3

+s
2

s
3

e 

i6 
c 1 s 2c 3-.c2s 3e 

where ci=cos 8., si=sin Si, i=l,2,3. In the limit 82=83=6=0, 
this reduces to

1
the usual Cabibbo mixing with 81 the Cabibbo angle. 

The interaction Lagrangian is 

~nt e[Ao.J~m + ZaJ~ + 
sin8wcos8w 

Here 8w is the weak mixing anglf!: in the relations 

w' Zcos8w + Asin8w. 

B = -ZsinSw + Acos8W 

which relate the physical fields A (photon) and .Z (neutral weak 
gauge boson) to w0 (su (2)weak partner of w+ and w-) and B (u (1) 
gauge field). The charged current is written 

i.e., V-A stiucture. The neutra-l current is written 

+ (e ~ 'i) [- i Y" (
1
-;

5
> + sin

2 
aw Y"J (~) 

+(lie t)[iY" ( 1-~5 > -fsin
2
8wY"J(:) 

_ - - [, 1 (1-Y5> 1 2 J(d) 
+ (d s b) - 2 y" --2- + 3 sin aw y" : 

where for fermion f the coupling [r;] has a V-A term depending on 
T~ and a vector term depending on charge Qf: 

[r~] = [ f '
1
-y5> , 2 8 J ~ T3 YCl -2-- - Qf S>n w YCl · 

The effective Lagran~ian for exchange of w± and z between two 
currents reduces at low q to 

£, = _G_ 4 (JCClJCt + 2 PJNClJ~) 
weak .../2 , 0. ""' 

with G/.../2 = TrCl/(2~sin2 aw). a= e 2/(4Tr), and p = ~/(M~cos 2 8W). 
Assuming the simplest Higgs structure, p=l, and the W and Z masses 
~re rela~~d by Mz.= ~/cosew. Currently reported values of the weak 
1nteract1on parameters are 

lvudl I cosB1 1 = 0. 9737 ± 0.0025 } Ref. 3 

lvusl I sin8
1 

cos8
3

l 0. 219 ±" 0. 011 

lvubl = I sin8
1 

sinB
3

1 0.06 0. 06 Refs. 3,4 

lvcbl2 » lvubl2 } Ref. 5 

G = GIJ = (1.16632 ± 0.00002) x 10-5 Gev-2 } Refs. 3,8 

sin
2

8w = 0.224 ±0.019, p 0.992 ± 0.020 } Ref. 9 
sin

2
8w 0.229 ± 0.010, - 1 (fixed) 

The resulting mass estimates for w± and Z are Mw = 37.3 GeV/sin8w 
= 77 • 9 ± 1. 7 GeV, and Mz = 88.8 ± 1. 4 GeV, where the numerical 
values are obtained using the simplest Higgs structure (p: 1). 
Electroweak radiative Corrections to these estimates may be as 
large as 5\.10 

Lepton-Nucleon Inclusive Scattering 

For reactions t+N ~ t'+X, differential cross sections can be 
written using several choices of independent variables. These are 
related by 

where V, Q2 , x, and y are defined in the Relativistic 
Kinematics section IV (c), E£, PR. and ER..', P£' are the incident 
and outgoing lepton lab energies and momenta, and M is the 
target nucleon mass. 
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WEAK INTERACTIONS OF QUARKS AND LEPTONS (Cont'd) 

Structure Functions
11

' 
12 

For charged-current (C. C.) and neutral-current (N.C.) 
reactions, we have 

G2ME~ l( M ) V(V) ( 2) 
-,- 1-y- ZEQ. xy F 2 x,Q 

y
2 

vc\il( 2) +( y
2

) v<\il( 2)] + 2 2xF
1 

x,Q _ y- 2 xF
3 

x,Q , 

where the upper and lower signs refer to V and V scattering, 
respectively, and F3 is defined as a positive quantity.l3 
The other common structure functions Wi are related by 
MW1 = F1 , VWz = Fz, and vw3 = F 3 • For electron and 
muon scattering, F3=0, and G2 is replaced by srr2a.2/(Q2)2. 
The ratio of the longitudinally to transversely polarized 
photon absorption cross section is 

To compare with the parton-model predictions below, we write 
for Et >> M: 

The Free-Quark-Parton-Model Predictions
14 

For this model in the Bjorken limit (Q2,v~oo with x fixed), 
Fi (x,Q2 ) -+ Fi (x) .11,12 For spin-l;z quark partons, we have 
2xF1 (x) = F2 (x), 'the Callan-Gress relation. Thus, in this 
approximation, R=O and there is no (1-y) term in the cross section. 

• (C.C.) 

For \iN + 1-/x, interchange fq(x) and f-(x) in the formula. Here 
fq(x) dx is the number of quarks q in qthe target nucleon with 
momentum fraction x to x+dx. We include fq(x) and f- (x) in the 
sum o~ly for negative (positive) charged quarks and ~ntiquarks 
in V (V) reactions. 

• (N.C.) 

+ (c~) 2 
[ fq (x) (l-yl

2 
+ fq (x) J l 

and the sum runs over all quarks. Here the neutral-cu~rent 
coupling is decomposed according to 

q _ q Cl-y5 l q Cl+Ysl 
fa - 8 L Ya --2- + 8 R Ya --2-

15 
with left- and right-handed coupling constants E£ and E~. In the 
"standard" SU (2) ® u (1) model 

q Tq Q · 2e EL = 3 - qSJ..n W 

For VN + Vx, interchange Ei, and E~ in the cross-section formula. 

e (E.M.) 

Comparison with earlier structure function formulas gives: 

(C.C.) 2x L [f (x) + fq-(x)] , 
q q 

2x L [f (x) - f-(x)] ; 
q q q 

(N.C.) F
2

(x) 2p
2
xE [<c~l 2 

+ (E~l 2 ] [fq(x) +fq(x)] 
q 

xF
3

(x) 2p2x L [ (Ei)2- (E~)2 J [fq(x)-fq(x)] 
q 

F~(x) F~(x) 

(E.M.) F
2

(x) = x EQ
2 

[f (x) + f-(x)] 
q q q q 

In the examples below, ,u(x), li(x), d(x), d(x), etc., mean 
fq (fq) for the indiv;i.duai quark (antiquark) in the proton (for 
neutron, interchange u (x) and d (x)). Charm production is taken 
into account. 

• F'Vp+lJ-X 
2 

- + 
F

vp-+lJ x 
X 3 

2x[d(x) + s(x) + u(x) + c(x)] 

2x[u(x) + c (x) + d (x) + s (x)] 

2x[d(x) + s(x)- u(x)- c(xl] 

2x[u(x) +c(x)- d(x)- s(xl] 

Hereafter we neglect small contributions of the s, S, c, 
in the sea. 

quarks 

• For charge-symmetric nuclei with q (x) 
q(x) = u(x) + d(x) 

u(x)+d(x), 

• 

VN-+lJ-X 
F2 

VN+~-X 
xF

3 

F~p.~p(x) 

F~d(x) 5 

- + 
F~N 4 l.l X 

FVN-+lJ+X 
X 3 

x [ t (u(x) 

18 
F\I(V)d 

2 c.c. 

(~' average squared 

x[q(x) +q(x)] 

x[q(x)- q(x)] . 

+ u (x)) + i ( d (x) + d (x) ) J 

charge of u, d quarks ) 

l. S. Glashow, Nucl. Phys. 22, 579 (1961); S. Weinberg, Phys. 
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RELATIVISTIC KINEMATICS 

I. BASICS 
(a) Lorentz transformations -- Let E and p be the energy and 
3-momentum of a particle or system as seen from a certain 
inertial frame, and let E* and P* be the same quantities as seen 
from a second inertial frame that moves with velocity ~ relative 
to the first. Then starred and unstarred quantities are related 
by 

Here -y = (1 - 132)- 112, and subscripts II and l indicate 
components of P or P* that are parallel or perpendicular to ~ 
(often 11 is used for -yl3). The inverse transformation is given by 
changing 13 to -13. A particle of mass m at rest in the second 
frame, so that it is moving at velocity~ relative to the first, has 
E* = m and P* = 0, so here 

E = -ym , p = -y{im . 

In any frame, the energy, momentum, and mass are related by 

E2 =: P2 + m2. 

(b) Four momenta; scalar products --The 4-momentum vector 
of a particle or system having energy E and 3-momentum p is 

q = (E, p) = (E, Px• Py• Pz) · 

Conservation of energy and the components of 3-momentum for 
any process a + b + ...... 1 + 2 + ... may then be written as 

qa + qb_+ ··· = ql + q2 + ··· 
Although the components of a 4-momentum are different in 
different frames, the scalar product of any two 4-momenta q 
and q', defined as 

q·q' = EE' - P·P· t 

is an invariant; i.e., in numerical calculations the same result is 
obtained in any frame, and in algebraic calculations results 
obtained in different frames may be equated. For a particle of 
mass m, the scalar product q·q is 

q·q = q2 = E2 _ P2 = m2 . 

The invariant mass M (or total c.m. energy) of an n-particle 
system is given by 

M2 = (f q/)2 = (~E/)2 - (~P/)2. 
1•1 I I 

where q; = (E;, p1) is the 4-momentum of the ilh particle. 

(c) Electric and magnetic forces -- In Gaussian cgs units, the 
force on a particle with char!e q moving with velocity ~ in 
electric and magnetic fields E and B is 

r = qE + q{ixii • 

where~= ~/c. The units are Fin dynes, q in esu, 'E in 
statvolts/cm, and ii in gauss. In mksa units, the' force is 

F = qE + q~xB , 
where the units are F in newtons ( 1 N = 105 dynes), q in 
coulombs (1 C"" 3x109 esu; each 3 in this section is really 
2.9979 ... ), E in volts/m (1 V"" 1/300 statvolt), and Bin testa (1 T 
= 104 G). The force is zero if E and ii are at right angles, ~(or~) 
is in the direction ExB, and 13 = E/B (cgs) or v = E/B (mksa). 

In a uniform, static magnetic field, the path of a charged 
particle is a helix of constant radius R and constant pitch angle 
J\, with the axis of the helix being along B. The momentum is 
related to the other quantities by 

p cos J\ .. 3x10-4 qBR , 

where the units (very mixed!) are pin GeV /c, q in multiples of 
the electronic charge e, B in kG, and R in em. The angular 
velocity about the axis of the helix is 

r.; "" 3x10-4 qB/-ym , 

where the units are-r.; in rad/sec, q in multiples of the 
electronic charge e, B in kG, and the energy -ym in GeV. 

II. DECAYS 
(a) Survival probabilities -- Let a particle have mass m and 
pr0per mean life T0. In a frame in which its 4-momentum is 

.(E, p), the probability that it survives a time greater than t 
before decaying is 

Prob.(>t) = exp(-t/p0 ) = exp(-mt/ET0 ). 

The probability that it goes a distance greater than x before 
decaying is 

Prob.(>x) = exp(-x/-y13cT0) • exp(-mx/pcT0); 

values of CTo (in em) are given in the Stable Particle Table. If 
the particle has charge :te and is in a uniform magnetic field ii 
[see I( c)], then the probability that the projection of its helical 
path on the plane perpendicular to ii turns through an angle 
greater than 8 before decaying is 

Prob.(>9) = exp(-Cm9/BT0 ) , 

where, if m is in GeV, 9 in deg, B in kG, and To in sec, then C is 
numerically 1.942x10-9 . This last distribution is independent of 
P or the helical pitch angle J\; its only dependence is geometrical. 

(b) Two-body decays -- A particle of mass m decays into two 
particles, masses m 1 and m 2. In the rest frame -of m, the 
energies of m 1 and m2 are 

e1 = (m2 + mf- m~)/2m 
Ez = (m2 + m~ - mil/2m . 

In this frame, the 3-momenta of m 1 and m 2 are equal and 
opposite and of magnitude 

k = (ET- mf)l/2 = (e~- rn~)l/2 

= {1m2- (ml + mz)2] [m2- (ml- mz)2J!I/2/2m . 

See also the third paragraph of III(b). 

(c) Three-body decays -- A particle of mass m decays into 
three particles, masses m 1, m 2, and m 3. The invariant masses 
mij of the 2-particle systems, where m~ = (q; + qj)2, satisfy 
the relation 

mf2 + mf3 + m~3 = m 2 + mf + m~ + m5 , 

so that only two of the three m;/s are independent. In a 
rectangular Dalitz plot, mf3 (say) is plotted against mf2. The 
kinematic boundaries may be calculated as follows: (i) The lower 
and upper limits on mf2 are (m 1 + m 2)2 and (m - m3)2. (ii) For 
any mf2 between these limits, the lower and upper limits on 'mf3 
are given by taking the + and - signs in 

mfJ = (EI + E3l2 - (pi :t P3l2 , 
where 

El (mtz + mi- m~)/2mtz 
E3 (m2 - mi2 - m5)/2ml2 

Pt (ET- mrl 112 

PJ (E~- m~)l/2. 

(These <ire the energies and momenta of particles 1 and 3 in the 
rest frame of m 12.) The phase;.;space density is uniform over 
the areas of both the above and the following form of the Dalitz 
plot. 

In a triangular Dalitz plot, the kinetic energies T I' T 2, and T 3 
of the final-state particles in the rest frame of m are plotted as 
the distances inward from the sides of an equilateral triangle 
whose altitude is the energy Q released by the decay: 

Q = T1 +T2 +T3 = m-m1 -m2 -m3 . 

The kinetic energies are related to the 2-particle invariant 
masses by 

2mTI = (m- ml)2- ril~J = (mT:Jax)2 - m~J • 
etc. 
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RELATIVISTIC KINEMATICS (Cont'd) 

(d) Four-body decays -- A particle of mass m decays into four 
particles, masses m 1, mz, m 3, and m 4. In a triangle (or 
Goldhaber) ~. lhe. invariant mass of two of the particles is. 
plotted against lhal of the other two, say m 34 versus m 12, where 
mt = (q; + qj)z. The kinematic boundaries of this plot are the 
sides of the triangle whose vertices areal the points (m 12, m 34) 
= (m 1 +mz, m 3 +m4), (m 1 + mz, m-m 1- niz), and (m-m3 - m4, 
m 3 + m4). The phase-space density is not uniform over the 
enclosed area. 

Ill. REACTIONS (MAINLY 2-BODY) 
(a) Initial stale -- Two particles, masses m 1 and m2, interact. 
I'n the lab frarrie, where' particle 2 is at rest, the 4-momenta are 
(E 1, p1) and (m2, 0). In the c.m. fra'me, where the 3-momenla 
are equal and opposite, the 4-momenla are (e 1, k) and 
(e2, -k). Then the total c.m. energy E is given by 

.E2 = (e 1 + e2)2 = mi + m~ + 2E1m2. 

The c.m. en·ergies 'of particles 1 and 2 are 

e1 = (mi + E1m 2)/E (E2 + mi- m~)/2E 

e2 = (m~ + E1m 2)/E (E2 + m~- mil/2E. 

The c.m. momerilum k is 

k = p 1mz/E. 

~ee also the expression in ll(b) for k, in which replace m with E. 

The velocity of the c.m. relative to the lab is 

~ = . Pti<Et + mz) · 

The parameters for lhe Lorentz transformation bel ween, these 
frames [see l(a)] are 

'Y = (E1 + m 2)/E 
and 

'Y~ = PtiE · 

(b) Two-body final stales -- In lhe reaction 1 + 2 ~ 3 + 4, lel 
lhe masses be m; and the final-state c.m. 4-momenla be 
(e3• k') and (e4, -k'). Then · 

e3 (E2 + m3 - m~)/2E 

e4 · (E2 + m~ - m3)/2E ; 

and 

k' = (e3- m3)1/2 = (e~- m~)I/Z 

= {[E2- (m3 + m4)2] [E2- (m3- m4)2Jli/Z/2E. 

Let 9J, be lh:_lab production angle of particle 3 (the angle 
between p3 and p1), and let 83 lie lhe c.m. production angle (the 
angle between k' and k). These angles are related by 

P31 sin 83 
tan 93 = P31 = 'Y (cos 83 + ~~~3) • 

where p31 and p31 are the components of p3 perpendicular and 
parallel to p1, and 133 = k'/e3 is the c.m. velocity of particle 3. 
[See Ill(a) for }' and 13.) If~ > 133, then particle 3 can only go 
forward in the lab, the maximum 9 3 bfi!ing given by · 

. ( 1-132 ) 1/2 
tan 9~ax = 133 -2--2 

13 -133 

The components of p3 satisfy 

( 
P31- yl3e3 ) 2 ( P31 ) 2 

yk' + k' = ,1 t 

which is the equation of an ellipse with semi-major axis yk' and 
semi-minor axis k'. Thus the possible lab momenta qf particle 3 
are the vectors to the ellipse from the point a distance yl3e3 
back along the major axis from the center of the ellipse. 

The results of the preceding paragraph also apply to 2-body 
decay. 'Just set m 2 = 0, in which case E = m 1. [The decay­
product masses are here m 3 and m4, not m 1 and m 2 as in ll(b).) 

The Mandelstam variables s, l, and u are the Lorentz scalars 
defined in terms of the particle 4-momenta q1 as 

s = (qt + q2l2 (q3 + q4)2 

t = (qt - q3l2 = (q2- q4l2 

u = (qt - q4) 2 = (qz- q3l2 · 

They satisfy the relation 

s + l + u = mi .f.· m~ + m3 + m~ , 
so that only two of the three are independent. Evaluating s in 
the c.m. frame gives 

s = (el + e2)2 = E2 • 

and evaluating t and u, the 4-momentum-transfer-squared 
variables, in this frame gives 

mi + m5- 2e 1e3 + 2kk' cos 83 
to - 4kk' sin2(8y2) 

u = mi + m~,- 2e 1e4 + 2kk' cos 84 

u 0 - 4kk'. sin2(84/2) , 

where 84 is the c.m. production angle of particle 4 (83 + 84 = n), 
and 

to = t(83 = 0) ,: (e 1 - e3)2 - (k - k')2 

uo = u(84 .= 0) = (e 1 - e4)2 - (k- k')2 . 

The differences 6t = t 0 - t,. and 6u = u0 - u,., where t,. = t(83 = 
n) and u,. = u(84 = n), are 

at = 6u = 4kk'. 

For elastic scattering, where m 1 = m 3 = m and m 2 = m 4 = M, 
t 0 is zero and 

t = -2k2( 1 - cos 83) = -4k2 sin2(8y2) . 
And now 

uo = (m2- M2)2/s . 

Evaluating t in the lab frame gives 

t = -2MT4 , 

where T4 = E4 - M is the lab kinetic energy of particle 4. For 
small-angle elastic scattering, 

(-t)
1
/

2 
"" k8j "" Pt93 "" P4 • 

where p 1,.93, and p4 are lab quantities. 

IV. OTHER VARIABLES 
(a) Rapidity -- For a system of energy E and momentum p, the 
rapidity y is given by 

Y = !In( E+pl) = tanh- 1( !2.) = In( E+pl) 
2 E-p1 E m1 • 

where Pa is lhe component of p along a particular axis (the 
"rapidity axis", chosen, for example, parallel to the direction of 
an incoming beam), and m1 = (m2 + pf) 112. Inverting these 
equations, we find 

·E = m1 cosh y 

p1 = m1 sinh y . 

The shape cif a rapidity distribution is invariant under a Lorentz 
transformation between inertial frames with relative motion 
parallel to the rapidity axis. Such a transformation is given by 

y* = y-ln[y(1+13)) = y- 41n( ~~~), 
where the sign of 13 is p~sitive in the direction of increasing 
rapidity and p1. 
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(b) Scaling variable, hadron reactions -- In the inclusive 
reaction h + 2 -+ 3 +X, with h any hadron, feynman's x for 
particle 3 is derined as 

X = k'1/k'max • 

where k' is the c.m. momentum of particle 3. k'max is obtained 
[see Sec. III(b)] using the smallest mass mx [called m4 i.n III(b)]· 
consistent with quantum conservation laws .. At high energies, 
k'max,.. Vs/2. Rapidity and x are related at large Vs by 

2m1 . * v's smh y X ,.. 

where y* is evaluated in the c.m. 

(c) Scaling variables, lepton reactions -- for the inclusive 
reaction l + 2 -+ l 0 + X, with particles t and l 0 leptons, ·we derine 
the 4-vector 

so that 
Q2 : -q2 = 2E,E,. - 21Pt11Pt•l cos 8 - mzo - mz :!:t 0 

where 8 is the t -+ to scattering angle, and the preceding relation 
is valid in any frame. Also useful are 

v = p2•q/m2 = [ E,- E,. ]LAB = [Ex- mz·lLAB 
and 

Q2, 11 0 and Ware Lorentz invariants, and the notation "LAB" 

refers to the reference frame with particle 2 at rest. (Note: v is 
sometimes written v = p2•q, leading to the replacement of m2v 
with v throughout.) 

Scaling variables in common use include 

x - c.~- 1 = Q2/2m2v o .o st x st I 
and 

Y m 2v/p,•pz = [ (E,- E,o)/E, lLAB o 0 sty s 1 • 

Both x andy are dimensionless. 
Cross sections for inclusive re.actions in the energy region 

where masses are negligible can be written in terms of E, and 
certain pairs of these variables, usually Q2 and v, x andy, or Q2 · 
a~d x. If, in any frame, IPtiiPt•l"" E,E,. and . . . 
E,E,. sin2 (8/2) >> mz• and mz (i.e., m,, m,o small), then 

and 
Q2 ,.. . 4E,E,. sin2 (8/2) 

X 
2E,E,o sin,2 (8/2) 

m2v 

tinequality sometimes violated un.less mx:!: m 2 and m,.:!: m,. · 

LORENTZ INVARIANT PHASE SPACE FORMULAE 

For a system· of n particles with overall four-momentum p and final four momenta p 1 , · · · , pn( pi = ( Ei, Pi)], 

~orentz !_nyariant !:'hase ~pace is given by 

where a, (3, and-y are Etiler angles. 

For a+ b- n particles or X - n particles, in general li) ·- If), 

( 1) 

(2) 

(3) 

O'if = :F j I c.M;if 1
2 

d LIPS(s;p1 , · · ·, pn), (4) 

or 
(5) 

where J,bif is an invariant matrix element. · F is M,611er 1 s invariant flux factor, F
2 

= (pa · pb)
2 

- rn!~· If a 

is beam, b, target (P~ab = 0), then F = I P~ab I mb = I P~m I.JS. 

For elastic scattering in c. m. , I p~m I IP~m 1. and· (2) and (4) yield 

da 

dn = (8rr) 2 s 
(6) 

The normalization is such that the optical theorem reads 

(7) 

The choice of Eq. (1) implies a particular normalization of any spinors that may occur in eM;. The advantage 
1 1 

of this normalization is that it greatly simplifies the structure of eM, by putting factors such as 
(2rr) 3 2E 

into the phase space where they really belong. In addition, the labels, i, f, refer to specific spin (helicity) 

states, so that the usual. "average and sum 11 rule is implicit. 
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 

E dE 
em em 

m dT p beam 

PBEAM -----C. H. ENERGY----- -MOMENTUM IN C. H.- PBEAH -----C. H. ENERGY----- -MOMENTUM IN C. M.-
(GEV/C) (GEV) (GEV/C) (GEV/C) (GEV) (GEV/C) 

o.oo 
0.02 
0.04 
0.06 
o. 08 

-·· •• Xp •• Xp •• 
.938 1.078 1.432 1.877 .ooo .000 .000 .000 
.958 1.079 1.432 1.877 .020 .017 .013 .010 
.977 1.083 1.433 1.877 .038 .035 .026 .020 
.996 1.089 1.434 1.878 .056 .052 .039 .030 

1.015 1.096 1.436 1.878 .074 .068 .052 .040 

o. 10 1.033 1.105 1.439 1.879 .091 .085 .065 .050 
0.12 1.051 1.116 1.441 1.880 .107 .101 .078 .060 
0.14 1.0691.1271.4451.882 .123.117.091 .070 
0.16 1.0871.1391.4481.883 .138.132.104.080 
0.18 1.104 1.152 1.453 1.885 .153 .147 .116 .090 

0.20 
0.22 
0.24 
0.26 
0.28 

o. 30 
0.32 
0.34 
o. 36 
o. 38 

0.40 
0.42 
0.44 
0.46 
0.48 

1.121 1.165 1.457 1.887 
1.137 1.178 1.462 1.889 
1.154 1.192 1.468 1.892 
1.170 1.206 1.473 1.894 
1.186 1.219 1.480 1.897 

.167 .161 .129 .099 

.182 .175 .141 .109 

.195 .189 .153 .119 

.209 .202 . 166 . 129 

.222 .215 .178 .138 

1.201 1.233 1.486 1.900 .234 .228 . 189 . 148 
1.217 1.247 1.493 1.903 .247 .241 .201 .158 
1.232 1.261 1.500 1.906 .259 .253 .213 .167 
1.247 1.275 1.507 1.910 .271 .265 .224 .177 
1.262 1.288 1.514 1.913 .282 .277 .235 .186 

1.277 1.302 1.522 1.917 .294 .288 .247 .196 
1.292 1.315 1.530 1.921 .305 .300 .258 .205 
1.306 1.329 1.538 1.925 .316 .311 .268 .214 
1.320 1.342 1.546 1.929 .327 .322 .279 .224 
1.335 1.356 1.554 1.934 .337 .332 .290 .233 

0.50 1.349 1.369 1.563 1.938 .348 .343 .300 .242 
0.52 1.362 1.382 1.571 1.943 .358 .353 .310 .251 
0.54 1.376 1.395 1.580 1.947 .368 .363 .321 .260 
0.56 1.390 1.408 1.589 1.952 .378 .373 .331 .269 
0.58 1.403 1.421 1.598 1.957 .388 .383 .341 .278 

o. 60 
o. 62 
o. 64 
0.66 
0.68 

o. 70 
0.72 
o. 74 
0. 76 
o. 78 

1.416 1.434 1.607 1.962 .397 .393 .350 .287 
1.430 1.447 1.616 1.968 .407 .402 .360 .296 
1.443 1.459 1.625 1.973 .416 .412 .370 .304 
1.456 1.472 1.634 1.978 .425 .421 .379 .313 
1.468 1.484 1.643 1.984 .434 .430 .JBB .322 

1.481 1.496 1.653 1.989 .443 .439 .J97 .330 
1.494 1.509 1.662 1.995 .452 .448 .406 .339 
1.506 1.521 1.671 2.001 .461 .457 .415 .347 
1.519 1.533 1.681 2.007 .470 .465 .424 .355 
1.531 1.545 1.690 2.013 .478 .474 .433 .364 

o.Bo 1.543 1.557 1.699 2.o19 .486 .482 .442 .312 
0.82 1.555 1.569 1.709 2.025 .495 .490 .450 .380 
0.84 1.567 1.580 1.718 2.031 .503 .499 .459 .388 
0.86 1.579 1.592 1.728 2.037 .511 .507 .467 .396 
0.88 1.591 1.604 1.737 2.043 .519 .515 .475 .404 

0. 90 
0.92 
o. 94 
o. 96 
0. 98 

1.00 
1.02 
1. 04 
1. 06 
1.08 

1.603 1.615 1.747 2.050 
1.615 1.627 1.756 2.056 
1.626 1.638 1.765 2.062 
1.638 1.649 1.775 2.069 
1.649 1.661 1.784 2.075 

1.660 1.672 1.794 2.082 
1. 672 1. 683 1. 803 2. 088 
1.683 1.694 1.812 2.095 
1.694 1.705 1.822 2.102 
1.705 1.716 1.831 2.108 

.527 .523 .484 .412 

.535 .531 .492 .420 

.542 .538 .soo .428 

.sso .546 .soa .435 

.558 .554 .515 .443 

.565 .561 .523 .451 

.573 .569 .531 .458 

.580 .576 .538 .466· 

.587 .583 .546 .473 

.594 .591 .553 .481 

1.10 1.716 1.726 1.840 2.115 .601 .598 .561 .488 
1.12 1.727 1.737 1.850 2.122 .609 .605 .568 .495 
1.14 1.738 1.748 1.859 2.129 .616 .612 .575 .502 
1.16 1.748 1.759 1.868 2.136 .622 .619 .583 .510 
1.18 1.759 1.769 1.877 2.142 .629 .626 .590 .517 

1.20 1.77.0 1.780 1.887 2.149 .636 .633 .597 .524 
1.22 1.780 1.790 1.896 2.156 .643 .639 .604 .531 
1.24 1.791 1.800 1.905 2.163 .650 .646 .611 .538 
1.26 1.801 1.811 1.914 2.170 .656 .653 .618 .545 
1.28 1.812 1.821 1.923 2.177 .663 .660 .624 .552 

1. 30 
1.32 
1. 34 
1. 36 
1. 38 

1.822 1.831 1.932 2.184 
1.832 1.841 1.941 2.191 
1.843 1.851 1.950 2.198 
1.853 1.862 1.959 2.205 
1.863 1.872 1.968 2.212 

.669 .666 .631 .559 

.676 .673 .638 .565 

.682 .679 .645 .572 

.689 .685 .651 .579 

.695 .692 .658 .585 

1.40 1.873 1.882 1.977 2.219 .701 .698 .664 .592 
1.42 1.883 1.891 1.986 2.226 .708 .704 .671 .599 
1.44 1.893 1.901 1.995 2.233 .714 .711 .677 .605 
1.46 1.903 1.911 2.004 2.240 .720 .717 .684 .612 
1.48 1.913 1.921 2.013 2.247 .726 .723 .690 .618 

1.50 
1.52 
1.54 
1.56 
1.58 

1.60 
1.62 
1.64 
1.66 
1.68 

1.922 1.931 2.022 2.254 
1.932 1.940 2.031 2.261 
1.942 1.950 2.039 2.268 
1.951 1.959 2.048 2.275 
1.961 1.969 2.057 2.282 

1.970 1.978 2.065 2.289 
1.980 1.988 2.074 2.296 
1.989 1.997 2.083 2.304 
1.999 2.006 2.091 2.311 
2.008 2.016 2.100 2.318 

.732 .729 .696 .624 

.738 .735 .702 .631 

.744 .741 .709 .637 

.750 .747 .715 .643 

. 756 . 753 . 721 . 650 

.762.759.727.656 

. 768 . 765 . 733 . 662 

.773 .770 .739 .668 

.779 .776 .745 .674 

.785 .782 .751 .680 

yp,Vp •• Xp -·· • • 
1.70 2.018 2.025 2.109 2.325 
1.72 2.027 2.034 2.117 2.332 
1.74 2.036 2.043 2.126 2.339 
1.76 2.045 2.053 2.134 2.346 
1.78 2.054 2.062 2.143 2.353 

1.80 2.064 2.071 2.151 2.360 
1.82 2.073 2.080 2.159 2.367 
1.84 2.082 2.089 2.168 2.374 
1.86 2.091 2.098 2.176 2.381 
1.88 2.100 2.107 2.184 2.)88 

1.90 2.109 2.115 2.193 2.395 
1.92 2.117 2.124 2.201 2.402 
1.94 2.126 2.133 2.209 2.409 
1.96 2.135 2.142 2.217 2.416 
1.98 2.144 2.151 2.226 2.423 

2.0 2.153 2.159 2.234 2.430 
2.1 2.196 2.202 2.274 2.465 
2.2 2.238 2.244 2.314 2.500 
2.3 2.280 2.286 2.353 2.534 
2.4 2.320 2.326 2.392 2.568 

2.5 2.360 2.366 2.430 2.602 
2.6 2.400 2.405 2.468 2.636 
2.7 2.439 2.444 2.505 2.669 
2.8 2.477 2.482 2.542 2.702 
2.9 2.514 2.520 2.578 2.735 

pp 

.791 .788 .756 .686 

.796 .793 .762 .692 

.802 .799 .768 .698 

.807 .805 .774 .704 

.813 .810 .780 .710 

.818 .816 .785 .716 

.824 .821 • 791 . 721 

.829 .827 . 796 • 727 

.835 .832 .802 .733 

.840 .837 .808 .739 

.845 .843 .813 .744 

.851 .848 .819 • 750 

.856 .853 .824 .756 

.861 .859 .829 . 761 

.867 .864 .835 .767 

.872 .869 .840 .772 

.897 .895 .866 . 799 

.922 .920 .892 .826 

.947 .944 .917 .852 

.970 .968 .941 .877 

.994 .991 .965 .901 
1.02 1.01 .989 .926 
1.04 1.04 1.01 .949 
1.06 1.06 1 .OJ .972 
1.08 1.08 1.06 .995 

J.O 2.551 2.556 2.613 2.768 1.10 1.10 1.08 1.02 
J. 1 2.588 2.593 2.649 2.800 1.12 1.12 1.10 1.04 
J.2 2.624 2.629 2.683 2.832 1.14 1.14 1.12 1.06 
J.J 2.660 2.664 2.718 2.863 1.16 1.16 1.14 1.08 
J.4 2.695 2.699 2.752 2.895 1.18 1.18 1.16 1.10 

J.5 2.729 2.734 2.785 2.926 
J.6 2.763 2.768 2.818 2.957 
3.7 2.797 2.801 2.851 2.987 
J.B 2.830 2.835 2.884 3.018 
J.9 2.863 2.868 2.916 J.048 

1.20 1.20 1.18 1.12 
1.22 1.22 1.20 1.14 
1.24 1.24 1.22 1.16 
1.26 1.26 1.24 1.18 
1.28 1.28 1.26 1.20 

4.0 2.896 2.900 2.947 3.077 1.30 1.29 1.27 1.22 
4.1 2.928 2.932 2.979 ).107 1.31 1.31 1.29 1.24 
4.2 2.960 2.964 3.010 3.136 1.33 1.33 1.31 1.26 
4.3 2.992 2.996 3.041 3.165 1.35 1.35 1.33 1.27 
4.4 3.023 J.027 J.071 3.194 1.37 1.36 1.34 1.29 

4.5 J.054 3.058 J.101 J.223 1.38 1.38 1.36 1.31 
4.6 J.084 J.OBB 3.131 3.251 1.40 1.40 1.38 1.33 
4.7 3.115 J.118 3.161 J.279 1.42 1.41 1.40 1.34 
4.8 ).144 3.148 J.190 3.307 1.43 1.43 1.41 1.36 
4.9 3.174 3.178 3.220 3.335 1.45 1.45 1.43 1.38 

5.0 J.204 3.207 J.248 3.363 
5.2 J.262 3.265 3.305 3.417 
5.4 J.J19 3.322 3.362 3.471 
5.6 J.J75 J.J78 3.417 3.524 
5.8 J.430 3.433 3.471 3.576 

6.0 J.484 3.487 3.524 J.627 
6.2 J.5JB J.541 3.577 3.678 
6.4 3.590 3.593 J.629 J.728 
6.6 J.642 J.645 J.680 J.778 
6.8 3.693 J.696 3.731 J.B27 

1.46 1.46 1.44 1.40 
1.50 1.49 1.48 1.43 
1.53 1.53 1.51 1.46 
1.56 1.56 1.54 1.49 
1.59 1.59 1.57 1.52 

1.62 1.61 1.60 1.55 
1.64 1.64 1.63 1.58 
1.67 1.67 1.65 1.61 
1.70 1.70 1.68 1.64 
1.73 1.73 1.71 1.67 

1.0 J.744 3.747 3.781 3.875 1.75 1.75 1.74 1.70 
7.2 3.794 3.797 3.830 3.923 1.78 1.78 1.76 1.72 
7.4 3.843 3.846 J.B78 3.970 1.81 1.81 1.79 1.75 
7.6 J.891 3.894 J.926 4.016 1.83 1.83 1.82 1.78 
7.8 3.939 J.942 J.974 4.062 1.86 1.86 1.84 1.80 

8.0 3.987 3.989 4.021 4.108 1.88 1.88 1.87 1.83 
8.2 4.033 4.036 4.067 4.153 1.91 1.91 1.89 1.85 
8.4 4.080 4.082 4.113 4.198 1.93 1.93 1.92 1.88 
8.6 4.125 4.128 4.158 4.242 1.96 1.95 1.94 1.90 
8.8 4.171 4.173 4.203 4.286 1.98 1.98 1.96 1.93 

9.0 4.215 4.218 4.247 4.329 2.oo 2.oo 1.99 1.95 
9.2 4.260 4.262 4.291 4.312 2.03 2.03 2.01 1.97 
9.4 4.JOJ 4.Jo6 4.JJ5 4.415 2.os 2.b5 2.01 2.oo 
9.6 4.347 4.349 4.378 4.457 2.07 2.07 2.06 2.02 
9.8 4.390 4.392 4.420 4.498 2.09 2.09 2.08 2.04 

10.0 4.432 4.435 4.462 4.540 2.12 2.12 2.10 2.07 
10.5 4.537 4.539 4.566 4.641 2.17 2.17 2.16 2.12 
11.0 4.639 4.642 4 .. 668 4.741 2.22 2.22 2.21 2.18 
11.5 4.739 4.742 4.767 4.839 2.28 2.28 2.26 2.23 
12.0 4.837 4.839 4.864 4.934 2.JJ 2.33 2.31 2.28 

12.5 4.933 4.935 4.960 5.028 2.38 2.38 2.36 2.33 
13.0 5.027 5.030 5.053 5.120 2.43 2.43 2.41 2.38 
13.5 5.120 5.122 5.145 5.211 2.47 2.47 2.46 2.43 
14.0 5.211 5.213 5.236 5.300 2.52 2.52 2.51 2.48 
14.5 5.300 5.302 5.324 5.388 2.57 2.57 2.56 2.53 

15.0 5.388 5.390 5.412 5.474 2.61 2.61 2.60 2.57 
15.5 5.474 5.476 5.498 5.559 2.66 2.66 2.65 2.62 
16.0 5.559 5.561 5.582 5.642 2.70 2.70 2.69 2.66 
16.5 5.643 5.645 5.666 5.725 2.74 2.74 2.73 2.70 
17.0 5.726 5.727 5.748 5.806 2.79 2.79 2.78 2.75 

PBEAH -----C. H. ENERGY----- -MOMENTUM IN C. H.-
(GEV/C) (GEV) (GEV/C) 

yp,Vp 
Xp •• Xp pp pp -·· 17.5 5.807 5.809 5.829 5.886 2.83 2.83 2.82 2.79 

18.0 5.887 5.889 5.909 5.965 2.87 2.87 2.86 2.83 
18.5 5.966 5.968 5.988 6.043 2.91 2.91 2.90 2.87 
19.0 6.044 6.046 6.066 6.120 2.95 2.95 2.94 2.91 
19.5 6.122 6.123 6.142 6.196 2.99 2.99 2.98 2.95 

20 6.198 6.199 6.218 6.272 3.03 3.03 3.02 2.99 
21 6.347 6.349 6.367 6.419 3.10 3.10 3.09 3.07 
22 6.493 6.495 6.513 6.564 3.18 3.18 3.17 3.14 
23 6.636 6.638 6.655 6.705 3.25 3.25 3.24 3.22 
24 6.776 6.778 6.795 6.843 3.32 3.32 J.31 J.29 

25 6.913 6.915 6.932 6.979 
26 7.048 7.049 7.066 7.112 
27 7.180 7.181 7.197 7.243 
28 7.309 7.311 7.326 7.371 
29 7.436 7.438 7.453 7.497 

3.39 3.39 3.38 3.36 
J.46 3.46 3.45 3.43 
3.53 J.53 3.52 3.50 
3.59 3.59 3.59 3.56 
3.66 3.66 3.65 3.63 

30 7.562 7.563 7.578 7.621 3.72 3.72 3.71 3.69 
31 7.685 7.686 7.701 7.743 3.79 3.78 3.78 3.76 
32 7.806 7.807 7.822 7.864 3.85 3.85 3.84 3.82 
33 7.925 7.926 7.941 7.982 3.91 3.91 3.90 3.88 
34 8.043 8.044 8.058 8.099 3.97 3.97 3.96 3.94 

35 B. 158 B. 160 8.174 8.214 4.03 4.02 4.02 4.00 
36 8.273 8.274 8.288 8.327 4.08 4.08 4.08 4.06 
37 8.385 8.386 8.400 8.439 4.14 4.14 4.13 4.11 
38 8.496 8.498 8.511 8.549 4.20 4.20 4.19 4.17 
39 8.606 8.607 8.621 8.658 4.25 4.25 4.24 4.23 

40 8.715 8.716 8.729 8.766 4.31 4.31 4.30 4.28 
41 8.822 8.823 8.836 8.872 4.36 4.36 4.35 4.34 
42 8.927 8.928 8.941 8.978 4.41 4.41 4.41 4.39 
43 9.032 9.033 9.046 9.081 4.47 4.47 4.46 4.44 
44 9.135 9.136 9.149 9.184 4.52 4.52 4.51 4.50 

45 9.237 9.238 9.251 9.286 4.57 4.57 4.56 4.55 
46 9.338 9.339 9.352 9.386 4.62 4.62 4.62 4.60 
47 9.438 9.439 9.451 9.486 4.67 4.67 4.67 4.65 
48 9.537 9.538 9.550 9.584 4.72 4.72 4.72 4.70 
49 9.635 9.636 9.648 9.681 4.77 4.77 4.77 4.75 

50 9.732 9.733 9.745 9.778 4.82 4.82 4.81 4.80 
52 9.923 9.924 9.935 9.968 4.92 4.92 4.91 4.89 
54 to.tt to·. 11 10.12 to.ts s.ot s.ot s.ot 4.99 
56 10.29 10.30 10.31 10.34 5.10 5.10 5.10 5.08 
58 10.47 10.48 10.49 10.52 5.20 5.19 5.19 5.17 

60 10.65 10.65 10.66 10.69 5.28 5.28 5.28 5.26 
62 10.83 10.83 10.84 10.87 5.37 5.37 5.37 5.35 
64 11.00 11.00 11.01 11.04 5.46 5.46 5.45 5.44 
66 11.17 11.17 11.18 11.21 5.54 5.54 5.54 5.53 
68 11.34 11.34 11.35 11.37 5.63 5.63 5.62 5.61 

70 11.50 11.50 11.51 11.54 5.71 5.71 5.71 5.69 
72 11.66 11.66 11.67 11.70 5.79 5.79 5.79 5.77 
74 11.82 11.82 11.83 11.86 5.87 5.87 5.87 5.85 
76 11.98 11.98 11.99 12.02 5.95 5.95 5.95 5.93 
78 12.13 12.14 12.14 12.17 6.03 6.03 6.03 6.01 

80 12.29 12.29 12.30 12.32 6.11 6.11 6.10 6.09 
82 12.44 12.44 12.45 12.48 6.18 6.18 6.18 6.17 
84 12.59 12.59 12.60 12.63 6.26 6.26 6.26 6.24 
86 12.74 12.74 12.75 12.77 6.33 6.33 6.33 6.32 
88 12.88 12.89 12.89 12.92 6.41 6.41 6.40 6.39 

90 13.03 13.03 13.04 13.06 6.48 6.48 6.48 6.46 
92 13.17 13.17 13.18 13.21 6.55 6.55 6.55 6.54 
94 13.31 13.32 13.32 13.35 6.62 6.62 6.62 6.61 
96 13.45 13.46 13.46 13.49 6.69 6.69 6.69 6.68 
98 13.59 13.59 13.60 13.63 6.76 6.76 6.76 6.75 

100 13.73 13.73 13.74 13.76 6.83 6.83 6.83 6.82 
150 16.80 16.80 16.81 16.83 8.38 8.38 8.37 8.36 
200 19.40 19.40 19.40 19.42 9.68 9.67 9.67 9.66 
250 21.68 21.68 21.69 21.70 10.8 10.8 10.8 10.8 
300 23.75 23.75 23.75 23.76 11.9 11.9 11.9 11.8 

350 
400 
450 
500 
550 

25.65 25.65 25.65 25.66 
27.41 27.41 27.42 27.43 
29. 07 29. 07 29. 08 29. 09 
30.65 30.65 30.65 30.66 
32.14 32.14 32.14 32.15 

12.8 12.8 12.8 12.8 
13.7 13.7 13.7 13.7 
14.5 14.5 14.5 14.5 
15.3 15.3 15.3 15.3 
16.1 16.1 16.1 16.0 

600 33.57 33.57 33.57 33.58 16.8 16.8 16.8 16.8 
650 34.94 34.94 34.94 34.95 17.5 17.5 17.5 17.4 
700 36.26 36.26 36.26 36.27 18.1 18.1 18.1 18.1 
750 37.53 37.53 37.53 37.54 18.8 18.8 18.8 18.7 
Boo 38.76 38.76 38.76 38.77 19.4 19.4 19.4 19.4 

850 39.95 39.95 39.95 39.96 
900 41.11 41.11 41.11 41.12 
950 42.23 42.23 42.24 42.24 

1000 43.33 43.33 43.33 43.34 
2000 61.27 61.27 61.27 61.28 
5000 96.87 96.87 96.87 96.87 

10000 137.0 137.0 137.0 137.0 
20000 193.7 193.7 193.7 193.7 

50000 
100000 
200000 
500000 

1000000 

306.3 306.3 306.3 306.3 
433.2 433.2 433.2 433.2 
612.6 612.6 612.6 612.6 
968.6 968.6 968.6 968.6 

1370 1370 1370 1370 

20.0 20.0 20.0 20.0 
20.5 20.5 20.5 20.5 
21.1 21.1 21.1 21.1 

21.7 21.7 21.7 21.6 
30.6 30.6 30.6 30.6 
48.4 48.4 48.4 48.4 
68.5 68.5 68.5 68.5 
96.9 96.9 96.9 96.9 

153 153 153 153 
217 217 217 217 
306 306 306 306 
484 484 484 484 
685 685 685 685 
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PROBABILITY AND STATISTICS 

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

We give here properties of the three probability distributions 
most commonly used in high energy physics: Normal (or 
Gaussian), Chi-squared, and Poisson. We warn the reader that 
there is no universal convention for the term'' confidence level 11 

as used by physicists; thus, explicit definitions are given for 
each distribution, and we have attempted to choose definitions 
that correspond to common usage. It is explained below how 
confidence levels for all three distributions can be extracted 
from the following figure. 

x2 Confidence Level vs. x2 for no Degrees of Freedom 

2 3 4 5 6 8 10 20 30 40 50 60 80 100 
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X2 (or X2 X 100 for--). 

A.i. Normal Distribution 

The normal distribution with mean X and standard deviation (] 
(variance a2) is: 

2/ 2 
P(x)dx = --1- e-(x-x) 2a dx. (1) 

.JTTia 

The confidence level associated with an observed deviation from 
the mean, li, is the probability that I x-x I> li, i.e., 

CL = 2 J"" dx P(x) 
x+li 

p 

-2u -CT 0 CT 2CT 

(2) 

[The small figure in Eq. (2) is drawn with 6 = 2a.] CL is given 
by the ordinate of the nD = 1 curve in the figure at x2= (li/a )2. 
The confidence level for li = 1a is 31.7%; 2a, 4.6o/o; 3a, 0.3')',. 
The central confidence interval, 1-CL, (which is also some­
times called confidence level) for li = 1a is 68.3%; 2a, 95.4o/o; 
3a, 99. 7o/o. The odds against exceeding o, (1-CL)/CL, for 
li = 1a are 2.15:1; 2a, 21:1; 3a, 370:1; 4a, 16,000:1; 5a, 
1,700,000:1. Relations between(] and other measures of the 
width: probable error (CL = 0.5 deviation)= 0.67a; mean ab­
solute deviation = 0. 80 a; RMS deviation = a; half width at half 
maximum = 1.18a. 

A.2. Chi-squared Distribution 

The chi-squared distribution for nD degrees of freedom is: 

(3) 

whe.re h (for 11 hal£ 11 
) = nD/2. The mean and variance are nD 

and 2n , respectively. In evaluating Eq. (3) one may: us/ 
Stirlinlfs a~proximation: r(h) = (h-1)!"' 2.507 e-h h(h-1 Z)x 
(1 + 0.0833 h) which is accurate to± 0.1o/o for all ho- 1/2. The 
confidence level associated with a given value of nn and an ob­
served value of X 2 is the probability of chi-squared exceeding 
the observed value, i.e., 

CL -·j"" d 
2 

P (x
2

) - 2 X nD 
X 

(4) 
1-CL CL 

0 5 10 15 
[The small figure in Eq. (4) is drawn with nD = 5 and CL = 10o/o.] 
CL is plotted as a function of x2 for several values of nD in the 
above figure. For large nn, X 2 becomes normally distributed 
about nn. Thus, 

Y1 = (x2- nD)/~ (5) 

becon1es normally distributed with unit standard deviation. A 
better approximation, due to Fisher, 1 is that X, not X 2, becomes 
normally distributed, specifically 

y 2 = ..fiX_L - .J2nD-1 (6) 

approaches normality with unit standard deviation. For small 
CL's in particular, yz is much more accurate than Yi· Thus, 
for nn =50 and x 2 = 80, the true CL = 0.45%, but y 1 is 3.0 cor-. 
responding to a CL of 0.13%, while Y2 is 2.7 corresponding to a 
CL of 0.35%. 
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A.3. Poisson Distribution 

The Poisson distribution with mean ii. is: 

e -(fi)(i'i)n 
P fi (n) = _n_!_ (n = 0, 1, 2, ... ) . (7) 

The variance is equal to the mean. Confidence levels for Poisson 
distributions are usually defined in terms of quantities called 
11 ~ limits 11 as follows: The confidence level associated with 
a_ g_iven upper lim~t ~ and ~n observed value n0 of n is the pr0ba­
b1hty that n > no 1f n = N, 1. e., 

CL 
CL = ~ PN(n) 

n=n0 +1 

= 1 - (8) 

0 4 N 8 12 

[The small figure in Eq. (8) is dr'awn with n 0 = 2 and CL = 90 o/o.] 
A useful relation between Poisson and chi-squared confidence 
levels allows one to look up this quantity on the above figure. 
Specifically, the quantit2 1-CL is given by the ordinate of the 
no= 2(n0+1) curve at x = 2N. Thus, 90'7o conf1dence level up­
per limits for no = 0, 1' and 2 are given by half the x2 value cor­
responding to an ordinate of 0.1 on the n0 = 2,4, and 6 curves, 
resp~ctively; the values are N = 2.3, 3.9, and 5.3. 

Tables of confidence levels for all three of these distributions, 
the relation between Poisson and chi-squared confidence levels, 
and numerous other useful tables and relations may be found in 
Ref. 2. 

B. STATISTICS 

We consider here the situation in which one is presented with N 
independent data, Yn ±ern• and it is desired to make some 
inference about the 11 true'' value of the quantity represented by 
these data. For this purpose we interpret each datum y as a 
single sample point drawn randomly (and independently ;'f the 
other data) from a distribution having mean V (which we wish to 
estimate) and variance a2. (Identification of fi.te true (J with the 
0'0 datum is an approxirJlation which may become serio~sly inac­
curate when O'n is an appreciable fraction of Yn· ) Some methods 
of estimation commonly used in high energy physics are given 
below; see Ref. 3 for numerous applications. Section B.i. deals 
with the case in which allYn are the same, e. g., several differ­
ent measurements of the same quantity; Sec. B.2. deals with the 
case in which Yn = )F(xn), where x represents some set of inde­
pendent variables, e. g., cross-s~ction measurements at various 
values of energy and angle, xn = {En, en}. 

B.1. Single Mean and Variance Estimates 

(1) If the Yn represent a set of values all supposedly drawn from 
a single distribution with mean y and variance 0'2 (i.e. , the O'n are 
all the same, but their common value is unknown) then 

1 ~ d N ii Yn an (9) 

_1 -- 2- _!:I_[(") N -1 ~ (y n Y e) - N-1 y e (10) 

are unbiased estimates of V and a2. The variance of y is a2 /N. 
If the parent distribution is norffial and N is large, the ~ariance of 
a~ is 2a4/N. 

(2) If the Yn all have the common value y and the O'n are known, 
then the weighted average 

v = .!.. ~ e w n wnyn' (11) 

where ~ = 1~0'~ an_d w = ~ ~n' i_s an appropriate unbiased esti­
mate. of y. Th1s cho1ce of we1ghtmg factors in Eq. (11) minimizes 
the variance of the estimate; the variance is 1/w. 

B.2. Linear Least Squares Fit 

A least squares fit of the function y(x) = ~i a;fi(x) to independent 
data Yn ± O'n at points xn (e. g. , a Legendre fit in which the fi are 
Legendre polynomials and the ai are Legendre coefficients) gives 
the following estimates of the parameters ai: 

(12) 

Here V is the covariance matrix of the fitted p~rameters 

v .. =(a ' -a .) (a '-a ,) ' 
1] e,l e,1 e,J e,J 

(13) 

which is given by 

(V-1)1.]. =~ f.(x )f.(x )/0'2. 
n 1 n J n n 

(14) 

The variance of an interpolated or extrapolated value of y at point 
x, ·Ye =~ae,ifi(x), is: 

(ye- V )2 
= ~ V .. f.(x)f.(x). (15) 

e ij 1J 1 J 

For the case of a straight line fit, y(x) = a + bx, one obtains the 
following estimates of a andb,-

a 
e 

b 
e 

where 

(Sy Sxx - Sx Sxy)/D, 

(S1 Sxy -. Sx Sy)/D, 

s 1 ,s ,s ,s ,s =~(1,x ,y ,x
2
,x y )/a2. 

x y xx xy n n n n n n 

D = s 1 sxx - s~ . 

The covariance matrix of the fitted parameters is: 

(v v ) (s --s ) aa ab 
1 

xx x 

vab vbb = D -sx s1 

(16) 

(17) 

(18) 

The variance of an interpolated or extrapolated value of y at point 
xis: 

2 
_ 2 1 s1 ( sx ) (y - y ) = - + - X - -

e e s1 D S
1 

(19) 

C. ERROR PROPAGATION 

We consider here the situation in which oile wishes to calculate 
the value and error of a function of some other quantities with 
errors, e. g. , in a Monte Carlo program. 1 Let { y} be a set of 
random variables with means {y} and covariance matrix V. 
Then the mean and variance of a function of these variables are 
approximately (to second order in { y-V} ): 

'f,f({y})+t~nvmn(aa2fa) ' (20) 
Ym Yn {y}={y} 

(f- Ij2 = rfrn vmn(.a~f) ( :~) (21) 
\ m { y} = { y} n { y} = { y} 

E. g. , the mean and variance of a function of a single variable 
with mean V and varianc~ 0'2 are: ----

(22) 

(23) 

Note that these equations will usually be applied by substituting 
some measured quantities, {Y} say, for the true means, {Y}. If, 
as is often the case, Yn - Yn is of order\} Vnn• then there is no 
point in keeping the second order terms in Eq. (20) or (22) since 
the substitution itself introduces first order errors. 

1. R. A. Fisher, Statistical Methods for Research Workers 
(Oliver and Boyd, Edinburgh and London, 195S). 

2. M. Abramowitz and I. Stegun, eds., Handbook of 
Mathematical Functions (National Bureau of Standards, 
Applied Mathematics Series, Vol. 55, Washington, 1964), 

3. W. T. Eadie, D. Drijard, F. E. James, M. Roos, and 
B., Sadoulet, Statistical Methods in Experimental Physics 
(North-Holland, Amsterdam and London, 1971). 

Revised and expanded April 1974, 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES* 

A. DE1ECfOR PARAME1ERS 

In this section we give various parameters for common detectors. The 
quoted numbers represent at best an order of magnitude, and are useful 
only for preliminary design. A more detailed introduction to detectors 
can be found in "A Consumer's Guide to Particle Detectors," by D.J. 
Miller, Rutherford Lab Report RL-76-072, July 1976. 

A. I ScintiUators: Photon yield ::::: 1-yf!OO eV in plastic scintillator' and 
"" 1-y/25 eV in Nal.l,2 

A.2 Cerenkov: 3 Half-angle 8 of .cone aperture in terms of velocity {3 and 
index of refraction n: c 

Threshold velocity: {31 = 1/n; -y1 = 1/ ~. 

Therefore, f31'Y1 = 1/\h~ + ~2• where~= n-1. Values of~ for various 
commonly used gases are given as a function of pressure and wavelength 
in Ref. 4; for values at atmospheric pressure, see the Table of Atomic 
and Nuclear Properties, following. 

Number of photons, N, per em: 

N=~J(I- -
1
- )2 ... dv=~{312J(-1 -- -

1
- )2w 

c {J2n2 c 13
1 
2'Y

1 
2 {32y 

"" 500 sin28cfcm (visible spectrum) . 

A.3 Photon CoUection: In addition to the photon yield, one should take 
into account the light collection efficiency (;SIO% for typical !-em-thick 
scintillator), attenuation length ( :=:::J to 4 m for typical scintillators5), 
and quantum efficiency of the photomultiplier cathode (;S25%). 

A.4 Typical Detector Characteristics: 
Resolution Dead 

Detector Type Accuracy (rms) Time Time 

Bubble chamber 
Streamer chamber 
Optical spark chamber 
Magnetostrictive 

:::::±10 to :::::±1501' ::::: I ms ""1/20 s0 

"" 2 !LS :=:::JOO ms 
"" 2 !LS ::::: 10 ms 

±3001' 
±200~tb 

spark chamber ±5001' 
Proportional chamber ~±300~tc,d 
Drift chamber ±50 to 3001' 
Scintillator 
Emulsion 

a Multiple pulsing time. 
b 60!' for high pressure. 

±l~t 

"" 2 !LS ::::: 10 ms 
::::: 50 ns :::::200 ns 
::::: 2 ns• ""100 ns 
""150 ps "" 10 ns 

c 300~t is for I mm pitch. 
d Delay line cathode readout can give ±1501' 

parallel to anode wire. 
• For two chambers. 

A.S Shower Detectors: Typical energy resolutions (FWHM) for 
incident electron in the I GeV range, E in GeV. For a fixed number of 
radiation lengths, FWHM in the last three detectors would be expected to 
be proportional to Vt for t ( = plate thickness) ~ 0.2 radiation lengths. 6 

Nai ( 20 rad. lengths): 7 
2% 

El/4 

Lead Glass (14 rad. lengths):8 10 - !2% 
v'E 

Lead-liquid Argon (15.75 rad. lengths):6 ~6~Eo 
(42 cells: 1.1 mm lead, 2 mm liquid argon, Vt: 

2.3 mm lead-GIO, 2 mm liquid argon) 

Lead-Scintillator Sandwich (12.5 rad. lengths):9 
17

% 
( 66 cells: I mm lead, 5 mm scintillator) VE 

Proportional Wire Shower Chamber (17 rad. lengths):IO ~Eo 
(36 cells: 0.474 rad. length type-metal +AI, Vt: 

9.5 mm 80% Ar- 20% CH4 gas) 

A.6. Proportional Chamber Wire Instablility: The limit on the voltage V 
for a wire tension T, due to mechanical effects when the electrostatic 
repulsion of adjacent wires exceeds the restoring force of wire tension, is 
given by11 

sTI/2 
V<-­- ec 

where s, l , and C are the wire spacing, length, and capacitance per unit 
length. An approximation to C for chamber half-gap t and wire diameter 
d (good for s ;S t) gives 12 

V < 59T1/ 2 [ _!_ + _s_ ln (...!.._ ) J - e ... e ...d • 

where V is in kV, and T is in grams. 

A. 7 Proportional and Drift Clmmber Potentials: Potential distributions 
and fields for an array of parallel line charges q ( coul. fm) along z and 
located at y = 0, x = 0, ±a, ±2a, ... , can usually be calculated with good 
accuracy from (MKSA): 

V(x,y)=-i;- ln { 4 [ sin2 ( 7 ) + sinh2 (~) J }. 
B. COSMIC RAY FLUXES 

The fluxes of particles of different types depend on the latitude, their 
energy, and the conditions of measurement. Some typical sea-level 
values 13 for charged particles are given below: 

IV 
J) 
12 

I 
v 

flux per unit solid angle about vertical 
direction crossing unit horizontal area 
perpendicular component of total flux crossing 
unit horizontal area from above 
total flux crossing unit horizontal area 

Total Hard Soft 
Intensity Component Component 

1.1 xw-2 0.8XI0-2 o.3XIo-2 cm-2 sec-1 sterad-1 

1.8XI0-2 1.3XI0-2 0.5XI0-2 cm-2 sec-1 

2.4XIo-2 1.7XI0-2 0.7X!0-2 cm-2 sec-1 

Very approximately, about 75% of all particles at sea-level are penetrat­
ing, and are muons. The absolute flux of protons at sea-level, in a 
momentum range 700-1100 MeVfc, is 1.5XI0-5 cm-2 sec-1 sterad-1, or 
-0.1% of all particles. 

The muon flux at sea-level has a mean energy of 2 GeV and a differential 
spectrum falling as E-2, steepening smoothly to E-3·6 above a few TeV. 
The angular distribution is cos28, changing to sec8 at energies above a 
TeV, where 8 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 
E" > 300 MeV, - constant throughout the earth). 14 Muons from this 
source arrive with a mean energy of 20 GeV, and have a flux of 2X!o-13 
cm-2 sec-1 sterad- I in the vertical direction and about twice that in the 
horizonta!, 15 down at least as far as the deepest mines. 

C. PASSAGE OF PARTICLES THROUGH MAT1ER 

C. I Energy Loss Rates for Heavy Charged Projectiles: A heavy projec­
tile (much more massive than an electron) of charge Zinc•• incident at 
speed {3c ({3 >> 1/137) through a slowing medium, dissipates energy 
principally via interactions with the electrons of the medium. The mean 
rate of such energy loss per unit path length x may be written as:16 

( 
dE ) D zmed Pmed ( z

13
inc ) 

2 

dx inc ~ed 

X [ ln ( 
2
m• ~{32c2 ) - 132 - f - z~ed ] { 1 + v }. 
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where D = 4 ... NAr/II\c2 = 0.3070 MeV cm2/g (see Physical and 
Numerical Constants Table). 

Here ~ed and A.ned are the charge and mass numbers of the medium 
and Pmed is the mass density of the medium; I, IJ, C, and v are 
phenomenological functions. Frequently, the values of IJ, C, and v are 
negligibly small; the parameter I characterizes the binding of the elec­
trons of the medium As a rule of thumb, we may estimate I for an 
idealized medium as l"" 16 (~0d)0· 9 eV when Zmed > I. For realis­
tic media the value of I will vary at the 10% level from this estimate; for 
H2, I = 20.0 eV. We may approximately treat media which are chemi­
cal mixtures or compounds by computing 

[ ~; t' 
with (dEfdx)

0 
appropriate to the nth chemical constituent (using p~~J as 

the partial density in the formula for dEfdx). 17 

The function IJ represents the density effect upon the energy loss rate; it 
is non-negligible only for highly relativistic projectiles in denser 
media. 18 For ultra-relativistic projectiles, IJ approaches 2 fn-y + con­
stant, where the value of the constant depends upon the density of the 
medium as well as its chemical composition. 

The function C represents shell corrections to the energy loss rate. 16 

These effects are non-negligible only for projectiles with speeds not much 
faster than the speeds of the fastest electrons bound in the medium. 

The function v represents corrections due to higher-order electrodynam­
ics.19 These effects become important when I Zinc/Ill is comparable to 
137. For relativistic unit-charge projectiles, 1•1 is of the order of 1%; 
positively charged projectiles lose energy more rapidly than do their 
charge conjugates. f9,20 

For non-relativistic projectiles, our formulae above are inapplicable. At 
the very slowest speeds, total energy loss rates are believed to be propor­
tional to /l, rising through a peak at projectile speeds comparable to 
atomic speeds, after having passed through a smaller peak (due to elastic 
Coulomb collisions with the nuclei of the slowing medium21 ) at inter­
mediate speeds. In some cases, energy loss rates depend significantly 
upon the relation of the projectile trajectory to the crystalline structure 
of the slowing medium.22 

For relativistic projectiles, (dEfdx)inc falls rapidly with increasing ll 
until reaching a minimum around ll = 0.96 (almost independent of 
medium), followed by a slow rise. Because of the density effect, the 
quantity in square brackets approaches ln-y + constant for large -y. 

The quantity (dE/dx);
0
cllx is the mean total energy loss via interactions 

with electrons of the medium in a layer of thickness ox. For any finite 
iix, Poisson fluctuations can cause the actual energy loss to deviate from 
the mean. For thin layers, the distribution is broad and skewed, being 
peaked below (dE/dx)iix, and having a long tail toward lar~e energy 
losses. 23 Only for a very thick layer [(dE/dx)IJx >> 2mJ yc2) will the 
distribution of energy losses become nearly Gaussian. The large fluctua­
tions of the total energy loss rate from the mean are due to a small 
number of collisions involving large energy transfers. The fluctuations 
are greatly reduced for the so-called restricted energy loss rate, described 
in Section C. 4. 

C.2 Ionization Yields: Physicists frequently relate total energy loss to 
the number of ion pairs produced in the stopping medium This relation 
becomes complicated for relativistic projectiles due to the wandering of 
energetic knock-on electrons whose ranges exceed the dimensions of the 
fiducial volume. For a qualitative appraisal of the non-locality of energy 
deposition by such modestly energetic knock-on electrons in various 
media, see Ref. 24. The mean energy loss per ion pair produced, W, is 
essentially constant for relativistic projectiles, but increases at slow pro­
jectile speeds. 25 The numerical value of W for gases can be surprisingly 
sensitive to trace amounts of various contaminants. 25 Of course, in addi­
tion to the preceding effects, practical ionization yields may be greatly 
influenced by subsequent recombinations, etc. 26 

C.3 Energetic Knock-On Electrons: For a relativistic spinless point­
charge projectile, the production of high energy (kinetic energy T >>I) 
electrons is given by (neglecting the spin of the electron): 

:~: = 1o [ ~= l [ z~c r Pmed T2 ' 

for I << T ~ Tmax , where 

me 
+ 2-y M:- + 

IDC 

M;nc is the mass of the incident projectile, and all other quantities are as 
in Section C. I. This formula does not differ significantly from the pre­
cise result, incorporating spin effects, for any projectile (including e±) 
in the restricted range I << T << T ; more accurate formulae are 

available for various projectiles. 27• 2F~r formula is inaccurate forT 
close to I; for 2/ < T ::5 IOI, the I ;r2 dependence above becomes ,. r-'1 
with 3 ::5 '1 ::5 5. 2~ 
C.4 Rates of Restricted Energy I..Dss for Relativistic Cbarged Projectiles: 
The variability of energy loss for heavy projectiles is due primarily to the 
variability in the production of energetic knock-on electrons. 
Bremsstrahlung and pair-production processes make this variability even 
greater for electrons than for heavy particles as projectiles (see, e.g., the 
figure "Fractional Energy Loss fore+ and e- in Lead," following). If 
an instrument, such as a bubble chamber, is capable of isolating these 
high-energy-loss interactions, then it is appropriate to consider the rate 
of energy loss excluding them, i.e., a restricted energy loss rate. The 
mean energy loss rate via all collisions which have energy transfer T 
such that T :s; Emax << Tmax is: 16 

[
dE 
dx 

Notice the overall factor of I /2. 

The density effect causes the restricted energy loss rate to approach a 
constant, the Fermi plateau value, for the fastest projectiles. 

C.S Multiple Scattering through Small Angles: As a charged particle 
traverses a medium it is deflected by many small-angle elastic scatter­
ings. The bulk of this deflection is due to elastic Coulomb scattering 
from the nuclei within the medium, hence the usual identification as mul­
tiple Coulomb scattering (note, however, that strong interactions do con­
tribute to the total multiple scattering for hadronic projectiles). For 
both Coulomb and strong interactions, the Central Umit Theorem pro­
vides little useful guidance in establishing the precise nature of the dis­
tribution of the total deflections resulting from multiple scattering. The 
true distribution is roughly Gaussian only for small deflection angles 
while it shows much greater probability for large-angle scatterings ;::: a 
few 00, see below, depending on absorber) than the Gaussian would sug­
gest. These tails on the distribution (a few %of peak height in the 
region where the Gaussian part becomes negligible) are more pronounced 
for hadrons than for muons as projectiles. The large-angle behavior of 
these distributions is best estimated by computing the exact distribution 
for the vectorial sum of the largest deflections based upon the true elastic 
scattering cross section of the projectile against the medium, 30 or, when 
applicable, by interpolation from tabular data. 31 An easier alternative 
which may suffice for non-critical applications would be to use a Gaus­
sian approximation with the following width:32 

14.1 MeV jc • ~ [ I ( ) J . Oo = Pll Z;0 c y~/LR I + 9 log10 L/~ (rad1ans), 
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where p, {3, and Zinc are the momentum (in MeVfc), velocity, and charge 
number of the incident particle, and L/~ is the thickness, in radiation 
lengths, of the scattering medium. ~ for certain materials is given in 
the Table of Atomic and Nuclear Properties of Materials (following). 
The angle, 80, is a fit to Moliere30 theory, accurate to about S% for 10-3 
< L/~ < 10 except for very light elements or low velocity where the 
error is about 10 to 20%. In this Gaussian approximation, 00 has the 
meaning 

I 
8o = oPr::::e = V2 8s~ · 

The non-projected (space) and projected (plane) angular distributions are 
given approximately>0 by the Gaussian forms: 

I [ ~] --.- exp - dO, 
2.,.oo2 28o2 

I 
"1[2; Oo exp [ ~ l - 2 dOplane• 

200 

where 8 is the deflection angle. 

Other quantities are sometimes used to describe the amount of multiple 
Coulomb scattering: the auxiliary quantities >t<plane• Yplane• and splane 
(see the figure) obey: 

and 

rms_ ILorms- IL8 
Y plane - v3 plane - v3 0 • 

>t<rms_ lorms 
plane - v3 plane 

rms_ I LOrms- I L8 
splane - 4 v3 plane - 4 v3 0 · 

1------L 

~-t ·I 

""'-. 
"-.~plane 

"-.. 

All the quantitative estimates in this section apply only in the limit of 
small 8pf~e and in the absence of large-angle scatters. 

C.6 Longitudinal Distribution of Electro!Dignetic Showers: A photon of 
energy E (GeV) 2:: 0.1 GeV converting in a semi-infinite medium pro­
duces an electromagnetic cascade whose intensity initially increases with 
depth and then falls off. The average number of e ± with kinetic energy 
above l.S MeV, crossing a plane at a depth oft radiation lengths from 
the beginning of the medium, in a material of atomic number Z, calcu­
lated using the Monte Carlo program EGS, 33 can be fit by the empirical 
formula34 

N = Notae-bt , 

where N0 = 5.51 E Vz b8 +1;r(a+l) and b = 0.634-0.0021 Z. For Z 
2:: 26, a = 2:0- Z/340 + (0.664- Z/340) tn E. For Z = 13, a= 1.77 
- O.S2 tn E. The maximum intensity, Nmax, occurs at the depth t = 
afb. The maximum error of the fit occurs in the vicinity of this depth 

00 

and is less than O.IS Nmax. The integral of the tail, J N dt is fit to 
1.5 a/b 

:tter than 2.5%. The total longitudinally-projected e± path length, 

JN dt = S.SI E Vz, is less than the total e± path length due primarily 
0 
to multiple Coulomb scattering. 
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon 
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Mean range and energy 16ss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and 
C indicated, using Bethe-Bloch equation (Section C.1 above) with corrections. Calculated using program of 
Hans Bichsel (UCRL-1 7538), with density correction added (Hans Bichsel, private communication). See also 
Joseph F. Janni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65-150 (1966)]. The average 
ionization potentials (I) assumedwere: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates 
total path length; observed range may be smaller (by - 1o/o- 2o/o in heavy elements) due to multiple scattering, 
primarily from small energy-loss collisions with nuclei, The functional forms have not been experimentally 
verified to better than roughly± 1o/0 • For higher energies refer to discussion by Cobb ("A Study of Some Electro­
magnetic Interactions of High Velocity Particles with Matter, 11 University of Oxford Report HEP/ T/55 (1973)] 
and by Turner ~•Penetration of Charged Particles in Matter: A Symposium", National Academy of Sciences, 
Washington D. C. ( 1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by the 
expression on the next page. · 
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Mean Range and Energy Loss in Liquid Hydrogen 
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Range and energy loss in liquid hydrogen bubbie chamber, based on Bethe-Bloch equation (Section C.l above), 
using an average ionization potential for H2 of I= 20.0 ev, which is an approximate average of the experi­
mental result of Garbincius arid 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: ,parahydr6genof density= 0.0625 g/cm 3 (note: range o: 1/density), with vapor-pr!"ssure 60.8 lb/in-2 

(absolute) and temperature 26.2°K. The .functional dependence of the·Bethe-Bloch equation ·is not e~eri­
mentally .verified to better than about ±1% over large momentum ranges. It should be noted that the nurnbe; 
of bubbles per· em of a track in a bubble chamber is nearly proportional to 1/B~. not dE/dx •. For the linear 
portions of the range curves, R o: p3·-6_ . Scaling law for particles of other mass or "charge (except electrons): 
for a given medium, the range Rb of any beam particle.with mass Mb, charge zb, and momentum Pb is given in 

. terms of. the· range Ra of any other particle with mass Ma, charge za, and momen~um Pa PbMa/Mb (i.e., 
having the same velocity) by the expression: ·· 
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Mean Electron Range in 
Mean range of electrons in the 
continuous-slowing-down approx­
imation, taking into account 
energy loss by collisions with 
atomic electrons and by brems­
strahlung; strong fluctuations 
are to be expected for indi­
vidual tracks. This range is 
the total path length; the 
"practical range" - a common 
measure of straight-line pene­
tration distance - is shorter 
because of multiple Coulomb 
scattering, which becomes in­
creasingly important as the 
electron slows down. E.g., 
for a fast electron· the rrns 
projected angle due to multi­
ple Coulomb scattering reaches 
1 radian by the time the elec­
tron has slowed to 0.4 MeV in 
hydrogen, 1.5 MeV in carbon, 
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9 MeV in copper, and 24 MeV 
(off scale) in lead. Electron 
energy deposition and penetra­
tion probability vs. range are 
discussed by L. V. Spencer, 
"Energy Dissipation by Fast 
Electrons," NBS Monograph #1, 
1959, and S. M. Seltzer, 
"Transmission of Electrons 
through Foils," NBSIR 74, 457 
(1974). Electrons which have 
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energy less than 0.2 MeV in Ar, 
1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb are likely to deposit 10% of their energy behind their starting plane. 
The practical range, Rp• is defined as that absorber thickness obtained by extrapolating to zero the linearly decreasing 
part of the curve of penetration probability vs. absorber thickness. Data for Al in the T range of the figure are available, 
and fit (to -±10%) Rp=AT[l-B/(l+CT)] mg cm- 2 [a form suggested by K.-H. Weber, Nucl. Inst. Meth. 25, 261 (1964)], 
with A=O.SS mg cm-2 kev-1, B=0.9841, and C=0.0030 kev-1. At this penetration depth, 90-95% of the incident electrons 
have stopped. Data for other elements are sketchy, but suggest that higher-Z (~50) elements have l~Rp/Rp(Al) ~1.4 below 
-10 keV, and 0.6~Rp!Rp(Al)~l above -100 keV. The "critical energy" (above which the energy loss due to bremsstrahlung 
exceeds that due to ionization, and showering becomes important) is 400 MeV for hydrogen, 100 MeV for carbon, 25 MeV for 
copper, and 10 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger 
and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III, Rev. (1966). 1-10 keV range was 
obtained by linear extrapolation; in this region the true range may actually lie above the curves. 
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Fractional Energy Loss for e+ and e- in Lead 

100 1000 

E (MeV) 

0> 

' N 
E 
u 

2 
c 

::> 

Fractional energy loss per radiation length in lead as 
a function of electron or positron energy. Electron 
(positron) scattering is considered as ionization when 
the energy loss per collision is below 0.255 MeV, and 
as Moller (Bhabha) scattering when it is above. 
Adapted from Fig. 3.2 from Messel and Crawford, Elec­
tron-Photon Shower Distribution Function Tables for 
Lead, Copper and Air Absorbers, Pergamon Press, 1970. 
Messel and Crawford use Lr(Pb) = 5.82 g/cm2 , but we 
have modified the figures to reflect the value given 
in the Table of Atomic and Nuclear Properties of Ma­
terials (following), namely Lr(Pb) = 6.4 g/cm2. The 
development of electron-photon cascades is approxi­
mately independent of absorber when the results are 
expressed in terms of inverse radiation lengths (i.e., 
scale on left of plot) . 
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Photon Mass Attenuation Coefficients, Energy Deposition 
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Total mass atten.' coefficient 

Total mass often. coefficient 
multiplied by fraction of 
primary· photon energy loss 
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The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves). 
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given 
by I= I 0 exp(-~t). The accuracy is a. few percent. Interpolation to other z should be done in the cross 
section a= (~/p) M/NA cm2;atom, where M is the atomic weight of the absorber material and NA is Avogadro's 
number. For a chemical compound or mixture, use (~/P)eff ~ ~ wi(~/p)i, accurate to a few percent, where wi 
is the proportion by weight of the ith constituent.' L The dashed curve is the mass energy-
absorption coefficient, giving ~/P multiplied by the fraction of photon energy deposited in a small volume 
(assumed large enough to contain the ranges of most secondary electrons)· about the interaction. This 
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply 
radiation of some of the energy away from the immediate area. The absorption coefficient is an approxima­
tion to the energy. available for chemical, biological, a~d other effects associated with exposure to ioniz­
ing radiation. See next page for high energy range. From Hubbell; Girnm, and ¢verb¢, J. Phys. Chern. Ref. 
Da.ta 2_, 1023 (1980). Figures courtesy J. H. HubbeLL. 
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Photon Mass Attenuation Coefficients (High Energy) 
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The photon mass attenuation coefficient, high energy range (note that ordinate is linear scale) . See caption 
on previous page for details. 
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Contributions to Photon Cross Section in Carbon and Lead 
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Photon total cross sections as a function of energy in carbon and lead, showing the contributions of different 
processes. 

Kn 

Atomic photo-effect (electron ejection, photon absorption) 
Coherent scattering (Rayleigh scattering -- atom neither ionized nor excited) 
Incoherent scattering (Compton scattering off an electron) 
Pair production, nuclear field 
Pair production, electron field 
Photonuclear absorption (nuclear absorption, usually followed by emission of 
a neutron or other particle) 

From Hubbell, Gimm, and ¢verb¢, J. Phys. Chern .. Ref. Data~. 1023 (1980). Figures courtesy J. H. Hubbell. 
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Material Z 

H2 I 
02 I 
He 2 
li 3 
Be 4 

c 6 
N2 7 

~ 8 
10 

AI 13 
Ar 18 

Fe 26 
Cu 29 
Sn 50 
w 74 
Pb 82 
u 92 
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Atomic and Nuclear Properties of Materials* 

A Nucleara Nuctearb 
total inelastic 
cross cross 

section section 
uT[barn] u1[barn] 

1.01 0.0387 0.032 
2.01 0.073 0.062 
4.00 0.136 0.109 
6.94 0.216 0.158 
9.01 0.268 0.199 

12.01 0.331 0.231 
14.01 0.379 0.262 
16.00 0.420 0.288 
20.18 0.502 0.340 
26.98 0.634 0.421 
39.95 0.850 0.554 

55.85 1.113 0.703 
63.54 1.232 0.782 

118.69 1.967 1.191 
183.85 2.767 1.649 
207.19 2.960 1.776 
238.03 3.378 1.983 

Nuclearc NucleAf" 
collision interaction 
length length 

Ar >.1 
[g/cm2] [gfcm2] 

43.3 52.4 
45.7 53.8 
49.9 60.9 
53.8 72.9 
55.8 75.2 

60.2 86.3 
61.4 88.8 
63.2 92.2 
66.7 98.5 
70.6 106.4 
78.0 119.7 

83.3 131.9 
85.6 134.9 

100.2 165.5 
110.3 185.1 
116.2 193.7 
117.0 199.3 

4.12 
2.07 
1.94 
1.58 
1.61 

I. 78 
1.82 
1.82 
I. 73 
1.62 
1.51 

1.48 
1.44 
1.26 
1.16 
1.13 
1.09 

0.292 
0.342 
0.243 
0.843 
2.97 

4.03 
1.47 
2.07 
2.09 
4.37 
2.11 

11.6 
12.9 
9.2 

22 .. 4 
12.8 

""20.7 

Radiation lengthe 

'-rad 
[gfcm2] [em] 

63.05 890 
126.1 764 
94.32 755 
82.76 !55 
65.19 35.3 

42.70 18.8 
37.99 47.0 
34.24 30.0 
28.94 24.0 
24.01 8.9 
19.55 14.0 

13.84. 1.76 
12.86 1.43 
8.82 1.21 
6.76 0.35 
6.37 0.56 
6.00 ..0.32 

Densitj. f 
[gfcm I 

0 is for gas 
[g/ t] 

0.0708(0.090) 
0.165 

0.125(0.178) 
0.534 
1.848 

2.265g 
0.808(1.25) 

1.14( 1.43) 
1.207(0.90) 

2.70 
1.40(1.78) 

7.87 
8.96 
7.31 

19.3 
11.35 

.. 18.95 

Refractive 
index n; f 

0 is (n-l)X!06 

for gas 

1.112(140) 
1.28 

1.024(35) 

1.205(300) 
1.22(266) 

1.092(67) 

1.233(283) 

Air (20°C) 62.0 90.0 1.82 0.0022 36.66 30423 0.001205(1.29) 1.000273(293) 
HO 60.1 84.9 2.03 2.03 36.08 36.1 1.00 1.33 
sfiielding concreteh 67.4 99.9 1.70 4.25 26.7 10.7 2.5 
Si 0 2 (quartz) 67.0 99.2 1.72 3.78 27.05 12.3 2.2 1.458 

H2 (bubble chamber 26°K) 43.3 52.4 4.12 .. 0.26 63.05 .. 1000 ..0.063i 1.112 
· 0 2 (bubble chamber 31 °K) . 45.7 53.8 2.07 .. 0.29 126.1 .. 900 .. o.t.wi 1.110 

H-Ne mixture (~0 mole percentY 65.0 94.5 1.84 0.75 29.70 73.0 0.407 1.092 
Propane ( C3HC') 56.5 77.2 2.25 0.92 45.38 Ill 0.4~2.0) 1.25poo5) 
Freon 13Bl ( F3Br)k 76.8 117 1.56 .. 2.34 16.53 .. 11.0 .. 1.5 8.71) 1.238 750) 

IIford emulsion G5 82.0 134 1.44 5.49 11.02 2.89 3.815 
Nal 94.8 152 1.32 4.84 9.49 2.59 3.67 I. 775 
liF 62 89.2·: 1.63 4.30 39.25 14.9 2.64 1.394 
BOO (Bi4GeP12> 97.4 156 1.27 9.0 7.98 1.12 7.1 2.15 
Polystyrene, scintillator (CHY 58.4 82.0 1.95 2.01 43.8 42.4 1.032 1.581 

Lucite, Plexiglas ( C5H80 2) 59.2 83.6 1.95 .. 2.30 40.55 .. 34.4 1.16-1.20 .. 1.49 
Polyethylene (CH2) 56.9 78.8 2.09 .. 1.95 44.8 .. 47.9 0.92-0.95 
Mylar ( C5H40 2) 60.2 85.7 1.86 2.58 39.95 28.7 1.39 
Borosilicate glass (Pyre11}m 66.2 97.6 1.72 3.84 28.3 12.7 2.23 1.474 

co 62.4 90.5 1.82 0.0033 36.2 20220. (I. 79) (410) 
Mefuane CH1f 54.7 74.0 2.41 0.0017 46.5 64850. 0.423(0.717) (444) 
lsobutane C4 I~ 56.3 77.4 2.22 0.0059 45.2 16930. (2.67) (1270) 
Freon 12 (CC!t y~n 70.6 106 1.62 0.0080 23.7 4810. (4.93) (1080) 
Freon 13 (CCI 3 68.1 101 1.64 0.0070 27.15 6370. ( 4.26) (720) 
Silica Aerogel 0 65.5 95.7 1.83 ..0.36 29.85 .. 150. 0.1-0.3 1.0+0.25p 

SJ?!!rk or J2rOEQrtional chamberP 0.028% 0.020% 0.034 0.067% 0.019 

Table revised March 1982 by J. Engler . For details, see Report KfK BOOO, Kernforschungzentrum 0 75 Karlsruhe, P.O. Box 3640, Federal 
Republic of Germany. 
utotal at 8(}.240 GeV for neutrons("" a for protons) from Murthy et al., Nucl. Phys. 892, 269 (1975). 
O:i~elastic =utotal-uelas~c-uSuasi~tic; for neutrons at 6(}.375 GeV from Roberts et al., Nucl. Phys., 8159, 56 (1979). For protons and other par-
ttc es, see carroll eta., P ys. tt. SOB, 319 (1979); note that a (p) ""a1(n). 
Mean free path between collision (>.T) or inelastic interaction (>.d, calculated>. = A/(NXa). 
For minimum-ionizing protons and pions from Barkas and Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles, NASA-SP-
3013 (1964). For electrons see: Penetration of Charged Particles in Matter, NAS-NS39 (1964). 
From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974). 
Values for solids, or the liquid phase at boiling point. Values in parentheses for gaseous phase STP (0°C, I atm), except where noted. Rcfrao-
tive index given for sodium 0 line. 
For pure graphite, industrial graphite density may vary 2.1 - 2.3 gfcm3. 
Standard shielding ~locks, typical composition Of 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, AI 4% plus reinforcing iron bars. Attenuation length 
f = 115 ± 5 gfcm , also valid for earth (typica p = 2.15) from CERN-LRL-RHEL Shielding exp., UCRI., 17841 (1968). 
Density may vary about ±3%, depending on operating conditions. 
Values for typical working conditions with H2 target: 50 mole percent, 29°K, 7 atm 
Values for typical chamber working conditions: Propane -57°C, 8-10 atm Freon 13Bl -28°C, 8-10 atm 

f. Typical scintillator; e.g., PILOT Band NE 102A have an atomic ratio H/C = 1.10. 
m Main components: 80% SiO + 12% B 0 + 5% Na20. 
n. Used in Cerenkov counters. 'values at ~6JC and I atm Indices of refraction from E.R Hayes et al., ANL-6916 (1964). 
o. n(Si02) + 2n(!1_0) used in Cerenkov counters, p =density in gfcm . FromM Cantin et al., Nucl. lnstr. Meth. 118, 177 (1974). 
p. Values for typica construction: 2 layers 50 !'Ill Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or C02; 2 layers 50 I'm Mylar/ Aclar foils. 
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ELECTROMAGNETIC RELATIONS 

Maxwell's Equations 

Quantity 

Potentials: 

Fields: 

Materials: 

Force: 

Maxwell: 

Relativistic 
transforma­
tions: 

Impedances: 

Ohm's law: 

CGS (statcoul.~ 1 
statarnp., sec ern ) 

v = I: 'l 
charges r 

_,. 
A=.!. I: _ri 

c currents 

c = ~peed of light 
1n vacuum 

""* -+ 1 aA 
E -\IV - c at 
_,. _,. _,. 
B = \1 x A 

_,. _,. 
\1 • D = 41Tp 

_,. _,. 
\1 XE = 

_,. _,. 
\1 • B 

_,. _,. 
\/xH 

0 

Alternating Currents (MKSA) 

V = ZI, 

MKSA 
(coul., amp., ohm) 

v = _1_ )' --'L 
4 '1fE:o chftges r 

_,. 
i=~ L: I 

47T currents r 

3~ 11 10-g MKSA 

4Tr 10- 7 MKSA 

_,. 
-Vv a it 

E = at _,. _,. _,. 
B = \/XA 

-+ -+ -+ -+ 
D = £E, B = lJH 

_,. _,. 
•\/• D = p 

_,. _,. ail 
\/XE = - at 
9.9 = 0 

_,. _,. _,. ao 
\/XH = j + at 

-.., 
Ell ill 
_,., _,. _,. _,. 
El y(El + v X B) 

8
1i iln 

->, 
Bl y(sl -- v XE 

1 _,. _,.) 

c2 

1. Impedance of self-inductance L: z = iwL . 

2. Impedance of a capacitor of capacitance C: 

3. Impedance -of a flat condUctor of width w at high frequency: 

Z= (1+i)p _w_o __ 

= resistivity in 10-S Rm: 

-1.7 for Cu 
-2.4 for Au 
-2.8 for A1 
(Al alloys may have up 
to double this value.) 

effective skin depth 

J"&....... 6.6 em 

TfV>! VV(sec-1) 

-s.s for w 
-73 for SS 304 
-100 for Nichrome 

for Cu 

4. Impedance of free space: Z = ~ = 376.7>1. 

Capacitance C and Inductance L per Unit Length (MKSA) 

1. 

2. 

For flat plates of width w, separated by d << w: 

c = Ew 
d 

L = >I~ 
w 

For coax cable of interior and exterior radii r
1 

and r
2

: 

c = 

E d · . { 2 to 6 for plastics; 
lelectrlc consta~t 4 to 8 for porcelain, glasses; 

J.1 magnetic susceptibility. 

Transmission Lines (No Loss) (MKSA) 

Velocity 

Impedance 

1/v'LC = 1/v'il€ 
v'L/C . 

L and C are inductance and capacitance per unit length. 

synchrotron Radiation (CGS) 

Energy loss/revolution 

For electrons (S~l), li.~~~~V) = 0.0885 (E(GeVl]
4
/p(meter) 

Critical frequency: we = 3y3 ~ 

Frequency spectrum (for y >> 1): 

I(w) "' 3.3 e: (w~)1/3 

I (W) 

I(W) 

e2y 
(1.0, 1.6, 1.6, 0.5, 0.08) c 

0.01, 0.1, 0.2, 1.0, 2.0, respectively; 

The radiation is confined to angles :5 1/Y relative to 

the instantaneous direction of motion. 

See J. D. Jackson, Classical Electrodyn~ics, 2nd edition 
{John Wiley & Sons, New York, 1975) for more formulae and details. 
{Prepared April 1974; revised April 1980.) 

RADIOACTIVITY AND RADIATION PROTECTION 

Unit of activity = Curie: 
1 Ci = 3. 7X 1010 disintegrations/sec 

Unit of exposure dose for x andy radiation = Roentgen: 
1 R = 1 esu/cm3 ~ 87.8 erg/g (5.49X10 7 MeVlg) of air 

Unit of absorbed dose = rad: 
1 rad = 100 erg/g (6.25X 10 7 MeV /g) in any material 

Unit of dose equivalent (for protection) = rem: 
rems (Roentgen equiva+ents for man) = rads X QF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For 'I rays and HE protons, QF "1; for 
thermal neutrons, QF ~ 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 

Maximum ermissible occu ational dose for the whole body: 
5 rem year (maximum 3 rem calendar quarter) 

Fluxes (per cm2) to liberate 1 rad in carbon: 
3.5 X 10? minimum ionizing singly charged particles 

1.0 X 109 photons of 1 MeV energy 
(These fluxes are correct to within a factor of 2 for all 
materials.) 
Natural background: 120' to 130 mil_lirem/year , -.t 

cosmic radiation (charged particles+ neutrons) .... 25} E 
cosmic radiation ('{ rays) · -25 a> 

radiation from rocks and air ('{ rays) . -73 E 
Cosmic ray background in counters: ,..., 1/mln/cmZjster 



11.0~791 
2 

I 

He 
lA IIA IliA IVA VA VIA VIlA 4.00260 

3 4 5 6 7 8 9 10 
Li Be B C N 0 F Ne 

6.94 9.01218 10.81 12.011 14.0067 15;9994 18.998403 20.17 

II 12 13 14 15 16 17 18 
Na Mg AI Si p s Cl Ar 

22.98977 24.305 IIIB IVB VB VIB VIIB ,-- VIII ----, IB liB 26.98154 28.0855 30.97376 32.06 35.453 39.948 
--- ~ 

19 
K 

39.0983 

37 
Rb 

85.467 

55 
Cs 

132.9054 

87 
Fr 

(223) 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 
Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se 

40.08 44.9559 47.90 50.9415 51.996 54.9380 . 55.847 58.9332 58.71 63.546 65.38 69.735 72.59 74.9216 78.96 ------------------------------ ---
_38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Sr y Zr Nb Mo Tc Ru Rh Pd 

1:.&,s 
Cd In Sn Sb Te 

87.62 88.9059 91.22 92.9064 95.94 98.9062 101.07 102.9055 106.4 112.41 114.82 118.69 121.75 127.60 
-----------------------

56 57-71 72 73 74· 75 76 77 78 79 80 81 82 83 84 
Ba Rare Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po 

137.33 Earths 178.49 180.947_ 183.85 186.207 190.2 192.22 195.09 196.9665 200.59 204.37 207.2 208.9804 (209) 
---

88 89- 104 105 106 
Ra Acti-

226.0254 nides (260) (260) (263) 

57 I 58 I 59 I 60 I 61 I 62 I 63 I 64 I 65 I 66 I 67 I 68 I 69 I 70 I 71 La Ce Pr Nd · Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
138.9055 140.12 140.9077 144.24 (145) 150.4 151.96 157.25 158.9254 162.50 164.9304 167.26 168.9342 173.04 174.967 

89 I 90 I 91 I 92 I 93 I 94 

1
-95 I 96 I 97 I 98 I 99 ~ n h u ~ h ~ ~ ~ a & 

(227) 232.0381 231.0359 238.029 237.0482 (244) - (243) (247) (247) (251) (254) 1

100 I 
(J5'~h 

101 1102 1103 Md No Lr 
(258) (259) (260) 

35 36 
Br Kr 

79.904 83.80 

53 54 
I Xe 

126.9045 131.30 

85 86 
At Rn 

(210) (222) 

Rare earths 
(Lanthanide 

series) 

Actinide series 

Upper number is atomic number, expressing the positive charge of the nucleus in multiples of the electronic charge e. 
Lower number is atomic mass weighted by isotopic abundance in earth's surface, relative to the mass of the carbon 12 
isotope, which has been arbitrarily assigned a mass of 12.00000 atomic mass units (arnu). Numbers in parentheses are 
mass numbers (the whole number nearest the value of the atomic mass, in arnu) of most stable isotope of that element. 
Adapted from the Handbook of Chemistry and Physics, 62nd Ed., 1981-1~82. (Particle Data Group update, April 1982.) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES 

NOTE: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIVE" DATA IN THE 

OPINION OF THE COMPILER. THEY ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE WORLD'S RELIABLE DATA. 

02 05 2 
PHOTON ENERGY-GeV 

5 
I I 

I SANTA BARBARA-SLAC 

~ DESY-HAMBURG 

I GLASGCm-51-fFFIELD -DNPL 

+ LEBEDEV-YERE\1\N-oERPUKf-OV 

t SLAC-TlFTS-BERKELEY 

T ABBHHM 

f SLAC & BERKELEY 

+CORNELL 

I S.BARBARA-TORONTO-FNAL 

0rr ----~~~---J~-;4,---~--~8,-~~o~--~rsr-~~ 
EcM CMTON AND NlJCLEON)-GeV 

yp total cross section versus phot:on energy (top scale) and 
photon-plus-nucleon total center-of-mass energy (lower scale) . 
References: SANTA BARBARA-SLAC: D.O .• Caldwell et al., Phys. 
Rev. D7, 1362 (1973); DESY-HAMBURG; H.Meyer et al., Phys. 
Lett. 33B, 189 (1970); GLASGOW-SHEFFIELD-DNPL: T.A.Arrnstrong 
et al., Phys. Rev. D5, 1640 (1972); LEBEDEV-YEREVAN~SERPUKHOV: 
A.S.Belousov et al.:-Preprint 19, Moscow (1973), A.S.Belousov 
et al., Sov. Phys. Dok1ady 19, 123 (1974), .and A.S.Be1ousov 

1000 02 OS 

sex: 

,''•, .. ,., 

2 
PHOTON ENERGY-GeV 

5 10 20 

I SANTA BARBARA-SLAC 

¢ DEsY- HAMillG 

so 

I Glf«D::/ ·SHEFFIELD-DNPL 

+L£BEOCV-YEREVIN-SER~ 

'CORNELL 

EcM (PHOTON AND t-liCLEONl-GeV 

100 

yd total cross section versus photon energy (top scale) and 
photon-plus-single-nucleon total center-of-mass energy (lower 
scale). References: SANTA BARBARA-SLAC: D.O.Caldwell et al., 
Phys. Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al., 
Phys. Lett. J3B, 189 (1970); GLASGOW-SHEFFIELD-DNPL: 
T.A.Armstron9et al., Nucl. Phys. B41, 445 (1972); LEBEDEV­
YEREVAN-SERPUKHOV: A.S.Belousov et~., Sov. J. Nucl. Phys. 
2l (3), 289 (1975); CORNELL: 5.Micha1owski et al., Phys. 

200 

et al., Sov. J, Nucl. Phys.21(3), 289 (1975); SLAC-BERKELEY­
TUFTS: J.Ballam et al., Phys-:-Rev. D5, 545 (1972); ABBHHM: 

Rev. Lett. 1.2_, 737 (1977). Courtesy Gething M. Lewis, Glasgow. 

H.G.Hilpert et a1., Phys. Lett. 27B-;-474 (1968); SLAC and 
BERKELEY: J.Ballam et al., Phy?.Rev. Lett. 21, 1544 (1968), 
and H.H.Bingharn et al., Phys. Rev. DB, 1277 (1973); CORNELL: 
S.Michalowski et al., Phys. Rev. Lett'. 39, 737 (1977); SANTA 
BARBARA-TORONTO-FNAL: D.O.Caldwell et a~, Phys. Rev. Lett. 
40, 1222 (1978). See, also, the ep data of E.D.Bloom et al., 
'SLA.c-PUB-653 (1969). Courtesy Gething M .. Lewis, Gl_asgow. 

(l)·e CCFRR 
(2) • CFRR 
{3) '0 CDHS 
(4) X GGM-SPS 
(5) <11> BEBC 

(6) 0 IHEP-ITEP 
(7) D SKAT 
(B) 6 CRS 
(9) & GGM-PS 
{10) t ANL 

250 

aTIEv for the muon neutrino and antineutrino charged-current total cross section as a function of neutrino energy. 
The error bars include both statistical and systematic errors. The straight lines are averages for the CCFRR and 
CDHS measUrements. References: (1) R. Blair et al., in Proc. of Neutrino 1 81, Univ. of Hawaii (1981); (2) James 
Roy Lee, Ph.D. Thesis, Caltech (1981), "Measurements of VN Charged Current Cross Sections from Ev=25 GeV to Ev= 
260 GeV;" (3) J. G. H. de Groot et al., Zeit. fur Physik c - Particles and Fields 1, 143 (1979); (4) J. Morfin 
et al., Phys. Lett. 104B, 235 (1981); (5) D. C. Colley et al., Zeit. fur Physik c :-Particles and Fields 2, 187 
(1979); (6) A. s. Vovenko et al., Sov. J. Nucl. Phys. 30, 527 (1979); (7) D. s. Baranov et al., Phys. Lett. 81B, 
255 (1979); (B) C. Baltay et al., Phys. Rev. Lett. 44,916 (1980); (9) s. Ciampolillo et al., Phys. Lett. 84a;-
281 (1979); 0.0) S. J. Barish et al., Phys. Rev. 019-;-2521 (1979}. Courtesy M. Shaevitz, Nevis Laboratory. -
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PLOTS OF CROSS SECTIONS AND RELATED OUANTITIES(Cont'd) 

I Structure Functions I 
SINGLET (proton+ neutron) NON- Sl NGLET (proton- neutron) 

100 J I I I I lllj I 1 

"~ 
10-l 

J I 

I I I II 1/ I J J 

"~ • • O.O<x<O.I 

Jtt 
O.O.<x<O.I 

100J A Itt. Alit. 0.1 <X<0.2 1 
10-l 

+ t + 0.1 <X<0.2 

I 
• 

10°) 

I 
101 

) 0 0 0 0 oo~ 0.2 <x<0.3 0 0 0 0 DODO 0.2<X<0.3 

... . 

10°J 10~ 1 

J 
... ... T .............. 0.3<X<0.4 

l 
c c 
a>N ... ... .; TT~ 0.3<X<0.4 

<l>N 
lL lL 

+ I 
a. c. 
a>N <l>N 
lL 10° lL 10_,, 

~ * • *******t 
X X X X XXX~·** 0.4<X<0.5 

t 0.4<X<0.5 

10-l 
• : ........... 0.5<X<0.6 

'V~0.6<X<0.7 10-l 

........... . t~ ......... 05<X<06 
"""~ . . 
~:¥Y'if 0.6<X<0.7 

10-2 

I e-N I 10-2 ~ ..... 0.7<X<0;8 • 000000 

0.8<X<0.9. 
I0-3 I0-3 

10 100 10 100 

o2 (GeV/c l2 

F2 structure functions derived from inelastic electron-nucleon data taken at SLAcl-4 with recoil mass >2 GeV and four-momentum 
transfer s·quared Q2 > l{GeV/c) 2 are shown. For definitions of F 2 , x, and Q2, see the "Relativistic Kineffiatics" section and the 
"Weak Interactions of Quarks and Leptons 11 section. R = OL/OT = 0.21 3 was assumed. Systematic errors are comparable in size to 
the data point symbols. Corrections for nucleon motion in deuterium have been made. These corrections are small except for x> 0.7. 
No error was included to account for uncertainties in this correction. References: 1) A.Bodek et al., Phys. Rev. D20, 1471 (1979); 
2) W.B.Atwood, SLAC Report No. 185 (1975); 3) M.D.Mestayer, SLAC Report No. 214 (1978); 4) S.Stein et a1., Phys. Rev. 012, 1884 
(,:).'975). Courtesy W. B. Atwood, SLAC. 

20 

F2 
CDHS 

2.0 0.03 <X< 0.06 (+) 

1.5 • + •• + 0.06<X<Q1 (•) 

~. .. ••• •• + + 0.1<X<0.2 (•). 
1.0 • • 

02<X<0.3 (•) 

OS!- i 
OJ<X <0.4 (o) 

+\ 

0.4<X <0.5 (,) 

0.2 f- + 
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+ t 0.5<X<0.6 (•) 

0.11- t -

t t 0.6 <X<0.7 (.) N 
0.051- -
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Q 2 [GeV 2/c~ 
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<>' [i;.v~ 
100 200 

Nucleon structure functions as measured by the CDHS collaboration in high energy (30-200 GeV) charged-current neutrino- and anti­
neutrino-nucleon scattering [J.G.H.de Groot et al., z. Physik C- Particles and Fields 1; 143 (1979r; reproduced by permission]. 
Definitions, and a discussion of the significance of these structure functions, may be fOund in the above reference, and also in 
the 11Weak Interc;;tctions of Quarks and Leptons 11 section of the present work. See de Groot et al., for a discussion of experimental 
details, including corrections, etc. Curves are based on a QCD parametrization of Buras and Gaemers [Nucl. Phys. Bl32_, 249 (1978>]. 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 

VI n•1234 

~ r .. 

\. 

f f 

. 

Measurements .of R ·:: O(e + e- -+ hadrons) /0 (e + e- + lJ. +lJ -), where the 
annihilation proceeds via one photon. The denominator is a 
calculated quantity: 

(fie/ _a-
2

2
- B. J dl"l (2 

4E .... em 
em 

(471") 

/~~11111~1111 1 I 
~ ~tiir"'l ~ N1 1 

lljlj ~jl!' l 8 = i 

2 3 

):( DASP 

•1:: :/LGW 
X PLUTO 

Ill 

4 5 6 7 6 910 
Ec.m. (GeV) 

4 

20 30 

5.5 

40 

for e+e- lJ.+lJ.-, slJ ~ 1 for energies shown. Radiative corrections 
and, where important, corrections for two-photon processes and T 
production have been made. Note that the ADONE data (yy2 and MEA) 
is for ~3 hadrons. The points in the ~"(3770) region are from the 
MARK I - Lead Glass Wall experiment. The DASP and PLUTO measure­
ments have been omitted in the charm threshold region for clarity -
they are shown in the expanded (lower) figure. Also for clarity, 
some points have been combined or shifted slightly (<4%) in Ec.m.· 
Systematic normalization errors are not included; they range from 
""'5 - 20%, depending on experiment. Note the suppressed zero. The 
horizontal extent of the plot symbols has no significance. The 
positions of the J/IJ;, lJl', and the ·four known T vector-meson reso­
nances are indicated at the top of the figure. References: 
CELLO - H.-J. Behrend et al., Phys. Lett. B, to be published (pre­
print DESY 81-029); CUSB- E. Rice et al.~ submitted to Phys. Rev. 
Lett.; DASP- R. Brandelik et al., Phys. Lett. 7GB, 361 (1978); 
DASP II - S. Weseler," thesis, IHEP-HD/ARGUS/81-3-;--t'o be published 
in Phys. Lett. B; DHHM - P. Bock et al. (DESY-Hamburg-Heidelberg­
MPI Munehen Collab.), Zeit. fur Physik C6, 125 (1980); yy2- c. 
Bacci et al., Phy~. Lett. 86B, 234 {1979); JADE- W. Bartel et 
al., Phys. Lett. BBB, 171 11979); MARK J- H. Newman, private 
communication; MARK I- J. L. Siegrist et a1., SLAC-PUB-2831, 
LBL-13464, submitted to Phys. Rev. D (1982); MARK I+ Lead Glass 
Wall - P. A. Rapidis et al., Phys. Rev. Lett·. 39, 526 (1977); P. A. 
Rapidis, thesis, SLAC-Report-220 {1979); MEA :-a. Esposito et al., 
Lett. Nuevo Cimento 19, 21 (1977); PLUTO - A. sacker, thesis, 
Gesamthochschule Siegen, DESY F33-77/03 (1977); C. Gerke, thesis, 
Hamburg Univ. (1979); Ch. Berger et al., Phys. Lett. 81B, 410 
(1979); W. Laekas, thesis, RWTH Aachen, DESY PLUT0-81/11 (1961); 
TASSO - R. Brandelik et al., submitted to Phys. Lett. !!. (1982). 

Ec.m. (GeV) 

Lower figure: An expanded view of R measurements around charm 
threshold (no data points have been combined in this figure) . We 
have arbitrarily added a horizontal line at R = 4 as an aid to 
visual comparison of the three sets of data. 
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Phases of forward amplitudes for Ktp -+ K~p (open symbols) 
and K~d + K~d (solid symbols)- Courtesy S.Aronson, 
Brookhaven National Laboratory. 
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PLOTS OF CROSS SECTIONS AND RELATED:QUANTITIES (Cont'd) 
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Hadronic total and e~astic·cross sections vs. ·laboratory beam momentum, Pbeam' and center~of-mass 
energy squared, s. Figures courtesy V. Flaminio, W·. G. Moorhead, and. D .. R. o. Morrison, CERN. 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
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Name of particle as it appears 
in table. 

Arrow indicates this particle 
omitted from table. 

Quantity tabulated below. 

Code for quantity ,tabulated 
(M=mass, Wewidth, etc.). 

Symbol used to key together 
data card and related com­
ments. 

Number of events above back­
ground. 

Measured value (parentheses 
indicate value not used in 
average). 

+ error in measured value 
- (- field blank if error 

symmetric; parentheses on 
error only indicate data 
not used ih average due to 
problems with error estima­
tion). 

Aver-age value (and error) of 
quantity tabulated. 

Vertical bar indicates aver­
age; width of horizontal 
bar on top ·is (scaled) 
error on average. 

Value and error for each 
experiment. 

51 

DATA CARD LISTINGS 

Illustrative Key 

~ XX{ 1200) ~llil~l~xx~M~E~so~N ~( 1~2~00~. J~P~G=~==---------! . ORIGINALLY CALLED XXX 

--------------~;..· OMITTED FROM TABLE 

AVG 

35. 
50. 
70. 

( 60.) 

7 4 I x x ( 12 oo) MASs ~(~M!E ;v )~1-.----,""=,-~;;-;~-:-;:------:-::-:--
'i'IM"'E""R*R~IL,_,L~---76~61 HBC 3.2 K-P 7/66 
LYNCH 67 HBC +- 2.7 PI-P 6/67 

BACKGROUND SUBTJlAU)DN 
PIERCE 68lKiEJSj+ 2.1 K-P 9/68 

RESULT 

FENNER 69 H BC D 4. 2 P l+P 9/69 
SMITH 81 MMS ~ 

5.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

74 XX(1200) WIDTH (MEV) 

5. 
10. 
40. 

OR LESS 

MERRILL 
PIERCE 
FENNER 
SMITH 

66 HBC 
68 ASPK 
69 H BC 
81 MMS 

DHH + 2. 1 K-
0 4.2 PI+P 

3. 5 PI-P 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 
IDEOGRAM BELOW ) 

WEIGHTED AVERAGE,., 36.4 ± 6.0 
ERROR SCALED BY 1, J 

69 HBC 

7/6 6 
9/68 

rlliB-

~ 

F'ENNER 
·PIERCE · 68 ASPK l''.c.·~Jr-----------

· ·I.!ERRILL 

-20 20 60 100 140 

XX(1200) WIOTH (1.4EV) 

66 HBC ~ 

'·' (CON LEV 
=0' 179) 

74 XX(1200) PARTIAL DECAY MODES 

__.--1P1 XX(l200l INTO 3PU 
Partial decay mode (labeled by "np-<2--..;X~XC}(-<1~2*o*of-;.,1 N:;,T;.-;0<--0K~kBAR 

pi)' 

DECAY MASSES 
1139+ 139+ 1391 
493+ 493 

Branchirig ratio (labeled by 
Rj)' 

Value (and error) of quantity 
tabulated, as determined 
from constrained fit (using 
all measured branching 
ratios for this particle). 

References, listed by year, 
then author. 

Abbreviated reference form 
used on data cards above. 

Jo~rnal, report, preprint, 
etc. (see abbreviations 
next page). 

74 XX( 1200) BRANCHING RATIOS 

)~R~1----~~~~~~~~~~ 
/ R1 

R1 
R1 
R1 

XX(1200) INTO 3P!/TOTALI 
• 66 .02 MERRILL 

(. 68) (. 03) LYNCH 
LYNCH DATA HAS QUESTIONABLE BACKGROUND 

R1 FIT 0. 6 75 0. 012 FROM FIT (ERROR 

( 1200) INTO KKBAR/TOTAL 
.35 . 05 PIERCE 

FIT 0. 325 .o FROM FIT (ERROR 

XX(1200) INTO KKBAR/3PI 
.50 .03 FENNER 
• 41 .04 SMITH 

AVG 0.468 0.043 AVERAGE (ERROR 
FIT 0. 480 0. 02 FROM FIT (ERROR 

( P1) 
66 HBC 0 3.2 K-P 
6 7 HBC +- 2. 7 PI-P 

SUBTRACTION 

INCLUDES SCALE FACTOR OF 

( P2) 
68 ASPK + 2. 1 K- P 

INCLUDES SCALE FACTOR OF 

i(P2)/(P1)f-
69 H BC 0 4.2 p I+P 
81 MMS 3. 5 PI-P 

INCLUDES SCALE FACTOR OF 
INCLUDES SCALE FACTOR OF 

1. 3) 

1. 3) 

1. 8) 
1. 3) 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR XX(12DO) 

7/66 
6/6 7 

9/68 

9/69 
1/82* 

MERRILL 66 PRL 16 143 
LYNCH 67 PR 155 610 

A. MERRILL 
B. LYNCH 
N. PIER E 

( SACLAY+CERN)m---­
( BNL) 

PIERCE 68 PL 27B 230 
FENNER 69 NC 61B 372 

~ ****** ********* ********* 
****** ********* ********* 

( LRL) 
D. FENNER,B. BEANE 
J. SMITH 

( N YS E.±.AJ1ill _ 

~ 
********* ********* 
********* ********* ********* ********* 

Particle name, and quantum 
numbers (if known). 

Particle code (for internal 
use only). 

General comments on particle. 

Abbreviated reference for this 
result; full reference 
given below. 

Measurement technique (see 
abbreviations on next 
page). 

Charge(s) of particle(s) 
detected. 

Reaction producing particle, 
or comments. 

Date this result entered 
(asterisk indicates results 
added or changed since pre­
vious edition). 

Scale factor > 1 indicates 
inconsistent data. 

Ideogram to display incon­
sistent data; curve is sum 
of Gaussians, one for each 
experiment (area of Gaus­
sian = 1/error; width of 
Gaussian "' ± error). 

Cont2ibution of experiment to 
X (if no entry present, 

~:i:~~::n~2n~~ ~~=~e i~a~~~~ 
because of very large 
error), 

Representative masses of decay 
products (used for calcu­
lating last column of Par­
ticle Property Tables). 

Bra~~~!~:l r~~~~y R~0~~ ~;:~ of 

tiona Pi above. 

Author( a). 

Quantum number determinations 
in this reference. 

Institution(s) of author(s) 
(see abbreviations on next 
page). 
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Illustrative Key (tont'd) 

Abbreviations 
APAH Acta Phys. Acad. Hungarica 
ADVP Advances in Physics 
ANP Annals of Physics 
APJ Astrophysical Journal 
ARNS Annual Review of Nuclear Science 
liAPS Bulletin of the Amer. Phys. Soc. 
CJP Canadian Journal of Physics 
JAP Journal of Applied Physics 
JETP English Trans!. of Soviet Physics JETP 
JETPL Letters of Soviet Physics JETP 
JPA Journal of Physics A 
JPG Journal of Physics G 
JPSJ Journal of the Phys. Soc. of Japan 
LNC Letters to Nuevo Cimento 
NC Nuevo Cimento 
NIH Nuclear Instruments and Methods 
NP Nuclear Physics 
PL Physics Letters 
PN Particles and Nuclei 
PPSL Proc. of the Phys. Soc. of London 
PR Physical Review 
PRAM Pramana 
PRL Physical Review Letters 
PRPL Physics Reports (Physics Letters C) 
PRSE Proc. of the Royal Soc. of Edinburgh 
PRSL Proc. of the Royal Soc. of London 
PTP Progress of Theoretical Physics 
RA Radiochimica Ac t.a 
RMP Reviews of Modern Physics 
RRP Revue Romaine de Physique 
SJNP Soviet. Journal Of Nuclear Physics 
SPU Soviet. Physics - Uspekhi 
ZNAT Zeit.schrift. fur Nat.urforschung 
ZPHY Zeit.schrift. fur Physik 

Conferences 

Conferences are referred to by the location in which 
they were held (e.g. • DUBNA. BOULDER. LUND. etc.). 

Measurement. Techniques (i.e., Detectors and Methods of Analysis) 

ASPK Automatic spark chambers 
BONA Bonanza non-magnetic detector at DORIS 
BPWA Barrelet-zero partial-wave analysis 
CALO Calorimeter 
CBAL SLAG-SPEAR Crystal Ball detector 
CC Cloud chamber 
CLEO Cornell magnetic detector at. CESR 
CNTR Counters 
COSH Cosmology and Astrophysics 
CUSS Columbia u. - Stony Brook segmented NAI detector at CESR 
DASP DES'i double-arm spectrometer 
DBC Deuterium bubble chamber 
DLCO SLAG-SPEAR DELCO detector 
DPWA Energy-dependent partial-wave analysis 
ELEC Electronic combination 
EMUL Emulsions 
FBC Freon bubble chamber 
FRAB ADONE BB Group detector 
FRAG ADONE YY Group detector 
FRAM ADONE MEA Gro!Jp detector 
GOLI CERN Goliath spectrometer 
HBC Hydrogen bubble chamber 
HEBC Helium bubble chamber 
HLBC Heavy-liquid bubble chamber 
HYBR Hybrid: BC + electronics 
INDU Magnetic induction 
IPWA Energy-independent partial-wave analysis 
LASS Large-angle superconducting solenoid spectrometer at SLAG 
LENA Non-magnetic lead-glass Nal detector at DORIS 
MMS Missing mass spectrometer 
MPWA Model-dependent partial-wave analysis 
MRS Magnetic resonance spectrometer 
NEUL Neuland large-angle neutrino spectrometer 
OMEG CERN OMEGA spectrometer 
OSPK Optical spark chamber 
PBC Propane bubble chamber 
PLAS Plastic detector 
PLOT DES'i PLUTO detector 
PWA Partial-wave analysis 
RVm: Review of previous data 
SFM CERN split-field magnet 
SILl Silicon detector 
SHAG SPEAR magnetic detector 
SMK2 SLAG Mark II detector 
SPEC Spectrometer 
SPRK Spark chamber 
STRC Streamer chamber 
TASS DESY TASSO detector 
WIRE Wire chamber 
XEBC Xenon bubble chamber 

Institutions 

AACH Technische Univ. Aachen 
AARH Aarhus Univ. 
ABO Abo Akademi 
ADEL Adelphi Univ. 
AERE Atomic Energy Res. Estab. 
AICH Aichi Educational Univ. 
AlKO Inst. Kernphys. Onderzoek 
ALBA State Univ. of New York at Albany 
ALBE Alberta Univ. • NRC 
AMST Univ. of Amsterdam 
AUIK Amsterdam NIKHEF 
ANKA Middle East Technical Univ. 
ANL Argonne l~ational Lab. 

Aachen, Germany 
Aarhus. Denmark 
Abo, Finland 
Garden City. N. Y., USA 
Harwell, Berks. • England 
Toyota. Aichi Pre£ •• Japan 
Amsterdam. Netherlands 
Albany • N. Y, • USA 
Edmonton, canada 
Amsterdam. Netherlands 
Amsterdam. Netherlands 
Ankara. Turkey 
Argonne, Ill., USA 

Institutions (cont.' d) 

ARIZ 
ARZS 
ATEN 
ATHU 
AUCK 
SARC 
SARI 
SART 
BASL 
BEDF 
BELG 
BELL 
BERG 
BERL 
BERN 
BGNA 
BHEP 
BING 
BIRM 
BNL 
BOHR 
BOIS 
BONN 
BORD 
BOST 
BRAN 
BRro 
BRIS 
BROW 
BRUX 
SUCH 
RUDA 
BUFF 
BURE 
CAEN 
CAIW 
CAMS 
CANS 

CARL 
CARN 
CASE 
CATH 
CAVE 
CCAC 
CDEF 
CEA 
CENG 
CERN 
CHIC 
CINC 
CIT 
CNRC 
COLO 
COLU 
CORN 
casu 
CRAG 
CUNY 
CURl 
DARE 
DART 
DELF 
DELH 
DES'i 
DOE 
DORT 
DUKE 
DURH 
DUUC 
EDIN 
EFI 
ELMT 
EPOL 
ERLA 
ETH 
FIRZ 
FISK 
FLOR 
FNAL 
FOM 
FRAS 
FREt 
FSU 
GENO 
GESC 
GEVA 
GLAS 
GRAZ 
GREN 
GSOJ 
GUEL 
HAlF 
HAMS 
HARV 
HAWA 
HEBR 
HElD 
HELS 
HIRO 
HOUS 
lAS 
IBM 
IffiJ 
liT 
ILL 
ILLC 
lLLG 
INO 
INNS 
INRM 
INUS 
IOWA 
IPN 

Univ. of Arizona 
Arizona State Univ. 
Nuclear Res. Centre Demokritos 
Univ. of Athens 
Univ. of Auckland 
Univ. de Barcelona 
Univ. di Sari 
Bartol ttesearch Foundation 
Basel Univ. 
Bedford College 
Inst. Interuniv. des Sci. Nuc. 
Bell Labs. 
Univ. of Bergen 
Inst. Hochenergiephys. DAW 
Univ. Bern 
Univ. di Bologna 
Inst. of High Energy Physics 
State Univ. of New York at Binghamton 
Birmingham Univ. 
Brookhaven National Lab. 
Niels Bohr Inst. 
Boise State Univ. 
Univ. Bonn 
Univ. de Bordeaux 
Boston Univ. 
Brandeis Univ. 
Univ. of British Columbia 
H. H. Wills Phys. Lab., u. of Bristol 
Brown Univ. 
Univ. Libre de Bruxelles 
Bucharest State Univ. 
Central Research ·rnst. of Physics 
State Univ. of New York at Buffalo 
Inst. des Hautes Etutes Sci. 
Lab. de Phys. Corpusculaire 
Carnegie Inst. of Washington 
Cambridge Univ. 
Australian National Univ. 
Carleton Univ. 
Carnegie-Mellon Univ. 
Case Western Reserve Univ. 
Catholic Univ. of America 
Cavendish L~b., Cambridge Univ. 
Community College of Allegheny County 
College de France 
cambridge Electron Accel. 
CEN, Grenoble 
European Org. for Nuclear Research 
Univ. of Chicago 
Univ. of Cincinnati 
Calif, Inst. of Technology 
Canadian National Research Council 
Univ. of Colorado 
Columbia Univ. 
Cornell Univ. 
Colorado State Univ. 
Inst. for Nuclear Research 
City Univ. of New York 
Laboratoire Joliot-Curie 
Daresbury Nuclear Physics Lab. 
Dartmouth College 
Univ. of Technology 
Univ. of Delhi 
Deutsches Elektronen-Synchrotron 
u. ~· Department of Energy 
Univ. Dortmund 
Duke Univ. 
Univ. of Durham 
University College 
Univ. of Edinburgh 
Enrico Fermi Inst. for Nucl. Studies 
Elmhurst College 
Ecole Polytechnique 
Univ. Erlangen-Nurnberg 
Swiss Federal lost.. of Technology 
Univ. di Firenze 
Fisk Univ. 
Univ. of Florida 
Fermi National Accelerator Lab. 
Found. for fundamental Res. on Matter 
Lab. Nazionali del C.N.E.N. 
Univ. of Freiburg 
Florida State Univ. 
Univ. di Genova 
General Electric Res. and Dev. Center 
Univ. de Gene·.Je 
Univ. of Glasgow 
Univ. Graz 
Inst. des Sci. Nuc •• Univ. de Grenoble 
Geological Survey of Canada 
Guelph Un_iv. 
Technion - Israel Inst. of Technology 
U~iv. Hamburg 
Harvard Univ. 
Univ. of Hawaii 
Hebrew Univ. 
Univ. Heidelberg 
Helsingin Yliopisto 
Hiroshima Univ. 
Univ. of Houston 
Inst. for Advanced Study 
International Business Machines 
Inst. de Fisica, Rio de Janeiro 
Illinois Inst. of Tech· 
Univ. of Illinois 
Univ. of Illinois at Cllicago 
Inst. Laue-Langevin 
Univ. of Indiana 
Phys. lost., Univ. Innsbruck 
Inst. for Nuclear Research 
lost. for Nuclear Study at Tokyo Univ. 
Univ. of Iowa 
lost. de Phys. Nucleaire 

Tucson. Ariz •• USA 
Tempe, Atiz,, USA 
Athens. Greece 
Athens, Greece 
Auckland. New Zealand 
Barcelona. Spain 
Bari, Italy 
Swarthmore, Pa •• USA 
Basel. Switzerland 
London. England 
Bruxelles. Belgium 
Murray Hill, N. J, • USA 
Bergen. Norway 
Zeuthen/Berlin, DDR 
Bern, Switzerland 
Bologna, Italy 
Beijing. China 
Binghamton. N. Y. • USA 
Birmingham, England 
Upton. L. I., N. y,, USA 
Copenhagen. Denmark 
Boise, Idaho. USA 
Bonn. Germany 
Bordeaux. France 
Boston, Mass •• USA 
Waltham, Mass., USA 
Vancouver, Canada , 
Bristol, England 1 

Providence. R. I. , USA 
Bruxelles, Belgium 
Bucharest. Romania 
Budapest, Hui-tgary 
Buffalo. N. y, • USA 
Bures-sur-Yvette, France 
Caen, France 
Washingtor;t, .0. c. USA 
Cambridge, England 
Canberra. Australia 
Ottawa, Canada 
Pittsburgh. Pa. • USA 
Cleveland. Ohio, USA 
Washing ton. D. c .• USA 
Cambridge • England 
Pittsburgh. Penn., USA 
Paris, France 
Cambrid&e. Mass., USA 
Grenoble. France 
Geneva, Switzerland 
Chicago. Ill. • USA 
Cincinnati, Ohio, USA 
Pasadena, Calif. , USA 
Ottawa, Canada 
Boulder. Colo., USA 
New York, N. y, • USA 
Ithaca. N. Y., USA 
FoFt Collins. Colo. • USA 
Cracow, Poland 
New York, N. Y. • USA 
Paris, France 
Daresbury. Eilgland 
Hanover. N. H., USA 
Delft. Netherlands 
Delhi. India 
Hamburg. Germany 
Washington. D. c. • USA 
Dortmund • Germany 
Durham. N. C. • USA 
Durham. England 
Dublin, .Ireland 
Edinburgh, Scotland 
Olicago. Ill., USA 
Elmhurst • IlL, USA 
Palaiseau, France 
Erlangen, Germany 
Zurich, Switzerland 
Firenze. Italy 
Nashville, Tenn. • USA 
Gainsville, Fla., USA 
Batavia, IlL • USA 
Utrecht. Netherlands 
Frascati, Italy 
Freiburg, Germany 
Tallahassee. Fla. • USA 
Genova. Italy 
Schenectady. N. y,, USA 
GEmeva. Switzerland 
Glasgow. Scotland 
Graz, Austria 
Grenoble, France 
Ottawa. Canada 
Guelph. Ontario. Canada 
Haifa. Israel 
Hamburg, Germany 
Cambridge. Mass., USA 
Honolulu, Hawaii. USA 
Jerusalem. Israel 
Heidelberg, Germany 
Helsinki, Finland 
Hiroshima. Japan 
Houston, Texas, USA 
Princeton. N. J,, USA 
Palo Alto, Calif, • USA 
Rio de Janeiro, Brazil 
Chicago, Ill •• USA 
Urbana, Ill. • USA 
Olicago, Ill •• USA 
Grenoble, France 
Bloomington. Ind •• USA 
Innsbruck. Austria 
Moscow, USSR 
Tokyo. Japan 
Iowa City. Iowa. USA 
Or say • France 
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Illustrative Key 

Abbreviations ( cont'd) 

(cont'd) 

Institutions (cont'd) Institutions (cont'd) 

IPNP 
IPPC 
IRAD 
ISU 
ITEP 
ITHA 
IUPU 
JAGL 
JHU 

JINR 
KAGO 
KANS 
KARL 
KEK 
KENT 
KEYN 
KHAR 

KIAE 
KIEV 
KINK 
KNTY 
KOBE 
KONA 
KONS 
KYOT 
LALO 
LANC 
LANL 
LAPP 
LASL 
LAOS 
LBL 
LCGT 
LEBD 
LEEO 
LEHI 
LEHM 
LEID 
LEMO 
LENI 
LIBH 
LlNZ 
LlVP 
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Neutrinos 

(by R. E. Shrock, State Univ. of New York, 
Stony Brook) 

With this issue the section on neutrino prop­

erties has been expanded and reorganized. As be­

fore, there are listings which deal specifically 

with ve, v~, and v,. In addition, in the cate­

gory of searches near the end of the Stable Par­

ticle Listings, we include sections which d!!al 

with correlated bounds on neutrino masses and 

lepton mixing but which do not pertain to any 

one weak eigenstate individually. FUrthermore, 

we include constraints from cosmological and 

astrophysical data. (Since this Review is a 

compendium of particle properties, traditionally 

derived more or less directly from particle and 

nuclear physics, we treat-astrophysical data on a 

different footing from particle physics data and 

have been somewhat less comprehensive in our cov­

erage of the former. ) 

In contrast to the other particles in this 

Review, the neutrinos ve, v~, and v, are defined 

as weak eigenstates (that is, states which couple 

weakly with unit strength toe,~, and T) and are 

not, in general, states of definite mass. In the 

conventional case, where all neutrinos were as­

sumed to be m~ssless and hence degenerate, it was. 

possible to define the weak eigenstates to be si­

multaneously mass eigenstates. However, in the 
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general case of massive (non-degenerate) neutri­

nos, the weak eigenstates have no well-defined 

masses, but instead are linear combinations of 

mass eigenstates. Thus, if one considers this 

general case, as, of course, one does in quoting 

mass limits, it is inconsistent to a·ssume that 

the weak and mass eigenstates coincide. Let us 

denote the charged leptons as the set{~ }, a= a 
l, ••• ·,n, where n .2:_3 is the number of gener<?tions, 

with ~l = e, ~2 = ~. and ~3 = T. In the standard 

SU(2)LxU(l) electroweak theory1 the mixing of the 

left-handed components of the mass eigenstates 

!vjlL to form the weak gauge-group eigenstates 

(v~ )L is specified by the transformation 
a 

n 

. L: uaJ· (vJ.) L 
j=l 

where ut = u-1 . (In the case of Dirac neutrinos 

there are right~handed components of the vj, but 

they are singlets under the gauge group1 in the 

case of Majorana neutrinos in the standard _theory 

there are no right-handed components.) The or­

dering of the mass eigenbasis is defined such 

that u is.as nearly diagonal as possible, i.e. 

1ujjl (no sum on j) 2:. lujkl• k 'I j. This does 

not imply that m(Vj) > m(Vk) if j > k, although 

this orderin_g might be regarded as natural in 

view of the similar one that obtains in .the quark 

sector. The virtue of this convention is that a 

mass limit on "m(v ~ ) " can be used as a def­
a 

inite limit on V· . J' j = a, the dominantly cou-

pled mass eigenstate in v~ 

Thus, in this gene~al c~se of n massive (Di-

rae or Majorana) neutrinos, decays such as H3 + 

He 3 + e- + Ve and 11+-+ )J+ V)J• which have been 

used to set the best bounds on the respective 

neutrino masses, really consist of incoherent 

of the separate decay modes H3-+ He3 + e- + \). 
) 

and 11+ -+ )J+ + .vk, where. the v j• vk are mass 

sums 

eigenstate~, and the indices j and k range over 

the subset {l, ••• ,n} allowed by phase space in 

these two respective decays.2 The coupling 

strengths for the j'th modes are given for the 

two decays by the factors ·1 u1 j 12 and 1 u2j 12, 

respectiv~ly. .There are., in addition, certain 

kinematic .factors depending on the m(v·) which 
) 



55 

Data Card Listings 
For notation, see key at front of Listings. 

enter in determining the branching ratio for the 

j'th decay.mode. Assuming that the off-diagonal 

elements of the lepton mixing matrix U are small 

relative to the diagonal elements, the dominantly 

coupled decays are the ones with coupling strength 

/uaj/ 2, a= j, i.e. H3 + He3 + e- + v 1 and 

1T+ + ,+ v 
... 2" 

It follows that the old neutrino mass limits 

quoted in the literature for "m(v )", "m(V )",and 
e 1.1 

"m(vT)" are meaningful only insofar as they are 

reinterpreted as limits on the corresponding mass 

eigenstates. Specifically, a bound such as the 

Bergkvist limit, 3 "m ( V ) • ·<: 60 eV (90% CL) , e 
really constitutes a weighted limit on each of the 

mass eigenstates vj in the weak eigenstate Ve 

which are kinematically allowed to occur in tritium 

decay and which are coupled with strength Ju
1

jJ2 

sufficiently large to make a significant contri­

bution to the observed spectrum. It is thus cer­

tainly a limit on v
1

• If leptonic mixing is 

hierarchical as quark mixing is known to be (as 

least for the f ir,st three generations) , i.e. 

JUjj/
2 » JUjk/ 2, k ;o~j, the~ v1 is the only mass 

eigenstate significantly constrained by a bound 

on "m(ve> ." FUrthermore, a neutrino mass limit 

cannot be stated in·isolation: it always contains 

some implicit dependence on the relevant lepton 

mixing angles. FOrtunately, this.dependence is 

relatively unimportant for the dominantly coupled 

decay modes, i.e. ev
1

, 1.1v2, and TV3• Since these 

modes were the ones responsible for the mass lim­

its given previously, the latter can be reinter­

preted without significant complication as proper 

limits on m(Vj), j ~ 1; 2, and 3, respectively. 

In addition to mass and lifetime limits, we 

have added data on neutrino magnetic dipole mo­

ments. These are of interest because a massless, 

purely chiral (empirically, left-handed) Dirac 

neutrino cannot have a magnetic (or electric) 

dipole moment •. 'ttle same is true for a Majorana' 

neutrino, whether massless or massive,· because of 

its defining property of being self-conjugate. 

If one considers the possibility of nonzero 

masses for neutrinos, for consistency one must 

also consider the leptonic mixing which would in 

general occur concomitantly. .Accordingly we have 

devoted one category in the searches section to 

Stable Particles 

correlated bounds on neutrino masses and lepton 

mixing angles. These can be divided into two 

types. First, there are those due to decays in­

volving neutrinos in the final state, which must 

be recognized to have the general multi-mode 

structure pointed out above. In the two most 

sensitive 

masses and 

and J U . J2 
a] 

cases suggested as tests for neutrino 

mixing, 2 one obtains a limit on m(v.) 
J 

individually for each j. Second, there 

are those due to processes involving the propaga­

tion and subsequent interaction of neutrinos. The 

latter are often called neutrino "oscillation"3 

limits, although this term is correct only if the 

differences in neutrino masses are sufficiently 

small relative to their momenta that the propaga­

tion is effectively coherent in a quantum mechan­

ical sense: otherwise, the individual vj from a 

given decay such as 1r 112 or k112 propagate in a 

measurably incoherent manner and there is no "os­

cillation". Experimentalists usually present 

their results in terms of a simplifying model in 

which mixing is assumed to occur only between two 

neutrino species. Then the transformation equa­

tion becomes 

(

vta) ( c~se sin e) (vi ) 

vt -s1n6cose vj 
b 

Let the distance between the source of the neu­

trinos and their point of interaction be labeled 

as x, and their energy as E. Assume furthermore 

that the m(vjl are such that the coherence as­

sumption is valid. Then, the probability of an 

initial vta being equal to v~b at time t or 

equivalently (given the above assumption) at dis-

tance x = t, is 
; 2 . 

. 226 . 2 (t. m x ) s1n s1n "'"'4E , 

where 

l}m2 = m(v.)2- m(v ·)2. 
l J 

Thus, neutrino oscillation experiments cannot 

measure individual neutrino masses, but only dif­

ferences of masses squared, and indeed these are 

generally weighted in a more complicated way by 

mixing-matrix coefficients than in the two-species 

v 
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model. Experimental results are presented as 

allowed regions on a plot, the axes of which are 

IL1m2 I and sin22e. These are often summarized in 

terms of the asymptotic limits IL1m2 I for max 
sin226 = 1, and sin22e for "large" IL1m21, i.e., 

sufficiently large IL1m2 1 that the detector aver­

ages over many cycles of oscillation (or there 

ceases to be any coherence}. We refer the reader 

to the original papers for the two-dimensional 

plots; for the purpose of these Listings we shall 

give only the asymptotic limits. 

An important question has to do with whether 

neutrinos are Dirac or Majorana (self-conjugate} 

particles. In the former case neutrinoless dou-

ble beta decay, (Z,A} + (Z+2,A} + e + e-, is for­

bidden from occurring. 4 In the Majorana case it may 

occur, if (a} neutrinos are massive and/or (b) there 

are right-handed leptonic currents. In the light-neu­

trino case an upper limit on neutrinoless double beta 

decay yields a correlated upper bound on the quantity 

m - I tl ul/ m(vjl I 

and n, the fractional admixture of right-handed 

leptonic current. 

Further explanatory notes are included in the 

Listings. 
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1 Nu-EtJ=l/21 

NOT IN GENERAL A MASS EIGENSTATE 

1 Nu-e· "MASS" tEVI 

APPliES TO NU-l. THE PRIMARY MASS EIGENSTATE IN NU-E. WOULD ALSO 
APPLY TO ANY eTHER NLI-J WHICH MIXES STRONGLY IN NU-E AND HAS 
SUFFICIENTLY SMALL MASS THAT tT CAN OCCUR IN THE RESPECTIVE DECAYS. 

NOTE -- THE ABBREVIATION ANU IS USED BELOW FOR ANTJNU 

(250.1 OR LESS LANGER 52 CNTR ANIJ-E. TRITIUM 
(500. I OR LESS HAMILTON 53 CNTR ANU-E, TRITIUM 
(550., (280 .. I FRIEDMAN 58 CNTR ANU-Et TR IliUM 

(4100. I OR LESS CL=.67 BECK 68 CNTR NU, SODIUM 22 
(500.) OR LESS CL=.90 OAR IS 69 .CNTR ANlJ-E, TR IliUM 
('320.) GR lESS CL=.90 SAl GO 69. CNTR ANlJ-Er TRITIUM 
160.) OR lESS CL=. 90 BERGKVIS 72 CNTR ANU-E, TRITIUM 
186.) OR LESS CL:c.9Q RODE 72 CNTR AtilJ-Er TRITIUM 

noo. J OR lESS PIEL 73 CNTR ANU-E, TRITIUM 
14.5E51CR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 

(35. I OR LESS CL:.9Q TRETYAKOV 76 SPEC ANU-E, TR lT I UH 
114.1 TO 46. Ct:c.99 LUBIMOV 80 SPEC ANU-E t TRITIUM 
165. I OR LESS CL::.95 SIMPSON 81 CNTR ANU-E, TRITIUM 

DARTS 69 VALUE 75EVICL=.67J DISAGREES WITH THEIR FIG.6. WE USE 
FIG.6. 
TRETYAKOV 76 DATA INCLUDED, AT LEAST IN PART, IN LUBIMOV 80. 
SEE THE DISCUSSION OF THE LUBH10V BO RESULT BY BERGKVIST BO. 
WE USE UPPER LIMIT FROM LUBIMOV BO IN THE STABLE PARTICLE TABLE. 
THEIR LOWER LII'UT NEEDS CONFIRMATION. 

1 INU-11- IANU-11 MASS DIFF. IEVJ 

TEST OF CPT FOR A DIRAC NEUTRINO 

OM 14.5E5IOR lESS CL=.90 CLARK 74 ASPK KE3 DECAY 

1 NlJ-1 MEAN LIFE/MASS !UNITS SEC/EVJ 

11173 

11173 
11173 
11/13 
11/73 
11173 
1/81* 

11175 
4/82* 
9/81* 
1/82• 

11/73 
11/73 
4/82• 
1/82• 
4/82* 
4/82• 

11/75 

R 3. E 2 GR MORE REINES 74 CNTR ANTI-NEUTRINO 3/7B 
R REINES 74 LOCKED FOR NU-E OF NON-ZERO MASS DECAYING TO A NEUTRAL 3/78 
R OF lESSER MASS + GAMMA. USED LIQUID SCINT. DETECTOR NEAR FISSION 3/78 
R REACTOR. FINDS LAB liFETIME 6.E7 SEC OR MORE. ABOVE VALUE OF 3178 
R !olEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF 0.2MEV. 3/78 

1 NU-l MAGNETIC MOMENT IUNITS EV/GAUSS I 

MUST VANISH FOR MAJOR ANA NEUTRINO OR PURELY CHIRAL foiASSLESS 
DIRAC NEUTRING 

HM 

"" MM 

11.1E-l1JOR LESS BERNSTEIN 63 
BERNSTEIN 63 IS A THEORETICAL ANALYSIS OF REACTOR ANTINU-E 
SCATTERING O.HA. 

LANGER 52 PR 88 689 
HAMILTON 53 PR· 92 1521 
FRIEDMAN 58 PR 109 2214 
BECK 68 ZPHY 216 229 
BERNSTE I 63 PR 132 1227 
CARIS 69 NP Al3B 545 
SALGO 69 NP A138 411 

BERGKVIS 12 NP 839 317 
RODE 72 LNC ·S 139 
P IEL 73 NP A203 369 
ClUK 74 PR 09 533 
REINES 74 PRL 32 180 

ALSO 78 PRIVATE COMM. 

REFERENCES FOR NU-E 

L M LANGER,R J 0 MOFFAT 
0 HAMILTON,W P ALFORO,L GROSS 
LEWIS FRIEOMAN,UNCOLN G SMITH 
E BECK,H DANIEL" 

I INDIANA) 
IPRINCETDNJ 

I BNll 
I MPIHI 

I NYU+COLUI 
I LAVAL-QUEBEC I 

I ZURICHJ 

BERNSTE I~, RUDERMAN, FEINBERG 
R DARIS,C ST-PIERRE 
R. C SALGO,H H STAUB 

KARL-ERIK BERGKVIST 
B RODE,H DANIEL 
WILLIAM F. PIELo JR. 

fUNIV STOCKHOLMI 
I MUNICH+MPIHJ 

+ELI OFF, FRISCH, JOHNSON, KERTH, SHEN+ 
+SOBEL,GURR 

I INOJ 
ILBLJ 
IUCI J 

V. BARNES I PUROI 

TRETVAKO 76 BASUP 40 10-1 TRETYAKOV+ (BULL.ACAO.SCT.USSR,PHY.I ITTEPJ 
ALSO 76 NU CONF. AACHEN TRETYAKOV,MYASOEOOV,APALIKOV,KONYAEV+I ITEPJ 

BERGKVIS 80 NEUTRINO BOoERICE K.E.BERGKVIST !STOHl 
LUBIMOV 80 PL 946 266 +NOVIKOV,NOZIK,TRETYAKOV,KOSIK I ITEPI 

ALSO 80 SJNP 32 154 KOZIK,lUBJMQV,NOVIKOVoNDZIKoTRETYAKOVIITEPI 
SIMPSON 81 PR 023 649 J.J.SIMPSON IGUELJ 

••• ••• •••• ••••• ••••••••• •••••• ••• ••••••••• ••••••••• •.co••••••• •••••••• ...... ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ···.co···· 

1/82* 
1/82* 
1182* 
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MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM R 
MM 
MM 
MM 
MM 
MM 
MM 

"" MM V 
MM 
MM R 

"" v MM 
MM 
MM 

""R MMR 
MMR 
MMR 

EOM 
EOM 
EOM 
EOM 

3 ELECTRONIO.S.J=l/21 

3 ELECTRON MASS IMEVI 

10.511006 0.000021 
I0.5110C41 .0000016) 

0.5110034 .0000014 

COHEN 
TAYlOR 
COHEN 

65 RVUE 
6'9 RVUE 
13 RVUE 

USING NEW E/H 

3 ElECTRON MEAN LIFE I BRANCHING FRACTION (UNITS YRSI 

TEST OF CHARGE CONSERVATION 

(2. E211 CR MORE MOE 65 CNTR 
14. E221 OR MORE MOE 65 CNTR 
15.3E2ll OR MORE STEINBERG 75 CNTR 
2. E22 CR. MORE CL=.68 KOVALCHUK 7'9 CNTR 

13.5E231 CR MORE CL=.68 KDVALCHUK 79 CNTR 
SEE MOE 65 FCR Ot SCUSSION OF EARliER EXPERIMENTS. 

SEE NOTE S BELOW 
E- --> NEU GAMMA 
SEE NOTE S BELOW 
SEE NOTE S BELJW 
E- --> NEU GAMMA 

M MOE 65 LIMIT REESTIMATED BY STEINBERG 75 TO BE I 1. E201. 
S THESE liMITS ARE FOR All MODES IN WHICH DECAY PARTICLES ESCAPE 
S FROM THE DETECTOR WITHOUT DEPOSITING ENERGY. 

3 ELECTP:ON MAGNETIC MOMENT( E/2MEJ 

ELECTRON OR PGSITRON G/2-VALUE 
THIS IS MAGNETIC MOMENT IN UNITS IE/2ME-J FOR E-, IE/2ME+I FORE+. 
FOR REVIEWS OF THEORY AND EXPERIMENTS, SEE KINOSHIA 78, LAUTRUP 72, 
AND RICH 72. 
FOR MOST .aCCURATE THEORETICAL CALCULATION, SEE KINOSHITA 81. 

11.00116091 +-1241E-7 SCHUPP 61 CNTR -
11.0011596221 +-1271E-9 WILKINSO"oo 63 CNTR-
tl.001168J +-122JE-6 RICH 66 CNTR + POSITRON 
I 1.0011595571 +-I301E-9 RICH 68 CNTR -
I l.0011596'3891+-13UE-10 TAYLOR 69 RVUE 
(1.0011596441 +-OIE-9 WESLEY 70 CNTR 
I 1.0011596577 J+-051 E-10 WESlEY 11 CNTR -
(1.001160'31 +-U2H-7 GillELAND 12 CNTR + 
I lo0011596567J+-135J E-10 COHEN 73 RVUE 
I 1.001159M:71 +-1241E-9 WALLS 73 CNTR- BOL~ETRIC TECHN 
I 1.00115965241J+-(201E-ll VANDYCK 17 CNTR- RPL.8Y VANOYCK79 

1.001159652200+-I401E-12 VANDYCK 79 CNTR- PENNING TRAP 
1.001159652222+-ISOIE-12 SCHWINBEP 81 CNTR + PENNING TRAP 

RICH 68 IS REEVALUATION OF WILKINSON f>3. 
VANDYCK 79 CONFIRMED FINAL BY H. OEHMELT, PRIV. COMM. 

AVG 1.001159652209+-1311E-12 AVERAGE tERROR INCL. SCALE FACTOR 1.01 
AVERAGE ASSUMING EQUAL G/2-VALUES FOR E+ AND E- BY CPT. 

POSITRON TO ELECTRON G-FACTOR RATtO "'iNUS ONE, IG+/G-1-1 
TEST Of CPT 

lt.6E-81 OR LESS CL=.95 SEREONYAK 11 CNTR ME+=ME- ASSUMED 
z.zE-11 6.4E-1l SCHWINBER 81 ELEC PENNING TRAP 

3 ELECTRON ElECTRIC DIPOLE MOMENTIUNITS 10 .. -23 E-CMI 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

o. 3 
(0.07) 
{0.191 
CBa 11 

CR LESS CL=.90 
t 0.221 CLo:.90 
I o. 341 CL~:.9Q 

I 11.61 

WEtSSKOPf 6B ""RS 
PLAYER 70 MRS 
SANOARS 75 MRS 
VASILEV 78 

CESIUM 
XENON 
THULIUM 

••••••••••••••• 000000000 ooooo•••• ••••••••• ********* ••••••••••••••••• 

SCHUPP 61 PR 121 1 
WILKINSO 63 PR 130 852 
COHEN 65 RMP 37 537 
MOE 65 PR 140 8 992 

RICH b6 PRL 11 271 
RICH 68 PRL 20 967 
WEI SSKOP 68 PRL 21 1645 
TAYLOR 69 R.MP 41 375 

PLAYER 70 JP 83 1620 
WESLEY 70 PR.l 24 1320 
WESLEY 7l PR A4 1341 
GILLELAN 72 PR AS 38 
LAUTRUP 12 PRPL 3 193 
RICH 12 RMP 44 250 

REFERENCES FOR ElECTRON 

A A SCHUPP,R. W PIOD,H R CRANE CMICHI 
0 T WILKINSON,H R CRANE L"!ICHJ 
COHEN,DUMOND (N.AaAVIATtON SCI.CENTER+CITJ 
M K MOE,F REINES CCASE INST·TECHNOLOGYJ 

A RICH, H R CRANE C MICHl 
A RICH ~MICHl 

WE I SSKOPF, CARR I CO, GOULD ,Lt PWORTH+ I BRAN I 
•PARKER, LANGENBERG I PR tN+UC I +PENNI 

M.A.PLAVER,P.G.H.SANOARS (QXfl 
J C WESLEY,A.RICH (MICHl 
J C WESLEYtA RICH (MICHl 
J GILLELANO,A RICH (MICHl 
B. LAUTRUP, A. PETERMAN, E. DE RAFAEl t CERN+BURE I 
A RICH,J C WESLEY (MICHl 

COHEN 
WALLS 
SAN OARS 
STEINBER 
SEREONYA 
VANDYCK 
KINO SHIT 

73 J.PHYS,CHEM.REF.OATA 2, Pob63t E.R.COHEN,B.N.TAYLOR 
73 PRL 31 975 F.L.WALLS,T.S.STEIN (WASHJ 
75 PRAll 4?3 P.G.H.SANOARS,R.M.STERNHEIHER fOXF+BNU 
75 PR 012 25B2 R.t.STEI.~BERG,KWIATKOWSKI,MAENHAUT+ CUMOI 
77 PL 66B 102 SEREONYAKOV,SIOOROV,SKRINSKY+ INOVOJ 
11 PRL 38 310 +SCHWINBERG,OEHMELT CWASHJ 
7B TOKYO HEP P. 571 T. KINOSHITA ICORNI 

VASILEV 78 JETP 47 243 +KOLYCHEVA IJINRJ 
KOVALCHU 79 JETPL 29 145 KDVALCHUK,POMANSKY,SMOLNIKOV IINRMI 
VANDYCK 79 BULL. APS 24 758 +SCHWINBERG,OEHMELT CWASHJ 

ALSO 81 AT.PHYS. 7, P.337 H.DEHMELTCEOS.KLEPPNER+,PLENUM,NY,8UfWASHJ 
KINOSHJT 81 PRL 47 1573 T.KINOSHITA., W.B.LINDQUIST lCORNJ 
SCHWINBE 81 PRL 47 167c;l SCHWINBERG,VAN OYCK,OEHMELT (WASHJ 

•••••• 000:0:00000 ······•** •••••••••••••••••• oo•••••*• ooo••o••• ••••••oo 
000000 00000$000 0000:0:0000 oo••••••:o: ********* 00000000(1 ooo•••••o •••••ooo 

7170 
3/74 

6/b6 
6/66 
2/76 
1/81• 
1/81* 
1/81• 
1/810 
1/81• 
1/81• 

8/66 
8/66 
6/68 
2171 
6/70 
2/72 
2/72 
3/74 

11/77 
12177 
1/820 
1/82* 

1/820 

4/820 
4/820 

12/79 
4/82* 
4/820 

12/79 

Stable Particles 
e, 11

11 

B M 
s 
B M 

L 
L 

OM 

2 Nu-MUCJ=l/21 

NOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUTRINO SECTION ABOVE. 

2 Nu-MU 11 MASS" I""EV) 

APPLIES TO NU-2, THE PRIMARY MASS EIGENSTATE IN NU-MU. WOULD ALSO 
APPLY TO ANY OTHER NU-J WHICH·MJXES STRONGLY IN NU-MU AND HAS 
SUFFICTENTLY SMALL MASS THIIT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 
ITHIS WOULD BE NONTRIVIAL ONLY FOR J .GE. 3, GIVEN THE NU-E ''MASS'' 
liMIT ABOVE. J 

f3.5) OR LESS BARKAS 56 EMUL 
(4a OJ OR LESS DUDZIAK 59 CNTR 
(3. 61 CR LESS FEINBERG 63 RVUE 
C3aOI GR LESS ALLCOCK 65 f<VUE 
12.51 OR LESS BARDON 65 ASPK 
(2.8) OR LESS CL::.90 SHAFER 65 CNTR 
(1.61 OR LESS CL ... 90 BOOTH 61 CNTR 
(2. 21 GR LESS Cl::.90 HYMAN 67 HEBC O. K- HE 
11.21 CR lESS CL::.9Q B.\CKENSTO 71 CNTR "'~**2=-1.28+-1.24 
11.151 OR LESS CL=.90 SHRUM 71 CNTR M002=-1. 55+-1.14 
(1.15) OR LESS CL=.90 BACKENSTO 73 CNTR 11002=-0. 29+-0.90 
(0.65) OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 
(Q. 571 OR lESS Cl=. 90 DAUM 79 SPEC M**2= 0.13+-0.14 
o. 52 OR LESS CL=a 90 LU BO CNTR M•02=0.102+-.119 

WE CALCULATE UPPER LIMIT AT CL=.90 FROM M**2· 
BACKENSTOSS 73 REPLACES BACKENSTOSS 1l AND USES THEIP NEW PI- MASS. 
SHRUM 11 USES SHAFER 67 PI- MASS VALUE AND CRANE 11 MU MASS VALUE. 
LU 80 COMBINES DAUM 79 PI+ --> MU+ NUMU MEASUREMENT WITH NEW LU 8() 
PI- MASS AND REPLACES OAUM 79. 

2 (NU-21 - IANU-21 MASS OJFF. I~EVI 

TEST OF CPT FOR A DIRAC NEUTRINO 

(0.451 CR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 

2 NU-2 MEAN LIFE/MASS fUNITS SEC/EVI 

13. E-31 CR MORE CL=.90 BELLOTTI 76 HlBC NU. CERN GGM 
(1.3E-21 OR MORE Cl::.90 BEllOTTI 76 HLBC ANTINU, CERN GGM 
(2.2E-31 CR MORE CL=.90 BARNES 77 OBC NU. ANL 12FT. 
H.OE-21 CR MORE Cl=.90 BLIETSCHA 78 HLBC Nu-MU CERN GGM 
Oa7E-21 OR MORE CL=.90 BliETSCHA 78 HLBC ANU-MU CERN GGM 

0 0.11 OR MORE CL=.90 FRANK 81 CNTR NU, ANU LAMPF 
THESE EXPERI"!ENTS LOOK FOR NU(MUI --> NUIEI+GAMMA CR ANU(MUJ --> 
ANU ( E I +GAMMA. 

17 ,. 
9800 

2 C- INU-2 VELOCITY); ABSIIV-CI/CI (UNITS 10**-41 
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO 

12.01 OR LESS CL=.99 
14.01 OR LESS CL=.99 
(0.41 OR LESS CLc:.95 

ALSPECTOR 76 SPEC >SOGEV NU 
ALSPECTOR 76 SPEC <50GEV NU 
KALBFLEIS 79 SPEC 

2 Nu-2 MAGNETIC MOMENT (UNITS EV/GAUSS I 

MUST VANISH FGR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS 
DIRAC NEUTRINO 

MM K (4.7 E-1710R LESS KIM 74 
MM K KIM 74 1 S A lHEORETICAL ANALYSIS OF ANTINU-MU REACTION DATA. 

BARKAS 56 PR 101 718 
OUOZ IAK 59 PR 114 336 
FEINBERG 63 ARNS 13 431 
AllCOCK 65 PPSL 85 875 
BARDON. 65 PRL 14 449 

SHAFER 
BOOTH 
HYMAN 
BACKENST 
SHRUM 
BACKENST 

65 PPL 14 CJ23 
67 Pl 268 39 
67 PL 258 376 
11 PL 368 403 
71 Pl 37B 114 
73 PL 43B 53q 

CLARK 74 PR 09 533 
KIM 74 PR 09 3050 
ALSPECTO 76 PRL 36 837 
BELLOTTI 76 LNC 17 553 
BARNES 77 PRL 38 1049 
Bll ETSCH 78 NP 8133 205 

KALBFLE I 79 PRL 43 1361 
DAUM 79 PR 020 2692 

ALSO 76 PL 60B 380 
ALSO 78 Pl 74B 126 

lU 80 PRL 45 1066 
FRANK 81 PRO 24 2001 

REFERENCES FOR Nu-MU 

W H BARKAS,W BIRNBAUM,F M SMITH ILRLI 
W F OUOZIAK,R SAGANE,J VEDDER ILRLI 
G FEINBERG. L M LEDERMAN CCOLUMBIAJ 
G R ALLCOCK (LIVERPOOL) 
BARDON, NORTON, PEOPLES + I COLU+STONY BROOK I 

R E SHAFER,CROWE,JENKJNS fLRU 
BOOTH, JOHNSON, WIll I AMS, WORMALD (LIVER POOL) 
+LOKEN, PEW ITT, MCKENZIE+ ( ANL +CARN+NWES I 
BACKENSTOSS, DAN l EL, KOCH+ (CERN, KARL, HE IO) 
E V SHRUM,K 0 H ZIOCK (UNIV OF VIRGINJAI 
BACKENSTOSS, Ot.NlEl, KOCH+ ( CERN+KAR L +MUNICH) 

+ELIOFF,FRISCH,JOHNSON,KERTH,SHEN + ILBLI 
J. E .KIM, V. S .MATHER, S.OKUBO I ROCH I 
ALSPECTOR + I BNL+PURD+CIT+FNAL+ROCKJ 
+CAVALLI,FIORINI,ROLLIER CMILAJ 
+CARMONY,OAUWE,fERNANOEZ + IPURD+ANLI 
BL I ETSCHAU+ I AACH+L I BH+C ERN+EPDL +MILA+ORS A+ I 

KALBFL E I SCH,BAGGETT, FOWLER+ I FNAL+PURO+ BEll J 
+EATON, FROSCH, H IRSCHMANN,MCCULL OCH+ (SIN I 
OAUM, DUBAL, EATON,FROSCH, MCCULLOCH+ IS I N+ETHI 
DAUM, EATON, FROSCH, HIRSCHMANN,+ ( S I NJ 
+DELKER ,OUGAN, WU,C AFFP EY+ (VAL E+COlU+JHU J 
+BURMAN+ ( LASL+YALE+MI T +SACL +SI N+CNRC+ BERN) 

$00000 o••••*••o ••o•••••• •o••••••• ••••••••• ••••••••o ••oooooo• ••••oo•• 
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7166 
1/66 

5/11 
3/68 

ll/67 
10/71 
12/71 

1/73 
7/74 

10/810 
1/Bl* 
1/76 
1/73 
1/73 
1/82• 
1/82* 

11/75 

1/78 
1/78 
1/78 
1/82* 
1/820 
1/820 
1178 
1/78 

1/78 
1/78 

12/79 

1/82* 
1/82• 



Stable Particles 

4 MUONI106,J=L/21 

4 MUON MASS IMEV1 

I 105.6591 10.0021 FEINBERG 03 RVUE 
(105.65991 10.00141 TAYLOR 69 RVUE UStNG NEW E/H 
1105.65971 10.00051 CRANE 71 CNTR INClUDED IN COHEN73 
1105.65941 10.00041 CROWE 12 CNTR INCLUDED IN COHEN73 

105.65948 0.00035 COHEN 73 RVUE 
A 105.65945 0.00033 CASPERSON 77 CNTR + 
K 105.65933 0.00029 KLEMPT 82 CNTR + 
C CRANE 7L GIVES MU/ME:::2Q6.76878185J. WE USE ME=.5ll004Ul61MEY. 
D CROWE 72 GIVES MU/ME::206. 7682(51 AND USES MEz= .. 511004Ul6lMEV. 
A CASPERSON 77 GIVES MU/ME=206.7685'H291. WE USE HE=.511003~1141MEV. 
K KLEMPT 82 GIVES MU/ME:2Q6.768351lll. WE USE ME=.51100341141MEV. 

AVG 105.65941 0.00018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 105.65943 0.00018 FROM FIT I ERROR INCLUDES SCAlE FACTOR OF 1.01 

4 MUON MEAN LIFE !UNITS 10**-6 SECJ 

2.198 0.001 0.001 FARLEY &2 CNTR 
2.203 0.004 LUNDY 62 CNTR CONLEV=.98 

T 2.202 0.003 0.003 ECKHAUSE 63 CNTR 
T 2.197 o.oos 0.002 MEYER 63 CNTR + 
T 2.198 a. oo2 o.oo2 MEYER 63 CNTR -
T 12.200261 fa. oooa1 1 WILLUMS 72 CNTR + 
T 2.1973 0.0003 DUCLOS 73 CNTR + 
T 2.19711 o.oooos BALANDIN 74 CNTR + 

. T 2.1948 o. 0010 SA ILEY2 11 CNTR - STORAGE RINGS 
T 2.1966 a. 0020 BAILEY2 17 CNTR + STORAGE RINGS 
T 12.19110 II O. 00022 I ZAVATTINI 80 CNTR - PRELl MIN4RY-CONF 

2 .. 191182 0.000121 BARDIN 81 CNTR + 
WILLIAMS 12 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 
THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS .. NOT AVGO .. ............. 

1170 
1/73 
2172 
3/74 

12/77 
2182* 
1/73 
1/73 

12/77 
2182* 

11/67 

7/66 
2176 
1176 
1176 
2/79 
2/79 
4/82* 
1/82• 
1/76 
1/76 

AVG 2.197138 0.000065 0.000065 AVERAGE IERROR INCL. SCALE FACTOR CF 1.01 

DT 
DT 
or 
DT 
OT AVG 

"" "" MM 
MM 
MM 
MM 
MM 
MM 
MM lA 
MM lA 
MM I 

"" I 
MM I 

"" A 
MM I 
MM I 
MM 
MM AVG 

EOM 8 
EOM 8 
EDM B 
EOM B 
EOM 8 

4 MU+/MU- MEAN liFE RATIO 

1.ooo o.oo1 MEYER 63 CNTR MEAN ll FE MU+/MU-
1.0008 0.0010 BAILEY 79 CNTR STORAGE RING 

11.00001 (0 .. 00011 ZAVATTINI 80 CNTR - PRHIMJNARY-CONF 

1.00040 0.00011 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

4 MUON ANOMALOUS MAGN. MOMENT I 1D•*-6*E/I 2*MU MASS II 

FOR REVIEWS CF THI:ORY AND EXPERIMENTS. SEE FARLEY 79. KINOSHITA 78. 
CAI.~ET 77, COMBLEY 74, LAUTRUP 72, AND RICH 72. 

11162.01 I S.OJ CHARPAK 62 CNTR + 
I 1165.751 1 a. 111 BAtlEY 68 CNTR + STOR. RINGS 
I 1166 .. 251 ( 0.24) BAILEY 68 CNTR - STOR. RINGS 

ERRORS STAll ST ICAL. VALUES COMBINED TO GIVE MU+- VALUE BELOW 
1166. 16 0.31 SA I LEY 68 CNTR +- STOR .. RINGS 
1060. 67. HENRY 69 CNTR + 

c 1165. ao;s1 I 0.0271 BAILEY 75 CNTR + STORAGE RING 
I 1165.9221 ( o. 009) BAILEY 71 CNTR +- STORAGE RING 
(1165.911) ( o.ou J BA JLEY 79 CNTR + STORAGE R lNG 
c ll65 .. o;371 I o. 012J BAILEY H CNTR - STORAGE RING 

1165.924 o. 0085 BAILEY 79 CNTR +- STORAGE RING 
BAILEY 77 INCLUDES RESULTS OF BAILEY "· BAILEY 79 IS FINAl RESULT. INCLUDES BAILEY 75 AND 77 01\TA .. 
THIRD BAILEY 79 RESULT IS FIRST TWO COMBINED. .. 

1165.9242 0.0085 AVERAGE !ERROR INClUDES SCALE FACTOR Of 1.0) 

4 MUON ElECTRIC DIPOLE IIIOMENT (UNITS 10**-19 E-CMJ 

FORBIDDEN BY BOTH T INVARIANCE AND P tNVARIANCE 

18.61 14.51 BAILEY 78 CNTR + STORI\GE RINGS 
10.81 ( 4.31 BAtlEY 78 CNTR - STORAGE RINGS 
3. 7 3.4 BAILEY 78 CNTR +- STOP.AGE lUNG 

BAtlEY 78 YIELDS ED'1 < 1.05>1<10**-18 WITH Cl=.95. THIRD RESULT IS 
FIRST TWO CO"tBINEO ASSUMING CPT. 

4 MUON TO PROTON MAGNETIC MOMENT RATtO 

MMR THIS RA.TIO IS USED TO OBTAIN PRECISE VALUES Of THE MUCN MASS. 
MMR SEE CROWE 72. 
MMR 13.18651 (0.00221 COFfiN 58 CNTR + 
MMR (3.18301 I 0.00111 LUNDY 58 CNTR + 
MMR I 3 .. 1761 (0 .. 0131 LUNDY 58 CNTR -
MMR I 3.18341 I Q.0002J GARWIN 60 CNTR + 
"'oMR (3.183361 (0.000071 BINGHA"" 63 CNTR + 
MMR 13.18081 10.0004) BINGHAM 63 CNTR-
MMR ( 3.183381 (0.000041 HUTCHINS 63 CNTR + 
MMR ( 3.183351 0.0000161 EHRLICH 69 CNTR 
MMR (3.183314 0.0000341 THOMPSON 69 CNTR 
"'MR ( 3.183330 C.0000441 HUTCHINS 70 CNTR + 
MMR H (3.183347 C.0000091 HAGUE 70 CNTR + 
MMR C (3.183336 0 .. 0000131 CRANE 71 CNTR 
MMR 0 (3.183349 0.000015) DEVOE 11 CNTR 
l'IMR F (3.183326 0.000013) FAVART 11 CNTR 
MMR H (3.1833467 .00000821 CROWE 72 CNTR + 
MMR R THE RESULTS THROUGH 1':'172 ARE {NCLUOEO IN COHEN 73. 
MMR R 3.1833402 .0000072 COHEN 73 RVUE 
IIIMR E ( 3.1833299 .00000251 CASPERSO~ 75 CNTR 

SPIN RESONANCE 
PRECESSION STROB 
PRECESSION STROB 
PRECESSION PHASE 
PRECESSION STRDB 
PRECESSION STROB 
PRECESSION PHASE 
HFS SPLITTING 
HFS SPLITTt~G 
PRECESSION PHASE 
PRECESSION PHASE 
1-FS SPLITTING 
HFS SPLITTING 
HFS SPLITTING 
pq,fCESSION PHASE 

MMR 3.1833403 .0000044 CASPERSON 77 CNTR + HFS SPLITTING 
MMP 13.1833448 .00000291 CAMANI 78 (NTR + REPL.BY KLE)IIIPT€2 
"'MR 3.1833441 .0000017 KlEMPT 82 CNTR + PRECESSION SH.OB 
M,..R D 
MMR D 
MMR D 
MMR C 
MMR H 
MMR F 
MMR E 
MMR 
MMR AVG 

DEVOE 71 SUPERCEDE$ EHRLICH 69. THIS IS NOT A OtPECT "'fASUREMENT. 
WE GIVE A NE\o VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 
-7.B+-2.3 PPM• AS DISCUSSED IN FOOTNOTE 35A OF CROWE 72. 
CRANE 71 SUPERSEDES THOMPSON 69. THIS IS NOT A DIRECT MEASUREMENT. 
CROWE 72 SUPERSEDES HAGUE 70. 
FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARJZABJltTY. 
USES INCORRECT THEO. EXPRESSION FOR NUIHFSI. SEE KLEMPT 82. TBL.XI. 

3.1833434 .0000015 AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.0J 

7/66 
7/79 
4/82• 

5/69 
5/69 
5/69 
5/69 
1117 

11175 
11/77 

1179 
7179 
7179 

11/77 
7/79 
7/79 

2179 
2/79 
2179 
2179 
2/79" 

3/72 
3112 
2/72 
2172 
2172 
2172 
2112 
2172 
2172 
2172 
2172 
2172 
2172 
2172 
1/73 
2172 
2/72 
3174 
3/74 
2176 

12117 
7/79 
2/820 
1113 
1/73 
1/73 
1/73 
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Pl 
P2 
P3 
P4 
P5 

•• 

4 MUON PARTIAl DECAY MODES 

MUON INTO E ANUE NUHU 
MUON INTO E A\\UE NUMU GAMMA 
MUON INTO E NUE ANUHU 
MUON INTO E GAMMA 
MUON INTO 3ELECTRONS 
MUON INTO E 2GAMMA 

4 MUON BRANCHING RATIOS 

DECAY MASSES 
.5+ 0+ 0 
.5+ 0+ 0+ 
.5+ 0+ 0 
.. 5+ 0 
.5+ .5+ .s 
.5+ 0+ 0 

R1 HUON INTO IE ANUE NUMU GAMMA I /TOTAL I P21 
R1 21 EVENTS SEEN ASHKIN 59 CNTR 
R1 1.4E-2 0.4E-2 CRITTENDE 61 CNTR TfGAMJ GT 10 MEV 
Rl (3.3E-31 (1 .. 3E-31 CRITTENDE 61 CNTR TIGAHI GT 20 MEV 
R1 862 EVENTS SEEN BOGART 67 CNTR HGAMI GT 14.5 MEV 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
RZ 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 F 
R4 F 
R4 F 
R4 F 
R4 K 
R4 K 
R4 F 
R4 F 
R4 F 
R4 K 

MUON+ INTO IE+ ANUE NUMUI/TOTAl (P31 
FORBIDDEN BY ADDITIVE CONSERVATION LAW FOR MUON NUMBER .. 
MULTIPLICATIVE LAW PREDICTS THIS BRANCHING RATIO TO BE 1/2. 
FOR A RECENT REVIEW SEE NEMETHY 81. 

10 .. 251 OR LESS Cl=.90 EICHTEN 73 HLBC + 
(0 .. 131 (0.151 BLIETSCHA 78 t-ILBC +- AVG. OF 4 VALUES 
0.09 OR LESS CL=.90 JONKER 80 CALO CERN SPS NU,ANUE E-

1-0.00LJ 10.0611 WILLIS 80 CNTR + 
JONKER 80 GIVES LIMIT ON INVERSE MUON DECAY CROSS SECTION RATIO 
SIGMAIANUMU E- -> MU- A.'IIUEI I SIGMA(NUMU E- -> MU- NUEJ, WHICH 

A IS ESSENTIAllY EQUIVAlENT TO R2 FOR SMAll VALUES LIKE THAT QUOTED .. 

MUON INTO IE GAMMAIITOTAL (UNITS 10**-81 (P41 
FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

(4.31 OR lESS CL=.90 FRANKEL! 63 OSPK 
(2.21 OR lESS Cl=.90 PARKER 64 CSPK 
12.9J GR lESS CL=.90 KOP.ENCHl 11 OSPK + OUBNA 
10.361 OR LESS Cl"'.90 OEPOMMIER 11 CNTR + TRIUMF 
(0.111 OR LESS CL::.qQ POVEL 11 ELEC REPL .. BY SCHAAF 8D 

O. 019 OR LESS CL= .. 90 BOWMAN 79 SPEC + LAMPF 
10.101 OR LESS Cl::.,qo SCHAAF 80 ELEC + SIN 

MUON INTO 13ELECTRONSI/TQTAL IUNITS 10**-71 CPSJ 
FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

(5.01 OR lESS CL=.90 PARKER 62 CNTR 
11.31 OR lESS CL::.,90 ALIKHANOV 62 OSPK 
(1.51 OR LESS CL::.90 FRANKH2 63 CNTR 
11.21 OR LESS Cl:.,9Q BABAEV 63 OSPK 
I0.062l0R LESS CL::.,qo KORENCH2 11 OSPK OUBNA 
0.019 OR LESS Cl=.90 KORENCHEN 76 SPEC + OUBNA 

FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND 
ORDER V-A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED 
BY ASSUMING A CONSTANT MATRIX ELEMENT. 
THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 

RS MUON INTO CE 2GAMMAJITOTAL (UNITS 10**-51 fP61 
RS FORBIDDEN BY LEPTON FLAVOR CONSERVATION 
RS (1.61 OR LESS Cl=.90 FRANKEl! 63 OSPK + 
RS P 10.41 OR LESS CL=.90 POUTISSOU 74 CNTR + LBL 
R5 0.005 OR lESS CL=.90 BOWMAN 78 CNTR OEPOMMIER 17 DATA 
RS P POUTISSOU 74 LIMIT APPliES TO ·SUM OF All NEUTRINOlESS MU+ DECAYS. 
RS A BOWMAN 78 ASSUMES INT. lAGRANG. LOCAL ON SCALE OF INVERSE MU MASS .. 

4 liMIT ON MUON--> ELECTRON CONVERSION 

FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

RE (Mu- SULFUR32 -> E- SULFUR32:1/IHU-SULFUR32 --> NUMU PHOSPHORUS32*J 
RE CROSS SECTION RATIO 

1178 
1178 
1/78 
1/78 

11175 
1/82* 
2182• 
8/81* 
2/82• 
2182• 
2/82* 

10171 
12/77 
1/79 
1179 
3/82• 

2/72 
6/17 

10/77 

12175 
4/82• 
1/76 
4/82• 

RE (4. E-lOIOR lESS CL:c.,9Q BADERTSCH 71 STRC SIN 1/82• 
RE (0. 7E-1010R LESS CL::::.90 BAOERTSCH 80 STRC SIN 1/82* 

RPl 
RPl 
RPl 

RP2 
RP2 
RPZ 
RP2 .. , 

4 LIMIT ON MUON --> POSITRON CONVERSION 

FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

IMu- SULFUR.32 -> E+ SILICON32•111MU-SUlF32 --> NUMU PHOSPHORUS32*J 
(1.5E-91 OR LESS CL::.9Q BAOERTSCH 78 STRC SIN 
I0.9E-91 OR LESS CL:.9Q BADERTSCH 80 STRC SIN 

(MU- tOOINEl27 --> E+ ANTJMONY127•JIIMU- IODINE127 --> ANYTHINGI 
(0.3E-9J ·OQ. LESS Cl=.90 ABELA 80 CNTR RADIOCHEMICAL TECH. 

ABELA 80 IS UPPER LIMIT FOR MU- E+ CONVERSION LEADING TO PARTIClE­
STABLE STATES OF SB127. LIMIT FOR TOTAL CONVERSION RATE IS HIGHER 
BY AN UNKNOWN FACTOR • 

4 MUON DECAY PARAMETERS 

RELATED TEXT SECTION VI A 

RHO RHO PARAMETER (V-A THEORY PREDICTS RH0:0.751 
RHO C (0.7411 (0.0271 DUDZIAK 59 CNTR + 20-53 MEV E+ 
RHO P9213 0.745 0.025 PlANO 60 HBC + WHOLE SPECTRUM 
RHO P TWO PARAMETER FIT TO RHO AND ETA. 
RHO C 2276 10.7511 10.0341 BLOCK 62 HEBC -WHOlE SPECTRUM 
RHO 0 (0.641 (0.041 BARLOW 64 CNTR - WHOLE SPECTRUM 
RHO 0 10.6611 (0.0161 BARLOW 64 CNTR + WHOLE SPECTRUM 
RHO 0 (0.867) (0.0351 PONTECORV 64 CC 
RHO D RESULTS IN DOUBT. 
RHO C BOOK (0.75031 (0.0026) PEOPLES 66 ASPK + 20-53 MEV E+ 
RHO C 280K I 0.1601 I 0.0091 SHERWOOD 67 ASPK + 25-53 MEV E+ 
RHO C 170K (0.7621 (0.0081 FRYBERGER 68 ASPK + 25-53 MEV E+ 
RHO C ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER 
RHO C FIT TO RHO AND ETA BY DERENZO 69. 
RHO 0.1516 0.0026 DERENZO 69 RVUE 
RHD 
RHO AVG 0.7517 0.002b AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 

ETA PARAMETER 
p 9213 (-2.01 ( 0 .. 91 
P TWO PARAMETER FIT TO RHO AND 
C BOOK (0 .. 051 (0.51 
C 280K (-0.71 I0.6l 
C 170K (-0.71 (0 .. 51 
C RHO C:ONSTRAINEO cO~ 75. 

6 346 -o. 12 a. 21 

IV-A THEORY PREDICTS ETA:Q) 
PLANO 60 HBC + WHOlE SPECTRUM 

ETA- PLANO 60 DISCOUNTS VALUE FOR ETA 
PEOPLES 66 ASPK + 20-53 MEV E+ 
SHERWOOD 67 ASPK + 25-53 MEV E+ 
FRYBERGER 68 ASPK + 25-53 MEV E+ 

DERENZO 69 HBC + 1.6-6.8 MEV E+ 

1/82• 
1/82• 

4/820 
4/82* 
4/82• 
4/82• 
4/82• 

10/69 
10/69 

10/69 
10/69 
10/69 
10/69 
10/69 
10/69 
10/69 
10/69 

10/69 

10/69 
10/69 
10/69 
10/69 
10/69 

10/69 



59 

Data Card Listings 
For notation, see key at front of Listings. 

XSI 
XSI 

IXSI PARAMETER)*IMUON LONGITUDINAL POLARIZATION) 
IV-A THEORY PREDICTS XSI=l, LONGePOL."'ll 

XSI 
XSI 
XSI 
XSI 

9K 0. 97 O. 05 BARDON 59 CNTC!. BROMOFORM TARGET 10/69 
8354 O. 93 Q. 06 PLANO 60 HBC + 8.8 KGAUSS 10/69 

10.903) 10.027) AU-ZADE 61 EMUL + 27 .KGAUSS 10/69 
OEPOLARI ZATtON BY MEDIUM NOT KNOWN SUFFICIENTLY WELL. 

XSI 66K 10.9751 10.030) GUREVICH b4 EHUL REPL.BY AKHMANOV 68 10/69 
XSI 0.975 0.015 AKHMANOV 68 EMUL 140 KGAUSS 9/81* 
XSI ......... 
XSI AVG 0.972 o. 014 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

DEL 
DEL 
DEL 
DEL 
DEL 
DEL 

DELTA PARAMETER IV-A THEORY PREDICTS DELTA=0.751 
8354 0.78 0.05 PLANO 60 HBC + WHOLE SPECTRUM 

0.782 0.031 KRUGER 61 
490K Q. 752 O. 009 FRYBERGER 68 ASPK + 25-53 MEV E+ 

VOSSLER 69 HAS MEASURED THE ASYMMETRY SHOW 10 MEV ......... 
DEL AVG 0.7551 0.0085 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

HEL 
HEL 
HEL 
HEL D 
HEL 0 
HEL 
HEL 

HELICITY OF DECAY ELECTRON. 
(V-A THEORY PREDICTS HELlCJTVc+-1 FOR E+-, RESPECTIVElY) 
WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE 

(0.281 (0.161 DICK 63 CNTR + ANNIHILATION 
IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BEi MODERATOR. 

1.05 0. 3D BUHLER 63 CNTR + ANNIHILATION 
0.94 0.38 BLOOM 64 CNTR + BREMS TRANSMISS 

HEL 1.04 0.18 DUCLOS 64 CNTR + SHABHA SCATT 
HEL 29K D.89 0.28 SCHWARTZ 67 OSPK - MOLLER SCATT 
HEL 500K 1.D1D 0.064 CORRIVEAU 81 CNTR + SHASHA + ANNIHIL 
HEL 
HEL AVG 

GS 
GS 

GA 
GA 

FAV 
FAV 

GT 
GT 

1.DD8 0.057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.DI 

SCALAR COUPLII\G COt<.STANT IN MUON DECAY I IN UNITS OF GVI 
10.331 OR LESS DERENZO 69 RVUE 

AXIAL VECTOR COUPL lNG CONSTANT IN MUON DECAY I IN UNITS OF GVI 
Oa e6 O. 33 0.11 DERENZO 69 RVUE 

PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS COEGREES1 
180. 15. DERENZO 69 RVUE 

TENSOR COUPLII\G CONSTANT IN HUON DECAY liN UNITS OF GVI 
10. 2e1 OR LESS DERENZO 69 RVUE 

GP PSEUOOSCALAR COUPLING CONSTANT IN MUON DECAY UN UNITS OF GVJ 
GP (0.331 OR LESS DERENZO 69 RVUE 

COFFIN 
LUNDY 
ASHKIN 
BARDON 
OUDZ UK 
GARWIN 
PLANO 

58 PR 10~ IJ73 
58 PRL 1 38 
59 NC 14 1266 
59 PRL 2 56 
59 PR 114 336 
60 PR 118 271 
60 PR 119 1400 

ALI-lADE 61 JETP 13 313 
CRITTENO 61 PR 121 1e23 
KRUGER 61 UCRL-~1322 IUNPUSI 
All KHANO 62 CERN CONF 423 
BLOCK 62 NC 23 1114 
CHARPAK 62 Pl 1 16 
FARLEY 62 CERN CONF 415 

LUNDY 
PARKER 
BABAEV 
BINGHAM 
BUHLER 
DICK 

62 PR 125 16e6 
62 NC 23 485 
63 JETP 16 1397 
63 NC 27 1352 
63 PL 7 368 
63 PL 7 150 

ECKHAUSE 63 PR 132 422 
FEINBERG 63 ARNS 13 431 
FRANKEL! 63 NC 27 894 
FRANKEL2 63 PR 130 351 
HUTCHINS 63 PR 131 1351 
MEYER 63 PR 132 2693 

BARLOW 64 PPS 84 239 
BLOOM 64 PL 8 87 
DutLOS 64 PL 9 62 
GUREVICH 64 PL 11 185 
PONTECOR 64 DUBNA CONF 
PARKER 64 PR 1338 768 

PEOPLES 66 NEVIS-147 IUNPUBI 
BOGART 67 PR 156 1405 
SCHWARTZ 67 PR 162 1306 
SHERWOOD 67 PR 156 1475 
AKHMANOV 6e SJNP 6 230 
BAILEY 68 PL 28B 2e1 

ALSO 72 ~C 9A 3M 
FRVBERGE 68 PR 166 1379 

DERENZO 6~ PR 181 1e54 
EHRLICH 69 PRL 23 51'3 
HENRY 69 NC 63A <lc;5 
TAVLOR 69 RMP 41 375 
THOMPSON 69 PRL 22 163 
HAGUE 70 PRL 25 628 
HUTCHINS 70 PRL 24 1254 

CRANE 71 PRL 27 414 
DEVOE 11 PRL 25 17191ERI 

ALSO 11 PRL 26 213 
FAVART 71 PRL 27 1336 
KORENCH1 11 SJNP 13 190 
KORENCH2 11 SJNP 13 728 

REFERENCES FOR MUON 

+GAR"U N, PENMAN,LEOERMANySACHS ( COLUMB t AJ 
+SENS, SWAN SON, TELEGDI, YOVANOVITCH (CHI CAGOI 
+FAZZ INJ, FIOECARQ, LIPMAN,MERRISON + ( CERNJ 
M BARDON, 0 BERLEY, L LEDERMAN (COLUMBIAI 
W DUOZU.K,R SAGANE, J VEDDER ILRLJ 
GARWIN, HUTCHINSON, PENMAN, SHAPIRO ICOLUMBI AI 
R J PLANO ICotUMBIAI 

ALI-ZAOE,GUREVICH,NIKOLSKI I USSR I 
CR I TTENDENt·WALKER, BALL AM ( MSU+HICHJ 
H KRUGER ILRLI 
A I ALIKHANOV,A BABAEV + I ITEP MOSCOW I 
BLOCK, FlORI NI, KIKUCHI+ ( OUK E ,BOLOGNA, MILA NOI 
G CHARPAK,F -.J M FARLEY,R L GARWIN + ICERNI 
FARLEY, MASSAM, MULLER, Zl CHICH I I CERN I 

RICHARD A LUNDY 
S PARKER,S PEN~AN 
8ABAEV, BALATS, KAFT ANOV ,LANDS BERG + 
G.MCD.BINGHAM 
+CAB I BBQ, F I DECARO, MASSAM ,MULLER+ 
DICK, FEUVRA IS 1 SP IGHEL 

IEFII 
I EFIJ 

I ITEPJ 
ILRLI 

(CERN) 
ICERNI 

M ECKHAUSE,T A FILIPPAS + {CARNEGIE) 
GERALD FEINBERG, L M LEDERMAN ICOLUMBIAI 
S FRANKH,W FRATI,J HALPERN+ !PENNI 
S FRANKEL,W FRATI,J HALPERN + (PENNI 
HUTCHINSON, HENE S,PATLACH, SHAPIRO I COLUp.IIB I A) 
S L MEYER,ANDERSON,BLESERolEDERMAN+ ICOLUI 

+BOOTH ,CARROL, COURT, OAV IES, E DWAROS+ I L IVP I 
+DICK, FEUVRA IS, HENRY, MACQ, SP IGHEL I CERN I 
+HE INTZE, DE RUJULA, SOERGEL I CERN I 
GUREVICH,MAKARIYNA+ IKIAEJ 
PONTECORVO, SULYAEV (tolOSCOWI 
S PARKER,H L ANOERSON,C REV fEFII 

J PEOPLES 
+OICAPUA, NEME THY, STRELZOFF 
D M SCHWARTZ 
8 A SHERWOOD 
+GUREVICH, DOBRETSOV ,MAKAR! NA+ 
+BARTL, VON BOCHMANN, BROWN, fARLEY+ 
+BARTL, VON BOCHHANNt BROWN, FARLEY+ 
0 FRYBERGER 

(COLUMBIA I 
CCOLUJ 

tEFIJ 
t EFIJ 

I KIAEI 
ICERNJ 
ICERNI 

I EFIJ 

S DERENZO tEFII 
+HOFER ,MAGNON, STOWELL, SWANSON+ I CHI CAGOI 
+SCHRANK, SWANSON I STAN+UCSB+UCSDI 
+PARKER, LANGENBERG I PR IN+UC I +PENNI 
+AMATO, CRANE, HUGHES, MOBLEY+ I VAL El 
+ROTHBERG, SCHENCK, WIlL I AMS+ ( WASH+LRLI 
HUTCHINSON, LARSON, SCHOEN, SOB ERt + I PPA I 

+CASPERSON, CRANE. EGAN, HUGHES+ 
HIC I NTGRE, MAGNON, STOWELL, SWANSON+ 
DEVOE, MC I NTGRE, MAGNON, STOWELL+ 
+MCINTYRE, STOWELL, THEGDI, DEVOE+ 
KOR ENCHENKO, KDSTIN,Mt CELMACHER+ 
KORE NCHENKOo KOST IN, MIC ELMAC HER+ 

I YALE I 
CCHICAGOI 
CCHICAGOI 
ICHICAGOI 

IJINRI 
IJINRJ 

10/69 
10/69 
10/69 
11/6~ 

10/69 

10/69 
10/69 
10/69 
10/&9 
1/82* 

10/69 

10/69 

10/69 

10/69 

10/69 

Stable Particles 
p., II,. 

CROWE 12 PR D5 2145 +HAGUE 1 ROTHBERG,SCHENCK+ ILBL+WASHI 
WILLIAMS 12 PR 06 737 R W WILLIA~S.O L WILLIAMS (WASHINGTONJ 
COHEN 73 J.PHYS.CHEM.REF.OATA 2, P.663t E.R.COHEN,e.N. TAYLOR 
DUCLOS 73 PL 478 4'\11 +MAGNON 9 PICARO I SA.CLJ 
EICHTEN 73 PL 46B 281 +-OEDEN+IA.ACH+BELG+CEPN+EPOL+MILA+LALO+LOUCI 

BALANOIN 74 JETP 40 Bll 
POUTISSO 74 NP BBO 221 
BAILEY 75 PL 55B 420 
CASPERSO 75 Pl 598 3~7 
KORENCHE 76 JETP 43 1 
gAOERTSC .77 PRL 39 1335 

BAILEY 77 Pl 678 225 
OR 77 PL 688 191 

8AILEV2 11 ._,ATURE 268 301 
AlSO 79 BAILEY 

CASPERSO 77 PRL 38 ~56 
DEPOHMI E 11 PRL 39 lll3 
POVEl 77 PL 72B 1e3 

8AOERTSC 78 PL 79B 371 
BAILEY 78 JPG 4 345 

ALSO 79 BAILEY 
BLIETSCH 7e NP B133 205 
BOWMAN 78 PRL 41 442 
CAMANI 78 PL 77B 326 
BAILEY 79 NP B 150 I 
BOWMAN 79 PRL 42 556 

ABELA 80 PL 95B 318 
BAOERTSC eo LNC 28 401 
JCHKER 80 PL 938 203 
SCH.UF eo NP A340 249 
WILLIS 80 PRL 44 522 

ALSO 80 PRL 45 1370 
ZAVATTI N 80 TRIUMF MU. WKSHP. 

BARDIN 81 NP A352 365 
t;ORRIVEA e1 PR D24 2004 
NEMETH¥ 81 CNPP 10 147 
KLEHPT 82 PR D25 652 

FISHER 
ASTBURY 
DEVONS 
LATHROP 
LATHROP 
REITER 
TELEGOI 

59 PRL 3 349 
60 ROCH CO~F 60 542 
bO PRL 5 330 
60 NC 17 109 
60 NC lT 114 
60 PRL 5 22 
60 ROCH CONF 60 713 

CHARPAK 61 PRL b 128 
HUTCHINS 61 PRL 7 129 
SHAPIRO 62 PR 125 1022 
FAIRLEY 66 NC 45A 2e1 
VOSSLER 69 NC 63A 423 

LAUTRUP 72 PRPL 3 1~3 
RICH 72 RMP 44 250 
COMSLEV 74 PRPL 14 1 
CALHET 77 RMP 49 21 
KINOSHIT 78 TOKYO HEP P.511 
FARLEY 79 ARNPS 2~ 243 
OEPOMMI E 80 NP A335 ~7 

+GREBENYUK 1 Z INOV, KONI N, PONOMAREV C J I ~RI 
POUT I SSOU, FELAWKA, INGRA~ + IMONT+BRCOI 
+BORER+ fCERN+DARE+BERN+ SHEF+MANZ +RMCS+B IRMI 
CASPERSON, CRANE+ ( Y ALE+LASL +HE I D+B ERN+WYOMJ 
kOR ENCHENKO, KOS TIN, MttS ELMAKHER+ I J INRI 
BADERTSCHER, BCR ER • CZAP EK, HUECK I GER + ~BERNI 

+BORER+ I CERN+OARE'+BERN+ SHEF• ~ANZ +RMCS+B I R.HI 
+BORER+/C ERN+DARE+B ERN+ SHEF+MANZ +RMC S•B I RM 

I DAR E+BERN+SHEF +CERN+fiiANZ +R MCS+B I RMI 

CASPER SON, CRANE+ I B ERN+HE I O+LASL +WYOM+ VAlE I 
OEP0f'1M IE R, MART IN+ I MONT +BRCO+TR IU+V I CT+MEL 81 
+OEY,WALTER,PFEIFFER + IZURI+ETH+SINJ 

BADER TSCHERt BORER, CZAPEK, FLUECK IGER+ I BERNI 
I OAR E+B ERN+ SHEF+MANZ +R ... C S+C ERN+B I RMJ 

Bll ETSCHAU+ I AACH+L I BH+C ERN+EPOL +MI LA+ORSA+ I 
+CHENG, L I, MATIS I LA Sl +I AS+CARN+EF II 
+GYGAX 1 KLEMPT t SCHENCK, SCHULZE+ I ETH+MA~ZI 

(OAR E+BERN+SHEF+M ANZ +RMC S +CERN+B JRM+ L BL+ I 
+COOPER 1 HAMM,HOFFMAN + (LASL+EFI+STANJ 

+BACKENSTOSS,KOWALD,WUEST + tBASL+KARll 
BADERTSCHER, BORER, CZAP EK, Fl UECK IGER+ i BERNI 
CHARM COLLAB. UNIK+CERN+HA.MB+ITEP+ROMAI 
+ENGF ER, PO VEL, DEY+ I ZURI +ETH+S IN I 
+HUGHES+ I YAL E+LBL +L ASL +SACL +SI N+C NRC+BERNJ 
WI L Lt S+ I VAL E+LBL +LAS L +SAC L +S I N+CNRC+ BERNI 
E.ZAVATTINI - PROCEEDINGS P.62 ICERNI 

+OUCLOS.HAGNON+ I SACL+CERN+BGNA+TRIUI 
CORRIVEAU,EGGER,FETSCHER + IETH+SIN+MANZI 
P.NEMETHY,V.W.HUGHES (LBL+YALEI 
+SCHULZE, WOlF, CA,.ANI, GY GAX+ ( MANZ +ETHI 

PAPERS NOT REFERRED TO IN DATA CARDS 

F I SHEP, L EONTI C oLUNOBY, MEUNIER ,STROOT I CERN I 
ASTBURY,HATTERSLEY,HUSSAIN + (UVERPOOLI 
DEVONS, G IOAL, LEDERMAN, SHAPIRO I COLUMB I AJ 
J LATHROP.R A LUNOV,V L TELEGDI + (EFII 
J LATHROP,R A LUNOV,S PENMAN -t IEFll 
REITER,ROMANOWSKioSUTTON + ICARNEGIEI 
V l TELEGDI ICERNI 

CHARPAK,FARLEY.GARWJN,MULLER,SENS + ICERNI 
0 P HUTCHINSON,J MENES + ICOLUMBIAI 
G SHAPIRO,L M LEDERMAN fCOLUMBIAJ 
FAIRLEY,BAILEY.BROWN,GIESCH + iCERNI 
C VOSSLER (EFII 

B. LAUTRUP, A. PETERMAN, E. DE RAFAEL I C ERN+fiURE I 
A RICH,J C WESLEY (MICHl 
F.COMBLEY, E .PIC A.SSO i CER.NI 
J. CALHET, S .NAR I SON, H. PERROTTET+ ~MARS) 

T. KINOSHITA ICORNI 
F. J. M. FARLEY, E. PICASSO I RMC S+CERNJ 
P.OEPOMHIER !MONTI 

****** ********* ********* ********* ********* ********* ********* ******COO ...... *•••••••• .................................................... . 

EXISTENCE INDIRECTLY ESTABLISHED FROM TAU DECAY DATA 
COMBINED WITH NU REACTION DATA. SEE FOR EXAMPLE 
FELDMAN 81. KIRKBY 79 RULES OUT J==3/2 USING 
TAU --> PI NUTAU BRANCHING RATtO. 

NOT IN GENERAl A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUTRINO SECTION ABOVE. 

36 Nu-TAU "MASS" IMEVI 

APPLIES TO NU-3, THE PRIMARY MASS EIGENSTATE IN NU-TAU. WOULD ALSO 
APPlY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-TAU AND HAS 
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 
HHIS WOULD BE NONTRIVIAL ONLY FOR A HYPOTHETICAL J oGE. 4. GIVEN 
THE NU-E AND NU-MU ''MASS'' liMITS ABOVE.! 

P 144 1600.1 OR LESS CL=.95 PERL 77 SMAG E+E-3.8-7.eGEV ECH 12/77 
C140.1 CR LESS CL=.90 8RANDEliK 78 OASP ASSUMES V-A DECAY 3/78 

8 5'14 250. OR LESS CL=.95 BACINO 79 DlCO E+E- ECM::::3.5-7.4GEV 7/79 
250. OR LESS CL=.95 BLOCKER e2 SMK2 E+E- ECM::::5.2 GEV 2/82* 

P PERL 11 IS E+E- TO TAU+ TAU- EXPT. VALUE QUOTED ASSUMES V-A DECAY 12/77 
p AND TAU MASS.,1900 MEV. 
B BACINO 79 EXPT RULES OUT V+A DECAY, DISFAVORS PURE V OR A, ANO IS 
8 IN GOOD AGREEMENT WITH V-A. 

........................ ·····(!<··· .••...... ••••••*** ********* ******** 

PERL 
BRANDEL I 
BACINO 
KIRK BY 
FELDMAN 
BlOCKER 

REFERENCES FOR NU-TAU 

77 PL 708 487 +FELDMAN,ABRAMS,ALAM,BOYARSKI+ (SLAC+LBLI 
78 PL 73B 109 BRANOELIK + IAACH+CESYHAMB+P'PIM+TOKYI 
79 PRL 42 74~ +FERGUSON,NODULMAN+ WCLA+SLAC+UCI+STONI 
79 SLAC-PUB-2419 J.KJRKBY(LEPTON PHOTON SYMP. BATAVIA I (SLACIJ 
81 SLAC-P"UB-2e39 G.J.FELDMANISANTA CRUZ APS 1~BlltSLAC+STANI 
82 PL B ITO BE PUB.) +DORFAN,ABRAMS,AlAMoBlONDEl+ ILBL+SLACI 

............................................................ ****•••• 

............... ****••••• •••••••••••••••••••••••••••••••••••• 0:0:$0:···· 

12/77 
7/79 
1/e2• 



Stable Particles 
-r* 

35 TAU+-11785,J:l/21 HEAVY LEPTON 

E+E- --> TAU+TAU- CROSS SECTION THRESHOLD BEHAVIOR 
AND MAGNITUDE CONSISTENT WITH POINTLIKE SPIN 1/2 
DIRAC PARTICLE. BIUNOELIK 78 RULES OUT POINTliKE 
SPIN 0 OR SPIN 1 PARTICLE. FELDMAN 78 RULES OUT 
J=3/2. KIRKBY 79 ALSO RULES OUT J::INTEGER, Jc3/2. 

35 TAU MASS IMEVI 

M 

" " " M 

p 641 1800. 1 
8 22011910.1 
p 14411900.1 
A 692 1783. 
R 299 1787. 

1200. J 
130. J 

1100. I 

PERL 75 SMAG INCL. IN PERL 77 
BURMESTl 71 PLUT ASSUMES V-A DECAY 
PEPL 77 SMAG E+E- 3.8-T.BGEV ECM 

3. 4. 
18. 

BACINO 78 OLCO E+E- 3.1-7.4GEV ECM 
10. 
20. 
10. 

116. I 

BARTEL 78 SPEC E+E- 3.6-4.4GEV Et:M 

" " M 

1807. 
1787. 

11381 1803. J 

BRANOELIK 78 OASP E+E- 3.1-S.ZGEV ECM 
BLOCKER 80 SMK2 E+E- 3.5-6. 7GEV ECM 
BLOCKER 82 SMKZ INCL. IN BLOCKER 80 

M 

8 BURMESTER 77 MASS VALUE ARE FROM EVENTS CONTAINING MU+- PLUS ONE 
OTHER PRONG 9 ORIGINATING FROME+ E- -->TAU+ TAU-. THE MASS 
VALUES COME FROM A FIT TO THE SHAPE AND ECH DEPENDENCE OF THE 
HU+- SPECTRA, ASSUMING THAT THE TAU SPIN IS 1/2 AND ITS ASSDC 
NEUTRINO HAS M:O. 

M PERL 17 VALUE COMES FROP. E+ E- TO E+- 'IU-+ AND NO CTHER DETECTED 
M PARTICLES. ASSUMES V-A COUPL lNG AND ZERO MASS FOR ASSOC NEUTRINO. 
M 
'I BACINO 7B VALUE COMES FROM E+- X-+ THRESHOLD. PUBLISHED MASS 17B2 
M MEV INCREASED BY 1 MEV USING THE HIGH PRECISION PSI-PRIME MASS 
M MEASUREMENT CF ZHOLENTZ BO TO ELIMINATE THE ABSOLUTE SPEAR ENERGY 
M CAliBRATION UNCERTAINTY. 

BARTEL 78 FITS ENERGY DEPENDENCE OF CS FOR E+- AND MU+- EVENTS. 
MASS VALUE NOT DEPENDENT ON WHETHER V-A OR V+A DECAY ASSUMED. 

AVG 1784.2 3.2 AVERAGE CERROR INCLUDES SCALE HCTOR OF 1.01 

~5 !AU MEAN liFE (UNITS 10**-13 SECI 

77 190. I 
594 (23.1 

38 ( 14.1 
102 4.6 

CR LESS CL=. 95 
OR LESS CL=. 95 
OR lESS CL:c:.95 

1.9 

AlEXANDER 79 PLUT E+E- 3.9-5 GEV ECM 
BACIND2 79 DLCD E+E- ECM::3.5-7.4GEV 
BRANDEl IK 80 TASS E+E- ECMc30GEV 
FELDMAN 82 SMK2 E+E- ECM=29 GEV 

PI 
P2' 
P7 
P8 
P9 
PIO 
Pll 
Pl2 
Pl3 
PH 
P15 
Pl6 
P17 
PIS 
P19 
P20 
P21 
P22 

35 TAU PARTIAL DECAY MODES 

TAU+- INTO MU+- NUMU NUTAU 
TAU+- INTO E+- NUE NUTAU 
TAU+- INTO HAC RON+- NEUTRAL( S I 
TAU+- INTO 3 HADRONS+- NEUTRALISI 
TAU+- INTO NUTAU RHOci PI+-
TAU+- INTO NUT.AU Ali11001+-
TAU+- INTO K+- NEUTRAU Sl 
TAU+- trHO NUT AU P 1+-
TAU+- INTO NUTAU 2Pt+- PI-+ (INCL. P9, ?101 
TAU+- INTO NUTAU 2PI+- PI-+ IPIOSI CINCL. P131 
TAU+- 1'4TO NUTAU .GE.3HAORONS+- NEUTRAUSI 
TAU+- INTO NUTAU RHO+-
TAU+- INTO 3 HAORONS+- NUTAU 
TAU+- INTO 3 HADRONS+- NUTAU GAMMAISI 
TAU+- INTO HADRON+- CNOT RHO+-, Pl+-1 NEUTRAL(SI 
TAU+- INTO 5 HAORONS+- NEUTRAUSI 
TAU+- INTO NUTAU K*l8921 
TAU+- INTO NUTAU K*(l4301 

LEPTON NUMBER VIOLATING MODES. 

P31 TAU+- INTO MU+- GAMMA 
P32 TAU+- ItHO E+- GAMMA 
P33 TAU+- INTO MU+- CHARGED PARTIClES 
P34 TAU+- INTO E+- CHARGED PARTIClES 
P35 TAU+- INTO MU+- MU+ MU-
P36 TAU+- INTO E+- MU+ MU-
P37 TAU+- INTO HIU+- E+ E-
P38 TAU+- INTO E+- E+ E-
p 39 TAU+- INTO MU+- Pt 0 
P40 TAU+- INTO E+- PIO 
P41 TAU+- INTO MU+- KO 
P42 TAU+- INTO E+- KQ 
P43 TAU+- INTO MU+- RHOO 
P44 TAU+- INTO E+- RHOO 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
105+ 0+ 0 

.5+ 0+ 0 

0+ 769+ 139 
0+1275 

0+ 139 
0+ 139+ 139+ 139 
0+ 139+ 139+ 139 

0+ 769 

0+ 891 
0+1434 

105+ 
.5+ 

105+ 105+ 105 
.5+ 105+ 105 

105+ .5+ .5 
.5+ .5+ • 5 

105+ 134 
e5+ 134 

105+ 497 
.5+ 497 

105+ 769 
.5+ 769 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elemcnts
1 

are Pi± 6Pi' where 

6Pi = V(6Pi6Pi)' while the off-diagonal elements are the~ correlation coeffi­

cients (6Pi6pj) /(6Pi • 6Pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

P 1 P 2 Pl2 P16 P17 Pl8 Pl9 
P 1 e1848+-.Ql24 
p 2 -.1212 .1617+-.0099 
P12 .02C7 -.1706 .1065+-.0156 
P16 -.1767 -.H:22 .0277 .2162+-.0359 
P17 -.0141 -.0106 .0018 .0048 .1338+-.0760 
P18 .0000 -.0000 -.0000 -.0000 -.9213 .1500+-.0700 

2/78 
12/77 
12177 
2/82* 
7179 
3178 
2/82* 
2/82* 

12/71 
12/71 
12/71 
12/77 
12/77 

12/77 
12/17 

2/82* 
2/82* 
2/82• 
2/82* 

7179 
7179 

7/79 
1119 
8/B1* 
1/82• 

P19 -.0844 .0185 -.3174 -.6819 -.2364 .0000 .0470+-.04 3/68 

60 

Data Card Listings 
For notation, see key at front of Listings. 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

35 TAU BRANCHING RATIOS 

TAU+- INTO ( 1-.U+- NUMU NUT AUI /TOTAL ( P11 
220 0.15· 0.03 BURMESTl 71 PLUT ASSUMES V-A DECAY 

o. 175 O. 040 PERL 77 SHAG E+E- TO MU+- X-+ 
0.22 0.10 0.01 CAVALLISF 17 SPEC E+E- TO MU+- X-+ 

11 0.22 Oe07 0.08 SMITH 78 SPEC E+E- TO MU+MU-XO 
O. 35 0.14 BRANDEllK 80 TASS E+E- ECM=30GEV 
0.178 0. 021 BERGER 81 PLUT E+E- 9-32GEV ECM 

R1 AVG 
R1 FIT 

0,.175 0.017 AVERAGE CERROR INCLUDES SCAlE FACTOR OF 1 .. 01 
0.185 D.012 FROM FIT IERROR INClUDES SCALE FACTOR OF 1.0) 

R2 
R2 
R2 
R2 
R2 
R2 

TAU+- INTO IE+-. NUE NUTAUI/TOTAL (P21 
B 459 0.160 0.013 BACINO 78 DLCO E+E- ECM:3.1-7.4GEV 

Q,.lf;J Oe 09 BRANOEliK 80 TASS E+E- ECM::30GEV 
B BACINO 78 VALUE COMES FROM FIT TO EVENTS WITH E+- AND 1 OTHER 
B NONElECTRON CHARGED PRONG. 

R2 AVG 
R2 FIT 

0.161 
Oe 1617 

0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.0099 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

TAU+- INTO IL+- NUL NUTAUt/TOTAL SQRTIP1*P21 
WHERE L MEANS E OR MU. EQUALITY OF E AND MU MODES IS ASSUMED. 

P 105 0.11 0.06 0.03 PERL 76 SMAG 
B 144 0.186 0.030 PERl 77 SMAG 
B 21 0.224 0.055 8ARBARO-G 77 SMAG 
B 13 0.182 . O. 031 BRANDE UK 7B OASP ASSUMES V-A DECAY 
8 WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICAlLY. 
P ASSUMES V-A COUPLING, TAL.! MASS::l.8 GEV, TAU NEUTRINO MASS:Q. 
8 ASSUMES V-A COUPLING. TAU MASS:l.9 GEV, TAU NEUTRINO MASS::Q. 

R3 AVG 
R3 FIT 

0.186 
0.1728 

0.018 AVERAGE CERROR INClUDES SCALE FACTOR OF 1.01 
0.0074 FROM FIT tERROR INClUDES 'SCALE FACTOR OF 1.01 

R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 

R5 
· R5 

R5 
R5 
R5 
R5 
R5 
R5 .. 
R8 
R8 
R8 
R8 
R8 
R8 

AVG 
FIT 

TAU+- INTO E+- NUE NUTAUIMU+- NUMU NUTAU CP21/IP11 
PREDICTED TO BE 1 FOR SEQUENTIAl LEPTON, 2 FOR PA.RAElECTRON. 
AND 1/2 FOR PARAMUON. PARAELECTRON ALSO RULED OUT BY HEILE 78. 
21 0.92 0.37 BURMEST2 77 PLUT ASSUMES V-A DECAY 
18 1.09 0.38 8RANDEliK 78 OASP E+E- 3.1-5.2GEV ECM 

154 Q,. 75 O. 23 BlOCKER 82 SMK2 E+E- ECM==3.5-6. 7GEV 
BRANDEliK 78 QUOTES THE INVERSE OF THIS RATIO AS .92+-.32 • 
BlOCKER 82 GIVES THE INVERSE OF THIS RATIO AS 1.33+-.18+-.36 • 

0.86 
0.875 

0.11 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
0.084 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

TAU+- INTO IMU+- NUfiiiU NUTAU1*1E+- NUE NUTAUI 1Pli*IP21 
10.0341 (0.0061 ABRAMS 79 SMK2 REPL 'BY BLOCKER 82 

B 20 0.034 0.009 BACINO! 79 OLCO E+E- ECM==3.6-7.4GEV 
257 0.030 0.005 BlOCKER 82 SMK2 E+E- ECM==3.5-6.7GEV 

BACINO! 79 QUOTES BRCMUJ=0.21+-0.Q581STAT.+SYST. ERRORS COMBINED IN 
QUADRATURE! ASSUMING BRIEtc0.16• WE MPY. BY 0.16 TO GET ABOVE VAL. 

AVG 0.0309 0.0044 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 0.0299 0.0025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.:)) 

TAU+- INTO (HADRON+- NEUTRAl(SI)/CTOTAU IP12+Pl6+Pl91 
19 0.45 0.19 BARBARO-G 71 SMAG 

0.29 0.11 BRANDELIK 78 OASP ASSUMES V-A OECA't' 
(0. 221 C 0.141 BRANDELIK 80 TASS E+E- ECM=30GEV 

NOT INDEPENDENT OF BRANOEliK BO R1, R2 AND R21 VAlUES. 

R8 AVG 
R8 FIT 

0.330 0.095 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
0.370 0.032 FROM FIT CERROR INClUDES SCAlE FACTOR OF 1.01 

R9 TAU+- INTO CK+- NEUTRAUSII/TOTAL (P1ll 
R9 B S'IALL BRANDEL IK 77 DASP 3.6-5.2ECM E+E-
R9 B BRANOEUK 77 FINDS 0.07+-0.06 K+- PER EVT IN E+E- --> E+- PRONG-+. 

RIO 
RIO 

· R10 
RIO 
RIO 
RIO 

Rll 
Rll 
Rll 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 

Rll 
RIJ 

RH 
RH 
RH 

Rl5 
Rl5 
Rl5 
Rl5 
RIS 
Rl5 
Rl5 

Rib 
Rib 
Rl6 
016 
Rl6 
Rib 
Rib 
Rib 
R 16 
Rl6 

AVG 
FIT 

TAU+- INTO (3 I-IAORONS+- NEUTRALISJIITOTAl IP17+Pl81 
O. 35 0.11 BRANOELIK 78 OASP ASSUMES V-A DECAY 

35 0.24 O. 06 BRANDEL IK 80 TASS E+E- e:CM:30 GEV 

0.265 
a. 284 

0.053 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 
0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

TAU+- INTO INUTAU RHOO Pt+-1/TOTAL 
21 10.00451 (0.00131 AlEXAND1 
27 O. 0054 0. 0017 WAGNER 

( P91 
78 PLUT REPl. BY WAGNER 80 
80 PLUT E+E- 4-5 GEV ECM 

TAU+- INTO INUTAU AllllOOJ+-1/TOTAL IP101 
21 (0.101 C0.03J ALEXAN01 78 PlUT REPl. BY WAGNER 80 
27 10.1081 10.0341 WAGNER 80 PLUT E+E- 4-5 GEV ECM 
NOT INDEPENDENT OF WAGNER 80 Rll VALUE ABOVE. ASSUMES THAT All 
(NU RHOO Pt+-1 EVENTS ARE (NU Al+-f AND 8RIL+- NU NUl= 
.173+-.013 • 

TAU+- INTO CNUTAU 2PI+- PI-+ IPIOSII/TOTAL CP141 
33 0.18 0.065 JAROS 78 SMAG E+E- ECM > 6 GEV 

TAU+- INTO CNI.JTAU 2PI+- PI-+1/TOTAL lP131 
J 13 0.07 0.05 JAROS 78 SMAG E+E- ECM > 6 GEV 
J JAROS 78 EVEIIITS CONSISTENT WITH BEING RHO PI OR AI. 

FIT 

AVG 
FIT 

TAU+- INTO CNUTAU .GE.3HAORONS+- NEUTRALISII IP11+P181 
692 0.32 0.05 BACINO 78 DLCO E+E- ECM:::3.1-7.4GEV 

FOR THE FIT hE ASSUME THAT THIS EQUALS THE BRANCHING FRACTION FOR 
C3HADRONS+- NEUTRALSI 9 I.E. THAT THE BRANCHING FRACTION FOR 5 OR 
MORE CHARGED HADRONS IS ZERO. 

0.284 0.030 FROM FIT. (ERROR INCLUDES SCALE FACTOR OF 1.0,1 

TAU+- INTO ·(NUTAU PI+-I*(E+- NUE NUTAUI IP121*CP21 
23 0.015 0.006 AlEXAND2 78 PLUT E+E- ECM=3.6-5 GEV 
10 0.013 0.006 BACINO! 79 OLCO E+E- ECM=3.6-7.4GEV 
ALEXANOER2 78 QUOTE BRCPII==.Q90+-.038CSTAT.+SYST.ERRORS COMBINED IN 
OUADRATUREI USING BRCEI=.l67+-.010. WE MPY. BY .167 TO GET ABV.VAl. 
SAC IN01 79 QUOTES BR(P I I :0.080+-0.035( STAT .+SYST. ERRORS COMB I NED IN 
QUAORATUREI ASSUMING B,RIEI=0.16. We MPY. BY 0.16 TO GET ABOVE VAL. 

0.0140 0.0042 AVE~AGE IERROR INCLUDES SCALE FACTOR OF 1.01 
·0.0112 0.0026 FROM FIT CER~O~ INClUDES SCAlE FACTOR OF 1.01 

12/77 
12/7-7 

1178 
7/79 
8/81• 
1/82* 

1/79 
8/81* 
1179 
1179 

3/17 
12/77 
11/77 
3/78 
3/78 

12/77 
12178 
2/82* 

12/78 
2/82* 

12179 
1179 
2/82• 
1/79 
1/79 

11171 
11177 
3178 
8/81• 
8/81• 

1/78 
1/78 

3/78 
8/81• 

317B 
2/82* 

12/78 
2/82• 
2/82• 
2/82* 
2182• 

1/79 

1/79 
1179 

1179 

2/79 
1/79 
2179 
2/79 
1179 
1179 

Rl1 TAU+- INTO I NUT AU RHO+- I 0: ( E+- NUT AU ~UE I I P161*(P21 12/79 
Rl1 
Rl1 
Rl1 
Rl1 FIT 

RIB 
Rl8 
RIB 
Rl8 
rna FIT 

(0.0421 I (0.00901 ABRAMS 
139 0.034 0.008 BLOCKER 

19 SMK2 REPl. BV BLOCKER 80 12/79 
80 SMK2 E+E- ECM:3.5-6.7GEV 2/82* 

0.0350 0.0059 FROM FIT fERROR INCLUDES SCAlE FACTOR OF 1.01 

TAU+- I~TO INUTAU RHO+-I*IMU+- NUTAU -~UMUI CP161*1Pll 12/79 
CO. 03291 ( 0.01001 ABRAMS 79 SMK2 REPL. BY BlOCKER 80 12/79 

103 0.041 0.009 BLOCKER 80 SMK2 E+E- ECM:3.5-;6.7GEV 2182• 

0.03q9 0.0067 .FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 
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Data Card Listings 
For notation, see key at front of Listings. 

Rl9 
Rl9 
Rl9 
R l9 
R 19 FIT 

RZO 
R20 
R20 
R20 FIT 

R2l 
R2l 
R2l 
R2l FIT 

R22 
R22 

TAU+- INTO 13 HADRON$+- NUTAUI/TOTAL tP171 
10.091 (Q.Obl BRANDELIK 90 TASS E+E- ECI-1=30GEV 

NOT INDEPENDENT OF BRANOELIK 80 RlO AND R20 VALUE$. 

0.134 0.076 FROM FIT 

TAU+-. INTO 13 HADRON$+- NUTAU GAMMAISII/TOTAL IPlBI 
0.15 O. 07 BRANOELIK 80 TASS E+E- ECM:3QGEV 

0.150 0.070 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

TAU+- INTO 11 CHARGED NEUTRAL! SJ J /TOTAL I Pl+P2+Pl2+P l6+Pl91 
37 O. 76 O. 06 BRANDEL lK 80 TASS E+E- ECM=30GEV 

0.716 0.030 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

TAU+- INTO 15 HADRON$+- NEUTRALISli/TOTAl (P201 
0.06 OR LESS CL==.95 BRANDELIK 80 TASS E+E- ECM=30GEV 

8181*" 
6/81• 
6/81• 

6181* 

8/Bl* 
6181* 

8/81* 
8/81* 

R23 
R23 

TAU+- INTO INUTAU K*I892J•-I/TOTAL I P2ll 12/81* 
11 0.011 0.007 DORFAN 81 SMK2 E+E- 4.2-6.7GEV ECM 12/81* 

R24 
R24 

TAU+- INTO INIJTAU K*ll43Q)+-J!TOTAL I P221 12/81* 
0 0.009 OR LESS CL=.95 OORfAN 81 SMK2 E+E- 4.2-6. 7GEV ECM 12/81* 

R25 TAU+- INTO INlJTAU PI-1/TOTAL ( P121 
R25 1138 0.117 0.019 BLOCKER 82 SMK2 E+E- ECM=3.5-6. 7GEII 
R25 
R25 FIT 0.107 0.016 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R26 
R26 

R5l 
R5l 
R5l 
R5l 

R52 
R52 
R52 
R52 

TAU+- INTO INlJTAU 2PI+- PI-+ NON-RES.IITOTAL (Pl3-P91 
10.01410R LESS CLc.95 WAGNER 80 PLUT E+E- 4-5 GEl/ ECM 

TAU+- INTOIMU+- GAMMA($! + E+- GAMMAISIIITOTAL (P:31+P321 
VIOLATES LEPTCN NUMBER CONSERVATION 

B (0.121 OR LESS CL:.90 BUPMEST2 11 PLUT E+E- 4-5 GEV ECM 
B ASSUMES SAME MU,E MOM. SPEC. AS IMU E +NOTHING DETECTED!. 

TAU+- INTOCMU+- CHGO. PARTS. + E+- CHGO. PARTS.IITOTAL IP33+P341 
VIOLATES LEPTCN NUMBER CONSERVATION 

B 0.04 OR LESS CL=.90 BURMEST2 77 PLUT E+E- 4-5 GEl/ ECM 
B ASSUMES SAME MU,E MOM. SPEC. AS IMU E + NOTHING DETECTED!. 

TAU+- INTO (MU+- GAMMAI/TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

( P311 

2/82* 

2/82* 

12/77 
12/77 

12/77 
12/77 

R53 
R53 
R53 5.5E-4 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.8-6.8GEV ECM 4/82* 

R54 
R54 
R54 

R55 
R55 
R55 

R56 
R56 
R56 

R51 
R57 
R57 

R56 
R56 
R56 

R59 
R59 
R59 

R60 
R60 
R60 

R6l 
R6l 
R6l 

R62 
R62 
R62 

R63 
R63 
R63 

R64 
R64 
R64 

TAU+- INTO IE+- GAMMA I /TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

6.4E-4 OR LESS CL=.90 HAYES 

TAU+- INTO IMU+- MU+ MU-1/TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

4.9E-4 OR LESS CL:.90 HAYES 

TAU+- PHO IE+- MU+ MU-1/TOTAL 
VIOLATES LEPTGN NUMBER CONSERVUION 

3.3£-4 OR LESS CL:.CJO HAYES 

TAU+- INTO IMU+- E+ E-IITOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

4.4E-4 OR LESS CL=.9D HAYES 

TAU+- INTO IE+- E+ E-1/TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

4.0E-4 OR LESS CL:o90 HAYES 

TAU+- INTO IMU+- PlOI/TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

8.2E-4 OR LESS CL=.90 HAYES 

TAU+- INTO IE+- PIOJITOTAL 
VIOLATES LEPTON NUMBER C.ONSERVATION 

2.lE-3 OR. LESS CL=.90 HAYES 

TAU+- INTO (I'!U+- KOIITOTAL 
VIOLATES LEPTCN NUMBER CONSERVATION 

l.OE-3 OR LESS CL=.90 HAYES 

TAU+- INTO ( E+- KOIITOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

1.3E-3 OR LESS CL:.90 HAYES 

TAU+- INTO IHU+- RHOOJ/TOTAl 
VIOLATES LEPTON NUMBER CONSERVATION 

4.4E-4 OR LESS CL:.90 HAYES 

TAU+- INTO IE•- RHOOI/TOTAL 
VIOLATES LEPTON NUMBER CONSERVATION 

3.7E-4 OR LESS CL:.90 HAYES 

I P321 

82 SMK2 E+E- 3.8-6.8GEII ECM 4/82* 

( P351 

82 SMK2 E+E- 3.8-6. 8GEV ECM 4/82* 

I P361 

82 SMK2 E+E- 3.8-6. 8GEV ECM 4/82* 

( P37) 

82 SMK2 E+E- 3.8-6.8GEV ECM 4/82* 

IP381 

82 SMK2 E+E- 3.8-6.8GEV ECM 4/82* 

I P391 

82 SMK2 E+E-. 3. 8-6. 8GEV Ec.M 4/82* 

( P401 

82 SMK2 E+E- 3.8-6.8GEV E01 4/82* 

I P411 

82 SMK2 E+E- 3.8-6.8GEV EC.H 4/82* 

IP421 

82 SMK2 E+E- 3.8-6. BGEV ECM 4/82* 

I P431 

82 SMK2 E•E- 3.8-6.8GEV ECM 4/82* 

( P441 

82 SMK2 E+E- 3.8-6. BGEV EC/4 4/82* 

****** ·~~):······· ••••••••••••••••••••••••••••••••••••••••••••• ******** 

PERL 
PERL 

BARBARO­
BRANDEL I 
BURMEST 1 
BURMEST2 
CAVALLI$ 
PERL 

75 PRL 35 1489 
76 PL 63B 466 

77 PRL 39 1C58 
77 PL 708 125 
77 DL 688 297 
77 Pl 688 301 
71 LNC 20 337 
77 PL 708 4B7 

ALEXANOl 78 PL 738 <;~ 

ALEXAN02 78 PL 788 162 
BACINO 78 PRL 41 13 

REFERENCES FOR TAUI1785J HEAVY LEPTON 

+ABRAMS,BOYARSKI,BREIOENBACH + ILBL+SLACI 
+FELOHAN,ABRAMS,ALAM,eOYARSKI + ISUC+LBLI 

BARBARO-GAL TIER I+ I L8L +NWE S+Sl AC+HAWAI 
8RANDELIK + (I\ACH+OESY+HAH8+HPIM+TOKYJ 
BURMESTER,CRIEGEE + I OESY+HAMB+SIEG+WUPGJ 
8URMESTER,CRIEGEE + IDESY+HAMB+SIEG+WUPGI 
CAVALlt-SFORZA,GOGGI + (PAVJ+PRIN+UI'IOJ 
+FELDMAN, ABRA~o!S tAL AM t BOYARSK I+ I SLAC+U~L J 

AlE XANOER, CR I EGEE+ I OESY+AACH+S I EG+WUPGJ 
AlEXANDER+ I DE SY+AACH+HAMB+S I EG+WUPGI 
+FERGUSON,NODUU4AN + IUCLA+SlAC+UCI+STONJJ 

ALSO 78 TOKYO CONF. 
ALSO 80 PL 968 214 

P.249 J.KIRZI19TH INTL.CONF. ON HEPI ISTONJ 

BARTEL 78 PL 17B 331 

BRANDEL I 78 PL 73 B 109 
HEllE 78 NP B138 189 
JAROS 78 PRL 40 1120 
SMITH 78 PR 018 l 

ABRAMS 79 PRL 43 1555 
ALEXANDE 19 PL 818 84 
BACINOl 79 PRL 42 6 
BAC IN02 19 PRL 42 749 

BLOCKER 80 LBL-l080l,THESIS 
BRANDEL I 80 PL 928 199 
WAGNER 80 ZPHY C3 193 
ZHDLENTZ 80 PL 968 214 

ALSO 81 YAQ.PHYS.34 1411 

ZHOLENTZ, KUROAOZE ,L ELC HUK, M I SHNEV+ I NOVO I 
+DITTMANN, OUINKER, OLSSON,ONE ILL +I OESY+HE t OJ 

BRANDEL IK + IAACH+OESY+HAMB+ MPIM•TOKYIJ 
+PERL t ABRAMS, ALAH, BOYAR SKI+ I SlAC+lBl J 
•ABRAMS, AlAI"+ ( SLAC+LBL +NWES•HAWAJ 
+FORO, MORSE • MANN ,RESVAN IS+ I COLO+PENN+Wt SCI 

+ALA"!, BLOCKER, 80YARSKI + I SLAC+LBLI 
ALEXANDER + (DESY+AACH+HAMB+SIEG+WUPPI 
+FERGUSON, NODULMAN + IUCLA+SLAC+UCI+STONI 
•FERGUSON. NODULMAN+ (UC L A+SL AC+UC I+ STONI 

C.A.8LOCKER ILBLI 
BRANDELIK + IAACH+80NN+OESY+t'AM8+lOIC+OXF+t 
+ALEXANDER+ I AACH+ tESY+t1AMB+S 1 EG+WUPGJ 
+KURDAOZE. L ELCHUK·, M I SHNEV, N I KIT IN+ {NOV OJ 
ZHOLENTZ + I NOVO) 

13ERGER 
DORFAN 

. 13LOCKER 
FELDMAN 
HA'I'ES 

PERL2 
FLUGGE 

AZI MDV 
FELDMAN 
PERL 

FLUGGE 
KIRKBY 
PERL 

81 PL 998 489 
81 PRL 46 215 
82 Pl B ITO BE PUB. I 
82 PRL 48 66 
82 PR. (SUBMITTED I 

Stable Particles 

+GE NZEL+ I AACH+BEPG+DESY+HAMB+UMD+S I EG•WUPGI 
+BLOCKER,ABRAMS,ALAM + ISLAC+LBLI 
+DORFAN. ABRAMS • ALAM, 6L ONOEL + I LBL +SLAO J 
+TRIllING, ABRAMS, AM I DE I+ I SlAC+LBL +HARVJ 
+PERl,ALAM.BO'fARSKt, BREIDENBACH+ (SLAC+LBU 

REVIEWS 

77 HAMBURG SYMP. ALSO ISSUED AS SLAC-PUB-2022, ~ot,.PERL ISLACI 
71 MESON CONF.BOSTO~ ALSO ISSUED AS OESY 77-35, G.FLUGGE IOESYJ 

76 SPU 21 225 +FRANKFURT,KHOZE ILENIJ 
78 TOKYO CCNF.,P.777 G.J.FELDMAN (19TH JNTL. CONF. ON HEPJISLACJJ 
78 SLAC-PUB-2219 M.L. PERL I KARLSRUHE SUMMER I NST .1 9761 ( SLACI 

79 ZPHY C1 121 G.FLUGGE IOESYJ 
79 SLAC-PU!!-2419 J.KIRKBYILEPTON PHOTON SYMP. BATAVIAIISLAC)J 
80 Af<NPS 30 299 M.L.PERL I SLACI 

............... ********* ********* ••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••• ********* ••••••••• ********* ******** 

OM 

T 
T 
T 
T 

'T 
T 
T 

8 CHARGED PIDNI140,JPG=O--I 1=1 

8 CHARGED PION MASS IMEVJ 

139.37 0.20 CROWE 54 CNTR -
139.68 0.15 SARKA$ 56 EMUL + 

S I 139.5771 (0.0131 SHAFER 67 CNTR - MESONIC ATOMS 6/68 
10/71 
1/73 
1/73 
1/78 
6/77 

12177 
10/81* 
1/Bl* 

8 1139.5491 10.0081 BACKENSTO 71 CNTR - MESONIC ATOMS 
S 139.566 0.013 SHAFER 72 CNTR - MESONIC ATOMS 
B 139.569 0.008 SACKENSTO 73 CNTR - MESONIC ATOMS 

139.571 0.010 ARANOAODO 76 CNTR - MESONIC AT0"1S 
139.5686 0.0020 CARTE~ 76 CNTR - MESONIC ATOMS 

H 139.5667 0.0024 MARUSHENK 76 CNTR - MESONIC ATOMS 
0 1139.56581 (0.00181 OAUM 79 SPEC + PI+ --> MU+ NEU 

139.5615 0.0009 LU 80 CNlR - MESONIC ATOMS 
SHAFER 72 UPOATES SHAFER67 WITH NEW ALPHA AND NEW CALIS. LINE ENER. 
BACKENSTOSS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM POL. CALC. 
THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 

H ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 

1/73 
1/73 
3/78 
3/78 
3178 
2/78 
2178 

M .0011 TO INCLUDE QED CALC. ERROR OF .0017 112 PPM). 
0 DAUM 79 VALUE DEPENDS ON ASSUMED MU+ MASS MIMUI=105.65948+-.00035 • 
0 ENTERS OUR FIT VIA PI-HU MASS DIFF. BELOW WHICH IS INOEP. OF MIMU). 

AVG 
FIT 

AVG 
FIT 

l45 

139.56161 0.00077 AVERAGE IERRDR INCLUDES SCALf FACTOR OF 1.01 
139.56733 0.00011 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 3/82* 

34. oc 
33.89 
33.881 
33.925 
33.9063 

33.9064 
33.90790 

o. 02 

8 IPI+J- IMU+I MASS DIFFERENCE IHEVJ 

o. 076 
0.076 
0.035 
0.025 
0.0018 

SARKA$ 
BARKAS 
HYMAN 
BOOTH 
DAUH 

56 EMUL 
56 EMUL 
67 HEeC + K-HE 
70 CNTR + MAGNETIC 
79 SPEC + SEE NOTE 

2171 
SPECT. · 2/71 
0 ABOVE 10/81* 

0.0018 AVERAGE IERROR INCLUDES SCALE FII.CTOR OF 1.01 
0.00072 FROM FIHERROR INCLUDES SCALE FACTOR OF 1.01 3/82* 

8 I IPI+I - IPI-11/AI/G., MASS DIFFERENCE IPERCENTI 

0.05 AYRES 71 CNTR 3/71 

8 CHARGED PION MEAN LIFE (UNITS 10••-9 SEC) 

25.6 0.5 0.5 CROWE 51 RVUE 
25.6 0.8 0.8 ANDERSON 60 CNTR 

8000 25.46 0.32 0.32 ASHKIN 60 C.NTR + 
26.02 O. 04 ECKHAUSE 65 CNTR + 9/66 
25.6 0.3 BARDON 66 CNTR 6/66 
25.9 0.3 OUNAITSEV 66 CNTR 6/68 

126.401 (0.08) KINSEY 66 CNTR + b/66 
SYSTEMATIC ERRORS IN CAliBR.IN THIS EXP.DISCUSSED BY NORDBERG 67 8/67 

26.67 O. 24 LOBKOWICZ 66 CNTR <;/66 
26.04 0.05 NORDBERG 67 CNTR + 8/61 
26.02 0.04 AYRES 71 CNTR +- 3/71 
26.09 0.08 OUNAITSEV 13 CNTR + 3174 

AVG 26.030 0.023 0.023 AVERAGE !ERROR t"lCl. SCALE FACTOR OF 1.01 

8 IIPt+l- IP1-II/AVG., MEAN LIFE DIFF. IPERCENTI 

OT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN w.t. 

OT 
OT l 
OT 
OT 
OT 
OT 
DT AVG 

Pl 
P2 
P3 
P4 
P5 
P6 

Rl 
Rl 

O. 23 O. 40 LOBKOWICZ 66 CNTR SEE NOTE L 
ABOVE IS THE HOST CONSERVATIVE VALUE QUOTED BY AUTHORS 

O. 4 O. 7 BARDON 66 CNTR 
-0.14 0.29 PETRUKHIN 68 CNTR 

0.055 0.071 AYRES 71 CNTR 

0.053 0.068 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

8 CHARGED PION PARTIAL DECAY MODES 

CHAR. PION INTO MU IMU-NEUI 
CHAR. PION INTO E ( E-NEUJ 
CHAR. PION INTO MU I MU-NEU I GAMMA 
CHAR. PION INlO PIO E (E-NEUI 
CHAR. PION INTO E NEU GAMMA 
CHAR. PION INTO E NEU E+ E-

8 CHARGED PION BRANCHING RATIOS 

DECAY MASSES 
105• 0 

.5+ 0 
105+ 0+ 
134+ 0 5+ 

.5+ 0+ 

.5+ 0+ .5+ .5 

CHAR. PION JNlO MU NEU GAMMA (UNITS 10**-41 IP3J/1Pll 
26 1.24 0.25 CASlAGNOL 58 EMUL EI~UI.LT.3.38 Mil 

9/66 
9/66" 
7/66 
8/68 
3/71 



Stable Particles 
11::1:, 11'0 

R2 
R2 

CHAR. PION INTO E NEU WNITS 10 .. -41 CP21f(Pll 
1.21 0.07 ANDERSON 60 CNTR 

R2 0 
R2 0 
R2 0 
R2 

11.2471 10.0281 01 CAPUA 64 CNTR 
1.274 Q. 024 BRYMAN 75 RVUE 

BRYMAN 75 IS A RECALC. OF OICAPUA 64 EXPT USING LATEST PI LIFETIME. 

R2 AVG 1.267 0.023 AVERAGE IERROR INCLUDES SCALE FACTOR OF t.OJ 

R3 CHAR. PION INTO PIO E NEU I UNITS 10**-81 I P41/ (plJ 
R3 0 52 U.l51 10.221 DE POMMil 63 CNTR + 
R3 D 36 0.97 0.20 BARTLETT 64 OSPK + 
R3 0 38 1.07 0.21 BACASTOW 65 OSPK + 
R3 0 1.10 0.26 BERTRAM 65 OSPK + 
R3 0 43 1.1 O. 2 OUNAITSEV 65 CNTR + 
R3 332 t.oo o.oa 0.10 OEPOMMI ER 68 CNTR + 
R3 
R3 AVG 1.023 Q. 069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

0 DEPOMMIER 68 STATES THAT THE RESULT OF OEPOMMIER 63 IS AT LEAST 
0 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE. PlO 
0 DETECTION EFFICIENCY. THIS MAY BE TRUE OF All THE PREVIOUS 
0 
0 

MEASUREMENTS ACCORDING TO DEPOMMIER 68 AND V.SOERGEL, PRIVATE 
COMMUNICATION, 1972. 

•• •• •• •• •• 

CHAR. PION INTO E NEU GAMMA (UNITS 10**-BI CP51/(P11 
143 (3.01 DEPOMMI2 63 CNTR + E+, GAM KE >48MEV 

S 226 5.6 0.1 STETZ 78 SPEC + E MOM >56 MEV/C .. 
S STETZ 78 IS FOR E-GAMMA OPENING ANGLE >132DEG. OBTAINS 3.7 WHEN 
S USING SAME CUTOFFS AS DEPOMMIER • 

R5 
R5 
R5 

CHAR. PION INTO E NEU E+ E- (UNITS 10**-81 (P6t/(Pll 
13.41 OR LESS CL:.90 KORENCHEN 71 OSPK + 
0.48 OR LESS CL:::.90 KORENCHEN 76 SPEC + .................................................................... 

CROWE 54 PR 96 470 
BARKAS 56 PR 101 178 
CROWE 57 NC 5 Slfl 
CASTAGNO 58 PR 112 1779 

ANDERSON 
ASHKIN 
DEPOMMI 1 
OEPOMMJ 2 
BARTLETT 
01 CAPUA 

60 PR 119 ?.050 
60 NC 16 490 
63 PL 5 61 
63 n 1 285 
64 PR 1366 1452 
64 PR 133B 1333 

BACASTOW 65 PR 139 8407 
BERTRAM 65 OR 139 B 617 
OUNAITSE 65 JETP 20 58 
ECKHAUSE 65 Pl 19 348 

BARDON 66 PRL 16 775 
OUNAITSE 66 PL 23 283 
KINSEY 66 PR 144 1132 
LOBKOWIC 66 PRL 11 548 

HYMAN 67 PL 25!! 376 
NORDBERG 67 PL 248 594 
SHAFER 67 PR 163 1451 

ALSO 6S PRL 14 923 

DEPOMMI E 68 NP 84 189 
PETRUKHI 68 JINR-Pl-3862 
BOOTH 70 PL 328 723 
AYRES 11 PR 30 1051 

ALSO 67 PR 157 1288 
ALSO 68 PRL 21 261 
ALSO 69 UCRL-18369 
ALSO 69 PRL 23 1267 

BACKENST 
ALSO 

KORENCHE 
SHAFER 
BACKENST 

ALSO 
OUNA ITSE 

11 PL 368 403 
70THESIS 
71 SJNP 13 189 
12 PRIVATE COMM. 
13 Pl .438 S39 
73 SUBMITTED TO NP 
13 SJNP 16 292 

BRYMAN 75 PR 011 1337 
BRANDAOO 76 ZNAT 31A lLSO 
CARTER 76 PRL 37 1380 
KORENCHE 76 JETP 44 35 
!"4ARUSHEN 76 JETPL 23 12 

ALSO 76 PRIVATE COMM. 
ALSO 78 PRIVATE COMM. 

STETZ 78 NP B138 285 
DAJM 79 PR 020 26q2 

ALSO 78 PL 74!! 126 
LU 80 PRL 45 1066 

CARTWRIG 53 PR 91 6"11 
MERR I SON 62 ADVP 11 1 
SHAPIRO 62 PR 125 1022 
CZIRR 63 PR 130 341 
CARRIGAN 68 NP B6 662 
DEPOMMI E 80 NP A335 S7 
WILKIN 80 JPG 6 L5 

REFERENCES FOR CHARGED PION 

K M CROWE,R H PHILLIPS ILRU 
W H BARKAStW 81RNBAUM 1 F M SMITH CLRU 
K M CROWE (STANFORD HEPU 
C CASTAGNOLt,M MUCHNIK (ROHAl 

H L ANOERSON 9 T FUJIItR H MILLER + tEFII 
ASHKIN,FAZZINI,FJDECARO,LIPMAN + fCERNJ 
OEPO"'M I ER, HE INTZE, RUBBI A, SOERGEL (CERN) 
P DEPOMMIER,HEINTZE,RUBBJA,SOERGEL tCERNI 
BARTLETT ,DEVONS, MEYER ,ROSEN I CDLU"'B lA I 
01 CAPUAoGARLANQ,PONORQM,STRELZOFF CCOLUI 

+GHESQUI ER. e, WI EGANOolAR SEN ( LRL+ SLAt) 
BERTRAM, MEYER t CARRIGAN+ ( MICH+CARNEG I EJ 
OUNA I TSEV, PETRUKHI N, PROKOSHK IN + I DUBNAJ 
ECKHAUSE,HARRJS,SHULER+ (WILLIAM AND MARYJ 

BAROON,DORE,DORFAN,KRIEGER + ICOLUMBIAI 
+KUTY t N, PROKOSHKINo RASUVAEV t S l"'ONOV I OUBNA I 
KINSEYtLOBKOWICZ,NOROBERG {ROCHESTER UNIVI 
LOBKOW It Z, MEl IS SI NOS ,NAGASH I MA+ t ROCH+BNLI 

+LOKEN,PEWITT,OERRICK + 
NORDBERGoLOBKOW ICZ, BURMAN 
ROBERT E. SHAFER 
SHAFER ,CROWEoJENKI NS 

I ANL +CARN+NWESJ 
~ROCHESTER UNIVI 

tLRU 
(LRLI 

OEPOMM I ER, DUCLOS tHE INT Z E, KL EJ NKNECHT+t CERN I 
PETRUKHIN, RYKAL IN, KHAZ INSoC I SEK I OUBNAI 
+JOHNSON, WILLIAMS, WORMALD (L IVPI 
+CORMACK, GREENBERG ,KENNEY.+ I LRL, UC SBI 
AYRES, CALDWELL, GREENBERG, KENNEY, KURZ+ ( LRL I 
AYRES, CORMACK, GREENBERG, KENNEY+ ( LRL t UCSBI 
DAVID S AYRES UHESISI tLRLJ 
GREENBERG, AYRES, CORMACK ,KENNEY+ I LRL, UC SB I 

BACKENSTOSS, DAN tEL, KOCH+ I CERN, KARLoHE I OJ 
C. VON DER MALSBURG IHEIDELBERGJ 
KOR ENC HENKO, KOSTIN, Mit ElMAC HER+ C J t NRI 
R. SHAFER, 1912 (FNALI 
SAC KENSTOSS, OANI EL, KOCH+ I C ERN+KARL+MUN ICH I 
L. TAUSCHER 
OUNA IT SEV, PROKOSHK I Nt RAZUVAEV+ ( S ERP I 

+PICCIOTTO tuNIV OF VICTORIAI 
BRANDAO D'OliVERA,OANIEL,VON EGIDY+ (MUNII 
+DIXIT, SUNOARESAN+ tCARL +CNRC+CHJ C+C IT J 
KOR ENCHENKO, KOS TIN 1 MI C ELMACHER+ C J I NRJ 
MARUSHENKO, ME ZENTSEV, PETRUN IN+ ( LENII 
R. SHAFER ( FNAU 
A. 1. SMIRNOV (LENII 

+CARROLL, ORTENOAI-t., PER EZ-MENOEZ + ( LBL +UCLA I 
+EATON, FROSCH, HI RSCHMANN.MCCULLOCH+ (SIN I 
OAUM, EATON. FROSCH, HIRSCHMANN,+ I SIN) 
+DELKER, DUGAN ,WU,CAFFR EY+ C YAL E+COLU+JHU I 

PAPERS NOT REFERRED TO IN DATA CARDS 

CARTWRIGHT • RICHMAN, WHITEHEAD, WILCOX ( LRLI J 
A W MERRlSON (LJVERPOOLI 
G SHAPIRO, L M LEDERMAN tcOLUMBIAJ 
JOHN B CZIRC!. (LRLI 
R.A .. CARRIGAN JR.. ICARNIJ 
P.DEPOMMIER (MONTI 
C. WILKIN CLOUCIP 

•••••• ***"'***** :********* •••••••••••••••••••••••••••••••••••• .................................................................... 

AVG 

15 .. 371 
4 .. 50 
4.62 
4. 60 
4. 55 
4.69 
4. 6056 
4 .. 5q 
4. 6034 

4.6043 

q NEUTRAL PIONI135 1 JPG:O-J 1=1 

q (PI+-1 - (PIOI JrUSS DIFFERENCE tMEVI 

( 1.0) 
o. 31 
o.o5 
a. 04 
o. 07 
0.07 
o. 0055 
0.03 
o. 0052 

·a. oo37 

PANOFSKY 51 CNTR -
CHINOWSKY 54 CNTR -
HADDOCK 5q CNTR -
HILLMAN 5q CNTR 
CASSELS 59 CNTR 
SAMIOS 60 HBC 
CZIRR 63 CNTR 
PETRUK.HIN 63 CNTR -
VASJLEYSK 66 CNTR -

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

11/15 
9175 
9/75 

2/12 

6/66 
7/66 
3/68 

2/12 
2172 
2112 
2/72 

3/82* 
12/19 
12/79 
12/79 

1D/71 
1118 

2/72 

9/66 
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Data Card Listings 
For notation, see key at front of Listings. 

9 NEUTRAL PION MEAN LIFE IUNITS 10**-16 SECI 

T 76 tl.9J 10.51 10.5) GLASSER. ·61 EMUL 
T 45 (2.31 {1.11 {1.01 TIETGE 62 EMUL 

88 (2.8) (0.91 (0 .. 9) KOLLER 63 EMUL SEE STAMER 66 
1 .. 05 0.18 0.18 VON OAROE 63·CNTR 

T 
T 
T 75 tl.71 C0.51 SHWE ,64E.MUL 
T 0. 730 O.lD5 BELLETTIN 65 CNTR 6/66 
T N 67 t1.6J (0.6) (0.51 EVANS 65 EMUL 6/66 
T K 232 1.0 O. 5 STAMER 66 EMUL 8/67 
T D.56 0.06 BELLETTIN 70 CNTR PRJM.EFF. ON NUC 1170 
T 0.9 0.068 KRYSHKIN .70 CNTR PRIMAKOFF EFFECT 12/70 
T • O. 82 0~04 BROWMAN 74 CNTR PRIMAKOFF EFFECT 1/75 
T N OLD .EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 
T N SHIFT TO LARGER MEAN LIFE VALUES. 
T INCLUDES EVENTS OF KOLLER 63. 8/67 
T BROWNAN GIVES PJO WIOTHz<8.02+-.42EV. MEAN LIFE IS HBAR/WIDTH. ll/7S 
T 
T AVG 0.828 0.057 0.053 AVERAGE tERROR INCL. SCALE FACTOR OF 1.BJ 

tSEE IDEOGRAM BELOW J 

0 

WEIGHTED AVERAGE~ 1.207 ± 0.080 
ERROR SCALED BY 1.8 

· BR.OWMAN 74 CNTR 
·KRYSHKIN 70 CNTR 
· BELLETT IN 70 CNTR 
-STAMER 66 EMUL 
·BELLETTIN 65 CNTR 
·VON DARDE 63 CNTR 

NEUTRAL PI DECAY RATE(UNITS 10° 0 16SEC-1) 

CHISQ 
0.0 
1 .3 
8. 

0. 7 

~ 
13.2 

(CONLEY 
=0.010) 

----- ------- ----- --------- -------- ---;--- ------ -------

PI 
P2 
P3 

•• 
P5 
P6 
P7 

Rl 

•• •• •• •• Rl S 
Rl 

9 NEUTRAL PION PARTIAL DECAY MODES 

PIO INTO 2GAMMA 
PIO INTO E+ E- GAMMA 
PIO INTO 4ELECTRONS 
PIO INTO 3 GAMMA 
P!O INTO 4 GUIIMA 
PIO INTO E+ E-
PIO INTO 2 NEUTRINOS 

9 NEUTRAL PION BRANCHING RATIOS 

PIO INTO (GAMMA E+ E-l/t2GAJIIIMAI (PERCENT) 

27 
3071 

(1.1961 THEORET. CALC. JOSEPH 60 
1.17 0.15 BUOAGOV 60 HBC 
1.166 0.047 SAMIOS 61 HBC 
1.25 0.04 SCHARDT 81 SPEC 

SAMIOS VALUE USES PANOFSKY RATIO = 1.62 

DECAY MASSES 
0+ 0 

.5+ .5+ 0 

.5+ .5+ .5+ 
0+ 0+ 0 
0+ 0+ 0+ 

.5+ .5 
0+ 0 

(P21/(Pll 
QUANTUM ELECT. 

PI- P --> PION 
PI- P --> PIO N 

.5 

R1 AVG 0.030 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 N 
R3 
R3 N 

•• •• •• •• •• 
R5 

•• 
R5 
R5 

•• •• 

PIO INTO (3 G.6MMAIITOTAL IUNITS 10**-61 
0 (4.q) OR LESS CL:c.9Q DUCLOS 65 CNTR 

(4.91 OR LESS CL:c.90 KUTIN 65 CNTR 
THESE EXPTS. GIVE BRt3GAMMA/2GANIMAl<5.0*10**-6• 

0 (1.51 CR LESS CL:c.90 AUERBAC1 78 CNTR 
0 O. 38 OR LESS CL= .. 90 HIGHLAND 80 CNTR 

PIO INTO tE+EH-E-IIC2 GAMMA) IUNITS 10**-51 
146 (3. 181 t Q. 301 SAM IOS 62 HBC 

3.2B THEORET. CALC. MIYAZAKI 13 
ABOVE VALUE USES PANOFSKY RATIO = 1.62 

I P41 

f P31/ ( Pll 
SEE ~mTE N BELOW 
QUANTUM ELECT. 

PI D INTO U G.eMMAJ/TOTAL (UNITS 10**-51 (PSI 
0 16.01 OR LESS CL ... 90 ABRAMS 13 ASPK 

ABRAMS 13 GIVES BRI4GAMMA/2GAMMAJ<6a1*10**-5• 
D 13 .. 81 OR LESS CL•.90 AUERBAC2 78 CNTR 
0 0.44 CR LESS CL:.qo AUERBACH 80 CNTR 

PJO INTO fE+ E-1/TOTAL IUNITS 10**-61 (P611(Pll 
(2.01 OR LESS CL=.qo DAVIES • 74 RVUE 

8 0.223 0.240 0.110 FISCHER2 78 SPRK K+ EXPT .. CL:.90 
D DAVIES 74 EXTq_ACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT· 

PIO INTO 12 NEUI/TOTAL IUNITS 10**-51 tP71 
0 2.4 OR LESS CL:::.9Q HERCZEG 81 RVUE 

9 NEUTRAL PION ELECTROMAGNETIC F~M FACTOR 

THE AMPLITUDE FOR THE PROCESS PiO --> E+ E- GAMMA CONTAINS A 
FORM FACTOR GAMMAU**21 AT THE (PIC GAMMA GAMMA) VERTEX 
WHERE XcMASS(E+E-l/MASS(PtOJ. THE PARAMETER. A IN THE LINEAR 
EXPANSIO~ GAMMA(X**2J:::l+A*(X**21 IS LISTED BELOW. 

LINEAR COEFFICIENT OF PIC ELECTROMAGNETIC FORM FACTCR 
f-0.151 10 .. 101 KOBRAK 61 HBC NO RAO. CORR. 

3071 (-0.241 (0 .. 161 SAMIOS 61 HBC NO RAD. CORA.. 
2200 1+0.011 (0.111 OEVOIIIS 69 OSPK NO RAO. CORR.. 

F 30K +0. 10 Q. 03 FISCHERl 78 SPEC RAO. CORR. 
F ERROR STATISTICAL ONLY. RESULT WITHOUT RAD. CORR.:c+O.OS+-0.03. 

q/66 

6/66 
3/68 

1/19 
1/81* 

6/66 
2/16 

8/73 
8/73 

2/79 
8/81* 

12175 
12/75 
6/78 

12175 

2/82* 
2/82* 

2/8D 
2/80 
2/BD 
2180 
2180 .......................... ·········· .................................. . 
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Data Card Listings Stable Particles 
For notation, see key at front ofListings. 1To, '7 

PANOFSKY 51 PR 81 565 
CHI NOWSK 54 PR 93 586 
CASSELS 59 PPS 74 92 
HADDOCK 59 PRL 3 478 
HILLMAN 59 NC 14 887 

BUOAGOV 
JOSEPH 
SAM IDS 
GLASSER 
KOBRAK 
SAI'IIOS 
SAM IDS 
TIETGE 

60 JETP 11 75 5 
60 NC 16 CJC)l 

60 NC 18 154 
61 PR 123 lOU 
61 NC 20 1115 
61 PR 121 275 
62 PR 126 1844 
62 PR 127 1324 

CZI RR 63 PR 130 341 
KOLLER 63 NC 27 1405 

ALSO 66 STAMER 
PETRUKHI 63 SIENA COt.F 208 
VON CARD 63 PL 4 51 

SHWE 
BELLETT I 
DUCLOS 
EVANS 
KUTIN 

64 PR 1368 1839 
65 NC 40 A 1139 
65 Pl 19 253 
65 PR 139 8 982 
65 JETP LETT 2 243 

STAMER 66 PR 151 ll08 
VASILEVS 66 PL 23 281 
DEVONS 69 PR 184 1356 
BELLETTI 70 NC 66A 243 
KRYSHKI N 70 JETP 30 1037 

ABRAMS 73 Pl 458 66 
MIYAZAKI 73 PR 08 2051 
BROWMAN n PRL 33 HOD 
DAVIES 74 NC 24A 324 

AUERBACl 78 PRL Itt 275 
AUERBAC2 78 PL 788 353 
FISCHER 1 78 PL 738 359 
FISCHER2 78 Pl 738 36ft 

AUERBACH 80 PL 908 :! 11 
HIGHLAND 80 PRL 41t 628 
HERCZEG 81 PL 1008 341 
SCHARDT 81 PRO 23 639 

REFERENCES FOR NEUTRAL PION 

W K H PANOFSKY,R l AAMOQT,J HADLEY ILRLI 
W CHINOWSKV,J STEINBEPGER ((OlUMBIAJ 
CASSELS, JONES,MURPHV,O. NEILL tliYERPOOLJ 
HADDOCK.ABASHIAN,CROWE, CZIRR ll.Rll 
HILLMAN, MI DDELKOOP, YAMAGAT At ZAYATT IFill I CERNt 

BUDAGOY,YIKTOR,DZHELEPOV,ERMOLOY + 
D W JOSEPH 

I JINRI 
IEFJJ 

ICOLUMBUI 
fffRLI 
CEFJJ 

ICOt.UHBIA+BNLI 
ICOLUMBIA+BNLJ 

(MAX PLANCK INSTJ 

N P SANtOS 
R G GLASSER,N SEEMAN,B STILLEA: 
H.KOBRAK 
N P s·AMIDS 
SAMIDSrPLANO, PROCELL + 
J TIETGE,W PUESCHEL. 

JOHN 8 CZIRR 
E l KOLLER,S TAYLOR,! HUETTER 

ILRLJ 
I STEVENSJ 

V I PETRUKHIN,YU D PROKOSHKIN CJINRJ 
VON DARCEL, DEKKER.S t MER,.OO, VAN PUTT EN+( CERN I 

H SHWE,f M SJIIIiTH,W H BARKAS CLRLJ 
BEL LETT INI, BEMPOR.AO, BRACCI N I+IP JSA+F tRENZE I 
DUCLOS,FREVTAG,HEINTZE + CCERN+HEIDELBERGI 
D A EVANS IOXFOROI 
KUT IN,PETRUKHINtPROKOSHKIN ( JINRJ 

STAMER, TAVLOR,KOLLER,MUETTER+ I STEVENS I 
VASILEVSKY,YISHNVAKOV,QIJNAITSEY + IDUBNAJ 
+NEMENTHY ,NISSIM-SABAT, 01 CAPUA+ICOLU+R.OMAJ 
BELLETTINI tBEMPORAO, LUBELSMEV+ (PISA+BO'iNJ 
+STERliGOYtUSDV ITOMSK Pm.YTECH.INST,) 

+CUROLL tKYCIAt LI,MICHAElt HOCKETT ·+ IBNLI 
ITOKYI 

ICORN+B lNG I 
( B IRM+R.HEL+SHMP) 

T .14IYAZAKI ,e. TAKASUGI 
+DEWIRE, GITTELMAN, HANSON+ 
+GUYtZIA 

AUERSACH.HIGHLANQ, JOHNSON, ITEMP+LASLI 
AUERBACH, HIGHLAND, JOHNSON, CTEMP+LASLI 
+EUERMANN, GUtS AN, MER MOD,+ IGEVII.+SACL I 
+EltTERMANN.GUISAN, MERMOOtMOREL+ CGEVA+SACLI 

+HA IK, HIGHLAND, MCFARLANE, MACEK+ fTEIIIP+\.ASL I 
+AUERBACH, HA I K, MCFAALANE,MACEK+ C TEMP+\.ASLI 
P. HERCZEG, C. M,· HOFFMAN Ct.ANLJ 
+FII.ANKtHOFFMANNtllllSCHKE,MOIR + CARZS+UNLI ................................. ·•······· ......................... . .................................................................... 

14 ETA MASS IMEYI 

53 549.0 I.Z BASTIEN 62 HBC 
M 35 546.0 4.0 PICKUP 62 HBC 
M 91 548.0 '1.D ALF"F 62 HBC • 549.3 2.9 DElCOURT 63 CNTR 
M 148 549.0 o. 7 FOELSCHE 61t MBC 
M 325 552.0 3.0 KRAEMER 61t OBC 
M 548.2 0.65 FOSTER3 65 HBC 
M 250 555.0 2.0 ·JAMES 66 HOC 

" M AVG '48 .. 82 0.56 AVERAGE f ERROR. INCLUDES SCALE FACTOR OF 1.1tl 
I SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE a 548.82 z 0.56 
ERROR SCALED BY 1 .4 

CHI SO 
-+--· ·JAMES 66 HBC 9.6 

·FOSTER3 65 HBC 0.9 
·KRAEMER 64 DBC 1.1 
·FOELSCHE 64 HBC 0.1 
·DEL COURT 63 CNTR 0.0 
·ALFF 62 HBC 0.7 
·PICKUP 62 HBC 
·BASTIEN 62 HBC ~ 

12.4 
(CONLEV 

7166 

I< ETA PARTIAL DECAY MDDES 

DECAY MASSES 
PI ETA INTO 2GAMMA 0+ 0 

. P2 ETA INTO 3PIO 134+ 134+ 134 
P3 ETA INTO PI+ PI- PIO 139+ 139+ 134 
P4 ETA INTO PI+ PI- GAMMA 139+ 139+ 0 
P5 ETA INTO E+ E- P 10 134+ .5+ .5 
P6 ETA INTO E+ E- PI+ PI- 139+ 139+ .5+ .5 
P7 ETA INTO PtO 2GAMMA 134+ 0+ 0 
P8 ETA INTO E+ E- GAMMA ... .5+ 0 
P9 ETA INTO 2PIO GA14MA IYIOLATES Cl 134+ 134+ 0 
PIO ETA INTO PI+ PI- PIO GAMMA 139+ 139+ 134+ 
Pll ETA H{TO PI+ P 1- 2 GAMMA 139+ 139+ 0+ 
Pl2 eTA INTO MU+ MtJ- 105+ 105 
P13 ETA INTO MU+ Mu- G AJIIIMA 105+ 105+ 0 
Pl4 ETA INTO MU+ MU- PIO 105+ 105+ 134 
PIS ETA INTO PI+ PI- 139+ 139 
Pl6 ETA INTO E+ E- ... .5 

, PU ETA INTO 14U+ MU- PIO GAMMA 105+ 105+ 134+ 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

.Tho matrix below is derived !rom the error matrix £or the fitted partial decay mode 

branching fraction•, P 1, a• follow•: The diagonal elementa are P
1
s6Pi' where 

6P1 = <J(6P16P1), while the oif~diagonal elementa are the~ correlation coe££i­

ctenh (6P16Pj)/(6P1 · 6Pj). For the definitions of the individual Pi, aee the Hating& 

above; only tho•e Pi appearing in the matrix are auumed in the £it to be nonzero and 

are thus con•trained to add to t, 
P1 P2 P3 P4 P8 

p 1 .3~05+-.D084 
p 2 -.6894 .3184+-.0080 
p 3 -.4322 -.3!65 .2369+-.0054 
p It - .. 3160 -.2Ci49 .8016 .0491+-.0013 
P 8 -.0520 -.Oit61 -.0547 -.0540 .. 0050+- .. 0012 

FITTEQ PARTIAL QECAY MODE RAtES 

The matrix below ia the branching fraction matrix above, trandormed into rate 

•pace: 1. e., Oi a I'i = I'totalpi' in appropriate unit~. In analogy to the matrix above, 

the dtasonal element& are Gi :i: 6G1, where 6Gi = V (6Gi6Gi), while the off~diagonal 
elements are the~ correlation coefficients (6Gi6Gj)/{6Gi • 6Qj). Note that, 

becau•e of the error in !'total' the error a and correlations here are not directly derivable 

!rom tho•e above. 

G1 G2 G3 G4 G8 
G 1 .3240+-.0460 
G 2 .95'53 .2642+-.0393 
G 3 .9696 .. 9M9 .1965+-.0288 
G 4 .9654 .~601 .9986 .."OitOB+-.0060 
G 8 .5151 .5119 .5151 .5119 .0041+-.0011 

6/66 14 ETA DECAY RATES 

WI 
WI B 
WI 
WI 
WI 
WI 
WI 
WI 
WI 
WI 
W1 FIT 

Rl 
Rl 
Rl 

• Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl FIT 

R2 
R2 
R2 
R2 
R2 AVG 

ETA INTO 2GAMJIIA IUNITS KEY I I Gll 
11.001 (0.221 BEMPORAQ 61 CNTR PRIMAKOFF EFFECT 
0.324 0.046 BROWMAN 14 CNTR PRIMAKOFF EFFECT 

BEMPORAD 61 GIVES W1.,1.21+-.26 KEV ASSUMING THAT W1/TOTALa0.314. 
BEMPORAO PRIVATE COMMUNICATION GIVES NORE GENER.AL RESULT AS 
W1•Wl/TOTAL•.3B0+-.083. WE EVALUATE THIS USING W1/TOTAt.a.38+-.0l. 
NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESutTING FROM THE 
SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 
BEEN UNDERESTINATEO .. 

• •0:324• • 0.046 FROM FIT IERROR INCLUDES SCALE FACTOR OF loCI 

14 ETA BRANCHING RATIOS 

ETA INTO NEUTRALS/CHARGED C P 1+P21/ ( P3+P4+P81 
10 f2.51 11.01 PICKUP 62 HBC 
53 c 3.201 ( 1 .. 261 BASTIEN 62 HBC 

280 14.51 11.01 JANES 66 HBC 
THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES 
AS lHEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES f31 AND 141 
FROM EACM OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 
SOME (UNKNOttNI FRACTION OF MODE f41. 

2.64 0.23 SAL TAY2 61 DBC ...... 
2.436 o. 016 FROM FIT tERROR. INCLUDES SCALE FACTOR OF 1.01 

ETA INTO 2GAMMA/CHARGEO (P11/IP3+P4+P81 
0 .. 99 O.lt8 CRAWFORD 63 HBC 

75 1.51 0.93 KENDALL 14 OSPK 

1o10 o.43 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

11175 
7/H 

11175 
11175 
11175 
2/76 
2/76 
2/76 

6/66 

U/67 

12175 

540 560 565 =0.054) R2 FIT 1.342 0.050 FROM FIT tERROR INCLUDES SCALE FACTOR. OF 1.0·1 

w 
w 
w 
w 
w 
w 

FIT 

ETA MASS 

lit' ETA WIDTH 

ETA WIDTH DETERMINED FROM NASS SPECTRUM CUNITS MEV) 
91 110 .. 01 OR I.E SS ALFF 62 HBC 

148 110.01 CR LESS FDELSCHE 64 HBC 
31 112.01 GR LESS JAMES 66 HBC 

{4.01 OR LESS SALTA\" 66 OBC ' 
10.91 OR LESS CL ... 95 JONES 66 CNTR 

ETA WIDTH DETERMINED FROIIII DECAY RATE CUNITS KEVI 
THIS IS THE PAR.TIAL DECAY RATE IWll FOR THE MODE UTA INTO 2GA!If1111AI 
DIVIDED BY THE FITTED BRANCHING FRACTION fPll FOR THAT IIIIODE. 

0.83 O. 12 FROM FIT 

----- ------ ------ ------- ------ ---~ ------.------

6/66 
1/t.b 
8/67 

(by A. v. Barnes, Lawrence Berkeley Laboratory) 

Pbr several years the measurements of the 

branching ratio <n + n°yy)/(n +neutrals) have 

been in disagreement. The recent upper limit 

measurement reported in DAVYDOIJ 81 is far below 

the previous positive results. The earlier 



Stable Particles 
'1 

positive results are each suspect. The earliest 

report (DIGIUGNO 66) was a photon spectrum meas­

urement. It depends on a Monte Carlo to fit the 

observed spectrum with that expected from a 

combination of photons from the decays n ~ YY• 

n + n°yy, and n + n°n°n°. Their result is of 

course sensitive to the assumptions of this Monte 

Carlo. FELDMAN 67 is an optical spark chamber 

experiment. The scanning efficiency for the 

5- and 6-photon events is hard to measure and 

critical to their result. STRUGALSK 71 does 

not address the problem of contamination from 

the n + n°n°n° decay mode. Assuming that the 

n°yy mode is absent and that the decay ratio 

<n + yy)/(n + n°1r 0n°) is approximately 0.9 

implies there are ,700 3n° events in the .;; 4y 

sample of their data. The 40 ± 10 n + n°yy 

decays observed could easily be misidentified 

n + n°n°n° decays. DAVYDOV 81 accounts for the 

n + n°n°n° decays properly and is much more sens­

itive than previous measurements. 

The n°yy branching fraction is now assumed to 

be zero in our branching ratio fit. As a result, 

the fitted yy and 3n° branching fractions have 

increased by 1.1% and 1.9%, respectively. 

R3 ETA INTO IPIO 2GAMMAI/NEUTRALS tP71/CPl+P21 
R3 OTHER RESULTS ARE IN SECTIONS Rl4, R2210AVYOOV 811, AND R26. 
R3 10 .. 3751 10 .. 0721 DIGIUGNO 66 CNTR ERROR DOUBLED 
R3 (0.271 I 0.101 GRUNHAUS 66 OSPK 
R3 10.0281 (0.0441 BUNIATOV 67 OSPK REPL. BY SCHMITT 70 
R3 10.2441 (0.051 FElDMAN 67 OSPK 
R3 10.0261 C 0.0191 BUTTRAM 70 OSPK 
R3 10.1221 (0.0521 (0.044ICOX 70 HBC 
R3 10.01) GR LESS CL=.90 DEVONS 70 OSPK 
R3 16 (0.0161 10.0471 SCHMITT 70 OSPK REANAL. BUNIATOV 67 
R3 IO .. llJ 10.031 STRUGALSK 71 HlBC 
R3 10.041 OR LESS CL.,.90 ABROSIMOV 80 HLBC 

R4 ETA INTO CPT+ PI- CAMMAI/I PI+ PI- PIOJ I P41!1P31 
R4 o. 14 a. 08 
R4 24 (0.731 (0.251 

FOELSCHE b4 HBC 
PAULl 64 OBC 
CRAWFORD 66 HBC R4 0.30 0.06 

R4 0.10 0.10 KRAEMER 64 OBC 
R4 0.196 0.041 FOSTER3 65 HBC 
R4 0.25 0.035 L ITCHFI EL 67 OBC 
R4 0.28 0.04 SAL TAY2 67 OBC 
R4 7250 o. 201 o. 006 GORMLEY 70 ASPK 
R4 18K 0.209 0.004 THALER 73 JI.SPK 
R4 
R4 AVG 
R4 FIT 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 AVG 
R6 FIT 

R7 
R7 
R7 
R7 
R7 AVG 
R7 FIT 

R6 
R6 
R6 
R6 
R6 
R6 
R6 • 
RB 
RB B 
RB 
R8 AVG 
R8 FIT 

0.2074. 0.0037 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.11 
0.2074 0.0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

ETA INTO 3PI0/2GAMMA 
10.901 OR MORE 62 PBC 

I P2Jf1Pll 

n.251 co.391 
0.88 0.16 

CHRETIEN 
BACCI 
SAL TAY 1 
CENCE 
cox 
DEVONS 

63 CNTR INVERSE RR REPORTED 
67 OBC 

t.l 0.2 67 OSPK 
0.91 0.14 70 HBC 
0.75 0.09 70 OSPK 

O. 842 O. 065 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
0 .. 815 0.035 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

ETA INTO 2GAMJII'A/IPI+ Pt- POl 1Pli/IP31 
1.61 0.39 FOSTER! 65 HBC 

401 1. 72 O. 25 BAG LIN 69 HLBC 

1.69 0.21 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
1.649 O. 061 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

ETA INTO NEUTR&.LifPI+ PI- PIOI (Pl+P21!1P31 
50 3.6 0.8 KRAEMER 64 08C 

3 .. 8 1. 1 PAULI 64 OBC 
2. 89 O. 56 ALFF-STEI 66 HBC 

244 3.6 0.6 FlATTE2 67 HBC 
29 3.4 1.1 AGUILAR-a 72 HBC 
70 2 .. 8 3 o. 80 BL ODD WORT 72 HBC 
74 2.54. L89 KEND4LL 74 CSPK 
ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLOOOWORTH 9 PRJV .. COMM .. 

3 .. 26 0.30 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
2.993 0.095 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

6/66 
8/67 

11/67 
8/67 

12/70 
6/70 

12/70 
12170 
5/71 

l0/8I* 

6/66 
7166 
7/66 
8/67 

11/67 
6170 
6/73 

1/66 
11/67 
l/6B 
6/iO 

12/70 

7169 

7/66 
9/66 
1/6B 

11/72 
lt/72 
12/75 
l/73 
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Data Card Listings 
For notation, see key at front of Listings. 

R9 
R9 
R9 
R9 
R9 
R9 
R9 ' 

RIO 
RIO 

Rll 
Rll 

ET4 INTO tE+E-PYOI/fPI+PJ-PIOJ {UNITS 10**-41 CP51/(P31 
SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY 

(110.1 OR LESS PRICE 65 HBC 
0 171. I OR LESS FOSTER2 65 HBC 

142. I OR LESS CL=.90 BAGLINl 67 HLBC 
0 116.1 DR LESS CL:c.9Q BILLING 67 HLBC 

t.Cf OR lESS Cl=.90 JANEl 75 OSPK 

ETA INTO CE+E-PI+Pt-1/TOTAL (UNITS 10**-21 IP61 
10.7 I OR LESS RITTENSEQ. 65 HBC 

ETA INTO IE+E-PI+PI-1/CPI+Pt-GAMMAJ IP61/IP41 
1 0.026 0.026 GROSSMAN 66 HBC 

B/67 
ll/67 
12175 

6/66 

6/66 

Rl2 
Rl2 

.R12 
Rl2 

ETA INTO 2 GAMMA/NEUTRALS (PlJ/tPl+P21 
10 .. 4161 10 .. 0441 OIGIUGNO 66 CNTR ERROR DOUBLED 
10.441 10.07) GRUNHAUS 66 OSPK 
10.5791 (0.0521 FELOM4N 67 OSPK 

6/66 
8/67 
8/67 
B/67 R I2 T 

Rl2 T 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
R12 AVG 
IH2 FIT 

10.391 (0.061 JONES 66 CNTR 
THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 

0.59 0.033 BUNtATOV 67 OSPK 
a. 535 O. OlB BUTTRAM 70 OSPK 

10.571 10 .. 091 STRUGALSK 71 HLBC 
113 0 .. 60 0.14 KENDALL 74 OSPK 

88 0.52 0.09 ABROSlMOV BO HLBC 

0.547 0.016 AVERAGE I ERROR INCLUDES SCALE"FACTOR OF l .. U 
0.551 O.Oll FROM FIT !ERROR INCLUDES SCALE FACTOR OF l.OJ 

11/67 
12170 
5/71 

I2/75 
10/81* 

Rl3 ETA INTO 3PI 0/NEUTRALS IP21/IP1+P21 
Rl3 (0.209) (0.0541 
Rl3 10.291 (0.101 
Rl3 (Q.I711 10.0351 
Rl3 (0 .. 411 (0 .. 0331 
Rl3 0. 439 o. 024 
Rl3 10.321 (0.091 

OIGIUGNO 66 CNTR ERROR DOUBLED 
GRUNHAUS 66 OSPK 
FELDMAN 67 OSPK 
BUNIATOV 67 OSPK NOT INOEP. OF Rl2 
BUTTRAM 70 DSPK 
STRUGALSK 71 HLBC 

Rl3 75 o.44 o.o8 ABROSIMOV 80 HLBC 

6/66 
8/67 
8/67 

ll/67 
12/70 
5/71 

10/81• 
Rl3 
R 13 AVG 
R 13 FIT 

Rl4 
Rl4 
Rl4 

Rl5 
RlS 
Rl5 
Rl5 
Rl5 

Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 

R 18 
RIB 
Rli 

Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 

R2l 
R2l 
R21 
R21 

AVG 
FIT 

R21 4VG 
R21 FIT 

R22 
R22 
R22 

R23 
R23 
R23 

1) .. 439 0 .. 023 
0.449 o.ou 

AVERAGE I ERROR INCLUDES SC4LE FACTOR OF 1.01 
FR:OM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

ETA INTO IPIO 2GAMM4112GAMMA IP71/(Pll 
10.51 OR LESS CL=.90 WAHLIG 66 SPRK 
10. 2BJ OR LESS CL=.95 BAL TI\Y1 67 OBC 

ETA INTO IE+E-PIOI/TOTAL !UNITS 10**-21 IP51 
SINGLE PHOTON PROCESS FORBIDDEN BY C-PAR JTY 

10.71 CR LESS RITTENBER 65 HBC 
C0.08410R LESS CL=.90 BAliN 6B OBC 
C0 .. 01610R LESS CL=.90 MARTYNOV -76 HLBC 

ETA INTO IPI+PI-PIO GAMMAJIIPI+PI-PIOJ !UNITS 10**-21 

11.01 OR LESS 
10.91 OR lESS 
{1.61 OR LESS CL=,.95 
Cl.71 CR LESS CL-= .. 90 
0.24 OR LESS CL=.90· 

FLATTE 
PRICE 
SAL T4Y2 
ARNOLD 
THALER 

67 HBC 
67 HBC 
67 OBC 
68 HLBC 
73 ASPK 

I PlOI/tP3 J 

ET4 INTO (PJ+Pt- 2GAMMAJICPI+PI-P101 (Plli/IP31 
0.009 OR LESS PRICE 67 HBC 

I0.01610R LESS CL=.95 84LTAY2 67 OBC 

ETA INTO 3Pl0/IPI+ PI- PJOI 
o.B3 o.32 
2.0 t. 0 
0.90 o .. 24 
1 .. 3 o. 4 
I.47 0.20 0.17 

199 1.50 0.15 0.29 

CRAWFORD 
FOELSCHE. 
FOSTER! 
8AGLIN2 
BULLOCK 
84GliN. 

63 HBC 
64 HBC 
65 HBC 
67 HLBC 
6B HLBC 
69 HLBC 

I P.21/(P31 

1.28 0 .. 14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
1.344 0.053 FRO~ FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

I SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE~ 1.28 ± 0,14 
ERROR SCALED BY 1.3 

Vaiues above of weighted average, 
error, and scale factor are for the 
reader's c·onvenience only. The 
data were actually processed by a 
constrained fit pr?gram, which 
calculates its own values of X, oX, 
and scale.factor, which are differ­
ent from the values shoWn here. 

69 HLBC 1 .0 

·BULLOCK 68 HLBC 1.1 
·BAGLIN2 67 HLBC 0.0 
·FOSTER! 65 HBC 2.5 
·FOELSCHE 64 HBC 
·CRAWFORD 63 HBC 2.0 

6,5 

1/&6 
ll/67 

6/66 
6/68 
6177 

8/67 
8/67 

11/67 
9/68 

. 6/73 

8/67 
11/67 

7166 
7/66 
7/66 
8/67 
9/68 
7/69 

2 3 4 
(CON LEV 
~o. 1 s2) 

ETA INTO (3PIO)/(PI+ PI- PIO) 

ETA INTO NEUTRALS/TOTAL lPl+PZI 
o.79 o.oB BUNt 4TOV 67 OSPK 

l6K 0.705 0.008 BASILE 11 CNTR MM SPECTROMETER 

0.705B 0 .. 0080 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.7090 0.0065 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

ETA INTO (PIO 2GAMMAI/TOTAL {P71 

11/67 
8171 

10 .. 121 IJR LESS CL=.95 JACQUET 69 HlBC 6/70 
0.003 (JR LESS Cl=.90 OAVYOOV 81 CNTR PI- P-->ETA N l/B2• 

ETA INTO MU+"1U-ITOTAL !UNITS 10 .. -51 IP12) 
0 tz. I 0~ LESS CLc.95 WEHMANN 68 ·oSPK 4/68 

21 0.65 0.21 OZHELYA2 BO SPEC PI- P-->ETA N 9/B1• 
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Data Card Listings 
For notation, see key at front of Listings . 

. ,. ETA INTfl MU+IIIU-PIQ/TOTAL (UNITS 10**-4) tpt41 .,. SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY .,. 15.1 oq LESS WEHMANN 68 OSPK 
RZ4 0.05 CR LESS Cl ... 90 DZHELYADI 81 SPEC PI- P-->ETA N 

RZ5 ETA INTO MU+MU-/ZGAM14A IUNITS 10**-SJ (P121/(Pll 
RZ5 15.91 12.21 HYAMS 69 OSPK 

RZ6 ETA INTO IPIO 2GAMMAJII3PIO + PIO 2GAMMAJ CP7J/tP2+P71 .,. 10.11 10.31 KANOFSKY 70 CSPK 

RZ7 ETA INTO I PI+ PI-J /TOTAL (UNITS 10**-21 IPlSJ~ 

RZ7 VIOlATES P AND T INVARJANCE 
RZ7 0 0.15 CR LESS THALER 73 ASPK CON. LEV. NOT GIVEN 

RZB ETA INTO IE+E-GAMMAII(Pt+PI-PIOJ (UNITS 10**-21 (P81/CP31 
RZB 80 2.1 Q. 5 JANE2 75 OSPK 
RZB VALUE CHANGED BY ERRATUM. 
RZB 
RZB FIT Z.ll 0.50 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R29 ETA l~TO tE+ E-1/TOTA.l I UNITS l0••-41 I Pl61 
R29 0 3. OR LESS Cl=.90 DAVIES 74 RVUE 
R29 D DAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN b7. 

R3D 
R3D 
R3D 

R31 
R31 

ETA INTO CMU+ MU- GAM,..AIITOTAL (UNITS 10 .. -41 IP131 
1oo u.st to.751 BUSHNIN 78 SPEC REPL.BY DZHELYAl 80 
bOO 3.1 0.4 DZHELYAl 80 SPEC PI- P-->ETA N 

ETA INTO IMU+ MU- PIO GAMMAI/TOT (UNITS 10**-bl IP171 
3. OR LESS CLc.,9Q DZHELYADI 81 SPEC PI- P-->ETA N 

14 ETA C-NONCONSERVING DECAY PARAMETEil:S 

RELATED TEXT SECTION \II Col 

Al lEFT-RIGHT AS'YMMETRY PARAMETER FOR PI+ PI- PIO IUNITS 10**-21 
A1 1351 7.2 2.8 8ALTAY 66 DBC 
A1 1300 5.8 3.4 CLPWY 6b HBC 
A.1 10665 10.31 (1.,01 CHOPS 66 OSPK REPL BY HULLER 69 
A1 705 -6.1 4.0 lARRIBE 66 HBC 
Al G3b800 U.SI (0.51 GORMLEY3 68 ASPK 
A1 10709 0.3 1·1 MULLER 690SPK 
Al 1138 -1.4 3. CARPENTR 70 H8C 
Al 
Al 
Al 
Al 
Al 
Al 

349 3. 2 5o 4 OANBURG 70 OBC 
220K -0.05 0· 22 LAYTER 72 ASPK 
1b5K 0.28 0.26 JANEl 7it OSPK 

GORHLEY3 68 ASYMMETRY PROBABLY DUE TO UNMEASURED IE X Bl SPK. CH. 
EFFECTS. NEW EXPTS. WITH IE X 81 CONTROLS OONT OBSERVE ASYMMETRY. 

A1 AVG 0.12 o. 17 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

AZ 
AZ 
AZ 
AZ N 
A2 
AZ 
AZ 
AZ N 
AZ 
AZ 

AS 
AS 
AS 
AS 
AS 
AS 
AS 

LEFT-RIGHT AS'fHMETRY PARAMETER FOR PI+ PI- GAMMA IUNITS 10•*-21 
33 -2. 17• CRAWFORD 66 HBC 

-4. So LITCHFIEL 67 DBC 
1620 1. 5 2· 5 MULLER 69 OSPK 
7257 1.22 1-56 GO~MLEY 70 ASPK 

3bK O. 5 O. 6 THALER 12 ASPK 
35K 1.2 O.b JANE2 74 OSPK 

MULLER b9 IS SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM. 

AVG o.ee o.4o AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

SEXTANT ASYH"'ETRY PARAMETER FOR PI+ PI- PIO ILWITS 
1300 b. 8 3. 3 CLPWY 66 HBC 

705 -2.4 4.0 LARRIBE 66 HBC 
37K 0.5 0.5 GORMLEY3 68 WIRE 

220K 0.10 O. 22 LAYTER 72 ASPK 
165K 0.20 0.25 JANEl 74 OSPK 

AS AVG 0.19 0.16 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

AQ 
AQ 
AQ 
AQ 

QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- PtO CUNITS 10**-21 
220K -0.07 0.22 LAYTER 72 ASPK 
l65K -0.30 0.25 JANEl 1ft OSPK 

AQ AVG -0.17 0.17. AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

BET 
BET 
BET 
BET 
BET 
BET 
BET 
BET 
BET 
BET 

SETA FOR ETA TO PI+ PI- GAMMA. SENSITIVE TO D-WAVE CONTRIBUTION. 
DN/OCOS THETA ., SJN .. 2 THETA * 11 + BETA • COS••z THETA) 

7250 -0.060 Q.Q65 GORMLEY 70 WIRE 
L 0.12 0.06 THALER 72 ASPK 

AVG 

35K 0.11 0.11 JANE2 lit OSPK 
AUTHOPS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF 
BETA 0~ GAMMA ENERGY INCONSISTENT WITH THEOI~ .• PREDICTION. 
COS .. 2 OEPENCENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE. 

0.047 0.062 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 
I SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE D 0.047 ± 0.062 
ERROR SCALED BY 1.5 

4/68 
l/82• 

7169 

2/71 

t-/73 

b/13 

2/7b 
2/76 

2178 
2178 

2179 
2/79 
9/81* 

1/82• 
1/82• 

8/66 
8/66 
8/67 
8/67 
6/68 
9/69 
6/70 
2/71 
8172 
3/74 
3/H 
3174 

11/66 
8/67 
9/69 
f:./10 
8172 
3/74 

12175 
12175 
12/75 
12175 
12175 

12/75 
12/75 

12175 
12175 
12175 
12175 
12/75 
12/75 
12175 

CHI SO 
-JANE2 74 OSPK 0.3 
-THALER 72 ASPK 1. 5 
·GORMLEY 70 WIRE .....L2.... 

4.5 
(CON LEV 

-0.3 0.1 0.3 0.5 =0. 104} 
BETA FOR ETA TO PI+ PI- GAMMA 

Stable Particles 

OP 
DP 
OP 
DP 
DP 
DP 
OP 
DP 
DP 
OP 
OP 
DP 
OP 
DP 

14 ENERGY DEPENDENCE Of ETA OALITZ PLOT 

RELATED TEXT SECTION \II C.2 
THE FOLLOWING EXPTS FIT TO ONE OR HORE OF THE COEFFICIENTS 
A,B ,c,o, OR E FOR ETA TO PI+ PI- PlO 
MATRIX ELEMEH•*2=1 + A*Y + B*IY**2J + C*X + D*IX**21 + E*X*Y 

1300 SEE TEXT SEC VI c.z CLPNY 66 HBC 
705 SEE TEXT SEC VI C.2 lARRIBE 66 HBC 

7170 SEE TEXT SEC VI C.2 CNOPS 68 OSPK 
31K SEE TEXT SEC VI C.2 GORMLEY3 68 WIRE 
526 SEE TEXT SEC VI C.2 BAGLIN 69 HLBC 

ll38 SEE TEXT SEC VI C.2 CARPENTR 70 HBC 
349 SEE TEXT SEC VI C.2 OANSURG 70 DBC 

7250 SEE TEXT SEC \II C.2 GORMLEY 70 WIRE 
220K SEE TEXT 5EC VI C.2 LAYTER 12 ASPK 

BlK SEE TEXT SEC VI C.2 LAYTER 73 ASPK 

AD 
AD 
AD 

ALPHA PARAMETER FOR ETA TO 3 PIO 
"'ATRIX ELEMENT .. 2 = 1 + 2*ALPHA*Z ISEE TEXT SEC VI C.3J 

192 -0.32 0.37 flAGLIN 70 HLBC ....... ..................................................... 
PEVSNER 61 PRL 1 421 

ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114 
CHRETIEN 62 PRL 9 127 
PICKUP 62 PRL 8 32c; 

BACt 1 b3 PRL 11 31 
CRAWFORD 63 PRL 10 54b 

ALSO 6b PRL 16 907 
OElCOUR.T 63 PL 7 215 

FOEl SCHE 64 PR 134 8 1138 
KRAEMER 64 PR 13b B 496 
PAULI 64 PL 13 351 

FOSTER1 65 PR 138 B 652 
FOSTER2 65 ATHE~S 
FOSTER3 65 THESIS 
PRICE b5 PRL 15 123 
RITTENBE b5 PRL 15 556 

ALFF-STE 66 PR 145 1072 
SAL TAY 66 PRL 16 1224 
CLPWY 6b PR 149 1044 
CNOPS 6b PL 22 546 
CRAWFORD b6 PRl 16 333 

OIGIUGNO 66 PRL 16 767 
GROSSMAN b6 PR 146 1i93 
GRUNHAU S 66 THE S t S 
JAMES 66 PR 142 89b 
JO~ES 66 PL 23 51i7 
LARRIBE 66 PL 23 600 
WAHLIG 66 PRL 17 221 

REFERENCES FOR ETA 

PEV SNER, KRAEMER, NUSSBAUM,P I CHARDSON + ( JHUI 

AL FF~ 8ERLEY, COLLEY, BRUGGER + CCOLU+RUTGERS l 
BASTIEN,BERGE,OAHL,FERRG-LUZZI + (lRU 
C HR ETI EN+ I BRAN+BROWN+HAR YARD+ HIT +PAOOVAJ 
E PICKUP,ROBINSON,SALANT CCNRC+BNLI 

BACCJ,PENSQ,SALVINI + (ROMA+FRASI 
F S CRAWFORDolLOYO,FOWLER (LRL+DUKEJ 
F S CRAWFOROoL LLDYO,E FOWLER HRL+DUKEI 
OELCOURTtLEFRANCOtS,PEREZ Y JORBA+ IORSAYJ 

H W FOELSCHEoH L KRAYBILL 
KRAEMER,MAOANSKY,F IELOS + 
E PAULitA MULLER 

CYALEI 
I JHU+NWES+WOOOI 

I SAC LAY J 

FOSTER,PETERS,MEER,LOEFFLER + 
FOSTERoGOQO,MEER 

IWISC+PUROUEI 
(WISCONSIN I 
CWISCONSINI 

(LRLI 
I LRL+BNLI 

"!.C. FOSTER 
L.R. PRICE, F. S. CRAWFORD 
RITTENBERG, KALBFLEISCH 

ALFF-STE INBERGERt BERLEY+ I COLUHB IA+RUTGERS I 
+FRANZ I Nl, K tM, KIRSCH+ I COLUMBIA+ STONY BROOK I 
COLUMBIA ,LRL, PURDUE ,WISCONSIN, YALE 
CNOPS, f INOCCHI ARS,LASSALLE, + ICERN, ETH, SACLI 
f.S.CRAWFOROtL.R..PRICE ILR.LJ 

DIG I UGNO, G I ORG 1, SILVESTRI+ fNAPL, TRST • FRASI 
R GROSSMAN,L PRICE,F CRAWFORD (LRU 
J.GRUNHAUS CCOLUMBIAJ 
f E JAMES,H l KR.AYBILL CYALE+BNLI 
JONES ,BtNNIEoDUANE,HORSEY, MASON, ILOJC, RHEU 
LARR.I BE.LE\IEOUE • MULLER, PAUL I,+ I SACL•R.HEl J 
WAHLI G, SHIBATA, MANNELLI I MIT +PI SAl 

8AGLIN1 67 PL 248 637 BAGUN,BEZAGUET,OEGRANGE,+ IEPOL+UCBI 
8AGliN2 67 SAPS 12 5b7 BAGLIN,BEZAGUET,OEGRANGE,+ IEPOL+UCBI 
BALTAY1 67 PRL 19 1495 BALTAYofRANZINioKIMtNEWMAN+ ICOLU+8RANI 
8ALTAY2 67 PRL 19 1498 BALTAY,FRANZINJ,KJM,NEWMAN+ ICOLU+STONI 
BEMPORAO 67 PL 258 380 BEMPORAO, BRACt I Nt,fOA, LUBELSMEY+IP IS A, BONNJ 

ALSO PRIVATE COMMUNICATION 

BILLING 67 PL 25B 435 
BOWEN 67 PL 24B 206 
BUNJATOV 67 Pl 258 560 
CENCE 67 PRL 19 1393 
ESTEN 67 PL 248 115 

FELDMAN 67 PRL 18 868 
FLATTE 67 PRL 18 976 
FLATTE2 67 PP lb3 1441 
LITCHFIE 67 PL 24B 486 
PRICE 67 PRL 18 1207 

ARNOLD 68 PL 278 lt66 
BAZ IN 68 PRL 20 895 
BULLOCK 68 PL 278 402 
GORHLEY3 68 PRL 21 402 
WEHMANN 68 PRL 20 748 

SAGLJN 69 PL 29B 445 
ALSO 70 NP 822 66 

HYAMS 69 PL 29B 128 
JACQUET 69 NC 58 743 
MULLER 69 THESIS 

BAGLIN 70 NP B22 66 
BUTTRAM 70 PRL 25 1358 
CARPENTR 70 PR 01 1303 
COX 70 PRL 24 534 

OANBURG 70 PR 02 2564 
DEVONS 70 PR 01 1936 
GORMLEY 70 PR 02 501 

ALSO 70 NEVIS 1811THESISJ 
KA~OFSKY 70 NC b8 413 
SCHMITT 70 Pl 32B 638 

BASILE 11 NC 3A 796 
STRUGALS 71 NP 827 429 
AGUILAR- 72 PR 06 29 
BLOOOWOR 72 NP 839 525 
LAYTER 72 PRL 29 316 
THALER 72 PRL 29 313 

LAYTER 
THALER 
BROW MAN 
DAVIES 
JANEl 
JANE2 
KENDAll 

13 PR 07 2565 
73 PR 07 25b9 
74 PRL 32 1067 
71t NC 24A 324 
lit PL 48B 260 
74 PL 48B 265 
74 NC 21A 381 

JANEl 75 Pl 5'98 99 
JANE2 15 PL 598 103 

ALSO 7b PL lTG BE PUBL. I 
MAR TYNOV 76 SJNP 23 48 
BUSHNIN 78 PL 798 147 

ALSO 78 SJNP 28 775 

8 ILL lNG, BULLOCK, ESTEN,GOVAN ,+ ILOUC,OXFI 
BOWEN,CNOPS , FINOCCHIARO,+ I CERN+ETH+SACLI 
BUNt ATOV ,ZAVATTlNt, DEI NET,+ IC ERN+KARLI 
CENCE, PETERSON, STENGER, CHIU+ I HAW AI l+LRU 
+GOVAN,KNI GHT, MILLER t TO \lEY+ ILOUC+OXF J 

FELDMAN, FRAT I, GLEESON, HALPERN,+ I PENNJ 
S.M.FLATTE ILRLI 
S.H.FLATTE AND C.G.WOHL (LRLI 
Ll TCHF I ELO, RANGAN, SEGAR, SM I TH+IRHEL+SACLAY I 
L.R.PRICE,F.S.CRAWFORO ILRU 

+PATY, BAGL 1 Nt BINGHAM+ I STRB+MAQR+EPOL +UCB J 
BAZ IN, GO SHAW .ZACHER,+ (PRINCETON, QUEENS I 
+ESTEN, FLEMING t GOVAN,HENOERSON, OWEN+ I LOUC I 
GORMLEY, HYMAN, LEEoNASH, PEOPLES+ t COLU+BNLI 
WEHMANN, ENGELS,+ I HARV+CASE+SLAC+CORN+MCG I I 

BAGL IN, BEZAGUET, + I EPDL ,UCB, MACRo STRBJ 
+BE ZAGUET, DEGRANGE, MUS SET +I EPOL, MAOR, STRBJ 
HYAHS,KOCH,POTTER,\ION LINDERN,+ ICERN,MPIMJ 
JACQUET, NGUYEN-KHAt, HAATUFT+ f EPOL, BERG I 
ARMAND MULLER I STRBJ 

+BEZAGUET ,DEGRANGE ,MUSSEl+ I EPOL+MAOR+STRBI 
+K~EISLER,MISCHKE IPRINJ 
CARPENTER, BINKLEY, CHAPMAN, COX, DAGAN+ I OUK EJ 
COX,FORTNEY,GOLSON IOUKEI 

+ABOLINS, DAHL, OA\11 ES ,HOCH, K IRZ, + ILRU 
+GRUNHAUS,KOZLOWSKI rNEMETHY + (COLUt SVRAI 
GORMLEY, HYMAN ol EE, NASt-1, PEOPLES+ I COLU+BNLI 
MICHAEL GORMLEY ICOLUI 
A. KANOFSKY I LEHI I 
+BUN I ATOV, ZAVATTINI ,DE I NET+ (CERN, KARLI 

+BOLLI NI, OALP tAZ. FRABETTI+ C CERN, BGNA, STRB I 
+CHUVI LOt GEME SY, IVANOVSKAYA+ I J INRI 
AGUILAR-BENITEZ ,CHUNG, EISNER, SAM IDS ( BNU 
BLOODWORTH, JACKSON, PRENTICE, YOON (TORONTO I 
+AP PEL,KOTL EWSK I ,LEE, STEIN, THALER ( COLU J 
+APPEL.KOTLEWSKlolAYTER ,LEE, STEIN ICOLUI 

+APPEL, KOTLEWSK I olE e, STEIN, TI-..&LER I COLUI 
+APPEL, KOTLEWSK 1 oLAYTE R ,LEE, STEIN ( COLU I 
+OEWIRE,GtTTELMAN,HANSON,LOH + ICORN+BI~GI 
+GUY,ZtA IBIRM+RHEL+SHMPI 
+JONES, L1 PMAN, OWEN, PENNEY+ I RHEL+LOWC+SUSSI 
+JONES, Ll PMAN, OWEN, PENNEY+ I RHEL +LOWC+SUSSI 
+LANOU,MASSIHO,SHAPIRO + (BROW+BARI+MITI 

+GRANNIStJONES,UPMAN,OWEN + (RHEl+LOWCI 
+GRANNJS,JONES,LIPMAN,OWEN + (RHEL+LOWCI 
ERRATUM, H.R.JANE, PRIVATE COMMUNICATION. 
+SAL TYKOV, TARASOVoUZHI NSK 11 I J I NRJ 
+OZHELYAOIN,GOLOVKIN,GRITSUCK + ISERPI 
BUSHN IN, GOLOVKI NtGRITSUK ,oz HEL YAOI N+ I SERP I 

12175 
12/75 
12175 
12/75 
12/75 
12/75 
12/75 
12/75 
12175 
12/75 

12/75 
12175 



Stable Particles 
K:l: 

fl, 

A BROS IMO 80 SJNP 31 195 
DZHELYAl 80 PL 948 548 

ALSO 80 SJNP 32 516 
DZHELYAZ 80 PL 918 411 

ALSO 80 SJNP 32 518 

ABROSIMOV, ITINA,NI SZCZ, OKHR IMENKO+ ( J INRI 
DZHELYAOJN, GOUJVKJN,KACHANOV + { SERPI 

IYF 32 9981 VIKTOROV, GOLOVKIN + tSERPJ 
DZHELYAOIN, GOLOVKI N,KACHANOF + C SERP J 

I YF 32 1002 J VIKTOROV, GOLOVKIN + C SERPJ 
DAVYOOV 81 LNC 32 45 +DONSKOV, 1 NYAK IN + ( SERP+BELG+LAPP+CERNI 

DZHELYAOIN,GOLOVKIN,KONSTANTINOV + CSERPI OZHELYAO 81 Pl 1058 239 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BASTIEN 62 PRL 8 114 BAST tEN, BERGE, DAHL, FERRC-LUZZ t, MILLER+ { LRLI 
CARMONY 62 PRL 8 111 0 CARMONY,A ROSENFELO,VAN DE WALLE (LRLI 
ROSENFEL 62 PRL 8 293 A ROSENFElDoO CARMONY.VAN DE WALLE (LRU 

****** .............................................................. . .................................................................... 

M 
M 
M 
M 
M 
M 
M 
M 

AVG 
FIT 

493.9 
493.7 
493.78 

1493.81) 
493.691 
493.662 
493.657 
493. 610 
493.640 

493.666 
493.661 

10 CHARGED KI494,JP==O-I I=112 

10 CHARGED K MASS IMEVI 

o. 2 
0.3 
0.11 

I 0.191 
0.040 
0.19 
o. 020 
0.029 
0 .. 054 

0.015 
0.015 

COHEN 57 RVUE + 
BARKAS 63 EMUL -
GREINER 65 EMUL + VIA TAU DECAY 
KUNSELMAN 71 CNTR REPL.8Y KUNSELMAN74 
8ACKENSTO 13 CNTR - KAONIC ATOMS 
KUNSELMAN 74 CNTR - KAONIC ATOMS 
CHENG 75 CNTR - KAONIC ATOMS 
BARKOV 79 EMUL +- E+E- --> K+ K-
LUM 81 CNTR - KAONIC ATOMS 

AVEQ.AGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
~ROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

10 (K+I - IK-1 MASS DIFFERENCE IMEVI 

OM F 1.5M -0.032 0.090 FORO 72 ASPK +-
OM F FORO 72 USES MIPI+I-M(PI-1 = +28+-10 KEVo 

10 CHAQ.GED K MEAN LIFE I UNITS 10**-8 SEC I 

CHAR. K MEAt. LIFE 
(0.951 10.361 10.251 ILOFF 56 EMUL 

52 (1.601 10.31 10.31 EISENBERG 58 EMUL 
1. 21 C. 06 0. 06 BURROWES 59 CNTR 

33 11.381 10.241 10.241 FREDEN 60 EHUL 
(1.251 (0.221 10.171 BARKAS 61 EMUL 

51 11.271 10.361 10.231 BHOWMIK 61 EMUL 
293 1.31 0.08 0.08 NORDIN 61 HBC 

11.241 ( O. 011 NORDIN 61 RVUE -
1.231 0.011 0.011 BOYARSKt 62 CNTR + 

7/66 
10171 

1113 
3114 
6/77 
7119 
1182• 

3182• 

4172 
1173 

1.2443 0.0038 FITCH 65 CNTR + KAT REST 6/66 

AVG 
FIT 

1. 221 O. 011 FORD 67 CNTR +- 8/67 
1. 2272 0.0036 LOBKOWICZ 69 CNTR + K IN FLIGHT 9/66 

3M 1. 2380 Q. 0016 OTT 11 CNTR + STOPPING K 2171 
OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 2171 

0 .70 

1.2370 0.0032 0.0032 AVERAGE I ERROR INCL. SCALE FACTOR OF 2.41 
1.2311 0.0026 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.9} 

ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE ~ 0.8084 ± 0.0021 
ERROR SCALED BY 2.4 

j....o.... 

\ 
) ~ 

0.75 0.80 

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, &X, 
and scale factor, which are differ­
ent from the values shown here. 

CHI SO 
·OTT 71 CNTR 0.4 
·LOBKOWICZ 69 CNTR 7.3 
·FORD 67 CNTR 
·FITCH 65. CNTR 3 .. 7 
·BOYARSKI 62 CNTR 
·NORDIN 61 HBC 
BURROWES 59 CNTR 

1 1 . 4 

0. 85 0.90 
(CON LEV 

0. 95 =0.003) 
CHARGED K DECAY RATE (UNITS 10• .. 8 SEC-I) 

10 IIK+I - tK-IIIAVG., MEAN LIFE DIFFERENCE IPERCENTJ 

DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I. 

OT 
DT 
OT 
OT AVG 

0.47 
0.090 

0.114 

O. 30 FORD 67 CNTR 
0.078 LOBKOWtCZ 69 (NTR 

0.093 AVERAGE (ERPOR INCLUDES SCALE FACTOR OF 1.21 

8/67. 
12170 

66 

Data Card Listings 
For notation, see key at front of Listings. 

10 CHARGED K PARTIAL DECAY MODES. 

DECAY Mfi.SSES 
PI CHAR. K INTO P'U NEU K MU2 105+ D 
P2 CHAR. K INTO PI PIO K Pl2 139+ 134 
P3 CHAR. K INTO PI PI+ PI- TAU 139+ 139+ 139 
P4 CHAR. K INTO PI 2PIO TAU PRIME 139+ 134+ 134 
P5 CHAR. K INTO MU PI 0 NEU K 14U3 105+ 134+ D 
P6 CHAR. K INTO E PIO NEU K E3 .5+ 134+ 0 
PT K+ INTO PI+ PI- E+ NEU K E+ 4 139+ 139+ .5+ 
PB K+ INTO Pt+ PI+ E- NEU K E- 4 139+ 139+ .5+ 
P9 K+ INTO PI+ PI- MU+ NEU K+MU+ 4 139+ 139+ 1 05+ 
P!O K+ INTO PI+ PI+ MU- NEU K+Mu- 4 139+ 139+ 105+ 
PH CHAR. K INTO E NEU KE2 .5+ 0 
P!2 CHAR. K INTO MU NEU GAMMA K MU RAO 105+ O+ 0 
P13 CHAR. K INTO PI PI 0 GAMMA K Pt RAD 139+ 134+ 0 
Pl4 CHAR. K INTO PI PI+ PI- GAMMA TAU RAO 139+ 139+ 139+ 
P!5 CHAR • K INTO PI E+ E- PI E E 139+ .5+ .5 
Pl6 CHAR. K INTO PI MU+ MU- PI MU MU 139+ 105+ 105 
PIT CHAR. K INTO PI GAMMA GAMMA PI GAM GAM 139+ 0+ D 
PIB CHAR. K INTO PJO E NEU GAMMA PI E NEU GA~ 134+ .5+ 0+ 
P19 K+- INTO P 1-+ E+- E+- PI-+E+-E+- 139+ .5+ .5 
P20 .CHAR. K INTO PI NEU NEU PI NEU NEU 1"39+ 0+ 0 
P2l CHAR. K INTO E NEU GAMMA K E2 RAO .5+ 0+ 0 
P22 CHAR. K INTO PI GAMMA K PI GAM 139+ 0 
P23 CHAR. K INTO PI 3GAHMA PI 3GAM 139+ 0+ 0+ .,. CHAR. K INTO PIO PIC E NEU K E4 2PIO 134+ 134+ ·5• 
P25 K+ INTO PI-E+ MU+ PI-E+MU+ 139+ .5+ 105 
P26 K+ INTO PI+ E+ Mu- PI+E+MU- 139+ .5+ 105 
P27 CHAR. K iNTO f!IU NEU NEU NEUBAR MU 3NEU 105+ O+ 0+ 
P28 CHAR. K INTO PIO MU NEU GAMMA PI HU NEU GAM 134+ 105+ 0+ 
P29 .. INTO PI+ MU+ E- P I+HU+E- 139+ 105+ .5 
P30 CHAR. K INTO HU NEU E+ E- MU NEU E+E- 105+ 0+ .5+ .5 
P31 K+- INTO Mu-+ NEU E+- E+- MU-+ NEU 2E+- 105+ 0+ .5+ .5 
P32 CHAR. K INTO NEU E E E NEU 3E 0+ .5+ .5+ .5 
P33 CHAR. K INTO E NEU NEU NEUBAR E 3NEU .5+ 0+ 0+ 0 
P34 K+ INTO MU+ NEUI El 105+ 

CHARGED K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHJSQ"'78.0. MAIN 
CONTRieUTION (13.21 COMES FROM IH9 OF HAIOT 
11 IWE SEE NO RE.ASON TO REJECT THIS EXPERIMENT 
AT THIS TIMEI 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

0 

4/82• 
4/82• 
4/82• 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements a·re Pi± 6Pi' where 

6Pi = "(6Pi 6Pi), while the off-diagonal elements are the normalized correlation coeffi­

cients (6P
1
6Pj) /(6Pi"' 6Pj). For the definitions of the individual Pi' see the listings 

above: only those Pi appearing in the matrix are assumed in the !it to be nonzero and 

are thus conetrained to add to 1. 

Pl P2 P3 P4 P5 P6 
p 1 .6350+-.0016 
p 2 -.7384 .2116+- .. 0015 
p 3 -.1925 -.0~!:2 .0559+-.0003 
p 4 - .. 1827 .0359 .2061 .0173+-.0005 
p 5 -.2705 -.2318 -.1189 -.3284 .0320+-.0009 
p 6 -.3391 -.1386 ·1501 .0263 .2126 .0482+-.0005 

FITTED PARTIAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed into rate 

space; i.e., Gi ~ ri = rtotalpi' in appropriate units. In analogy to the matrix above, 

the diagonal elements are Gi ± 6Gi, where 6Gi = "{6Gi6Gi), while the off-diagonal 

elements are the normalized correlation coefficients {6Gi6Gj)/(6Gi • 6Gj), Note that, 

because of the error in l~otal' the errors and correlations here are not directly derivable 

from those above, 

G1 G2 G3 G4 G5 G6 
G 1 .5133+-.0017 
G 2 -.3278 .1710+-.0013 
G 3 -.0997 -.0024 .. 0452+-.0002 
G 4 -.1088 .0494 o20B4 .0140+-.0004 
G 5 -.1605 -.1c;73 -.1239 -.3248 .0258+-.0007 
G 6 -.1553 -.0805 ·1532 .0313 .2198 .0390+- .. 0004 

WI 
WI 
WI 
Wl FIT 

10 CHARGED K DECAY RATES 

CHAR. K INTO ~U NEU !UNITS 10**6 SEC-11 IGll 
51.2 0.8 FORO 67CNTR+-

51.33 0.17 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.21 

CHAR. K INTO PI PI+ PI- (UNITS 10**6 SEC-11 IG31 W2 
W2 
W2 
W2 

F (4.4961 10.0301 FORD 67 CNTR +- SEE NOTE F 
F 3.2M 14.5291 (0.0321 FORO 70 ASPK SEE NOTE F 

W2 F 
W2 
W2 FIT 

Dl 
Dl 

02 
02 
02 F 

4. 511 Q. 024 FO~O 70 ASPK SEE NOTE F 
THE LAST IS THE COMBINED RESULT OF FORO 67 AND FORO 70 

4.517 0.023 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

10 IIK+1 - IK-1 1/AVG., DECAY RATE DIFFERENCE IPERCENTI 

DIFFERENCE IN K MU2 RATES 
:..a. 54 o.41 

DIFFERENCE IN TAU RATES 
-0.50 0.90 

1-0.041 (0.211 

(I G1+1-l G1-1 IIG1 
FORO 67 CNTR 

I IG3+1-IG3-11/G3 
FLETCHER 61 OSPK 
FORO 67 CNTR 

I PERCENT) 

I PERCENT I 

02 F 3.2M 
02 F 

10.101- I 0.141 
o.oa 0.12 

FORO 10 ASPK 
FORO 70 ASPK 

SEE NOTE F 
SEE NOTE F 
SEE NOTE F 

02 s 
02 F 
02 s 
02 
02 AVG 

1-0.021 (0.161 
SECOND FORO 70 VALUE 
SMITH 73 VAL·UE OF 02 

0.07 0.12 

SMITH 73 ASPK +-
IS FIRST FORO 70 COMBINED WITH FORO 67. 
IS DERIVED FROM SMITH 73 VALUE OF D3. 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

8/67 

8167 
11170 
11170 

8/67 

8/67 
8167 

11170 
11170 
11173 

11173 



67 

Data Card Listings 
For notation, see key at front of Listings. 

DIFFERENCE IN TAU PRIME RATES UG4+1-IG4-J 1/AVERAGE IPERCENTJ 03 
03 
03 

1802 -1.1 1.8 HERZO 69 OSPK 

03 
03 AVG 

04 
04 

05 

0.08 O. 58 SMITH 13 ASPK +-

-0.03 o. 55 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0) 

DIFFERENCE IN K PT2 RATES I I G2+ 1-1 GZ-11/ AVERAGE I PERCENT I 
o.a 1. 2 ':fERZO 69 OSPK 

DIFFERENCE IN K PI RAO RATES II G 13+ J- I Gl3- I I /AVERAGE I PERCENT! 

5170 
11173 

5/70 

05 
05 
05 
05 

24 o.o 24.0 EDWARDS 72 OSPK PI KE 58-<JO MEV 6/72 
4000 1.0 4.0 ABRAMS 73 ASPK +- PI KE 51-100 MEV 3174 
2461 o. 8 5.8 SMITH 76 WIRE +- Pl+-KE 55-90 MEV 11176 

05 AVG 

Rl 
Rl 
Rl 

0.9 3.3 AVERAGE IERROR INCLVDES SCALE FACTOR Of 1.01 

10 CHARGED K BRANCHING RATIOS 

OLD DATA EXCLUDED 

CHAR. K INTO IMU NEUI/TOTAL CUNITS lOU-21 IPU 
158.51 (3.01 BIRGE 56 EMLU... + 
156.91 (2.61 ALEXANDER 57 EMUL + 

OLD EXPERIMENTS NOT INCLUDED IN AVERAGING Rl 
Rl 
Rl 

.62K 63.24 0.4lt CHIANG 72 OSPK + 1.84 GEVfC K+ 

R1 FIT 

R2 ., ., 
R2 ., ., 
R2 ., 
R2 FIT 

63.50 0.16 FROM FIT f ERROR INCLUDES SCALE FACTOR OF 1.01 

CHAR. K INTO IPI"PIOIITOTAL (UNITS 10U-21 IP21 
127.71 {2.7) BIRGE 56 EMUL + 
123.21 I 2.21 ALEXANDER 57 EMUL + 

EARLIER EXPERIMENTS NOT'AVERAGEO 
121.01 (0.6t CALLAHAN 65 HLBC SEE R17 
121.61 10.61 TRILLING 65 RVUE 

16K 21.18 0.28 CHIANG 72 OSPK + 1.B4 GEVfC K+ 

21.16 0.15 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R3 CHAR. K INTO IPI PI+ PI-IfTOTAL IUNITS 10**-21 IP31 
R3 0 (5.61 I 0.41 BIRGE 56 EMUL + 
R3 0 16.81 10.41 ALEXANDER 57 EMUL + 
R3 0 15.21 (0.31 TAYLOR 59 EMUL + 
R3 0 EARLIER EXPERIMENTS NOT AVERAGED 
R3 5.7 0.3 ROE 61HLBC+ 
R3 2332 5. 54 0.12 CALLAHAN 64 HLBC + 
R3 540 5.1 0.2 SHAKLEE 64 HLBC + 
R3 5. 71 0",15 DE MARCO 65 HBC 
R3 44 6.0 0.4 YOUNG 65 EMUL + 
R3 P 693 5.34 O. 21 PANOOULA"s "70 EMUL + 
R3 C 2330 15.561 10.201 CHIANG 72 OSPK + 1.84 GEV/C K+ 
R3 C THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 R1,R2,Rlt,R5, AND R6 
R3 P INCLUDES EVEt>TS OF TAYLOR 59. 
R3 
R3 AVG 
R3 FIT 

5. 521 
5.588 

0.098 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.31 
0.030 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE= 5.521 ± 0.098 
ERROR SCALED BY 1 .J 

Values above of weighted average, 
error, and scale factor are for the 
reader•·s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

1171 
9/72 

6/66 
9172 

9/66 

9/66 
6/66 
6/66 

10170 
9/72 
9172 

CHI SO 
.7 

1 . 4 

1 . 6 

4.4 
0.0 

4.5 5.0 5.5 6.0 

·PANDOULAS 70 EMUL 
·YOUNG 65 EMUL 
·DE MARCO 65 HBC 
·SHAKLEE 64 HLBC 
·CALLAHAN 64 HLBC 
·ROE 61 HLBC 

6.5 7.0 

~ 
8.6 

(CON LEV 
=0. 127) 

CHAR.K TO (PI PI+ PI-)/TOTAL (UN 10••-2) 

R4 CHAR. K INTO IPI 2PIOIITOTAL IUNITS 10*._21 {P41 
R4 0 
R4 0 
R4 0 
R4 0 

•• R4 
•• p 

12.11 10.51 BIRGE 56 EMUL + 
12.21 I 0.41 ALEXANDER 57 EMUL + 
(1.51 (0.21 TAYLOR 59 EMUL + 

EARLIER EXPERIMENTS NOT AVERAGED 
1.7 0.2 ROE 61 HLBC + 

108 1.B 0.2 SHAKLEE 64 HLBC + 
198 1.53 0.11 PANDOUU,S 70 EMUL • 

•• 1307 1.84 0.06 CHIANG 72 OSPK + 1.84 GEVIC K+ 
R4 P INCLUDES EVENTS OF TAYLOR 59. 
R4 
R4 
R4 

AVG 
FIT 

1. 767 
1.732 

O. 071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
0.045 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.4) 
I SEE IDEOGRAM BELOW I 

R5 CHAR. K INTO (MU PIO NEUJ/TOTAL (UNITS to••-21 fP5l 
R5 0 12.81 ( 1.01 BIRGE 56 EHUL + 
R5 0 15.91 (1.3) ALEXANDER 57 EMUL + 
R5 0 12.8l (0.41 TAYlOR 59 EMUL + 
R5 0 EARLIER ·EXPERIMENTS NOT AVERAGED 
=~ -~~45 3.33 0.16 CHIANG 72 OSPK + 1. 84 GEV/C K+ 

R5 FIT· 3.197 0.086 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.7) 

11/67 
11/67 
10/70 
9172 

9172. 

Stable Particles 
Kt 

WEIGHTED AVERAGE= 1 .. 767 ± 0.071 
ERROR SCALED BY 1.4 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, oX, 
and scale factor, which are differ­
ent from the values shown here. 

·CHIANG 72 OSPK 
·PANDOULAS 70 EMUL 

64 HLBC 
61 HLBC 

CHI SO 
1 . 5 

4.6 
0.0 
0.1 
6.3 

1.2 1.6 2.0 2.4 
(CON LEV 
=0. 1 00) 

CHAR. K INTO (PI 2PIO)/TOTAL (UN 10••-2) 

CHAR. K INTO IE PIO NEUIITOTAL !UNITS 10 .. -21 (P61 
{3.21 11.31 BIRGE 56 EMUL + 
15.11 I 1 .. 31 ALEXANDER 57 EMUl + 

EARLIER EXPERIMENTS NOT AVERAGED 
5.0 0.5 ROE 61 HLBC + 

429 4.7 O. 3 SHA.KLEE 64 Hl BC + 

•• •• •• •• •• •• •• 3516 4. 86 0.10 CHIANG 12 OSPK + 1. B4 GEV/C K+ 

•• 
R6 AVG 
R6 FIT 

R7 
R7 
R7 
R7 
R7 
R7 
R7 AVG 
R7 FIT 

•• •• •• •• 
R9 
R9 

RlO 
RlO 

Rll 
Rll 
Rll 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 

4.8lt9 
4. B24 

0.093 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.052 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.11 

CHAR. K INTO IPI2 + MU311TOTAL IUNJTS 10U-21 IP2+P5l 
WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC 
BECAUSE OF OIFF ICULTIES OF SEPARATING THEM THERE 

23.4 1.1 ROE 61 HLBC + 
886 25.4 0.9 SHAKLEE 64 HLBC + 

24.60 0.98 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 
24.36 0.15 FROM FIT IERROR INCLUDES SCALE FACTOFI: OF 1.1) 

INTO I Pt+ Pt+ E- NEUJITOTAL I UNITS 10**-71 (P81 
120.1 OR LESS CL=.95 BIRGE 65 FBC + 

16.91 OR LESS CL~:~.95 ElY 69 HLBC + 
19.01 OR LESS CL=.95 SCHWEINBE 71 HLBC + 

K+ INTO IPI+ PI- MU+ NEUI/TOTA.L (UNITS 10**-51 (P9l 
1 (0.771 10.541 (Q.501 CLINE 65 FBC + 

K+ INTO IPI+ PI+ Mu- NEUI/TOTAL (UNITS 10**-6) IP101 
0 3.0 OR lESS CL::.95 BIRGE 65 FBC + 

CHAR. K INTO IE NEUI/TOTAL IUNITS 10**-51 fPlll 
fl60.01 OR LESS CL::.95 BORREANI 64 HBC + 

12.11 ( 1 .. 8) (1.3) BOWEN 67 OSPK + 

CHAR. K INTO IPI GAMMA GAMMAIITOTAL IUNITS 10**-41 

All VALUES GIVEN HERE ASSUME 
1-0.11 I 0.61 

C0.5J OR LESS CL==.90 
0.35 OR LESS CL:c:.90 

f-0.421 I o. 521 

A PHASE 
CHEN 
KLEMS 
LJUNG 
ABRAMS 

I Pl71 
SPACE PION ENEFI:GY SPECTRUM 

68 OSPK + H PI I 60-90 MEV 
11 OSPK + TIPIIGT 117 MEV 
73 HLBC + 6-102, 114-127MEV 
17 SPEC+ TIPlllT 92 MEV 

Rl3 CHAR. K INTO IPI PIO GAMMAJ/TOTAL fUNUS 10**-4) IP13J 
Rl3 0 18 12.2) 10.71 CLINE 64 FBC + PI+ KE 55-80 MEV 
Rl3 0 11.91 OR LESS CL=.90 EMMERSON 69 OSPK PI+ KE 55-80 MEV 
Rl3 M 0 11.01 OR LESS MALTSEV 70 HLBC + PI+ KELT 55 MEV 
Rl3 A2100 2.71 0.19 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV 
R13 0 24 (2.41 IO.BI EDWARDS 12 OSPK PI+ KE 5B-90 MEV 
Rl3 L (1.51 (1.1) (0.61 lJUNG 73 HLBC + PI+ KE 55-BO MEV 
R13 L 12.6} (1.51 11.11 LJUNG 73 HLBC + PI+ KE 55-90 MEV 
Rl3 OL 17 (6.81 (3.7J (2.11 LJUNG 73 HLBC + PI+ KE 55-102MEV 
R13 2461 2.87 0.32 SMITH 76 WIRE+- PI+-KE 55-90 MEV 
Rl3 0 ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED. 
R13 M MAL TSEV 70 SELECTS LOW PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR. 
R13 L THE LJUNG 13 VALUES ARE NOT INDEPENDENT• 
Rl3 A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO OF 11.56+-0.351*10••-5 
R13 A +-0.5*10••-5 AODNL. SYST. ERROR AND INNER BREMSSnAHLUNG SR. RATIO 
R13 A OF 12.55+-.0.lBJ•10**-4. WE QUOTE THE SUM OF THESE SR. FI:ATIOS. 
Rl3 
R 13 AVG z. 75 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOQ. OF 1.01 

Rl4 
Rl4 
Rl4 

Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 

Rl6 
Rl6 
Rl6 

Rl1 
Rl1 
Rl1 
Rl7 
Rl7 
Rl7 

CHAR. I< INTO IPI PI+ PI- GAMMAIITOTAL {UNITS 10**-4l 
I Pl41 

1.0 0.4 STAMER 65 EMUL + EGAh1 GT llMEV 

CHAR. K INTO IPI E+ E-1/TOTAL (UNITS 10•*-61 IP151 
1 (.2.451 OR LESS CL=.90 CAMERINI 64 fBC + 

(4.4) CR lESS CL=.90 BISI 67 DBC + 
10.41 DR LESS CLINE! 67 F8C + 
I0.88J CR LESS CL=.90 CLINE2 67 FBC + 

132.01 OR LESS CL=.90 BEIER 72 OSPK +-
11.71 OR LESS CLc.90 CENCE 74 ASPK + THREE TRACK EVTS 
10.271 GR LESS CL=.90 CENCE 74 ASPK + TWO TRACK EVENTS 

C CLINE2 REPLACES CLINE!. CLINE! IS NOT FOR CL=.90 • 

CHAR. K INTO IPI MU+ MU-1/TOTAL IUNITS 10**-61 IP161 
I3.0J OR LESS CLo:::.90 CAMERtNI 65 FBC + 
2.4 OR LESS CL=.90 SISI 67 OBC + 

CHAR. K INTO (PI PIOJITAU 
Bit 3. Zit o. 34 

1045 3.96 0.15 

IP211fP3l 
YOUNG 65 EMUL + 
CALLAHAN 66 FBC + 

AVG 
FIT 

3.84 
3.787 

0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
0.034 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

11167 
11/67 
9/72 

11167 

11/67 
11/67 

8/66 
10/69 
9/71 

B/66 

B/66 

11167 
8/67 

2172 
9173 
8/71 
9173 

12177 

8/66 
10/69 
12/75 
1/13 
8/72 
9173 
9/73 
9173 

11176 
3178 
1176 
9173 
1/73 
1173 
1113 

8/66 

6/66 
11/67 
11/67 

2174 
9/72 

10174 
10174 

2174 

8/66 
11/67 

8/66 
9/66 



Stable Particles 
K:l: 

R18 
R18 
R 18 
R18 
R18 
R18 

R19 
R19 
R19 
R19 
R19 
R19 
R 19 
R19 
R19 

CHAR. K INTO (PI 2P101/TAU 
2027 0.303 o. 009 SIS I 

YOUNG 

I Pltl/CP31 
65 H+HL + 

11 0.393 0.099 65 EMUL + 

AVG 0.3037 0.0090 AVERAGE tERROR INCLUDES SCALE FACTOR OF l.Of 
FIT 0.3100 0.0080 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

CHAR. K INTO CMU PIO NEUIITAU 
2845 0.632 0.035 8151 1 

YOUNG 
EICHTEN 
HAJOT 

lP511(P31 
65 H+Hl + 

38 0.90 0.16 65 EMUL + 
H 1505 (0.5101 (0.0171 68 HLBC + 

Hl505 0.503 0.019 11 HLBC + 
H HAIOT 71 IS A REANALYSIS OF E ICHTEN 68. 

AVG 
FIT 

a. 536 
0.512 

0.054 AVERAGE tERROR INCLUDES SCALE FACTOR OF 3.2) 
0.016 FROM FIT tERROR INCLUDES SCALE FACTOR OF L.BJ 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 0.536 ± 0.054 
ERROR SCALED BY 3.2 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X', 
and scale factor, which are differ­
ent from the values shown here. 

8/66 
8/66 

8/66 
8/66 

11/68 
12/70 

CHI SO 
71 HLBC 3.1 
55 EMUL 

·HAIDT 
YOUNG 

·BISI 1 65 H+HL ~ 
10.5 

(CON LEV 
0.2 0.6 1.0 1. 4 =0.001) 

CHARGED K INTO (MU PIC NEU)/TAU 

R20 CHAR. K INTO IE PJO NEUI/TAU IP61!1P3J 
64 HBC + R20 230 0.90 0.06 BORRE ANI 

YOUNG 
BELLOTT2 
EICHTEN 
HAIOT 
BRAUN 

R20 37 0.90 0.16 65 EMUL + 
R20 854 0.94 0.09 61 HLBC 
R20 H 4385 10.8461 I0.02U 68 HLBC + 
R20 H4385 0.850 0.019 11 HLBC + 
R20 2827 0.856 0.040 75 HLBC + 
R20 H HAIOT 71 IS A REANALYSIS OF EJCHTEN 68. 
R20 
R20 AVG 
R20 FIT 

0.858 
o. 8633 

0.016 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.0098 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

R21 
R21 
RZ1 
RZ1 
R21 
R21 
R21 
R21 

R22 
R22 
RZ2 

R23 
R23 
R23 
R23 
R23 
R23 
R23 
R23 
R23 

K+ INTO IPI+ 
69 6. 7 

26'S! 5. 83 
500 7.36 
106 7.0 
30K 7.21 

Pt- E+ NEUI/TAU 
1. 5 
0.63 
0.68 
0.9 
0.32 

IUNIT'S 10**-41 IP7l/IP3l 
BIRGE 65 FBC + 
ElY 69 HlBC + 
BOURQUIN 11 ASPK 
SCHWEINBE 11 HLBC + 
ROSSELET 77 SPEC + 

AVG &.'SIB 0. 26 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

K+ INTO IPI+ PI- MU+ NEUI/TAU IUNITS 10**-41 IP91/(P3J 
1 12.51 APPROX GREINER 64 EMUL + 
7 2.57 1.55 BISI 67 OBC + 

CHAR. K INTO (E PIC NEU1/IMU2+PI21 IUNITS 1D**-2IIP6J/1Pl+P21 
1679 5.89 0.21 tESTER 66 OSPK + 
5110 6.16 0.22 ESCHSTRUT 68 OSPK + 

5.92 0.65 WEISSENBE 76 SPEC+ 
VALUE CALCULATED FROM HEJSSENBERG 76 KE3. KMU2. KP12 VALUES 

W TO Eli'1INATE DEPENDENCE ON OUR 1974 TAU AND TAu-PRIME FRACTIONS .. , 

AVG 
Flf 

6.01 
5.698 

D.15 AVERAGE I ERROR INCLUDES SCALe FACTOR OF 1 .. 01 
D.067 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1 .. 11 

R24 CHAR .. K INTO (PI PIOI/IMU NEUI IP21!(Pll 
R24 A4517 0.3217 D.0065 AUERBACH 67 OSPK + 
R24 1600 0 .. 305 O. 018 ZEllER 69 ASPK + 
R24 H 25K 10 .. 3281 (0.0051 WEISSE~BE 74 STRC + 
R24 W 0.3:355 0.0057 WEISSENBf: 16 SPEC + 
R24 A AUERBACH 67 CHANGED FROM .3253+-.0065. SEE COMMENT WITH RATIO R26. 
R24 W WEISSf:NBERG 76 REVISES WEISSENBERG 74. 
R24 
R24 AVG 
R24 FIT 

0.3307 
0.3332 

0.0051 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1..21 
0.0030 FROM FIT (ERROR INCLUDES SCALE FACTOFI OF 1.01 
ISEE IDEOGRAM BELOW J 

R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 

CHAR. K INTO CE PIO NEUIIIMU NEUJ (P61/(Pll 
A 295 0.0791 0.0054 AUERBACH 67 OSPK + 

'SI60 0.0775 0.0033 BOllER I 1 68 ASPK + 
561 0. 069 O. 006 GARLAND 68 OSPK + 
350 O. 069 O. 006 ZELLER 69 ASPK + 

AUERBACH 67 Ct-ANGED FROM .0797+-.0054. SEE CO"'MENT WITH RATtO R26. 
THE VAlUE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF 
AUERBACH 67 R25 AND tESTER 66 R23. 

R25 AVG 
R25 FIT 

0.0752 O.OD24 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.07597 0.00091 FROM FIT IERROR INClUDES SCALE FACTOR OF 1.11 

R26 
R26 
R26 
R26 
R26 
R26 
RZ6 
R26 
R26 
R26 
R26 

CHAR. K INTO IHU PJO NEUJICMU NEU1 IP51/CPll 
A 307 O. 0486 O. 0040 AUERBACH 67 OSPK + 
G 424 0.0480 O.OD37 G&.RLAND 68 OSPK + 

240 0.054 0.009 ZEllER 69 ASPK + 
AUERBACH 67 C!-!ANGED FROM .0602+-.0046 BY ERRATUM WHICH eRINGS THE 
MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD 7D APPENDIX 8. 
G&.RLANO 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM 
CALCUlATtt:;N OF GAILLARD 70 APPENDIX 8. L.G.PONOROM, PRIV.COMM.t731 

AVG 0.0488 0.0026 AVERAGE I ERROR INCLUDES SCALE FACTOR OF t.DI 
FIT 0.0503 O.D014 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.71 

8/66 
8/66 

11/67 
11/68 
12/70 
12175 

8/66 
11/68 
12/71 
9/71 

11177 

8/66 
11/67 

8/67 
3/68 
1/78 
1178 
1178 

1174 
ID/69 
7/74 
1/78 
1/H 
1178 

1174 
5/68 
4/68 

10/69 
1174 
3/H 
3/H 

1174 
1/7o\ 

10/69 
1/76 
1/74 
1/74 
1/H 

68 

Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE ~ 0.3307 ± 0.0051 
ERROR SCALED BY 1.2 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

CHI SO 
·WEISSENBE 76 SPEC 0.7 
·ZELLER 69 ASPK 2.0 
·AUERBACH 67 OSPK _2_2_ 

3.0 

0.34 0.36 0.38 

PIO)/(MU NEU) 

(CON LEV 
=0.228) 

CHAR. K 

CHAR. K INTO t"U NEUJITAU 1Pli/CP31 R27 
R27 R 
R27 R 
R27 R 
RZ7 

427 (10.381 10.82J YOUNG 65 EMUl + 9/66 
DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
TO ADD UP TO 1· ONLY YOUNG MEASURED MU2 DIRECTLY. 

R27 FIT 11.364 0.012 FROM FIT 

R28 CHAR • K INTO IE NEUJ/1/IIIU NEU) lUNITS 10**-51 IPllii{Pll 
R28 10 1.9 o. 7 0.5 BOTTERtlL 67 ASPK + 
R28 8 1.8 0.8 0.6 MACEK 69 ASPK + 
R28 112 2. 42 0.42 CLARK 72 OSPK + 
R28 534 2.37 D.l7 HEAR02 75 SPEC + 
R28 404 2. 51 0.15 HEINTZE 76 SPEC + 
R28 
R28 AVG 2 .. 42 0.11 AVERAGE tERROR INClUDES SCALE FACTOR OF 1.0) 

R29 CHAR. K INTO IMU PIO NEU)/(E PID NEUI (P51/IP61 
R29 C1509 0.703 0.056 CALLAHA1 66 HLBC 

BOTTERI 2 68 ASPK + R29 5601 D.667 O.Dl7 
R29 H 1398 C0.6D4l 10.0221 EICHTEN 68 HLBC 
R29 H 10.5961 10.0251 HAIDT 1l HLBC + 
R29 D3480 0.698 D.025 CHIANG 72 OSPK + 1.84 GEV/C K+ 

DALJll PRS ONLY R29 l 554 O. 705 Q. 063 LUCAS2 11 MBC -
R29 8 1585 (0.6D8J (0.0141 BRAUN 75 IRBC + 
R29 O. 67 0.12 WEISSENBE 76 SPEC + 

HEINTZE 77 SPEC + R29 E (0.67DI (0.0141 
R29 CCMMENTS 
R29 C FROM CALLAHIN1 66 WE USE ONLY THE MU3/E3 RATIO AND DO NOT 
R.29 C INCLUDE tN nE FIT THE RATIOS MU3/TAU AND E3/TAU. SINCE THEY SHOW 
R29 C LARGE Dl SAGREE/IIIENTS WITH THE REST OF THE DATA. 
R29 H HAIDT 71 IS I REANUYSIS OF EICHTEN 68. 
R29 H ONLY INDIVIDUAL RATIOS INCLUDED IN FIT {SEE R19 AND R2DJ. 
R29 D CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND Rb. 
R29 L LUCAS 73 GIVES NfMU31c551t+-7.6PCT• N(E3J:a786+-3.1PCT. WE DIVIDE. 
R29 8 BRA~ 75 VALUE IS FROM FORM FACTOR FIT. ASSUMES MU-E UNIVERSALITY. 
R29 E HEINTZE 77 VALUE FROM FIT TO LAMBDAO. ASSUMES MU-E UNIVERSALITY .. 
R29 
R29 AVG 
R29 FIT 

D.679 
0.663 

0.013 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .. 01 
0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF t.l'J 

R30 
R30 
R30 

CHAR. K INTO (PIO E NEU GAMMAI/tPID E NEUI IUNITS 10 .... -21 
lP181/IP61 

C1.2l 10.81 BELLOTTI 67 HLBC + EGAM GT 30MEV 
R30 R 13 
R30 R 

D. 7 6 O. 28 ROMANO 11 MLBC EGAM GT 1 OMEV 
CO. 531 ( O. 22J RO!o'ANO 71 HLBC + EGAM GT 30 MEV 

R30 L 
R30 L 
R30 L 
R30 L 
R30 R 
R30 R 
R30 R 

16 I0.48J (0.201 LJUNG 73 HlBC + EGAM GT 30 MEV 
t0.22) (0.151 ID.101 LJUNG 73 HLBC + EGAM GT 30 MEV 

FIRST LJU~G \IALUE IS FOR COSIELECT-GAMMAJL.T. 0.9,· SECOND VALUE IS 
FOR COSIELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANO. 
BOTH ROMANO VALUES ARE FOR COSIELECT-GAMMA) BETW D.6 AND 0.9. 
SECOND VALUE IS feR COMPARISON WITH SECOND LJUNG VALUE. 
WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE ROMANO FOR EGAM DEPEND. 

R31 K- INTO tPI+ E- E-1/TOTAL (UNITS 10**-SJ (Pl91 
R31 TEST OF LEPTCN HUMBER CONSERVATION. 
R31 ( 1. 51 OR LESS CHANG 68 HBC 

R32 
R32 C 
R32 C 

CHAR. K INTO (PI ~EU NEUJITOTAL IUNITS 10**-6) IP201 
11.41 CR LESS CL=.90 KLEMS 71 OSPK + TIPIJ ll7-127MEV 
t0.94J tR LESS CL=.90 CABLE 73 CNTR + TIPII 60-105 MEV 

R32 C 10 .. 561 OR LESS CL=.90 CABLE 13 CNTR + T(PIJ 6Q-l27 MEV 
R32 L 0 t57.0I OR LESS CLc.9Q LJUNG 73 HLBC + 
R32 
R32 
R32 
R3Z 

R33 
R33 
R33 

R34 .,. .,. 
R34 

R36 
R36 

R37 
R37 
R37 
R37 

R38 
R38 
R38 

R39 
R39 
R39 

0. 14 OR lESS CL=. 90 AS ANO 81 CNTR + T( P tl 116-127MEV 
KLEMS 71 AND CABlE 73 ASSUME PI SPECTRUM SAME AS KE3 DECAY. 
SECCJ4D CABLE l1MIT CBM81NES CABLE AND KLEMS DATA FOR VECTOR INT. 
LJUNG 73 ASSUMES VECTOR INTERACTION. 

CHAR. K INTO fE NEU GAMMA I !TOTAL tuN ITS 10**-51 I P211 
M 0.11 OR LESS MACEK 70 OSPK + PIEI 234 TO 247 
M ABOVE IS MEASUREMENT OF SlRUCTURE-DEPENOENT DECAY ONLY. 

CHAR. K INTO CP1 GAMMAI/TOTAL (UNITS 10**-61 IP221 
VIOLATES ANGULAR MOMENTUM CONSERVATION. NOT LISTED IN TABLES. 

K t4.01 OR LESS CLc.9D KLEMS 71 OSPK + 
K TEST OF MODEL OF SELLERJ. NC 60A, 291119691. 

CHAR. K INTO CPt 3GAMMAI/TOTAL {UNITS 10**-41 CP231 
3.0 OR LESS CLc .. 90 KLEMS 71 OSPK + TCPII GT Il7MEV 

K+ INTO C PI+ PI+ E- NEUI!f PI+ PI- E+ NEU) I UNITS lOU'-41 IP81/I P71 
D (130. I OR LESS CL~.95 BOURQUIN 11 ASPK 

B 3 3,.6 OR LESS CLc.'SI5 BLOCH 76 SPEC 
B CORRESPONDS TO 3E1Q-4 AT CLc.CJO. 

CHAR. K INTO CPIO PIO E NEUI/KE3 (UNITS 1D••-4J IP241/IP61 
0 137.01 OR LESS CLc.9Q ROMANO 71 HLBC + 
2 3.8 5.0 1.2 LJU~G 13 HlBC + 

K+ INTO IPI- E+ MU+IITOTAL (UNITS 10**-81 tP25t 
K- INTO (PI+ E- MU-JITOTAL IS ALSO INCLUDED HERE 

12.81 OR LESS CLc.,9D BEIER 72 OSPK +-

ll/67 
4/69 
1/73 

11175 
2/76 

6/68 
6/&8 

10/68 
12/70 
9/72 

11/13 
1/76 
1178 

12/77 

ll/68 
9/72 

11173 
1176 

12171 

11/67 
1D/71 

9173 
9/73 
9/73 
'SI/73 
9/73 
9/73 
9/73 
9173 

3/68 

3174 
2/74 
2114 
9/73 
1/82* 
3/74 
2/74 
9/73 

12/7D 

8/71 

8171 

8176 
8/76 
2/80 

12/71 
9/73 

'SI/72 
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·Data Card Listings 
For notation, see key at front of Listings. 

R40 
R40 
R40 

K+ INTO I PI+ E+ MU-1/TOTAL fUN ITS 10**-81 IP26J 
K- INTO.CPI- E- MU+IITOTAL IS ALSO INCLUDED HERE 

(1~41 OR LESS CL::.9Q BEIER 72 OSPK +-

R41 CHAR. K INTO IMU 3NEUI/TOTAL (UNITS 10**-61 IP271 

9172 

R41 P 0 6.0 OR LESS CL=.90 PANG 73 CNTR + 11/73 
R4l P PANG 73 ASSUMES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARDIN 70. 3/74 

R42 CHAR. K INTO IPIO MU NEU GAMI!TOTALIUNITS 10**-5HP281 
R42 0 6.1 .OR LESS Cl:c.9Q LJUNG 73 HLBC + EGAM GT 30 MEV 

R43 CHAR. K INTO CE PIO NEUJ/IPI PlOt (P6111P21 
R43 l 786 0.221 0.012 lUCAS2 73 HBC - OALITZ PRS ONLY 
R43 l LUCAS 73 GIVES NIE3)::186+-3.1PCT, NIP121=3564+-3.1PCT. WE DIVIDE. 
R43 0 •••••• ,• ... 

R43 FIT 0.2280 0."0031 FROM FIT IERROR INCLUDES SCALE FACTOR OF l.lJ 

••• R44 
R44 

••• ••• ••• 

CHAR. K INTO tPi 2PIOI!tPI PIOJ IP4JIIP21 
l 574 0.081 0.005 LUCAS2 73 HBC - OALITZ PRS ONLY 
L LUCAS 13 GIVES NIPI 2PIOJ=574+-5 .. 9 PCT, NIP12)=3564+-3.1 PCT. 
L WE QUOTE 0.5*NCPI 2PIOJ/N(PI2J WHERE 0.5 IS BECAUSE ONLY OALITZ 
L PAl R PIO' S ~ERE USED. 

R44 Fl! 0.0819 0.0022 FROM FIT !ERROR JNCL_UOES SCALE FACTOR OF 1 .. 31 

9/73 
9/73 

11/73 
11/73 

11/73 
11/73 
11/73 
11/73 

R45 
R45 

CHAR. K INTOCI'IU. NEU GAMMAIITOTAL IUNJTS 10**-31 IP121 7/14 
i2 5.8 3.5 WEISSENBE 74 STRC + E-GAMMA GT 9 MEV 7174 

••• ••• ••• 
R47 
R47 
R47 H 
R47 H 
R47 H 

••• ••• ••• 
••• ••• ••• 

CHAR~ K INTO IPI E+ E-1/IPI+ PI-E NEUI IUNITS 10**-31 (Pl51/IP7J 
8 41 7.0 1.3 BLOCH 75 SPEC + 
B BLOCH" 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 BR.FRAC • 

cHAR. K INTO IE NEU GAMI/IE NEUI IP2li/IP111 
STRUCTURE DEPENDENT PART WITH + GAMMA HELICITY. 
56 (1.051 (0.251 (0.301 HEARD! 75 SPEC + PIEI 236 TO 247 
THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEC.R54 
BELOW. 

K+ INTO CPI+-MU-+E+l/IPtf.Pt-LNEUI (~NITS 10**-~1 I.P25+P2611fP71 
0 0 1.9 OR LESS. CL=.90 DIAMANT BE 76 SPEC + 
0 DIAMANTBE 76 QUOTES THIS RESULT THIES OUR 1975 KE4 SR. RATIO • 

K+ INTO I PI+ MU+ E-1/IPI+PI- E NEUl I UNITS 10**-4) IP29J/(P71 
0 0 1.3 OR LESS CL==.90 OIAMANTBE 76 SPEC + 
D DtAMANTBE 76 QUOTES .THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 

R50 CHAR. K INTO IMU NEU E+E-1/IPI+PI-ENEUI (UNITS 10**-31 IP301/(P7J 
R50 0 14 0.3) 10.91 OIAMANTBE 76 SPEC+ MIEEI GT 140 , 
R50 0 14 27. 8· "OJA"'ANTBE 76 SPEC + EXTRAPOlATED BR 
R50 D DIAMANTBE 76 QUOTES THESE RESULTS TIMES .OUR 1975 KE4 BR RATIO. 
R50 0 THE SECOND OIAMANTBE 76 VALUE. IS THE FIRST VALUE EX~APOLATEO TO 0 
R50 0 TO INCLUDE l:OW MASS E PAIRS. 

R5l 
R51 
R5l 
R51 

R52 
R52 
R52 

R53 
R53 
R53 

R54 
R54 
R54 H 
R54 
R54 
R54 

R55 
R55 
R55 
R55 

R56 
R56 

K+- INTOIPI-+E+-E+-:II(PI+PI-E NEUI UNITS(l0**-41. IP19II(J!7.J 
TEST OF LEPTCN NUMBER CONSERVATION 

g O~AMAN~B~ 76 °~u~ii~ T~~~·.:~SUL~~~~~~~ 8~u~6 t:~~cB.;. RATtci. 

K+- INTOIMU-+ NEUE+- E+-lf(PJ+PI-E ~NEUIIUNITS 10**-31 IP31J/IP7J, 
0 0 0.5 CR LESS CL==.90 OIAMANTBE 76 SPEC+ . . 
0 OIAJ'I'ANTBE 76 QUOTES THIS RESULT _TIMES OJR 1975 KE~ BR RATIO.a 

K+ INTO (NEUE+ E+.E-1/IPI+PI- E NEUI {UNITS 10**-21 IP32JI(P71· 
4 Oa54 0.54 0 .. 27 OIA.MANTSE 76 SPEC+ . 

0 OIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 

CHAR. K INTO IE NEU GAMI/IMU NEUJ . (UNITS 10**-5ICP21111Pll 
STRUCTURE •DEPENDENT PA'RT WITH + GAMMA HELICITY 
51 .12 .. 331 {0.42) HEINTZE 7,9 SPEC+ 

107 2.40 o. 36 . HEINTZE . 79 SP.EC + 
'SECOND HEINTZE 79 RESULT IS FIRST COMBINED WITH HEARD1 75 RESULT 

H FROM SECTION R47 ABOVE. 

CHAR. K INTO" .IE NEU GAMiiTOTAL I UNITS 10**-41 I P2ll 
STRUCTURE DEPENDENT PART WITH - GAMMA HELICITY 

H 1.6 OR LESS CL=.90 HEINTZE 79 SPEC + 
H IMPLIES UXUL VEC./VECTORI AMPL .. RATIO OUTSIDE RANGE -1 .. 8 TO -.54. 

CHAR. K INTO IE NEU NEU 'NEUBARIIIE NEUI IP33JIIP111 
0 ~.8 OR LESS CL"-.90 HEINTZE 79 SPEC +, 

11/75 
11/75 

11/75 
11/75 
11175 

11/76 
11176 
11/76 

11/76 
11/76 
11/76 

11176 
11/76 
11/76 
ll/76 
11/76 
11/76 

. 11176 

11/76 
11/76 

11176 
11176 
11176 

11/76 
11/76 
11/76 

,7179 
7/79 
7179 
7/79 

2/82*. 
2/82* 

-7/79 
7J79 

R57 
R57 

K+.iNTO.fMiJ+ NEUIEIJ/TOHL I P34) 2/82* 
0 ·o.004 OR LESS .CL= .. 90 LYONS 81 HLBC 200GEV K+ N. B. BEAM i/82* 

- . 
_ ___:. __ ------ ------- --------- --------- ----- ' ___ _: ____ ------·--

Note on Slope Parameter for K + 3n Decaxs 

As was discussed in Section VI B.l of the 

text,- for the 3n de_cays of the K mesons we list 

the slope .parameter "g" which is defined, as in 

that section, by 

+ + ~r2:~:lr + .•.• (1} 

Stable Particles 
Kt 

where 

s. 
l. 

s. 
l. 

(2) 

(3) 

~K' ~i are the four-vectors for the K and the 

ith pion, and the index 3 refers (4) 

to the odd pion, i.e., the third pion 

in the decays listed below. 

We refer to the three possible charged decays as 

T, T' , and To : 

± ± + ± 'f 
T K + n-n n 

,± ± 0 0 ± 
T K + n n n 

To Ko + - 0 
+ n n n 

L 

The measurements of g vary considerably beyond 

the authors' quoted errors as can be seen in the 

ideograms associated with the GT+, GT-, and GTP 
+ 

subsections of the K- Data Card Listings and the 

GTO subsection of the ~-Listings. 

There is no indication of a CP-violating 

asYmmetry inK~ decay·as measured by the coeffi-

cient given in subsection JTO of the K0 Listi.ngs. 
- L 

The high-statistics T0 -decay experiment of 

MESSNER 74 finds si~nificant non-zero quadratic 

coefficients h and k. CHO 77, a lower-statistics 

T 0 experiment,obtains results in agreement with 

MESSNER 74 but can also obtain good fits with a 

linear term (g) only. The correlation between the 

linear and quadratic coefficients changes the CHO 

77 g 0 from 0.629± 0.017 (linear fit) to 0.681± 
T -

0.024 (quadratic fit). Another experiment, 

PEACH 77, dpes not observe this correlation and is 

in agreement only with the linear fit of CHO 77. 

There is some evidence for a non-zero k 

coefficient from T 
± 

experiments. FORD 72 (1.5M 

± + ± + 
events) have studied K + n-n n and find that the 

X2
/DF goes from 1. 38 to 1.'20 for DF ""150 when the 

second order and CP-violation terms are added. 



Stable Particles 
K:t 

However, the authors state that since.their Coulomb 

correction is larger than the experimental errors 

and is not well known, it is difficult to interpret 

these results. DEVAUX 77 also finds a non-zero k. 

Because of the above evidence for quadratic 

terms, and for consistency in our treatment of T0 

and T± decay, we now include in our averages only 

those T0 and T± experiments for which we have 

information on ·the· three coefficients g, h, and. 

k. Correlations prevent us from comparing .fits 

which do not include these three parameters. For 
,± 

T dec;ays we compile g and h only since no 

experiments measure k. 

Parametrizations 

In the literature other definitions of slope 

parameters have appeared. We have converted to the 

definitions of g; h,. j and k in Eq. (1) from 

whatever experimental quantity has been reported. 

We give the conversion to the definition (1) for 

the most widely used parametrizations and tabulate 

the conversion factors for the reader's convenience. 

a) For analysis of charged K's and some K0 

experiments, the expression often used is: 

with 

y 

X 

Q 

3T
3 

- Q 

Q 

m. 
~ 

The relevant formulae are: 

with 

and 

y 3 
2 

X 

70 

·Data Card Listings 
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g 

h 

k 

with 

-cy (ay + 2byll) 
2 

1+ a./'+b/• 

b) For the analysis ~f some K0 experiments 

·the expression used is 

with 

(m -m >
2 

-
K 3 . 

The relevant transformations are 

53- so Q 
+ - (1 + ll) -~ 3 

and 

g 

h 

with 
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c) Other K0 authors use the same form of 

matrix element as given iri b) above with a. linear 

term only, but define 

T max 

The relevant transformation is then 

d) Older K0 analyses were done using 

The relevant transformation is then 

with 

and 

d 
v 

g 
-c a v v 

1 + d a v v 

e) The CP-violating term in IMI 2 for.~+ 
TI+TI-11' 0 experiments has been parametrized in several 

ways. BLANPIED 68 and SCRIBANO 70 use the parame­

trization given in {b) above with no quadratic term 

and with an additional CP violating term. BLANPIED 

68 parametrizes the C:P-violating term as 

2a 
B 

{T - T ) 
1. . 2 

The relevant transformation is then 

j 
(JB 

I 
. 1 + ctat 

with ct as defined in {b) above. SCRIBANO 70 

parametrizes the CP-violating term as 

2 

Y3 
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where T12 is the maximum kinetic energy ·of max 
particle 1 or 2, the charged 11'' s, given by · 

Tl2max' -. 

The resulting transformation is then . 

SMITH 70 gives the. asymmetry 

a 
s 

where N+ is the number of events with T1 > T
2 

and 

N is the converse. BLANPIED 68 gives the relation 

aB a/1.16 which allows us to use the transforma­

tion to. j given above for BLANPIED 68. 

For the reader's convenience we give a table 

of numerical values for Q, T3max' T12max' ~. cy, ct, 

cu, cv, and dv, obtained using the masses from the 

current edition. 

± '± To T T 

Q 74.97 84.17 83.57 

T3max 48.08 53.20 53.89 

Tl2max 48.08 53.99 53.12 

~ 0.0000 -0.0790 0.0798 

cy 0.7895 0.7032 0.7025 

ct 0.0962 -0.0769 0.3204 

c 0.0000 u -0.2246 0.2272 

cv 0.0400 0.0400 0.0393 

dv 0.0506 0.0523 0.0604 

References 

See the reference sections of the K± and ~ 
Data Card Listings. 

See. also the review of T. J. Devlin and J. 0 . 

Dickey, Rev. Mod. Phys. 51, 237 {1979), which 

contains an analysis of K + 27T and K-+ 3TI data in 

terms of transition amplitudes with appropriate 

energy dependence. 
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10 CHARGED K ENERGY DEPENDENCE OF OALITZ PLOT 

RELATED TEXT SECTION VI B.l AND MINI-REVIEW ABOVE 

MATRIX ELEMENT SQUARED = 1 + G*U + H*U**2 + K*V*0-2 
WHERE U=IS3-SOIIIMPI**21 AND V=ISL-S21/CMPI**21 

GT+ llNEAR COEFFICIENT G FOR TAU DECAYS K+ --> PI+ PI+ PI-
GT+ SOME EXPTS USE DALITZ VARIABLES X AND Y. WE GIVE AY:CQEfF OF Y 
GT+ TERM AT RIGHT. SEE MINI-REVIEW ABOVE. 
GT+ZL 5428 1-0.221 (0.0241 ZINCHENKO 67 HBC + AY=O.ZS+-.03 
GT+ L 9994 1-0.2181 10.0161 BUTLER 68 HBC + AY=0.277+-.020 
GT+ Gl7898 1-0.1961 (0.0121 GRAUMAN 70 HLBC + AY=0.228+-.030 
GT+ 750K -0.2157 0.0028 FORO 72 ASPK + AV::Q.,2734+-.0035 
Gl+H 39819 -0.200 0.009 HOF.FMASTE 12 HLBC + 
GT+ 22SK -0.2221 O. 0065 DEVAUX 11 SPEC + AY=Q.2814+-.0082 
GT+ L EXPERIMENTS ~ITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GT+ Z ALSO INCLUDES OBC EVENTS 
GT• G EMULS. DATA ADDED- All EVENTS INCLUDED BY HOFFMASTER 12 
GT+H HOFFMASTER 12 INCLUDES GRAUMAN 70 DATA. 
GT+ 
GT+ AVG -0 .. 2154 0.0035 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 

IS EE IDEOGRAM BELCIW l 

WEIGHTED AVERAGE~ 0.0122 ± 0.0076 
ERROR SCALED ~y 1 4 

·DEVAUX 77 SPEC 0.8 
·HOFF~ASTE 72 HLBC 2.3 
·FORD 72 ASPK 1 . 1 

1/79 
1/79 

1/19 
1/79 
1/79 

10/69 
1a/&9 
8/70 
1179 
1/79 
1/79 
3/78 

l/11 
1/79 

4.2 
(CONLEY 

-0.04 0.08 ~0.123) 

QUAD. COErr. H FORK+--> PI+ PI+ PI-

HH QUADRATIC COEFF. H FOR K+ --> PI+ Pt+ PI-
HT+ 150K 0.0181 0.0062 FORO 12 ASPK + 
HT+ 39819 -0.009 0.014 HOFFMASTE 72 HLE!C + 
HH 225K -0.0006 0.0143 DEVAUX 11 SPEC + 
HT+ 
HT+ AVG 0.0122 0.0076 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 41 

ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE- -0.2154.± 0.0035 
ERROR SCALED BY 1.4 

·DEVAUX 77 SPEC 
·HOFFMASTE 72 HLBC 

72 ASPK 

CHI SO 
1. 0 

2.9 
0.0 

1/79 
1/79 
1/79 
1179 

-0.20 

4.0 
(CONLEY 
~o. 1 35) 

KT+ 
KT+ 
KT+ 
KT+ 
KT+ 

LIN. ENERGY OEP. FOR K+ TO PI+ PI+ PI-

QUADRATIC COEFF .. K FOR K+ --> PI+ PI• PI-
750K -0.0015 0.0019 FORD 12 ASPK + 

39819 -0 .. 0105 0 .. 0045 HOFFMASTE 12 HLBC + 
225K -0.0205 0.0039 DEVAUX 11 SPEC • 

KT+ AVG -O.a\01 0.0034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.11 
ISEE tDEOGRA1'1 BELOW I 

GT- LINEAR COEFFICIENT G FOR TAU DECAYS K- -> PI- PI- PI+ 
GT- FOR DEFINITION OF AY SEE NOTE IN SECTION GT+ ABOVE. 
GT- F 1341 1-0.2201 I 0 .. 035) FERRO-LUZ 61 HBC - AY::Q,.2B+- .. 045 
GT-ML 5178 {-0.1901 10.0231 MOSCOSO 68 HBC - AY=0.242+-.029 
GT- 50919 -0.193 0.010 MAST 69 HBC - AY=0.244 +-.013 
GT- 75aK -a. 2186 a. 0028 FORO 12 ASPK - AY:O. 2710+-. Oa35 
GT- 81K (-0.1991 la.Oa81 LUCASl 13 HBC - AY=0.252+-.0ll 
GT- NO RADIAl IVE CORRECTIONS INCLUDED. 
GT- EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GT- ALSO INCLUDES DBC EVENTS. 
GT- QUADRATIC DEPENDENCE IS REQUIRED BY KL EXPTS. FOR COMPARISON WE 
GT- AVERAGE ONLY THOSE K+- EXPERIMENTS WHICH QUOTE QUADRATIC FIT VALUES. 
G~ I 
GT- AVG -D.2167 a.oa66 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.51 

1/79 
1/79 
1/79 
l/19 

10/&9 
10/69 
1/79 
1/79 

10/72 

3/18 

1/19 
1/79 

72 
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WEIGHTED AVERAGE ~ -0.0101 ± 0.0034 
ERROR SCALED BY 2.1 

·DEVAUX 77 SPEC 
· HOFFMASTE 72 HLBC 
-FORO 72 ASPK 

CHI SO 
7 .2 
0.0 

_1_._8_ 
9.0 

(CONLEY 
-0.03 -0.02 -0.01 0.00 0.01 =0. 011) 

QUAD. COEFF. K FORK+--> PI+ PI+ PI-

QUADRATIC COEFF H FOR K- --> PI- PI- PI+ 
50919 -0.001 a.012 MAST 69 HBC -

750K a.Ol25 D.0062 FORD 72 ASPK -

HT­
HT­
HT­
HT­
HT- AVG 0.0097 a.0055 AVERAGE IERROR INCLUDES SCALE FACTOP. OF 1.01 

KT- QUADRATIC COEFF K FOR K- --> PI- PI- PI+ 
KT- 50919 -0.014 0.012 MAST 69 HBC -
KT- 75DK -0.0083 D.0019 FORO 12 ASPK-
KT- ............ 
KT- AVG -D. oo84 a. oat9 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

OG IIGT+I-IGT-1 IIIIG1+1+1GT-11 IN PERCENT 
DG A NON-ZERO VALUE FOR THIS QUANTITY INDICATES CP VIOLATION 
DG 3.2M -0 .. 70 0.53 FORD 70 ASPK 

GTP LINEAR COEFFICIENT G FOR TAU PRIME DECAYS CHAR. K --> PI Pta PIO. 
GTP UNLESS OTHERWISE STATED, All EXPTS INCLUDE TERMS QUADRATIC IN 
GTP IS3-S0Jf(MPI**21. SEE MINI-REVIEW ABOVE. 
GTP K 1792 (0.481 (0.041 KALMUS 64 HLBC + 
GTP K 1814 (0.5861 (0.098) BISI 65 HLBC + ALSO HBC 
GTP 4D48 O. 544 D. 048 DAVISON 69 HL8C + ALSO EMUL 
GTP l 198 10.521) 10.1021 PANDOULAS 70 EMUL + 
GTP 1365 D.67 0.06 AUBERT 72 HLBC + 
GTP K 574 (0.4841 10.0841 lUCAS2 13 HBC - OALITZ PRS ONLV 
GTP 5635 0.630 0.038 SHEAFF 75 HLBC + 
GTP 27K Oo510 O.a60 St.IIITH 75 WIRE+ 
GTPL4639 (0.8061 10.2201 BERTRAND 16EMUL+ 
GTP 3263 0,.670 0.054 BRAUN 76 HLBC + 
GTP AUTHORS GIVE LINEAR FIT ONLY. 
GTP EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GTP 
GTP AVG 0.607 0.030 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 31 

0.4 

LIN. 

0.5 

I SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE ~ 0.607 ± 0.030 
ERROR SCALED BY 1.3 

·BRAUN 76 HLBC 
·SMITH 75 WIRE 
·SHEAFF 75 HLBC 
·AUBERT 72 HLBC 
·DAVISON 69 HLBC 

0.6 0 7 0.8 0.9 

ENERGY DEP. FOR K TO pI PIO PIO 

CHI SQ 
1 3 
2 .6 
0.4 
1.1 
1 7 
7.2 

(CONLEV 
~o 12 7) 

HTP QUADRATIC COEFF H FOR CHAR K --> PI PIO PIO. SEE MINI-REVIEW ABOVE. 
HTP 4048 a.026 0.05D DAVISON 69 HLBC + ALSO EMUL 
HTP l 198 10.0181 (0.1241 PANDOULAS 10 EMUL + 
HTP 1365 -o.o1 o.o8 AUBERT 72 HL BC + 
HTP 5635 0.041 0.030 SHEAFf 75 HLBC + 
HTP 21K D. 009 0. 04D SMITH 75 WIRE + 
HTP L 4639 10.1641 10.121) BERTRAND 16 EHUL + 
HlP 3263 0.152 0.082 BRAUN 76 HLBC + . 
HTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
HlP .......... 
HTP AVG 0.034 D.020 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

1179 
1/79 
1179 

1179 
1/79 
1179 

11/10 

1/19 
1/79 
1/19 
1/79 
1/79 
1/79 
1/79 
1/79 
1179 
1/79 

1179 
1/79 
1/79 
1179 
1/79 
1179 
1/79 
1/79 



73 

Data Card Listings Stable Particles 
For notation, see key at front of Listings. K:l: 

± 0 
Note on K~ 3 and K~ 3 Form Factors 

Definitions of the parameters A+' ~(0), A
0

, 

ifs/f+l and ifT/f+l and a general discussion of the 

methods of analysis are given in Section VI B.2 of 

the text. 

This note describes the contents of the Data 

Card Listings for the two K parametrizations 
~3 ' 

(A+' ~(0)) and (A+' A
0
), which were discussed in 

the .text. Problems related to our data entries for 

individual- experiments are discussed and a compari­

son of results is given. 

J(~ 3 Experiments 

The matrix element for KV
3 

decay, assuming a 

Pure vector current, is given by Eq. (2) in Section 

VI B.2 of the text. Most experiments appear to be 

compatible with the assumption that f+ depends 

linearly on t and that f is constant. Only DALLY 

72 (K~ 3 ) appears to require A_ t 0 (by about three 

standard deviations) . A single data bin at low q 2 

seems to be responsible. The effect is not observed 

in the high-statistics experiment of DONALDSON2 74 
0 • 

(also K~ 3 ) . 

~+' ~(0) Parametrization: A data from K 
+ + ]J3 

decay are entered into the K- and K0 sections of 
L 

the Data Card Listings in subsection L+M. The 

corresponding ~(0) values are entered in subsection 

XIA, XIB, or XIC, depending on whether Method A, B, 

or C, discussed below and in the text, was used. 

The data cards contain the values, one-standard­

deviation errors ~A+ and ~~(0), as well as the 

correlation d~(O)/dA+' all indicated on the e-l/2 

likelihood contour below. The correlations are 

given on the right side of the ~(0) data cards. 

\V 
<J 
+I 

5 
\V 

d~ (0) 

dA+ 

I 
XBL 743-2692 

This paiametriza-

tion is used in recent K~ 3 analyses. To facilitate 

comparison between experiments, we convert earlier 

experiments from the (A+'~{O)) parametrization to 

(A+,A 0 ) whenever possible (i.e., when A+ and ~(0) 

values, errors, and correlations are given). The 

transformation between these parametrizations is: 

dA 
o 1 + a d~ {0) 

dA+ ~ 

2 2 2 
where a = m,/ (~- m11 ) . The \ value, the one-

standard-deviation error ~A 0 , and the correlation 

dA
0

/dA+ are given in subsection LO of the data 

cards. 

We also convert (A+,A 0 ) results into the (A+' 

~(0)) parametrization whenever possible so that 

subsection LO is essentially equivalent to the three 

subsections XIA, XIB, and XIC. 

Individual analyses have used a variety of 

parametrizations. Problems arise when trying to 

express their results in terms of the parametri­

zations used here. The discussion of these problems 

is divided into three sections corresponding to the 

three methods of analyses discussed in the text. 

Method A: Dalitz plot analyses and pion 

spectrum analyses usually determine A+ and ~(0) 

(or A
0

) values, errors, and correlation. Such 

measurements are entered in the L+H, XIA, and LO 

subsections. They give rise to the error ellipses 

shown in Figs. l and 2. These are approximations 

to likelihood contours. 

Some analyses of this type fix A+ and determine 

~(0), e.g., CARPENTER 66 and PEACH 73 (both K~ 3 ). 
We enter ~(0) and d~(O)/dA+ in the XIA section and 

give the fixed A+ value in the data card footnote. 

The ~{0) error is parenthesized because it does not 

include the uncertainty in the value of A+. These 

results, transformed to A
0 

measurements, give rise 

to bands in Fig. 2. These bands are also approxi­

mations to the likelihood contours. The actual 

likelihood bands would not be straight. 
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In some cases, we alter an error from its 

published value in order to obtain an error ellipse 

with a width which matches the error in ~(0) for 

fixed A+. These adjustments are noted in the ~(0) 

data card footnotes, e.g., for CALLAHANl 66 and 

HAIDT 71 (K+ subsection XIA), where the published 

errors and correlation violate the constraint 

lcA~I < 1 on the normalized correlation coefficient 

CA~ given by 

BIRULEV 81 (K~ 3 ) gives a correlation dA 0 /dA+ 

which, while not unphysical, is so large that the 

resulting error ellipse is unreasonably narrow. 

As a result, in the fit to be discussed, BIRULEV 

81 would dominate even DONALDSON2 74 which has 10 

times the BIRULEV 81 statistics. To prevent this, 

we make the assumption dA 0 /dA+ = 0, giving the 

broad error ellipse shown in Fig. 2. 

In some cases, e.g., BRAUNl 73, the pararnetri-

Fig. 1. One-standard-deviation (e-1~2 ) likelihood 
contours in the (A ,A ) plane for K 

3
. 

+ 0 1-1 

74 
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zation used is A , ~(0), ~(t*l, where t* is the 
+ 

weighted average of t with weighting according to 

the sensitivity to ~- In this case we do not use 

~(0). It is a badly determined parameter comparable 

to A or the slope of ~(t). Instead, we use 

~(0) 

With the BRAUNl 73 values, A+= 0.027, ~(6.6) = 

-0.34 ± 0.20, and d~(6.6)/dA+ = -14, we obtain 

~(0) = (-0.40± 0.24) - l9(A+- o.027l ; 

or for their fitted A+= 0.025 ± 0.017, we get 

~(0) = -0.36 ± 0.40. 

~+ 
Fig. 2. One-standard-deviation (e-l/

2
) likelihood 

contours in the (A+,A
0

) plane for K~3 • 
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Method B: Branching ratio experiments cannot 

determine A+ and ~(0) simultaneously, but simply 

fix a relationship between them, given in Section 

VI B.2 of the text. Results are usually quoted as 

values of ~(0) at fixed A+. We list these results 

in subse~tion XIB, but we do not average them 

because the A+ values differ. Instead, we compute 

a combined result by using the relations in the 
+ + 

text and our fitted values of f(K~3 )/f(K~ 3 ) and 

f(K
0 

)/f(K
0

3
), which include the branching ratios 

ll3 e 
from these experiments. The branching ratios from 

our 1980 edition and the results for ~(0) and Ao 

evaluated at A+ = 0.030 are 

f(Kll
3
l/f(Ke

3
) 0.663±.018(8=1.7) 

~(0) -'0.20 ± .15 (S=l. 7) 

d~(O)/dA+ -11.9 

\ +O.Ol4±.012(S=l.7) 

+0.04 

0. 695 ± .017 

+0.08 ± .13 

-10.3 

+0.037 ± .011 

+0.12 

The current (1982 edition) values differ only ~n 

the addition of the CHO 80 K~ branching ratio 

measurement. we include their Dalitz-plot-analy-

sis results in our overall form factor fit, and 

since their branching ratio measurement is not an 

independent result, we do not include it here. 

The scale factor S in the above table is the 

amount by which the error has been multiplied in 

order to compensate for discrepancies in the 

branching ratios. These A0 results give rise to 

the KIJ
3

/Ke
3 

bands in Figs. l and 2. 

Method C: Polarization experiments measure 

(~(t)), the weighted average of ~(t) over the t 

range of the experiment, where the weighting 

accounts for the variation with t of the sensi­

tivity to ~(t). Such measurements are entered in 

subsection XIC. 

To reinterpret these results in the (A+'~(O)) 

parametrization, we recognize that A+= 0 corre­

sponds to ~(t) constant (always assuming A =0) so 

that 

~(O)'A=O 
+ 

The correlation with A+ is given by the following 

relations (valid for small A+): 

where ( t/m;) is the average value of t weigh ted by 

the sensitivity to ~(t). These results, transform­

ed to A
0 

and dA 0 /dA+ values, are entered in sub­

section LO and give rise to bands in Figs. l and 2. 

In Figs. l and 2, we do not include those 

polarization measurements for which d~(O)/dA+ 

is not obtainable. Also we do not include the 

MERLAN 74 (K:
3

) polarization result because the 

signs of ~(0) and d~(O)/dA+ are opposite, whereas 

the above equation requires them to be the same 

(since t > 0). 

Comparison of K 
3 

Experiments: Figures l and 

2 show the likelihood contours in the (A+,A 0 ) plane 

for 
+ 0 . 

Kll
3 

and Kll
3 

respect~vely. 

Most K+ Dalitz plot results (ellipses) shown 
]J3 

are fairly consistent and appear to cluster between 

the Kll
3

/Ke
3 

result and the polarization results of 

BETTELS 68 and CUTTS 69. However, the latest 

experiment, WHITMAN 80, finds larger values of A0 

and A than most others. 
+ 
The K~3 results are even less consistent. The 

latest results, HILL 79, CHO 80, and BIRULEV 81, are 

not in very good agreement with the earlier high­

precision experiment of DONALDSON2 74. 

x2 fits to the results shown in Fig. l and 

Fig. 2 yield the following values for A+ and A0 • 

The corresponding values of ~(0) are also given. 
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+ Ko 
K\13 )J3 

A +0.032 ±o.oo8* +0.034 ±0.005* 
+ 

"a +0. 004 ± 0. 007* +0.025 ±0.006* 

d\/dA+ -0.16 -0.16 

l;oF 56/21 88/16 

* s 1.6 2.3 

i;(O) -0.35 ± 0.15* -0.11 ± o.o9* 

di;(O)/dA+ -14. -14. 

*All errors have been increased by the scale 
factor S = (X 2/DF)~ to take into account the 
discrepancies between measurements. 

In view of the large x2
/DF, the fit results 

should be taken with a grain of salt. The largest 

WHITMAN 80 contributors to 
2 . + X 1n the K\1

3 
case are 

with 12, CHIANG 72 with 8.3, the polarization 

results, BETTELS 68 with 7.4 and CUTTS 69 with 

5.9, and the TI spectrum result of ANKENBRANDT 72 

with 5. 3. In the K~3 case the largest contribu-

tors are the polarization results of SANDWEISS 73 

>vith 21, LONGO 69 with 14, and CLARK 77 with 8.4, 

and the Dalitz plot results of ALBROW 72 with 12, 

CHO 80 with 10, DONALDSON2 74 with 6.0, BIRULEV 81 

with 5.8, and PEACH 73 with 5.8. All other x2 

values were less than 5. 

The DONALDSON2 74 result 

A+ 0.030 ± 0.003 

A.
0 

0.019 ± 0.004 

clearly dominates the statistics in the K0 case. 
\13 

The A+ value is consistent with the Ke
3 

value of 

A+' and with the pole approximation 

~* 
f+(O) - 2--

mK*- t 

Their f
0

(t) extrapolates linearly to the Callan­

Treiman point. It is less than two standard 

deviations from the K\l
3
/Ke

3 
result. 

_!<e
3 

Experiments 

The f term of the matrix element [Eq. (2) text 
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Section VI B.2] can be neglected for Ke
3 

because 

it is proportional to the lepton mass. The f+ term 

d . . 2 ( )2 is usually assume to be l1near 1n t = q = P K- P 
11 

, 

the square of the four-momentum transfer, i.e., 

the effective mass of the lepton pair. We quote 

the linear coefficient A e (L+E on the data cards) . 
+ 

There has been some suggestion of departure from 

linearity [CHIEN 71 (K:
3

) and Chounet, Gaillard, 

and Gaillard
1 

-Review] but no compelling evidence. 

The A+ results are fairly consistent and the 

average values are 

0.0285 ± 0.0043 

A+ = 0.0300 ± 0.0016 (S=l.2) 

where the K0 error has been multiplied by the 
e3 

scale factor 1.2 to compensate for inconsistencies 

(see ideogram in K0 section L+E). 
L 

See also the excellent reviews of Gaillard and 

Chounet,
1 

Chounet, Gaillard, and Gaillard,
2 

and 

Pondrom. 
3 
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10 CHARGED K FORM FACTORS 

RELATED TEXT SECTION VI 8.2 AND MINI-REVIEW ABOVE. 

IN THE FORM HCTOR COM"1ENTS, THE FOLLOWING ABeREVIATIONS ARE USED. 
F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = IF+I + IF-I*T/IMK**Z-MPI**ZI 
L+, l- AND LO ARE THE liNEAR EXPANSION COEFFS. OF f+9 F- AND FO. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
OXI /DL IS THE CORRELATION BETWEEN XI I OJ AND l+ IN KMU3. 
DLO/OL+ IS TI-lE CORRELATION BETWEEN LO AND L+ IN KMU3. 
T = MOMENTUM TRANSFER TO THE PI IN UNITS OF MPt••2. 
OP = DALITZ PLOT ANALYSIS 
PI = PI SPECTRUM ANALYSIS 
MU = MU SPECTRUM ANALYSIS 
POL., MU PCLAP:IZATION ANALYSIS 
BR = KMU3/KE3 BRANCHING RATtO ANALYSIS 
E c POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC " RADIAl IVE CORRECTIONS 

X lA ., F-/F+ (DETERMINED FROM SPECTRAl ----------------
76 (+la 8) ( 0 .. 61 BROWN 62 XEBC + DP+BR, L+=O 
87 (+0. 7 I c o .. 5J GIACOMELL 64 EMUL + MU+BR RVUE 9 L+:O 

(-0.08) ( o. 71 JENSEN 64 XEBC + DP+BR ( KMU3 9 KE3J 
2648 CO. OJ {1.1) (0 .. 9) CALLAHA1 66 FRBC + MU, L+=O• T UNKN 

c 444 +0. 72 0.'93 CAll6.HA1 66 FRBC + Pl. OXI/Ol=-17 
18 C-0.51 ( 0.91 El SLER 68 HLBC + PI ,L+=OtNO DX/OL 

K2041 -a. 5 o. 8 Kl JEWSKI 69 OSPK + PI, OXI/Dl=-26 
H3240 -1.1 o. 56 HAIDT 71 HLBC + OP. DXI/Dl=-2'9 
M025 -0.62 0.28 ANKENBRAN 72 ASPK + PI, OXI/Olc-12 
83480 +0.45 0.28 CHIANG 72 OSPK + OP, OXI/Dl=-15 
01897 -0.36 o. 40 BRAUN1 13 HLBC + OP, OXI/OL=-19 

1!74 
1174 
l/74 
1174 
l/14 
1174 
1174 
1/74 
1174 
1/74 
3/74 

X lA N 490 -o. 8 o. 8 ARNOLD 74 HLBC + OP, OXI/Ol=-20 11175 
XIA M6527 -0.57 0.24 MERLAN 74 ASPK + OP, OXI IDL= -9 
X lA 3973 -o. 21 a. 25 WHITMAN 80 SPEC + OP, OXfiOLc-17 
X lA 
X tA AVG -0.32 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
X lA FIT -0.35 o. 15 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 2.31 

XIA FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE .. 
XIA J JENSEN 64 GIVES l+M=L+E=-.020+-.027. OXI/Ol UNKNOWN. INCLUDES 
XIA J SHAKLEE 64 XIBCKMU3/KE31. 
X lA C CALUHAN 66 lABlE 1 CPI ANAL I GIVES OXI/DL:o::( ~12-.05,/(G-.041=-17, 
XIA C ERROR RAISED FROM. .80 TO AGREE WITH OXIOe.37 FOR FIXED l+. 

3/74 
4/82* 

5/82* 

1174 
1174 
1/74 
1174 



77 

Data Card Listings 
For notation, see key at front of Listings. 

XrA KIJEWSKI 69 FIG. 17 WAS USED TO OBTAIN DXI/DL AND ERRORS. 
XIA HAIOT 71 TABLE 8 lOP ANAU GIVES D>U/DL=I-1.1+0.51/1.050-.0291=-29, 
XU ERROR RAISED FROM .SO TO AGREE WITH DXI0=.20 FOR FIXED L+. 
XIA ANKENBRANDT 12 FIG. 3 WAS USED TO OBTAIN OXI/OL. 
XU CHIANG 72 FIG. 10 WAS USED TO OBTAIN OXI/DL. 
X IA FIT HAD L-=l + BUT WOULD NOT CHANGE FOR l-=0. l. PONOROM, PR IV .COM. 74 
XIA. BRAUN I 73 GIVES XICTI=-.34+-.20, DXI ITJ/OL+=-14 FOR L+=.027, T=6.6. 
XIA WE CALCULATE ABOVE XIIOI AND 0XI(01/DL+ FOR THEIR l+=.OZS+-.011 
XIA. ARNOLD 74 FIG. 4 WAS USED TO OBTAIN XIA AND OXIIOL. 
XU MERLAN 74 FtG.S WAS USED TO OBTAIN OXI/DL. 

XIB XIB = F-/F+ !DETERMINED FROM KMU3/KE31 --------------------
XJB THE KMU3/KE3 BRANCHING RATIO FIXES A P.ELATIONSHIP BETWEEN XIIOI 
XIS AND L+. WE QUOTE THE AUTHORS XI (01 AND ASSOCIATED L+ BUT 00 NOT 
XIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 
XIB FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 
XIB FROM THESE XIB VALUES. INSTEAD THE't ARE OBTAINED DIRECTLY FROM THE 
XIS FITTED KMU3/KE3 RATIO IR291t WITH THE EXCEPTION OF HEtNTZE 77. 
XIB (-0.171 (0.751 10.991 SHAKLEE 64 XEBC + BR, L+:O 
XIB 1+0 .. 61 10.51 BISI 1 65 HBC + BR, L+:O 
XIB 500 1+0.81 (0.61 CUTTS 65 OSPK + BR, L+:O 
XIS 636 (+0 .. 41 (0.41 CALLAHA1 66 FRBC + BR, L+:O 
XIB 306 (+0.751 10.501 AUERBACH 67 OSPK + BR, L+=O 
XIB 8 5601 1-0.081 10.151 BOTTERIL2 68 ASPK + SR,L+:.023+-.008 
XIS E 1398 (-0.601 10.201 EtCHTEN 68 HLBC + BR, SEE NOTE E 
XIS 986 (+1.01 (0.6) GARLAND 68 OSPK + 8R, L+::O 
XIS 1+0,.911 (0.821 ZELLER 69 ASPK + BR, L+:.023 
XIS B 1-0.351 (0.22) BOTTERIL 70 OSPK + BR.L+=.045+-.015 
XIS E1505 1-0.BlJ 10.2n HAIOT 71 HLBC + BR,L+=.028,FJG.B 
XIS 5825 (0.01 (0.151 CHIANG 72 OSPK + BR,L+:::.03.FtG.10 
XIS H ~5K -0.12 0.12 HEINTZ£ 17 CNTR + BR,L+c.029 
XIB 
X 18 FIT -o. 35 0·15 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.31 

XIS FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 
XIS B BOTTERIL 70 IS REEVAlUAHON OF BOTTERIL 2 68 WITH DIFFERENT L+. 
XIS E EICHTEN 68 HAS L+:.023+-.008, T=4t INDEP. OF l-. RE~L. BY HAJDT 71. 
XIB H CALCULATED BY US FROM LO AND l+ GIVEN BELOW. 

XIC 
XIC 
XIC 
XIC 
XIC 
XIC 
XIC 
X IC 
XIC 
XIC 
XIC 
X IC 
XIC 
XIC 
X IC 
XIC 

XIC "'F-/F+ COETERMINED FROM MU POLARIZATION IN KMU31 ------------
THE MU POLARIZATION IS A MEASURE OF XICTJ. NO ASSUMPTIONS ON L+­
NECESSARY, T !WEIGHTED BY SENSITIVITY TO XIOJ SHOULD BE SPECIFIED. 

IN L+.XIIOI PARAMETERIZATION THIS IS XI(OI FOR L+=O. OXIIOL::Xf*T. 
FOR RAO. CORR. TO MUON POLARIZATION IN KMU3 SEE GINSBERG 11. 

T 2100 1+1.2) 12·41 (1.8) BDRREANI 65 HLBC + POLARIZATION 
T 500 BTWN -4.0 AND +1.7 CUTTS 65 OSPK + LONG. POL. 
T 397 (-1.41 11.61 CALLAHAl 66 FRBC + TOTAL POl. 
T 2950 (-0.71 (0.9) 13.31 CALLAHA1 66 FRBC + LONG. POL. 
B6000 -1.0 0.3 SETTElS 68 HLBC + TOTAL POL. T::4.9 
C3133 -0.95 0.3 CUTTS 69 OSPK + TOTAL POL. T:4.0 

M 40K (-0.641 (0 .. 271 MERLAN 74 ASPK + POL,OXt/DL:+1.7 
01585 -0.25 1· 20 BRAUN 75 HLBC + POL. T=4. 2 

AVG 
FIT 

-0.95 o. 21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
-0.35 0.15 FROM FIT tERROR INCLUDES SCALE FACTOR OF 2.31 

·XIC 
XIC T 
XIC B 

FIT DISCUSSED IN NOTE ON Kl3 FORM FACTORS AE!OVE. 
T VALUE NOT GIVEN. 
SETTELS 68 OXtfOL=Xl*T=-1.0*4.9=-4 .. 9 • 

XIC C 
XIC M 
XIC M 
XIC D 

CUTTS 69 T:c4.0 WAS CALCULATED FROM FIG.B. DXI/OL=Xl*T=-.95*4:-3.8 • 
~ERLAN 74 POL&RIZATION RESUlT IFIG.SI NOT POSSIBLE. SEE DISCUSSION 
OF POLARIZATION EXPERIMENTS IN NOTE ON Kl3 FORM FACTORS ABOVE. 
BRAUN 75 OXI/DL=XI*T•-.25*4.2=-1 .. 0 • 

lXI IMAGiNARY PART OF XI I TEST OF T REVERSAU ---------------
lXI 2648 o.o 1.0 CALLAHAl 66 FRBC + MU 
lXI 397 +1.6 I. 3 CAlLAHAl 66 FRBC + TOTAL POL. 
lXI 2950 o.s 1.4 o.s CALLAHAl 66 FRBC + lONG. ~OL. 

lXI 6000 -0.1 o. 3 SETTELS 68 HLBC + TOTAL POL. 
lXI 3133 -0.3 o. 3 0.4 CUTTS 69 OSPK + TOTAL POL. FIG.7 
lXI 20M -0.016 o. 025 CAMPBELL 81 CNTR + POL. 
lXI 
lXI AVG -0.017 Q.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

L+M LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY I 
L+M SEE ALSO THE CORRESPONOI NG ENTRIES AND FOOTNOTES IN SECTIONS XtA, 
L+M XICt AND LO. 
L+M FOR RAD.COR. OF KMU3 DP SEE GINSBURG 70 AND BECHERRAWY 70. 
L+M 444 o.o o.05 CALLAHAl 66 FRBC + PI 
L+M 2041 0.009 0.026 Kl JEWSKI 69 OSPK + PI 
L+M 3240 0.050 0.018 HAIOT 71 HLBC + OP 
L+M A4025 0.024 o. 019 ANKENBRAN 12 ASPK + PI 
L+M 3480 -0.006 0.015 CHIANG 72 OSPK + OP 
L+M 1897 0.025 o.o11 BRAUNl 73 HLBC + OP 
l+M 490 0.025 0.030 ARNOLD 74 HLBC + OP 
L+M 6527 o. 027 o. 019 MERLAN 74 ASPK + OP 
l+M 3973 +0. 050 o.ol3 WHI THAN 80 SPEC + OP 
L+M 
l+M AVG o. 0272 o. 0072 AVERAGE !ERROR INCLUDES SCALE FACTOR OF loll 
L+M FIT 0.032 o. 008 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 2.3) 

L+M FlT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 
L+M A ANKENBRANOT 72 L+ FROM FIG.3 TO MATCH DXl/Dl. TEXT GIVES .024+-.022 

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO IN KHU3 DECAY) 
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XIIOI INTO 
LO VALUES OF LOUSING THE ASSOCIATED L+M AND DXI/OL. 
LO W 444 +0.058 0.036 CALLAHAl 66 FRBC + 
LO L 6000 -0.063 (0.0241 SETTELS 68 HLBC + 
LO L 3133 -o. 056 ( 0.0241 CUTTS 69 OSPK + 
LOW 2041 -0.031 0.045 KIJEWSKI 69 OSPK + 
LOW 3240 -0.039 0.029 HAIDT 71 HlBC + 
LOW ft025 -0.026 0.013 ANKENBRAN 72 ASPK + 
LOW 3460 +0.030 0.014 CHIANG 72 OSPK + 
LO 01897 -O. 008 0.020 BRAUN I 73 HLBC + 
LO 490 -0.040 0.040 ARNOLD 74 HLBC + 
LO B 1-0.0171 (0.0111 BRAUN 74 HLBC + 
LO M 6527 -0.019 0.015 MERLAN 74 ASPK + 
LO L 1565 +0.008 0.097 BRAUN 75 HLBC + 
LO H 55K +0.019 10.0101 HEINTZ£ 77 SPEC+ 
LO 3c;J73 +0.029 0.011 WHITMAN 80 SPEC+ 
LO 

PI ,DLO/DL+=-0 .. 37 
POl. DL0/0L+=+.60 
POL, OLO/OL +=+.69 
Pl,OLQ/OL+=-1.10 
OP, DLO/DL +=-1. 34 
PI, OL 0/0L+=+O.O 3 
OP, OLO/OL +::-0. 21 
OP, DLO/Ol +:::-0.53 
OP, OlO/OL +=-0. 62 
KMU3/KE3 VS. T 
OP, DlO/OL +=+0.2 7 
POL • DlO/OL +:+.9 2 
BR, DLO/DL +::+0.03 
OP. OLO/OL+=-0 .. 3 7 

lO AVG 
LO FIT 

0.0032 
+0. 004 

0 .. 0099 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
0.007 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 2.31 

LO FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 
LOW lO CAlCULATED BY US FROM Xl0 1 L+M, AND OXI/OL. 
LO l LO VALUE IS FOR L+=0.03 CALCULATED BY US FROM XIO AND DXI/OL. 
LO D THIS VALUE AND ERROR ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE 
LO D BRAUN! 73 L+M RESULT. DLO/OL+ IS FROM BRAUN1 73 OXI/Ol IN XIA ABV. 
LO B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF 
LO B BRAU~H 73 IK~U3) AND BRAUN2 73 (KE3J FORM FACTOR RESULTS. 
LO M MERLAN 74 lO AND OLO/DL+ WERE CALCULATED BY US FROM XJA, L+M, AND 
LO M DXI/OL. THEIR FIG.6 GIVES L0=-0.025+-0.012 AND NO DLO/DL+. 
LO H HEI NTZE 77 USES L+:0.029+-0.003. DLO/OL+ ESTIMATED BY US. 

1/74 
1/74 
1/74 
1/74 
l/74 
1/74 
3/74 
3/74 

11/75 
3/74 

1/74 
1174 
1174 
2/76 
2/76 
4/62* 
1/74 
1/74 
l/74 
1/74 
1/74 
1174 
1174 
1/74 
1/74 
1/74 
1/74 
1/74 
3/78 

5/62* 

1/74 
1174 
3/78 

8/67 
1/74 
6/67 
8/67 
1/74 
1/74 
3/74 
1/76 

l/74 
l/76 
1/76 
l/76 

1/74 
1/74 
1/74 
1/74 
1/74 
1182• 

3/74 
1/74 
1/74 
1/74 
1/74 
1/74 
3/74 
7174 
3/74 

10/81* 

5182• 

1/74 

1/74 
1/74 
1/74 
l/74 
1/74 
1174 
1/74 
1/76 
7/74 

11/75 
317ft 
1/76 

12/77 
10/81* 

5/62* 

1/74 
1/74 
1/76 
1/76 

11/75 
11/75 
3/14 
3/74 

12171 

Stable Particles 

L+E 
L+E 
L+E 
L+E 
L+E 

LAMBDA + !LINEAR ENERGY DEPENDENCE OFf+ IN KE3 DECAYI 
FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAW'I' 70. 

217 +0.036 0.045 BROWN 62 XEBC + Pt. NO RC 
407 -0.010 0.029 JENSEN 64 XEBC + PI, NO RC 
230 -0.04 O. 05 BORREANI 64 HBC + E+, NO RC 

L+E 
L+E 
L+E 
L+E 

654 0.045 0.011 0.016 BELL0TT2 b1 FBC + OPo USES RC 
1393 +0.016 0.016 IMLAY 67 OSPK + OP, NO RC 

515 +0.028 0.013 0.014 KALMUS 67 FBC + E+, ~{, NO RC 
960 0.08 0.04 BOTTERill 68 ASPK + E+, USES RC 

L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 

90 -0.02 O.OB 0.12 EISLER 68 HLBC + PI, USES RC 
1458 O. 045 0.015 BOTTERIL 70 OSPK PI, USES RC 
2707 0.027 0.010 STEINER 71 HLBC + OP, USES RC 
ft017 0.029 0.011 CHIANG 72 OSPK + OP, RC NEGLIGBLE 

A 0.027 0.008 BRAUN2 13 HLBC + OP, NO RC 
B 10.0251 (0.0071 BRAUN 74 HU!C + KMU3/KE3 VS. T 

A BRAUN2 73 STATES THAT RC OF GINSBERG 67 WOULD LOWER L+E BY .002 BUT 
A THAT RC OF BECHERRAW't DISAGREES AND WOULD RAISE L+E BY .005 • 

B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF 
8 BRAUNl 73 (KMU31 AND BRAUN2 73 IKE31 FORM FACTOR RESULTS. 

L+E AVG 0.0285 0.0043 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

FS 
FS 
FS 

FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAYCABS. VALUEI----
10.181 CR LESS Cl:.9Q BELL0TT2 61 HLBC 
10 .. 301 OR LESS Cl=.95 KALMUS 67 HLBC + 

FS 
FS 
FS 
FS 
FS 

(0.231 CR lESS Ct:.90 BOTTERill 68 ASPK 
2707 0.14 0.03 0.04 STEINER 11 HLBC + L+,FS,FT,PHI FIT 
4017 (0.131 OR LESS CL:.90 CHIANG 72 OSPK + 
2627 O. 00 Q. 10 BRAUN 75 HLBC + 

FS AVG 0.125 

FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

FT /F+ RATIO CF 
10 .. 581 CR 
{1.1) CR 
10.581 OR 

2707 o. 24 
4017 (0.751 CR 
2827 0.07 

FT AVG o. 22 

o. 044 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.31 

TENSOR TO F+ COUPLINGS FOR KE3 OECAYIABS. VALUE I---
LESS CL:.90 BELLOTT2 67 HLBC 
lESS CL=.95 KALMUS 67 HLBC + 
LESS CL=.90 BOTTERILl 68 ASPK 
0.16 0.14 STEINER 11 HLBC + L+,FS.FT,PHJ FIT 
LESS CL=.90 CHIANG 72 OSPK + 
O. 37 BRAUN 75 HLBC + 

0.14 AVERAGE !ERROR INCLUDES SCAlE FACTOR OF 1.01 

FTM FT/F+ RATIO CF TENSOR TO F+ COUPLINGS FOR KMU3 DECAY --------
FTM 1585 0.02 0.12 BRAUN 75 HLBC 

KE4 KE4 DECAY FORM FACTORS ARE GIVEN JN THE FOLLOWING PAPERS 
KE4 BASILE 11 ASPK + 
KE4 BEIER 73 OSPK +-
KE4 ROSSELET 77 SPEC + ...................................................... 
BIRGE 
ILOFF 
AlEXANOE 
COHEN 
EISENBER 
BURROWES 
TAYLOR 

FRED EN 
BARK AS 
BHOWMIK 
FERRQ-LU 
NORD IN 
•oe 
BOYAR SKI 
BROWN 
BARKAS 

56 NC 4 834 
56 PR 102 927 
57 NC 6 478 
57 FUNO.CQNS.PHYS. 
58 NC 8 663 
59 PP:l 2 117 
59 PR 11-4 359 

60 PR llB 564 
61 PR 124 1209 
61 NC 20 857 
61 NC 22 1087 
61 PR 123 2166 
61 PRL 7 346 
62 PR 126 2398 
62 PRL 8 450 
63 PRL 11 26 

BORREANI 64 PL 12 123 
CALLAHAN 64 PR 136 e 1463 
CAMERINI 64 PRL 13 318 
CLINE 64 ORL 13 101 
GIACOMEL 64 NC 34 1134 
GREINER 64 PRL 13 284 
JENSEN 64 PR 136 Bl431 
KALMUS 64 PRL 13 99 
SHAKLEE 64 PR 136 8 1423 

BIRGE 
BISI 
BISI 1 
BORREANI 
CALLAHAN 
CAMERINI 
CLINE 
CUTTS 

65 PP: 139 8 1600 
65 NC 35 766 
65 PR 139 B 1068 
65 PR 140 81686 
65 PRL 15 129 
65 NC 37 17'35 
65 Pl 15 293 
65 PR 138 B969 

REFERENCES FOR CHARGED I< 

8 I RGE 1 PERKINS, PETERSON, STORK, WH ITEHEA ( LRL) 
ILOFF.GOLOHABER.LANNUTTI,GILBEP:T + (LRLI 
AlEXANDER. JOHNSTON ,OCFALL A f GH (DUBLIN l NST I 
+CROWEtOUMOND (ATOMICS lNTER.+LRL+CITI 
EISEN8ERG,KOCH,LOHRHANN,NIKOLIC + IBERNI 
BURROWES,CALOWELL,FRISCH,HILL + IMITI 
S TAYLOR,HARRJS,QREARtLEE.BAUMEL (COLUMBIA.) 

S C FREOEN,F C GILBERT,R S WHITE ILRL) 
BARKAS, DYER t MASON, NORR l s, N l CKOL s, SM IT f LRL I 
B BHOWMIK,P C JAIN,P C MATHUR !DELHI UNIVJ 
FERRO-LUZZI, Ml L LER, MURRAY, ROSENFELD+ ( LRLI 
PAUL NORDIN JR ILRLI 
ROE,SINCLAIR,BROWN,GLASER + CMICH+LRLI 
BOYARSKioLOH,NIEMELA,RITSON IMITJ 
BROWN, KADYK, TRILLING, ROE+ ( LRL, M JCH I 
W H BARKAS,J N DYERtH H HECKMAN ILRLJ 

G BORREANI,G RlNAUOO,A WERBRCUCK ITURINI 
A CALLAHAN,R MARCH,R STARK (WISCONSIN) 
CAMER IN I ,C Ll NE, FRY, PO~Ell I WI SCONS I N+LRL I 
0 CLINE, W f FRY CWISCONSINI 
GIACOMELLI. "''ONTJ,QUAREN J+ ( BOLOGNA,MUNICH) 
0 GREINER, W OSBORNE, W BARKAS (lRLI 
JENSEN. SHAKLEE .ROE ,SINCLAIR (MICHl 
+KERNAN, PU, POWELL, DmW ILPL, WI SC) 
SHAKLH 1 JENSEN, ROE, SINCLAIR I MICHl 

BIRGE,ELY 1 GIOAL,CAMERINI,CLINE + ILRL+WISCI 
BISJ,BORREANI,CESTERoFERRARO + (TORINO) 
BOR REAN I, MARlAR I-CHIESA ,RINAUDO+ (TORINO I 
BORRE AN I, G t OAL, R INAUOO, CAFORI 0+ I BAR I, TOR I) 
A CALLAHAN,D CLINE IWISCONSINJ 
+CLINE, GI DALo KALMUS, KERNAN (WI SC+LRLI 
A CLINE,W F FRY (WJSCONSINI 
CUTTS,ELIQFF,STIENING (LRLJ 

DE MARCO 65 PR 140 8 1430 DE MARCO.GROSSQ,RINAUDO (TORINO+CERNJ 
FITCH 65 PR 140 B 1088 FJTCH,QUARLES,WILKINSCPRINCETON+MT HOLYOKE1 
GREINER 65 ARNS 15 67 QUOTED BY BARKAS . (LRLI 
STAMER 65 PR 138 8 440 STAMER,HUETTER.KOLLER,TAYLORtGRAUMAN ISTEVf 
TRILLING 65 UCR.L 16473 GEORGE H TRILLING ILRLI 

UPDATED FROio\ 1<;65 ARGONNE CONF., PAGE 5 .. 
YOUNG 65 UCRL 16362 POH-SHIEN YOUNG fTHESIS,BERKElEY1 ILRLI 

ALSO 67 PR 156 1464 P-S YOUNG,W.Z.OSBORNE,W.H.BARKAS ILRLI 

CALLAHAl 66 PR 150 1153 CAllAHAN 1 CAMERINI+IWISCrLRl,RIVERSIOE,BARII 
CALLAHAN 66 NC 44A CJO A C CALLAHAN IWISCONSINI 
tESTER 66 PL 21 34~ CESTERoESCHSTRUTHoONEILl+ fPRJNCETON-PENNI 

ALSO 67 AUERBACH, FOOTNOTE 1. 

AUERBACH 67 PR 155 1505 
AlSO 74 PR 09 3216 

BELLOTTI 67 HEIDELBERG CONF 
BELLOTT2 67 NC 52A 1287 

ALSO 66 PL 20 090 
BISI 67 PL 258 572 

+DOBBS, MANN, MCFARLANE, WHITE+ 
ERRATUM 
BELLOTTI,PUlliA 
BELLOTTI 1 F I OR IN I,PULLI A 
8ELLOTT I ,F JOR IN I tPULLI A+ 
8 IS I, CES TER tCHI E SAt VI GONE 

IPENN,PRINI 

C MILANI 
I M1LAN) 
(MILANI 

CTORINOJ 

BOTTERIL 67 PRL 19 982 BOTTERILL.BROWN.CORBETT.CULLIGAN + IOXFORO) 
ALSO 68 BOTTERIL 

BOWEN 67 PR 154 1314 80WEN,MANN,MCFARLANE,HUGHES+(PENN-PRINCETOJ 
CLINE! 67 HEIDELBERG CONF CLINE.HAGGERTY,SINGLETON,FRY+ IWISCONSINI 
Cllt.IE2 67 HERCEG NCVI TBL.4 D.CLINE,PROC.INTL.SCH.ON ELEM.PART.PHYSICS 

FLETCHER 67 PRL 19 98 
FO!l.O 67 PRL 18 1214 
IMLAY 67 PR 160 1203 
KALMUS 67 PR 159 1187 
ZINCHENK 67 RUTGERSITHESISI 

flETCHER, BEt ER, EOWRADS, + 
+L EMONI CK, NAUENBERG, PI ROUE 
J Ml AY, E SCHSTRUTH,FRANKLIN+ 
KALMUS,KERNAN 
ZINCHENKO 

I ILLINOIS I 
IPRINCETONI 
I PRINCETON) 

ILRll 
(RUTGERS) 

K:t: 

3/74 

8/67 
8/67 

11/67 
8/67 
8/67 
6/68 
6/68 

10/69 
11/71 
9/72 
3/74 

11/75 
3/74 
1/76 

11/75 
11/75 

10/69 
10/69 

8/66 
2172 
9/72 

12/75 

10/69 
10/69 
8/66 
2172 
9/72 

12/75 

1/76 

11/75 
11/75 
2/BO 



Stable Particles 
Kt, K0 

SETTELS 68 NC 56A 1106 
ALSO 11 HAIDT 

BOTTERil 68 PR 171 1402 
BOTTERIL 68 PR 174 1661 
BOTTERI2 68 PRL 21 766 
BUTLER 68 UCRL-18420 
CHANG 68 PRL 20 510 

CHEN 68 PRL 20 73 
E ICHTEN 68 Pl 278 586 
EISLER 68 PR 169 lQqQ 
ESCHSTRU 68 PR 165 1487 
GARLAND 68 PR 167 122'5 
MOSCOSO 68 THESIS 

CUTTS 69 PR 184 1380 
ALSO 68 PRL 20 955 

DAVISON 69 PR 180 1333 
ELY 69 PR 180 1319 
EMMERSON 69 PRL 2~ 393 

HERZO 69 PR 186 1403 
KJJEWSKI 69 UCRL-18433 THESIS 
LOBKOWIC 69 PR 185 1676 

ALSO 66 PRL 17 548 
MACEK 69 PRL 22 32 
MAST 69 PR 183 1200 
ZELLER 69 PR 182 1420 

BOTTERIL 70 Pl 318 325 
FORD 70 PRL 25 1370 
GRAUMAN 70 PR 01 1217 

ALSO 69 PRL 23 137 
MACEK 70 PR 01 1249 
MAL TSEV 70 SJNP 10 678 
PANDOULA 70 PR 02 1205 

BASILE 71 PL 368 619 
BOURQUIN 71 PL 368 615 
HAIOT 71 PR 03 10 

ALSO 69 PL 298 691 
KLE MS 71 PR 04 66 

ALSO 70 I>RL 24 1086 
ALSO 70 PRL 25 473 

KUNSELMA 11 PL 348 4e5 
OTT 11 PR OJ 52 
ROMANO 11 PL 368 525 
SCHWE INS 11 PL 368 246 
STEINER 7L PL 368 5(1 

ABRAMS 
ANKE NBRA 
AUBERT 
BEIER 
CHIANG 

12 PRL 2101 1118 
12 PRL 28 1472 
12 NC 12A 50101 
72 PRL 29 678 
72 PR 06 1254 

CLARK 72 PRL 29 1274 
EDWARDS 72 PR 05 2720 
FORO 72 PL 388 335 
HOFFMAST 12 NP 836 1 

AeRAMS 73 PRL 30 500 
BACKENST 73 PL 438 431 
BEl ER 73 PRL 30 399 
BRAUN1 73 PL 47e 182 

ALSO 75 BRAUN 
BRAUN2 73 PL 478 185 

ALSO 75 BRAUN 
CABLE 73 PR 08 3807 

L JUNG 73 PR 08 1J07 
ALSO 72 PRL 28 523 
ALSO 12 PRL 28 1287 
ALSO 69 PRL 23 326 

LUCAS! 73 PR DB 119 
LUC AS2 73 PR 08 727 
PANG 73 PR 08 1989 

ALSO 72 PL 40B 699 
SMITH 73 NP B60 411 

ARNOLD 74 PR 09 1221 
BRAUN 74 PL 518 3c;3 
CENCE 74 PR 010 716 

ALSO 73 THESIS tUNPUBLa I 
KUNSELMA 74 PR C9 2469 
MERLAN 74 PR 09 107 
WEISSENB 74 PL 488 474 

BLOCH 
BRAUN 
CHENG 
HEAROl 
HEAR02 
SHEAFF 
SMITH 

75 PL 568 201 
15 NP 889 210 
75 Nl> A254 381 
75 Pl 558 324 
75 PL 558 327 
75 PR Dl2 2570 
75 NP 891 45 

BERTRAND 76 NP 8114 387 
BLOCH 76 PL 608 393 
BRAUN 76 LNC 17 521 
DtAfolANTB 76 PL 628 4e5 
HEINTZE 76 PL 608 302 
SMITH 76 NP B 109 173 
WEISSENB 76 NP 8115 55 

ABRAMS 
DEVAUX 
HEI NTZE 
ROSSELET 
BARKOV 
HEI NTZE 

WHI THAN 
A SA NO 
CAMPBELL 
LUM 
LYONS 

11 PR D15 22 
11 NP 8126 11 
11 PL 708 482 
71 PR Dl5 574 
79 NP 8148 53 
79 NP B 149 165 

eo PR D21 652 
81 PL 1078 159 
81 PRL 47 1032 
81 PR 023 2!22 
81 ZPHY C10 215 

AACHEN-BAR 1-BERGEN-CER N-EP-N I JMEGE N-ORS A.Y+ 

BOT TER ILL, BROWN, CLEGG, CGRB Ell + C OXFORD l 
BOlTER Ill, BROWN,CLEGG,CORBETT + (OXFORD I 
BOTTERILL,BROWN,CLEGG,CORBETT + CPXFOROJ 
+BL A.ND 1 GOLDHABER, GOL DHA BER, HIRATA+ C LRL J 
CHANG, YODH oEHRL 1 CH, PLANO+( MARYLAND t RUTGERS J 

CHEN,CUTTS,KIJEWSKJ,STJENING + ILRL,MITJ 
AACHEN-BARt -C ERN-E P-OR S AY-P ADOVA-VALENC I A. 
EISLER, FUNG, MAR AlECK ,MEYER, PL AND I RUTGERS J 
ESC HSTRUTH, FRANKLIN, HUGHES+ ( PR t NCETQN, PENN I 
+ T SIP IS, DEVONS, ROSEN+ C COLUMB 1 A ,RUTG, WI SC J 
M L MOSCOSO IUNIV PARIS ORSAYI 

+ST I EN ING, W 1 EGAND, DEUTSCH I LRL t MIT I 
CUTTS, S T1 EN 1 NGt WIEGAND, DEUTSCH C LRL, Ml Tl 
+BACA STOW, BARK A S,E VANS, FUNG, PORTER+ C UCRJ 
ELy, G I OAL, HAGOPIAN, KALMUS+ I LOUC+W I SC+LRL I 
E"1MERSON,QUIRK IOXFORDI 

+BANNER,BEJER,BERTRAM,ECWAROS + liLLI 
P K KIJEWSKI ILBU 
+MEL I SSt NOS, NAG ASH I MA, TEWKSBURY+ ( ROCH, BNU 
LOBKOW lCZ, MEL ISS INIJS ,NAGASH I M+ ( ROCH+BNU 
MACEK, MANN t MC F ARL ANE, ROBE RTS+C PENN, TEMPLE I 
+GERSHWIN, AL STON-G ARNJO ST, BANGERTER+ C LRLI 
ZELLER, HAOOOCK,HELLANC, PAHL+ (UCLA, LRU 

+BROWN, CLEGG, CORBETT oCULL I GAN+ I OXFI 
+PI ROUE, REMMEL, SMITH, SOUDER ( PR IN J 
+KOLLER, TAYLOR, PANDOULAS+ I STEVoSETO, LEHII 
+KOLLER, TA. YLOR, PANOOULA S+ I STEV, SHOo L EH I I 
+MANN 1 MCFARLANE,ROBERTS (PENNI 
+PESTOVA,SOLODOVNIKOVA,FAOEEV + IJINRI 
+TAYLOR,KOLLER,GRAUMAN + ISTEV,SETOI 

+BR EHIN, 01 AMANT-BERGER, KUNZ + ( SACL +GEVA I 
+BOYMOND, EXTERMANN, MARASCO+ I GEVA, SACL I 
A ACHE N+B AR I +C ER N+EP+N I J MEGE N+OR SAY+ P ADO VA+ 
+I A ACH, BAR 1, CERN, EPOL, N I JM, OR SAY, PAOO, TORI I 
+HILDEBRANO,STIENING ICHJC,LRLI 
KLEMS, HILDE BRAND, ST 1 EN 1 NG I LRL, CHIC I 
KLE MS, HI LDEBRANO,ST I EN l NG I LP.L, CHIC I 

P.a KUNSELMAN IWYOMINGI 
OTT, PRITCHARD CLOQ~J 
+RENTON, AUBERT, BUR BAN-LUTZ C BAR J,C ERN, ORSA J 
AACHEN+ BEL G I UM+CERN+N I JMEGEN+PAOOVA COLLAB 
AACHEN+BAR I +CERN+EPDL+ORSA+N t JM+PADO+ TOR IN 

+CARROLL,KYCIA,LioMENES,MICHAEL + IBNU 
A.NKENBRANOT ,LARSEN+ ( BNL +LASL +FNAL +YALE I 
+HEUSSEo PA SCAUD, VI ALLE+ C DRS A+BRUX+ EPOU 
+BUCHHOLZ, MANN, PARKER IPENNSYL V II.NI A I 
+R:J SEN, SHAPI RJ, HANDLER, OLSEN+ IROCH+W I SC J 

+CORK, ELI OFF, KERTH, MCREYNOL OS ,NEWTON+ C L BLI 
.t-BEIER,BERTRAM,HERZO.KOESTER + C ILLI 
+PI ROUE, REMMEl, SMITH, SOUDER ( PR I NCETONJ 
HOFFMASTER, KOL lERt TAYLOR+ I STEV+SETO+LEHI J 

+CARROLt.,KYCU,LI,MENES,MICHliEL + IBNU 
BACKENSTOS S ,BAMBERGER+ I CER N+KARL +HE I D+STOH I 
+BUCHHOLZ, MANNo PARKER, ROBERTS C PENNI 
AAC HEN+BAR I +BRUSSELS+CERN COLLABORATION 

AACHEN+BAR I +BRUSSELS+CERN COLlABORATION 

+HILDEBRAND, PANG, STIEN I NG fEFI+LBU 

D.LJUNG,OaCLINE IWISCJ 
DaLJUNG CWJSCJ 
DaCliNE,D.LJUNG CWISCI 
CAMER 1 NI, LJUNG, SHEAFF, CLINE I WI SCI 
LUCAS,TAFT,WILLIS IYALEJ 
LUCAS,TAFT,WilLJS IYALEJ 
+HILDEBRAND, CABLE, STI EN lNG C EF I+ARI Z +LBL I 
CABLE,HlLDEBRANDoPANG, STIENING I EFt+LBU 
+BOOTH, RENSHAll, JONES+ C GLAS+lt VP+OXF+RHEL) 

C l ARNOLO,B P ROE,O SINCLAIR CMICHJ 
+C ORNELSSE N, MARTYN + ( AAC H+BA.R I+BRUX+CERNI 
+HARRIS,JONES.MORGAOO + IHAWA+LBL+W1SCI 
D 8 CLARKE IWISCJ 
RaKUNSEt.:MAN CWYOMJ 
+KASHA ,WANDERER, ADA 1 R.t- I YALE+BNL+LASLJ 
WEI SSENBERG, EGOROV ,Mt NERVI NA + I ITEP+LEBD I 

+BR EHI N, BUNCE, DEVAUX+ I SACL +GEVA l 
+CORNEL SSE N, MARTYN+ I AAC H+8AR I +BRUX+CERNJ 
+AS ANO, CHEN, DUGAN, HU, WU, HUGHES+ fCDLU+YAl E I 
+HEINJlE,HEtNZELMANN+ CCERN+HEIDJ 
+HEINTZE,HEI NZELMANN+ ICERN+HEIDI 
Ha SHEAFF IWISCJ 
+BOOTH, RENSHAll, JONES+ I GLAS+ll VP+OXF+RHELI 

+SAC TON + I BRUX+UBEL+DUUC+LOUC+WARSI 
+BUNCE, DEVAUX, DIAMANT-BERGER+ I GEVA+SACL I 
+MARTYN,ERRJQUEZ + IAACH+BA.RI+BELG+CERNI 
01 AMANT-BERGER, BlOCH, DEVAUX + I SACL +GEYAJ 
+HE INZELMANN, IGO-KEMENES,MUNOHENKE+ I HE IOJ 
+BOOTH, RENSHALL• JONES+ IGL AS+LI VP+OXF+RHEll 
WEt SSENBERG,EGOROV ,MI NERVI NA+ I ITEP+LE801 

+CARROLL,KYCIAoLioMICHAEL,MOCKETT + IBNLJ 
+BLOCH, DIAMANT-BERGER, M AILLA.RO+ I SACL +GEVAJ 
+HEINZELMANN, JGo-KEMENES,+ (HEIO+CERNI 
+EXTERMANN,FISCHER,GUISAN + IGEVA+SACLI 
+VASS ERMAN, ZOLOTOREV, KRUPI N+ I NOVO+KI AEl 
+HEINZELMANN, IGO-KEMENES+ IHEID+CERNJ 

+ABRAMS ,CARROLL, KYC JA, L I+ (I llC+BNL+ ILU 
+K t KUlA Nl ,KUROKAWA, MIYACHI + C KEK+TOKV+OSAK I 
+BLACK 1 8LATT,KASHA,SCHHIDT + IYALE+BNLI 
+WI EGAN D. KESSL ER,OESLA TTES, SEKI + I LBL+NBS+I 
+ALBAJAR,MYATT IOXFI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BLOCK 62 CERN CONF 3 71 BLOCK, LENOINARA,MONARI CNWES+BDLOGNAI 

78 

Data Card Listings 
For notation, see key at front of Listings. 

BRENE 61 t.jp 22 553 
BIRGE 63 PRL 11 3'5 
ADAIR 64 PL 12 67 
CABIBBO 64 PL 9 352 

AlSO 64 PL 11 360 
ALSO 65 PL 14 12 

CA.BIBBO 66 BERKELEY CONF 33 
GINSBERG 67 PR 162 1570 
WILLIS 67 HEIDELBERG 273 
CRONIN 6B VIENNA CCNF 241 
HAl DT 2 69 PL 29B 696 

BARDIN 70 PL 328 121 
BECHERRA 70 PR 01 1452 
FEARING 70 PR D3 542 
GAILLARD 70 CERN 70-14 
GI~SBERG lD PR 01 229 

GINSBERG 71 PR D4 28'B 
CHOUNET 72 PL 4C 199 

PAPERS NOT REFERRED TO IN DAlA CARDS 

BRENE, EGARDT, QV I ST 
BIRGE,ELY,GIOAL,CAMERINI + 
ADAIR,LEIPUNER 
CAB IBBO, MAK SYMOWIC Z 
CA.B I BBO, MAKSY MOWlC Z 
CAB I BBO, MAKSYMOWICZ 

C NORD I 
ClRL+WlSC+BARII 

CVALEtBNLI 
ICERNI 
CCERNI 
CCERNI 

CABIBBO ICERNJ 
EDWARD S GINSBERG CU. MASS BOSTON) 
W J WilLIS -RAPPORTEUP TALK tvALEI 
RAPPORTEUR TALK (PRINCETON) 
+ I AACH, BAR I, CERN, EPOL, NIJM, ORS A, P ADO, TORI J 

BARDIN, 8 I L ENK Y, PONTECDRVD 
T .BECHERRAWY 
+F I SCHBACK, SMITH 
14 K GAILLARD, L M CHOUNET 
E S GINSBERG 

CJINRI 
IROCHI 

C STON+BOHR I 
ICERN+ORSAJ 
CIIT HAIFA) 

E S GINSBERG I MIT I 
I PHVSa REPT S. I CHOU NET, 2*GA I LLARDIOR SA+CERNJ 

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

498a 1 
2223 497a44 
4500 498a9 

AVG 
FIT 

497a44 

497a87 
497.67 

11 NEUTRAL K(498,JP:Q-) 1=1/2 

11 NEUTRAL K MASS (MEV1 

0.4 
Oa 33 
0.5 
Oa5D 

CHRIS TENS 04 OSPK 
KIM 05 HBC 
BALTAY 66 HBC 
FITCH 07 OSPK 

KO FROM PBAR p 
KO FROM PBA.R P 

Oa32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF laSI 
0.13 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 
tSEE IDEOGRAM BELOW l 

WEIGHTED AVERAGE= 497.87 ± 0.32 
ERROR SCALED BY 1.5 

Values above of weighted. average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X. 6X, 
and scale factor, which are differ­
ent from the values shown here. 

·FITCH 
·BALTAY 
·KIM 
·CHRISTENS 

67 
66 
65 
64 

OSPK 
HBC 
HBC 
OSPK 

CHI SO 
0.7 
4.3 
1 . 7 
0.3 
7.0 

6/66 
6/66 

11/67 

3/82* 

(CON LEV 
496.5 497.5 498.5 499.5 500.5 =0.072) 

NEUTRAL K MASS (MEV) 

11 CKOJ - CK+-1 M.ASS DIFFERENCE CMEVI 

3.9 Oa6 ROSENFELD 59 HBC 
5.4 1.1 CRAWFORD 59 HBC + 

9 3a90 Oa25 BURNSTEIN 65 HBC 
1 3a 11 Oa 35 KIM 65 HBC - K- P TO KO N 

411 J.qs Oa 21 HILL 68 DBC + K+O TO KOPP 

AVG 3.92 Oa 14 AVERAGE I ERROR INCLUDES SCALE FACTOR OF laOl 

FIT 4aDl Oa 13 FROM. FIT (ERROR INCLUDES SCALE FACTOR O'F 1all .................................................................... 
CRAWFCRD 59 PRL 2 112 
ROS ENFEL 59 PRL 2 11 0 
CHRISTEN 64 PRl 13 138 
B~NSTE I 65 PR 138 B 895 
KIM 65 PR 140 B 1334 

BAL TAY 
FITCH 
Hill 

66 PR 142 
67 PR 164 
68 PR 168 

932 
1711 
1534 

REFERENCES FOR NEUTRAL K 

CRAWfORDtC REST t , GOOD, STEVENSON, T ICHO I LRL I 
A H ROSENfELD,F SOLMITZ,R D TRIPP ILRLI 
CHR ISTENSQN,CRONtN,FITCH, TURLAY CPRINCETONI 
R A BURNSTEIN,H A RUBIN IMARYLANDJ 
J K KIMtL KIRSCH,O MILLER ICOLUMBIAI 

SAL TAY,SANDWEISS,STONEH1Ll + 
FITCH, ROTH tRUSS, VERNON 
HILL, ROBIN SON, SAKI TT ,CA. NTER 

tvALE+8NU 
CPRJNCETONI 

CBNL,CARNEGIEI 

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

6/68 
3/68 

3/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

[KTis 12 SHORT-LIVED .NEUTRAL Kl498, JP=G-1 1=112 

0 
0 

12 KOS MEAN LIFE !UNITS 10**-10 SECI 

KOS MEAN LIFE (PRE-1971 EXPERIMENTS! 
90 11.071 I 0.131 CO.l3J BOLDT 58 CC 

512 0.94 0.05 0.05 CRAWFORD 59 HBC 
63 (1.091 10.181 10 .. 151 BOWEN 60 CC 
OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 

378 0.94 0.05 0.05 BERTANZA 62 HBC 
503 0.87 0.05 CHRETIEN 63 HLBC 
545 0.86 O.Oit KREISLER 64 OSPK 

572 
4500 

0.866 0.016 ALFF-STEI 66 OSPK 
0.90 0.06 0.05 AUERBACH 66 OSPK 
Q. 92 O. 04 SAL UY 66 HBC 

10.904) 10.0241 BOTT-BOOE 66 OSPK 
5000 

19994 
H 20000 

0.843 0.013 KIRSCH 66 HBC 
0.856 0.008 DONALD 68 HBC 
0.872 0.009 HILL 68 DBC 

6/68 

9/66 
8/67 
6/66 
9/66 
6/66 
6/68 

11/72 

AVG 0.8641 0.0065 0.0065 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.3) 

KOS MEAN liFE IPOST-1971 EXPERIMENTS) 
THESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE TABLE 
VALUES Of THE KOS MEAN LIFE AND RATES. 

H 50K O. 8958 O. 0045 SKJEGGEST 12 HSC 
F 2113 10 .. 8671 10.0241 FACKLER 73 OSPK 

T 6M 0.8937 0.0048 GEWENIGER 74 ASPK 
T C 0.8-c:ll3 0.0032 CARITHERS 75 SPEC 

26K 0.881 0.009 ARONSON 76. SPEC 

. 1/13 
11/73 
3/74 
7/75 

11176 

AVG 0.8923 0.0022 0.0022 AVERAGE !ERROR INCL. SCALE FACTOR OF 1.01 
FIT 0.8923 0.0022 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

CCMMENTS 
Hill 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 
10.865+-0.0091 BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-. 

H SKJEGGESTAD 12 AND HILL 68 GIVE DETAILED DISCUSSIONS OF SYSTEMATICS 

11/72 
11/72 

Stable Particles 
Ko 

s 

R3 KOS INTO (PI+ Pt-1/fPIO PIOJ IP1J!(P21 
R3 N 267 12.121 ( 0.11) BOZOKI 69 HLBC 
R3 G 3016 (2.2851 c o.o551 GOBBI 69 OSPK K+N TO KOP 
R3 3700 2d0 o. 06 .MORFIN 69 HLBC K•N TO KOP 
R3 G 7944 2.282 0.043 MOFFETT 10 OSPK K+N TO KOP 
R3 • 6150 2.22 0.095 SAL TAY 71 HBC K-P TO KO +NEUTRALS 
R3 A 3068 2.22 0.10 ALITTI 12 HBC K•P TO PI+ P KO 
R3 6380 2.22 o. 08 MORSE 12 DBC K+N TO KOP 
R3N 101 2.10 0.11 NAGY 72 HLBC K+N TO KOP 
03 4799 2.16 o.oa Hill 73 DSC K+O TO KO P P 
R3 16K 2.169 0.094 COWEll 74 (!SPK Pt- P TO LAM KO 
R3 1315 2.11 0.09 EVERHART 76 WIRE PI- P TO LAM KO 
R3N NAGY 12 IS A FINAL RESULT WHICH INCLUDES BOZOKt 69. 
R3G MOFFETT 70 IS A FINAl RESULT WHICH INCLUDES GOBBI 69. 
R3 • THE DIRECTLY MEASURED QUANTITY IS KS TO PI•PI-/All KOBAR=.345+- .. 005 
R3 A THE DIRECTLY MEASURED QUANTITY IS KOS TO PH PI-/All K0::.345+- .. 005 
R3 
R3 AVG 2.197 o. 026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
R3 

R4 
R4 
R4 

FIT 

R4 C 
R4 
R4 C 
R4 C 
R4 
R4 J 
R4 M 
R4 J 
R4 
R4 
R4 
R4 
R4 C 
R4 J 
R4 M 

2.186 a. 025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

fKOS INTO PI+ PI- PIO, CP VJOLATINGI/(KOL INTO PI• PI- PIOI 
TEST CF CP VIOLATION- SEE TEXT SECTION VI B.3A FOR DEFINITIONS 
CPT ASSUMED VALID- I I.E. REIAI::OI- ONLY 11MAI**2 QUOTED HERE 
18 (3 .. 81 OR lESS CL::.90 ANDERSON 65 HBC 

(0.451 OR LESS Cl=.90 BEHR 66 HLBC 
53 (1.11 OR LESS CL=.90 WEBBER 70 HSC 
7l 10.81 OR LESS Clc.9Q WEBBER 70 HBC 
99 11.2) GR lESS CL:.90 CHO 71 OBC 
98 11.01 OR LESS CL=.90 JAMES 11 HBC 
50 11.21 GR LESS CL=.95 MEISNER 71 HBC CL=.9 NOT AVAIL. 

180 10.661 CR LESS CL=.90 JAMES 12 HBC 
99 t1.2J CR LESS CL=.90 JONES 72 OSPK 

384 0.12 OR LESS Cl=.90 METCALF 72 ASPK 
148 10.711 OR LESS (l:c.90 MALLARY 13 OSPK REUic-.05+-.17 
192 (1.21 OR LESS CL=.90 BALDOCEOl 75 HLBC 

SECOND WEBBEQ 70 VALUE IS FIRST VALUE COMBINED WITH ANDERSON 65. 
JAMES 12 IS A FINAL RESULT WHICH INCLUDES JAMES 71. 
THESE AUTHOR~ FIND REAUAJ:c 2.75•-.65, ABOVE VALUE AT REIAI=O 

R5 KOS INTO (MU+ MU-1/CHARGED IUNITS 10-*-51 IP3l/(Pll 
R5 (10.01 OR LESS Cl=.90 BOTT-BODE 67 OSPK 
R5 120.01 OR LESS Cl=.90 80HM 69 OSPK 

5/70 
5/69 

10/69 
2172 

12/71 
6/72 
2/72 
1/73 
9/73 
7/75 

11/76 
11/73 

2172 
12/71 
6/72 

10/69 
8/&6 
6/10 
8/70 
4/71 
6/71 
2/71 
1/13 

10/72 
2/74 
6/73 

12/75 

11/73 
2111 

H ENCOUNTERED IN THIS TTPE OF EXPERIMENT. -R5 (1.071 CR LESS CL=.90 HYAMS 69 QSPK 

8/67 
2/71 

10/69 
5/69 
7173 

8 KOS MEAN liFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT. 
F FACKLER 13 DOES NOT INCLUDE SYSTEMATIC ERRORS. 

C CARITHERS 15 VALUE IS FOR KOL-KOS MASS DIFFERENCE OH:.5348•- .. 0Q.21. 
C THE OM OEPENCENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE I IS 
C GAMMA I KOSI"' I I 1. 122-.0041 +. l6*«0M-. 53481/DM I* 10('*1 0 /SEC. 

T C VALUE WOULD NOT CHANGE WITH OUR CURRENT OM= .. 5349+-.0022. 

12 KOS PARTIAL DECAY MODES 

DECAY '"lASSES 
P1 KOS INTO PI+ PI'- 139+ 139 
P2 KOS INTO PIO PIO 134+ 134 
P3 KOS INTO MU+ fi'U- 105+ 105 
P4 KOS INTO E+ E- .5+ .5 
P5 KOS INTO PH P 1- GAMMA 139+ 139+ 
P6 KOS INTO GAM"'A GAMMA 0+ 0 
P7 KOS INTO 3PIO 134+ 134+ 134 

12 KOS BRANCHING RATIOS 

Rl KOS INTO IPl+ PI-1/TOTAL ( Pll 
R1 0.68 0.04 CRAWFORD 59 HBC 

60 HBC 
62 HBC 

R1 0.70 O.OB COLUMBIA 
Rl U 10.7401 10.0241 ANDERSON 
R1 U 3447 0.670 0.010 DOYLE 69 HBC PI- P TO LAM KO 
R1 U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE 
R1 
R 1 AVG. 
R1 FIT 

R2 KOS 
R2 
R2 
R2 
R2 1066 
R2 198 
R2 
R2 AVG 
R2 FIT 

0.6710 
IJ.6861 

0.0096 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.0024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

INTO IPIO PIOI!TOTAL 
0.21 0.11 
0.26 0.06 
0.30 0.035 
o. 335 0.014 
0.288 0.021 

CRAWFORD 
BAG LIN 
BROWN 
BROWN 
CHRETIEN 

59 HBC 
60 Hl BC 
61 HlBC 
63 HLBC 
63 HLBC 

I P21 

0.316 0.014 AVERAGE !ERROR INCLUDES SCAlE FACTOR OF 1 .. 31 
0.3139 0.0024 FROM FIT (ERROR INClUDES SCALE FACTOR OF 1 .. 11 

ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 0.316 ± 0.014 
ERROR SCALED BY 1.3 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

6/68 
11/73 
11/75 
11/75 
11/75 

2/76 

1/76 
2/11 

CHISQ 

KOS INTO (PIO PIO)/TOTAL 

·CHRETIEN 
·BROWN 
·BROWN 
· BAGLI N 
·CRAWFORD 

.45 0.55 

63 HLBC 
63 HLBC 
61 HLBC 
6o HLBC 
59 HBC 

1 .8 
.8 
.2 

0 . 9 

4.7 
(CON LEV 
=0. 1 95) 

R5 132 .. 61 OR LESS CL=.90 STUTZKE 69 OSPK 
R5 0.047 CR lESS Cl=.90 GJESOAL 73 ASPK 
R5 S VALUE CALCULATED BY US, USING 2.3 INSTEAD OF 1 EVENT, 90 PERC.CL 

R6 
R6 
R6 
R6 • 
R6 c 
R6 
R6 • 
R6 c 
•• c 

KOS INTO fPI• PI- GAMMAI/IPI+ PI-I CUN.10**-31 IP5J/(Pl) 
27 NO RATIO GIVEN BELLOTTI 66 HBC PG GT 50 MEV/C 
10 3.3 1.2 WEBBER 70 HBC PG GT 50 MEV/C 

2. 8 Q. 6 BUR GUN 73 HBC PG GT 50 MEV /C 
29 13.01 10.61 BOBISUT ?It HLBC PG GT 40 MEV/C 

2.68 0.15 TAUREG 76 SPEC PG GT 50 MEV/C 
BURGUN 73 ESTIMATES THAT DIRECT EMISSION CONTRIBUTION IS .3+-.6 • 
80BISUT 74 NOT INCLUDED IN AVERAGE BECAUSE PIGAMMAI CUT DIFFERS. 
ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, Cl=.95. .. 

•• 
T TAUREG 76 FlNC DIRECT EMISSION CONTRIB LT .06,CL.,.90. 

R6 AVG 2.10 0.14 AVERAGE I ERROR INCLUDES SCALe FACTOR. OF 1 .. 01 

R7 
R7 

KOS INTO IE+ E-1/CHARGEO !UNITS 10**-51 IP-41/(Pll 
50.0 OR lESS CL=.90 BOHM 69 OSPK 

•• .. ' .. ' .. ' •• •• RB R 

KOS INTO 2 GAMMA/TOTAL IUNITS 10**-31 I P61 
0 121.01 OR LESS CL:::.90 

(2.21 OR LESS CL:::.9Q 
10.711 OR LESS Cl:::.90 
(2.01 OR LESS CL=.90 

BANNER 69 CSPK 
REPELLIN 71 OSPK 
BANNER 72 OSPK 
MORSE 12 OBC 

0 0.4 OR LESS CL=.90 BARMI N2 73 HLBC 
THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN KS-Kl TO 2 GAMMAS 

R9 IKOS INTO PI+ PI- PJO, CP CONSERVINGIIIKOL INTO PH PI- PIOI 
R9 384 10.421 OR LESS CL=.90 METCALF 12 ASPK 

RlO CKOS INTO 3PIO,CP VIOLATINGI!IKOL INTO 3PIOI 
R10 SEE COM~ENTS UNDER BRANCHING RATIO R4 
R10 22 11.21 CR LESS CL:.9Q BARMIN1 73 HLBC 
RlO G 0.28 CR LESS CL=.90 GJESOAL 74 SPEC 
RIO G GJESDAL 74 USES K2Pt, KMU3 AND Kf3 DECAY RESULTS AND UNITARlTY. 
RIO G CALCULATE~ A9SI ETAOOOJ::.26+-.20. WE CONVERT TO Cl=.90 UPPER LIMIT. 

BOLDT 58 PRL 
CRAWFCRO 59 PRL 

150 
266 

BAGL IN 60 NC 18 1043 
BOWEN 60 PR 119 2030 
COLUMBIA 60 ROCH CONF 121 

REFERENCES FOR KOS 

E BOLOT,Q 0 CALOWEllrY PAL IMITI 
CRAWFORD, CREST I, DDUGLA S S, GOOD, TICHO + I LRLI 

BAGLtNrBLOCH,BRISSON,HENNESSY + IEPOU 
BOWEN, HARDY, REYNOL OS, SUN, MOORE+ I PR IN+ BNLI 
M SCHWARTZ + ICOLUMBIAJ 

BROWN 61 NC 19 1155 8ROWN,BRYANT,BURNSTEtN,GlASER,KADYK+ (MICHl 
ANDERSON 62 CERN (QNF 836 J A ANDERSON,F S CRAWFORD + (LRL) 
8ERTANZA 62 PREPRINT D105 BERTANZA,CONNOLLY,CULWICK,EISLER + 19Nll 

UNPUBLISHED, 8UT RECERTIFIED BY AUTHORS, AUGUST 66. 

CHRETIEN 63 PR 131 2208 
BROWN 63 PR 130 76 9 
KREISLER 64 PR 136 8 1074 
ANDERSON 65 PRL 1-4 475 

ALFF-STE 
AUERBACH 

ALSO 
SAL TAY 
BEHR 
BELL OTT I 
BOTT-600 
KIRSCH 

66 Pl 21 595 
66 PR 149 1052 
65 AUERBACH 
66 PR 142. 932 
66 Pl 22 540 
66 NC 45.A 137 
66 Pl 23 217 
66 PP 147 C039 

BGTT-800 67 PL 248 1C04 
DONALD 68 Pl 278 58 
HILL 68 °R 111 141~ 

BANNER 
BOHM 
80ZOKI 
DOYLE 
GOBS I 
HYAMS 
MORFIN 
STUTZKE 

69 PR 188 2033 
69 THESIS 
69 Pl 308 498 
69 UCPL 18139-THESIS 
69 PRL 22 682 
69 Pl 298 521 
69 PRL 23 660 
69 PR 177 2009 

CHRETIEN+ IBPANDEIS+BROWN+HARVARO+ ~Ill 
BROWN,KADYK,TRILLINGtROE + ILRL+MICHI 
H KREISLER,O OVERSETH,J CRONIN (PRINCETON) 
+CRAWFQR,GOlOENt STERN, BINFORD + I LR.l+WI SCI 

AlF F-STE INBERGEP., HEUEI<, KLEINKNECHT + ( CERNJ 
AUERBACH, COBBS, LANOE t MAN~, SCI Ulll + ( PENNJ 

SAL TAY,SANDWEISS,STONEHlll + (YAlE+BNLI 
BEHR, BR t SSON, PETI AU+ I EPOlo M tLA, PAOO, Oct SAY I 
+PUlll II, BALOG-C EOLI N + f M ILAN+PAOUAJ 
BOTT-BOOENHAUSEN,DE BOUARD + !CERN) 
l KIRSCH,P SCHMJDT ICOLUMSIAJ 

BOTT-BOOENHAUSEN,OE BOUARD, CoG SSEL+ I CERN I 
DONALD. EDWARDS. NI SAR+ ( llVP, CERN. I PNP. CDEF I 
Hlll,ROBINSON,SAKITT + IBNL,CARNEGlE) 

+CRONINolfU,PilCHER (PRIIIICETONJ 
A. BOHM ( AACHJ 
+FENYVES ,GOMBOS t • NAGY • S URANY I+ f BUOAPES TJ 
J.C. DOYLE (LRLJ 
GOB B I, GREEN, HAKEL, MOFFETT, ROSEN+( ROCHESTER I 
+KDCH,POTTER,VON LINOERN,LORENZ+ CERNIMPIMI 
MORFIN,SINCLAIR fMJCHI 
+ABASH I AN. JONES, ~ANTSCH ,ORR, SMI THI IllINOIS I 

10/69 
10/69 
11/73 
12/75 
6/77 

11/73 
1/76 
1/76 
6/71 

2/71 

12/71 
12111 
B/72 
2112 
2/74 

12/71 

11172 

11/73 
11/75 
11175 
11/75 



Stable Particles 

MOFFETT 70 SAPS 15 !;12 +GOBBI,GREEN,HAKEL,ROSEN !ROCHESTER) 
WEBBER 70 PR 01 1967 +SOLMITZ,CRAWFORD 1 ALSTON-GARNJOST ILRLI 

ALSO 69 UCRL 19226 THESIS B R WEBBER ILRU 

BAL TAY 71 PRL 27 1678 
ALSO 1L NEVIS-187 THESIS 

CHO 71 PR 03 1557 
JAMES 71 Pl 3 58 265 
MEl SNER 71 PR 03 59 
REPELLIN 71 PL 368 6C3 

ALITTI 
BANNER 
JAMES 
JONES 

72 PL 39B 568 
12 PRl 2'i 237 
12 NP 849 1 
12 NC 9A 151 

METCALF 72 PL 40e 1C3 
MORSE 72 PRl 28 388 
NAGY 12 NP 847 94 

ALSO 69 PL 30B 4'i8 
SKJEGGES 72 NP 848 343 

BARMIN1 
BARMIN2 
BUR GUN 
FACKLER 
GJESDAL 
HILL 
MALLARY 

73 PL 468 465 
73 PL 476 463 
73 PL 468 481 
73 PRL 31 E47 
73 PL 448 217 
73 PR DB 1290 
73 PR 07 1953 

B081 SUT 74 LNC 11 646 
COWELL 74 PR 010 2083 
GEWENIGE 74 Pl 488 487 
GJESOAL 74 PL 528 119 

BALDDCEO 75 NC 25A 6E8 
CAR ITHER 75 PRL 34 1244 
ARONSON 76 NC 32A 23~ 
EVERHART 76 PR 014 661 
TAUREG 76 PL 65B 92 

BIRGE 
HULLER 
fITCH 
GOOD 

60 ROCH CONF 601 
60 PRL 4 418 
61 NC 22 1160 
61 PR 124 1223 

+BR I OGEWAT ER,COOPERt GERSHWIN, HAB 1 B 1 + I COLUI 
WILLIAM Aa COOPER ICOLUM!.HAI 
... ORAL L E, CANTER, ENGLER, F JSK+ ( CARN+BNL +CASE I 
+MONTANET t PAUL, PAUll+ I CERN+SACL+OSLOI 
+MANN, HER T ZBACH, KOFLER + I MASA+BNL+YALE J 
+WOLFF, CHOLLET, GA ILLARO, JANE+ I ORSA+C ERN I 

J ALITTioE LESQUQY,A MULLER ISACLAYI 
+CRONIN, HOFFMAN, KNA PP 1 SHOC HET I PRINCE TON I 
+MONT ANET, PAUL, SAET RE+- ( CERN+SACL +OSLO J 
+ABASHIAN,GRAHAM,MANTSCH.ORRoSMITH+ IIlli 

+NEUHOFER, N IE 8ERGALL + (CERN+ I PN+WI ENI 
t-NAUENB ERG, 8 I ERM&,N, SAGER+ ( COLOt-PR I Nt-UMDI 
t-TEL81 SZ,VESZTERGOM8I I BUDAPEST) 
80ZOK I, FENYVES, GOMBOS I , NAGY+ I BUDAPEST! 
SKJ EGGES TAO, JAMES, MONTANE~+ I CSLO•C ERNt-SACU 

+SARYLOVoOAVIDENKO,OEMIOOV+ ( ITEPI 
t-BARYLOV,OAVIOENKOrOEMIOOV+ I ITEPI 
t-BER TRANET, LESQUOY, MUllER, PAULI +I SACL•CERN I 
•FR ISCH,MARTI N, SMOOT, SOMPAYRAC ( '41TI 
•PRES SERt STEFFEN, STEINBERGER+ I C ERN+HE I 01 
•SAKITT, SAM lOS, BURR IS, ENGLER+ I BNL•C o\RNJ 
•B INN IE, GALLI VAN,GOfoi.EZ, PECK, SCI Ulll+ (CIT J 

+HUZ ITA, MATTIOLI, PUGL t ERIN I PADot 
+LEE-FRANZINI,ORCUTToFRANZINI • ISTDN•COLUI 
GEWEN I GER, GJESDAL, PRESSER+ I CERN t-HE I D J 
+PRESSER,STEFFEN,STEINBERGER + ICERN+HElDI 

BALOG-C EOl IN, BOB I SUT ,CAl IMAN I+ I PADO+W I SCI 
CAR ITHERSo MODI SoNYGREN,PUN + (COLU+NYUI 
+MCINTYRE,ROEHRIG + IWISC•EFt•UCSD•ILlCI 
t-KRAUS.tLANDE, LONG, LOWENSTEIN + I PENNI 
+ZECH, DYOAK,NAVARRI M I HEI O+CERN+DORTI 

PAPERS NOT REFERRED TO IN DATA CARDS 

R W BIRGE,P P ElY+ ILRL+WISCONSIN) 
MUllER, BIRGE, FOWLER, GOO Do P ICC ION It- I LRL +BNL J 
V FITCH,P PIROUE,R PERKINS IPRINt-LASU 
GOOD,MATSEN,MULLER,PICCtONl t- ILRLI 

CRAWFORD 62 CERN CONF 827 F S CRAWFORD ILRU 
I PENNI 
ILRU 

AUERBACH 65 PRL 14 192 AUERBACH,lANOEoMANN,SCIULlloUTO + 
TRILLING 65 UCRL 164?3 GEORGE H TRilliNG 

UPDATED FROM 196 5 ARGONNE CONF., PAGE 115. 

• •• •• • •••• ••••• ••• .... •• • ....... ••• • •• *** ••• • ••••• *** ······* ** ******•. 
****** ********* ••••••••• ********* ********* ********* ********* ******** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

lEl 13 LONG-LIVED NEUTRAL K(498, JP=G-1 1=1/2 

13 I KOLI - IKOSl MASS DIFFERENCE 
WE GIVE fKOL-KOS MASS DIFFERENCE I 'HBARJ IN UNITS OF 10**10 SEC-1 

TX 12.201 ( o. 351 FITCH 61 CNTR 
X 10.841 ( D.291 10.221GDOD 61 HLBC 

TXC {1.021 ( 0.231 CAMER INI 62 HLBC 
TX (0. 551 I D. 241 AUBERT 65 HLBC 

X (0. 261 I 0.361 I 0.261BAL00-CEO 65 HLBC ASSUMES CP CONS. 
TXA (0.641 ( 0.12) CHRISTENS 65 OSPK 
TX 10.701 OR LESS fiTCH 65 OSPK CF. MEISNER 66 
v 130 (0.891 ( 0.151 VI SHNEVSK 65 OSPK CU AND Al REGEN 
X (0.5141 I 0.0391 ALFF-STEI 66 OSPK 
X 84 10.421 10.241 10.36) SAl DO-CEO 66 HL BC KO•N INTO HYPER. 

• (0.5311 ( o. 0211 BOTT-BODE 66 OSPK C REGEN 
TX 17 10.581 I 0.111 CA"4ERINI 66 HBC, DBC KO•N INTO HYPER 

N 72 1•0.641 I 0,181 CANTER 66 OBC KO SCATTER IN D2 
X 95 10.621 ( 0.10) 10.161 CHANG 66 HBC KO+P INTO HYPER. 
X 10.811 c o.111 FUJI I 66 OSPK IRON REGENERATOR 

59 co. 741 ( o. 341 MEISNER I 66 H8C 
+ SIGN FAVORED MEISNER2 66 HBC 

X 10.381 I 0.161 JOVANOVIC 66 OSPK C•URANIUM REGEN. 
TX 136 (+0.641 I 0.191 CANTEP 67 DBC KO+D INTO HYPER. 

(0.65) c o.1u MISCHKE 67 OSPK 
590 10. 59) 10.131 8ALATZ 68 OSPK AL REGENERATOR 

X 10.5201 ( o. 0441 CAR NEG IE 68 HSC GAP METHOD· 
TX (t-0.4871 ( 0.0461 "'ELHOP 6B OSPK ST. STEEl REGEN 
BX (0.5471 I o.a241 SOTT-BODE 69 OSPK C REGEN 
FX (0.5551 10.0201 FA I SSNER 69 ASPK REGEN IN CU 

o. 542 a. oo6 CULLEN 70 CNTR 
R (0.542) I 0.0061 ARONSON 10 ASPK GAP METHOD 
X 10.4811 I a.0521 (0.0751BALATS 11 OSPK 
R 10.5341 I 0. 0071 CARNEGIE 71 ASPK GAP METHOD 

TH ll9 I t-0. 67J I 0.141 Hill 71 OBC 
s 1157 (0. 5571 I 0.0381 FACKLER 73 OSPK 

o. 5340 o. 0030 GEWENIG3 74 SPEC GAP METHOD 
o. 5334 o. 0040 GJESDAL 74 SPEC CHG ASYMMETRY 

D AVG 0.5349 0.0022 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

0 X 
0 X 
0 T 
0 T 
0 T 
0 T 
0 T 
0 c 
0 A 
0 v 
0 N 
0 N 
0 • 0 F 
0 R 
0 R 
0 R 
0 H 
0 H 
0 s 

CCMMENTS 
NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WITH LARGE 
ERRORS FOR THE SUBSEQUENT CHANGES IN THE KDS MEAN LIFE OR IN ETA•-. 
A KOS MEAN LIFE OF 0.862 1QU-10 SEC WAS USED IN CONVERTING THE 
MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN liVES TO ABSOLUTE 
UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN 
ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS" VALUE Of THE 
KOS MEAN LIFE. 
CAMERINI 62 VAlUE CHANGED FROM 1.1 lSEE TABLE 1 Of CAMERINI 661 
CHRISTENSON 65 CORRECTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE. 
VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS. 
CANTER 66 ERROR IGNORES UNCERTAINTY Of PHASE SHIFTS. THESE EVENTS 
ARE USED IN tllll 11. 
80TT-BOOENHAUSEN 69 IS A REEVALUATION OF BOTT-BODENHAUSEN 66. 
FAISSNER 69 HAS AOONL. SYSTEMATIC ERROR t.ESS THAN TWO PERCENT. 
ARONSON 7a AND CARNEGIE 71 USE KOS MEAN l1FE=.862•-.006 E-10 SEC. 
WE HAVE NCT ATTEMPTED TO ADJUST THESE VAlUES FOR THE SUBSEQUENT 
CHANGE IN THE KOS MEAN LIFE OR IN ETA+-. 
HILL 71 PRIMARY RESULT IS THAT OM IS POSITIVE. 
THE MAGNITUDE HAY HAVE AN ADDITIONAL SYSTEMATIC ERROR Of ABOUT 0.12 
NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED. 

8/67 
6/66 

6/66 
7/66 
8/67 
6/66 
8/67 
9/66 
8/67 

11/66 
8/67 
9/66 
6/66 
9/66 

11/66 
11/67 
11/67 

3/68 
3/68 
6/68 
1171 

10/69 
1/71 
1171 
9/71 
8171 

10/71 
11173 
11175 
11175 

11175 
2176 
1171 
1171 
1171 
1171 
1171 
B/67 
1171 
3/68 

10171 
1al71 

1171 
1171 

11175 
2176 
2176 

10/71 
10/71 

2176 

80 

Data Card Listings 
For notation, see key at front of Listings. 

T 
T 
T 
T 
T 
T 

Pl 
P2 
P3 
P4 
P5 

•• P7 

•• 
P9 
P10 
Pll 
P12 
P13 
Pl4 
p 15 
Pl6 
p 17 
P1B 
P19 
P20 

13 KOL MEAN LIFE (UNITS 10**-8 SECI 

KDL MEAN LIFE 
34 •• 1 3. 2 2.4 BARDON 58 (NTR 
ASSUMED OS=DO AND DELTA 1=112 CRAWFORD 59 HBC 
15 5.1 

'· 4 
1.3 CARMON 62 FBC 

5. 3 0.6 FUJI I 64 OSPK 
1700 6.[ 1. 5 1.2 ASTf\URY3 65 (NTR 

_5.15 D.14 DEVLIN 67 CNTR 
15.0 I ( 0.51 LOWYS 67 HLBC 

0.4M 5.154 0.044 VOSBURGH 72 CNTR 
SUM OF PARTIAL DECAY RATES. 

AVG 5.158 0.042 0.042 AVERAGE I ERROR INCL. SCALE Fa.CTOR OF 
FIT 5.183 0.040 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01 

13 KOL PARTIAL DECAY MODES 

DECAY MASSES 

KOL INTO 3PIO TAU 0 PRIME 134+ 134• 134 

KOL I :-.ITO P1+ PI- PlO TAU 0 139+ 139• 134 

KOL INTO P1 "'U NEUTRINO KL MU3 139• 105• 0 
KOL INTO PI E NEUTRINO KL £3 139+ .5+ 0 

KOL INTO PI+· PI- KL PI+ PI- 139t- 139 
KOL INTO ML+ Mu- Kl 2MU 105+ 105 
KOL INTO E+ E- Kl 2E .5+ .5 
KOL INTO E MU Kl EMU .5 .. 105 
KOL INTO HiD GAMMAS Kl 2GAMMA 0+ 0 
KOL INTO PI• PI- GAMMb. Kl PJ+-G 139+ 139+ 
KOL INTO PIO PID KL 2Pia 134• 134 
KOL INTO PI E NEU GAMMA Kl E3GAM 139• .5+ 0+ 
KOL INTO PIO TWO GAMMAS Kl PI 2GAMMA i34+ 0+ 0 
KOL INTO E+ E- GAMMA Kl 2EGAM .5+ .5+ 0 
KOL INTO MU• MU- GAMMA KL 21'1UGAM 105• 105• 0 
KOL INTO MU• Jllu- PlO KL 2MUPIO 105+ 105+ 134 
KOL INTO PI+ PI- Et- E- Kl 2PI2E 139• 139• .5+ .5 
KOL 
KOL 
KOL 

INTO Pta PI•- E-• NEU KL 2PJH1EU 134+ 139+ 
INTO IPI MU ATOM) NEU KL IPIMU)NEU 
INTO E• E- P 10 Kl 2EP10 .5+ 

NEUTRAL K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 65 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHI-SQUARE0=69.9 

.5+ 

.5+ 0 

134 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

2171 

1.01 

3178 
3178 

The matrix below is derived froin the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi± 6Pi' where 

6Pi = \)(6Pi6P
1
), while the off-diagonal elements are the~ correlation coeffi­

cients (6Pi6Pj)/(6Pi · 6Pj). For_ the definitions of the individual P 1, see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

p[ P2 P3 P4 P5 P1\ 
p 1 .2147+-.0099 
p 2 -.6528 • 1239+-. 0020 
p 3 -.8542 .4413 .2711•-.0042 
P 4 -.9100 .4705 .6138 .3a73+-.o055 
p 5 -.4362 .5li7l .3159 .3366 .0020+-.0001 
Pl1 .2289 -.Hi23 -.2104 -.2243 -.1081 .0009+-.0002 

FITTED PARTlAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed into rate 

space; i.e., Gi <= ri = rtota1Pi, in appropriate units. In analogy to the matrix above, 

the diagonal elements are Gi ± 6G1, where 6Gi = -..J (OG 16Gi), while the off-diagonal 

elements are the normalized correlation coefficients (6Gi6Gj)/{6Gi · 6Gj). Note that, 

because of the error in rtotal' the errors and correlations here are not directly derivable 

from those above. 

G 1 G 2 G 3 G 4 G 5 Gll 
G 1 
G 2 
G 3 
G 4 
G 5 
Gll 

.0414+-.0020 

W1 
Wl 
Wl 
W1 FIT 

W2 
W2 
W2 
W2 
W2 
W2 
W2 J 
W2 
W2 J 
W2 
W2 
W2 
W2 
W2 J 
W2 
W2 AVG 
W2 FIT 

-. 4751 • 0239•-. 0004 
- .. 6410 .4<;54 .0523+-.0009 
-.6740 .5245 .6600 .0747+-.0011 
-.3291 .5696 .3565 .31"73 .0004+-.0000 

.2317 -.1238 -.1650 -.1736 -.0854 .0002+-.DDOO 

13 KOL DECAY RATES 

KOL INTO PIO PlO PIO IUNITS 10**6,SEC-ll IGll 
54 5.22 1.03 0.84 BEHR 66 HLBC ASSUMES CP 

4.14 0.20 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .. 71 

KOl INTO PI+ PI- PO (UNITS 10**6 SEC-11 IG21 
18 3. 26 O. 17 A~OERSON 65 HBC 
14 1.4 0.4 FRANZINI 65 HBC 

136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP 
53 2.20 0.35 WEBBER 70 HBC ASSU~ES CP 
99 2.11 Q. 28 CHO 71 OBC ASSUMES CP 
98 12.5) 10.31 JA"'ES 11 HBC ASSU"1ES CP 
50 2.12 0.33 MEISNER 71 HBC ASSU"'ES CP 

180 2.35 0.20 JAMES 72 HBC ASSUMES CP 
192 2.32 0.13 0.15 BALDOCEOL 75 HLBC ASSUMES CP 

IN THE OVERALL FIT THIS RATE IS WElL DETERMINED BY THE MEAN LIFE AN 
THE BRANCHING RAllO R2. FOR THIS REASON THE DISCREPANCY BETWEEN THE 
W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FAClOR OF THE OVERALL F(T 
JAMES 12 IS A FINAL MEASUREMENT AND INCLUDES JAMES 11. 

2. 34 
2. 391 

O. 11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
0.041 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .. 21 
I SEE IDEOGRAM BELOW I 

8/66 

8/66 
6/66 
8/66 

10171 
4/71 
6171 

10171 
1/73 
1176 

lll73 



81 

Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE- 2.34 ± 0.11 
ERROR SCALED BY 1 . 2 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, &X, 
and scale factor, which are differ­
ent from the values shown here. 

CHI SO 
·BALDOCEOL 75 HLBC 0.0 
· JAhAES 
·MEISNER 
·CHO 
·WEBBER 

72 HBC 
71 H8C 
71 Dec 
70 HBC 

·8EHR 66 HLBC 
·FRANZINI 65 H8C 
·ANDERSON 65 HBC 

0.0 
0.4 

.7 
0.2 

.0 

.5 

0 4 6 

8.9 
(CON LEV 
=0. 177) 

W3 
W3 
W3 
W3 
W3 AVG 
W3 FIT 

W4 
W4 
W4 
W4 FIT 

KOL RATE INTO PI+ PI- PIC (10''6 SEC-1) 

KOL INTO PI E NEUTRINO IUNITS .10**6 SEC-11 (Gitl 
7.52 0.85 0.72 AUBERT b5 HLBC OS.,OQ,CP ASSUMED 

620 7.81 0.56 CHAN 11 HBC 

1.11 0.46 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
7.47 O.ll FROM FIT ~ERROR INCLUDES SCALE FACTOR OF 1.3) 

KOL I"'TO CHARGED (3-BOOYI (UNITS 10*•6 SEC-11 IG2+G3+G41 
98 15.1 1.9 AUERBACH 66 CSPK 

15.10 0.21 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4) 

WS KOL I 'iTO LEPTCNI C lKMU3+KE3J IUNITS 10*•6 SEC-11 IG~+G41 
HS D 109 9.85 1.15 1.D5 FRANZINt 65 HBC 
HS C 335 110.31 10.81 HILL 67 DBC K+N TO KO P 

Kt-N TO KOP WS D 393 11.6 0.9 CHO 70 OBC 
WS 0 252 13.1 1.3 WEBBER 11 HBC K- P TO KOSAR N 

K+P TO KOPPI + 
K- P TO KOSAR N 

WS 0 410 12.4 0.7 BURGUN 72 HBC 
HS D 126 8.47 1.69 MANN 72 HBC 
WS C CHO 70 INCLUDES EVENTS OF Hill 67 
W5 D ASSUMES DS=DQ RULE 
ws 
ws 
ws 

AVG 
FIT 

11.60 
12.70 

0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t.SI 
0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1a41 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE- 11.60 ± 0.65 
ERROR SCALED BY 1.5 

Values above of weighted average, 
error. and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program. which 
calculates its own values of X, 6X, 
and scale factor, which are differ~ 
ent from the values shown here. 

8/67 
2172 

8/67 

217.2 
8/67 

10170 
2172 
1/13 
9/72 

CHI SO 
·MANN 
·BURGUN 

72 HBC 
72 HBC 

·WEBBER 71 H8C 
·CHo 70 Dec 
·FRANZINI 65 HBC 

10 14 16 

KOL RATE INTO KMU3 + KE3 (10''6 SEC-1) 

.4 

1 . 3 
1 . 3 

·o. o 
__22_ 

8.6 
(CONLEY 
=0.072) 

W6 
W6 
W6 

KOL INTO PI MU NEUTRINO UNITS 100"*6 SEC-11 tG31 
19 4.54 1.24 1.08 LOWYS 67 HLBC 8/67 

W6 FIT 

Rl KOL 
R1 24 
Rl 549 
R1 444 
R1 29 
R1 
Rl AVG 
Rl FIT 

......... 
5. 2 32 O. 086 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.31 

13 KOL BRANCHING RATIOS 

INTO (PIO PIO PIOI/CHARGED 
0.24 0.08 ANIKINA 64 CC 
0.251 O.Ol't BUOAGOV 68 HLBC 
0.2?7 0.021 BUDAGOV 68 HLBC 
0.31 0.07 0.06 KULYUKINA 68 CC 

(P1JIIP2+P3+P41 
6166 

ORSAY MEASUR. 10/68 
EC. POLYTEC.MEAS 10/68 

2111 

0.260 0.011 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.274 0.016 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.7) 

Stable Particles 
Ko 

L 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

KOL 
59 
79 
75 
66 

326 
566 

1729 
126 

1402 
1590 
3200 

558 
6499 

R2 AVG 
R2 FIT 

INTO I PI+ 
0.185 
0.151 
0.157 
0.15 
0.159 
0.178 

(0.1441 
o. 162 
0.161 
0.167 
0.1605 
0.146 
0.159 
0.163 

PI- PIO )/CHARGED 
0. 038 AS TIER 61 CC 
O. 020 AD AlP 64 HBC 
O. 03 0.04 LUERS 64 HSC 
0.03 O.Oo\ ASTBURYl 65 CC 
O. 015 A.STBURY2 65 CC 
0.011 GUIDONI 65 HSC 

I O. 0041 HDPK 1 NS 65 HBC 
0.015 HAWKINS 66 HBC 
0.005 HOPKINS 67 HBC 
0.016 KULYUKINA 68 CC 
0.0038 ALEXANDER 73 HBC 
0.004 BRANDENBU 73 HBC 
O. 010 EVANS 73 HLBC 
0. 003 CHO 71 HBC 

IP21/IP2+P3+P41 

SEE HOPKtNS 67 

0.1587 0.002-\ AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 
0.1584 0 .. 0020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

lSEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE~ 0.1567 ± 0.0024 
ERROR SCALED BY 1.3 

Values above of weighted average, 
error, and scale factor are for the 
reader 1 a convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

8/66 
6/66 
8/66 
8/66 
6/66 
6/66 
6/66 
6/66 
8/67 
2171 
1/74 
1174 
1/73 

11/77 

·CHO 
·EVANS 

77 H8C 
73 HLBC 

CHISQ 
2.0 
0 

-8RANDEN8U 73 HBC 10.1 
·ALEXANDER 73 HBC 0.2 
·KULYUKINA 66 CC .3 

·HOPKINS 67 HBC 
·HAWKINS 66 H8C 0.0 
·GUIDON! 65 HBC 1.3 
·ASTBURY2 65 CC 0.0 
· ASTBURY 1 65 CC 
·LUERS 
·ADAIR 
·ASTIER 

64 HBC 
64 H8C 
61 cc 

0. 10 0.22 26 

1 4. 2 
(CONLEY 
=0.077) 

KOL INTO (PI+ PI- PIO)/CHARGED 

R3 KOL INTO IPI MU NEUTRINOJ/CHARGEO {P31/CP2+P3+P41 
R3 251 (0.3561 (0.071 LUERS 64 HSC 
R3 172 10.391 (0.081 10.101 ASTBURY1 65 CC 
R3 C 330 
R3 C THIS 
R3 

(0.3351 (0.0551 KULYUKINA 68 CC 
MODE NOT ~EASURED INDEPENOENTL Y FROM R2 AND R4 

R3 FIT 

R4 
R4 
R4 
R4 
R4 
R4 
R4 AVG 
R4 FIT 

RS 
RS 
RS 
RS FIT 

KOL 
24 

153 
202 
500 

0.3466 0 .. 0028 FROM FIT 

INTO (PI 
0.46 
0.487 
o. 46 
0.498 

E NEUTRINOI/CHARGEO 
0.11 NEAGU 61 CC 
O. 05 LUERS 64 HBC 
0.08 0.10 ASTBURVl 65 CC 
0.052 KULYUKINA 68 CC 

{P41f(P2+P3+P41 

0.485 0.032 AVERAGE !ERROR INCLUDES SCALE FACTOR OF l.CI 
0.4951 0.0029 FROM FIT !ERROR INClUDES SCALE FACTOR OF 1.01 

KOL INTO IPI E NEUI/I(PI E NEUJ+IPI MU NEUII fP4)/(P3+P41 
320 0.415 0.120 ASTIER 61 CC 

0.5882 0.0032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R6 KOL INTO IPI+ PI- PIOJ/TOTAL ( P21 
R6 
R6 
R6 FIT 0.1239 O. 0020 FROM FIT 

R7 
R7 
R7 
R7 FIT 

•• •• c 
•• 
R8 K 

•• •• 
R8 R 
R8 B 
R8 B 
RB 8 
R8 R 
R8 R 
R·8 C 
RB K 
RB 
R8 AVG 
RB 

KOL INTO I LEPTON PI NEUTRINO 1/TOT Al I P3+P41 

0.6585 0.0087 FROM FIT 

KOL INTO 12 GIIMMAI/TOTAL (UN. 10*-41 !P91 
!1.3) 10.61 CR!EGEE 66 OSPK 

32 6.7 2.2 TODOROFF 67 OSPK REPL. CRIEGEE66 
33 17.41 I 1.61 CRONIN 1 67 OSPK 
90 5. 5 1.1 KUNZ 68 OSPK NORM. TO 3PI(C•NI 
23 4.5 1.0 ENSTROM 71 OSPK KOL 1.5-9 GEV/C 

5.0 11.01 REPElLIN 71 CISPK 
4.54 0.84 BANNER2 72 OSPK 

THIS VALUE USES IEOO/E+~IU2=1.05+-0.14. IN GENERAL. Sl3R8 = 
14. 32+-0. 55 I •I 1 0••-41 *I I EOO/E+-1**21. 
ASSUMES REGEN II.MPL IN COPPER AT ZGEV IS 22 MB. TO EVALUATE 
FOR A GIVEN FIEGEN AMPL AND ERROR, MULTIPLY BY (REGEN AMPL/22"18 •o-2 

CRIEGEE 66 REDLACED BY TOOOFIOFF 67 
CRONIN! 67 PEPLACEO BY KUNl 68 .. 

4.89 0.54 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
R21 BELOW GIVES I4.82+-.521E-4. COMBINED AVG (4.85+-.371E-4. 

R9 KOL INTO !Ph PI-1/CHARGED {UNIT lD**-3) IP51/tP2+P3+P41 

7/66 
2171 

2/76 

7/66 
2171 

8/66 
11/68 
11/67 

2171 
2112 

11/71 
8/72 
8172 
8/72 

11171 
11/71 
ll/68 
2171 

4/82* 

R.9 45 (2.01 ( 0.41 CHRISTENS 64 OSPK ETA +- "" 1.95+-0.20 2/76 
R9 54 (2.081 (0.351 GALBRAITH 65 OSPK ETA+-"" 1.99+-0.16 2176 
R9 11.931 C 0.261 BASILE 66 GSPK ETA +- "" 1.qz•-O.l3 2/76 
R9 11.993) ( 0.0801 BOTT-BOOE 66 OSPK ETA +- := 1.95+-0.04 2/76 
R9 M 4200 12.601 {0.071 MESSNER 73 II.SPK ETJI. +- := 2.23+-0.05 6/73 
R9 OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- RELOW FOR 2/76 
R9 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2/76 
R9 FROM SAME CII.TA AS R27 '"1ESSNER 73,BUT WITH DIFFERENT NORMII.Lllii.TICN. 6173 

•• 
R9 FIT 2.589 0.060 FROM FIT 



Stable Particles 
Ko 

L 

RlO KOL INTO (PI MU NEU)/(PI E ~EUI 
RlO o.·at 0.19 ADAIR 64HBC 
RlO 0.82 0.10 DEBOUARD 67 OSPK 
RlO 213 0.7 0.2 HAWKINS 67HBC 
RlO 0.81 Q.OB HOPKINS 67 HBC 
RiO 770 O. 71 0.05 BUDAGOV 68 HlBC 
RtO K 10.671 (0.131 KULYUKINA 68 CC 
RlO B 569 CO.HI (0.041 BEILLIERE 69 HLBC 

IP3)11P4J 

RiO 1309 10.648) (0.0301 EVANS 69 HLBC REPL. BY EVANS 73 
RLO 3548 0.68 0.08 BASILE 70 OSPK 
RLO 6700 Q. 741 0.044 BRANDENBU 73 HBC 
RlO 1309 0.662 0.030 EVANS 73 HLBC 
RlO lOK 0.662 0.0:31 WILLIAMS 74 ASPK 
R 10 33K 0.702 Q. 011 CHO 80 HBC 
RLO KULYLiKINA 68 RtO IS NOT MEASURED INDEPENDENTLY FROM R2 AND R4. 
RLO BEILUERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUO.&.GOV 68 
RiO 
R 10 AVG 
R 10 FIT 

0.7001 
0.7001 

0.0093 AVERAGE !ERROR INCLUDES SCALE FACTOR OF l.QJ 
0.0092 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1·01 

Rll KOl INTO I"'U•Mu-1/CHARGEO (UNITS 10U-61 (P61/IP2•P3•P41 
Rll (100.01- OR LESS ANIKINA 65 CC 
Rll (250.0) OR LESS CL'='.90 ALFF-STEI 66 OSPK 
Rll (2.01 OR LESS CL:.;90 BOTT-BODE 67 OSPK 
Rll (35.01 OR LESS Cl=.90 FITCH 67 OSPK 

Rl2 KOL INTO (PI• Pt- GAMMAI!TOTAL IUNITS 10**-'"3) IP10) 
R12 (15.01 OR LESS ANIKINA 65 CC 
R12 (5.01 OR LESS BELLOTTI 1;6 HLBC GAM KE 40-130 ~~~ 
R12 (3.01 OR LESS NEFKENS 66 OSPK GAM KE 120 MEV 
R12 (0.41. OR LESS CL=.90 THATCHER 6B OSPK GAM KE 20:-170 MV 
R12 C3.2l OR LESS CL=."90 BOBISUT 74 HLBC GAlli KE GT 40 MEV 
R12 0 24 10.0621 10.0211 D0NALOS1 74 SPEC 
R12 10.461 CR LESS Cl=.90 WOO 74 SPEC 
R12 516 !0.01521 10.00161 CARROLL2. 80 SPEC •-OGA"'' KE GT 20 MEV 
R12 546 10.02891 10.00281 CARROLL2 80 SPEC •-0 
R12 K1062 . 0.0441 0.0032 CARROLL2 80 SPEC +-OGAM KE GT 20 MEV 
R12 D USES KOL TO Pl+Pt-PIO/All KOL DECAYS = 0.126 
R12 H INTERNAL BREMSSTRAHLUNG COMPONENT. ONLY. 
R12 J DIRECT GAMMA EMISSION COMPONENT ONLY. 
R12 K BOTH COMPONENTS. USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.1239. 

Rl3 KOL INTO .tE+ E-1/CHARGEO !UNITS 10**-61 IP71/IP2+P3+P41 
Rl3 I 1000.01 OR LESS ANI KINA 65 CC 
Rl3. 1200.01 C:R LESS CL=.90 ALFF-STEI 66 OSPK 
1U3 (23.01 OR LESS CL-=.90 SOTT-BODE 67 OSPK 

Rl4 
Rl4 
R 14 
Rl4 
Rl4 

KOL INTrJ IE MU II CHARGED I UN ITS 
110.01 OR LESS 
11.01 OR LESS CL= .. 90 
(0.11 OR LESS CL=.90 
O.OB OR LESS CL=,.90 

10**-41 
ANJKINA 65 CC 
CARPENTER 66 OSPK 
BOTT-BODE 67 DSPK 
FITCH 67 DSPK 

R 15 KOL INTO IE+ PI- NEUJI(E- PI+ NEUI 
R15 0 97 10.90} (0.181 NEAGU 61 CC 
R15 0 U.011 (0.161 LUERS 64 HBC 
R15 0 894 
R15 0 1539 

(0 .. 991 (0.0231 KULYUKINA 66 CC 
(1,.061 10 .. 05) VERHEY 66 C!SPK 

R15 0 LOW PRECISION EXPTS NOT AVERAGED. FOR MORE PRECISE VALUE, 
R15 0 SEE S13A2 IN THE CP VIOLATION SECTION BELOW. 

R16 KOL INTO (MU+ PI- NEUJIIMU- PI+ NEUJ 
R16 1M 1.0081 0 .. 0027 . ' OORFAN 67 OSPK 
R16 SEE ALSO S13A2 AND S13Al IN THE CP VIOLATION SECTION BELOW. 

Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 

Rl8 

FIT 

KOl INTO CPIO PIOI/TOTAL (UNITS 10**-31 (Plll 
1 (1.21 (1.51 {1.21 CRIEGEE 66 OSPK 

CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 PIO DECAY MODE 
189 (2.51 C0.81 GAILLARD 69 OSPK E00=3.6+-0.6 

LATEST RESULl OF THIS EXPERIMENT GIVEN BY FAISSNER 70 R19 

0.94 0.19 FROM FIT 

KOL INTO 13P101/(.PI+PI-PI01 IP11/IP21 
188 2.0 0.6 ALEKSANYA 64 FBC Rl8 .,. 1010 1.80 0.13 BUDAGOV 68 I-ILBC 

Rl8 
Rl8 
R 18 AVG 
R 18 FIT 

R 19 
RL9 ·c 
R19 C 
R 19 C 
Rl9 
Rl9 
R 19 "R 
Rl9 

8S3 (1.65) (0.07) 

1. 81 
1. 73 

0.13 
o. 10 

8ARMIN2 12 HLBC ERROR STAT. ONLY 

AVERAGE (ERROfl INCLUDES SCALE FACTOR OF 1.01 
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7J 

KOL INTO 12PIOI/OPIOI (UNITS 10**-21 IP1UitP11 
109 (1.891 10.311 CRONIN 1 67 OSPK ETAOQ::4.9+-0.5 

(1 .. 3t:l 10 .. 181 CRONIN 2 67 OSPK ETA00=3.92+-0.3 
CRONIN2 IS FURTHER ANALYSIS OF CRONIN! wNOW 80TH WITHDRAWN 

NO EVENTS SEEN BARTLETT 68 OSPK SEE EOO BELOW 
57 0.46 O. 11 BANNER 69 OSPK ETAOO=Z .. 2+-0.3 

133 (.1. 311 ( O. 311 CENCE 69 OSPK ETA00=-3.7-0.5 
29 0.37 0.08 BARhttN 70 HLBC ETA00=2 .. 02+-0.23 
30 0.32 0.15 BUDAGOV 70 HLBC ETA00:1.9•-0.5 Rl9 

Rl9 
Rl9 
Rl9 
Rl9 
Rl9 

F 172 o.qo 0.30 FAISSNER 70 OSPK ETA00-=3.2+-0.5 
R 150 1.21 0.30 REV 76 OSPK ETAOQ::3.8+-0.5 
F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 Rl7 
R CENCE 69 EVENTS ARE INCLUDED IN R.EY 76. 

R19 AVG 
R19 FIT 

0.437 
0.437 

0.09Z AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.6) 
0.085 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 
lSEE IDEOGRAM BELOW 1 

R20 KOL INTO CPT+ Pt-I/(KE3 + KMU31 (UNITS 10**-31 IP51/(P3+P41 
R20 309 (2..511 (0.231 OEBOUARD 67 OSPK ETA+-:c2.00+-0.09 
R20 52.5 (2.35) (0.191 FITCH 67 OSPK ETA+-=1.94+-0.08 
R20 2703 3.04 0.14 , DEVOE 11 SPEC ETA+-=2..2.5+-0.05 
R20 0 OLC EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- BELOW FOR 
R20 0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCPEPANCY. 
R20 
R20 FIT 3 .. 076 0.075 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

6/66 
11/67 
8/67 
8/67 

10/68 
3/74 

10/69 
1/73 

10/70 
1/74 
1/13 

10/74 
2/82* 
1174 

6/66 
9/66 
8/67 
3/68 

b/66 
B/67 
6/66 
2/71 

12.175 
10/74 
12/75 
12/80* 
12/80* 
12/80* 
10/74 
12/80* 
12/80* 
12/80* 

6/66 
6/66 
8/67 

6/66 
8/66 
8/67 
3/68 

8/66 
9/66 
8/67 

11/67 
2/71 

7/66 

5/69 
1171 

9/66 
10/68 

3174 

8/67 
11/67 
11/6S 
11/68 

2172 
10/69 
12170 
10170 
12170 
8/76 

1/77 

2176 
2/76 

11177 
2/76 
2176 

82 

Data Card Lis,tings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE - 0.437 ± 0.092 
ERROR SCALED BY 1.6 

Values above of weighted average, 
error, and scale factor are for the 
reader's c·onvenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, oX, 
and scale factor, which are differ­
ent from 'the values shown here. 

-+--· -REY 76 OSPK 
-FAISSNER 70 OSPK 
·BUDAGOV 70 HLBC 
·BARMIN 70 HLBC 
-BANNER 69 OSPK 

.4 

0.6 
0.7 

~ 
10.4 

-0 . 5 0 . 5 , . 5 2 . 5 
(CON LEV 
=0.035) 

KOL INTO (2PI0)/(3PIO) (10••-2) 

KOL INTO 12GA~MAI/13 PIOI (UNITS 10**":"31 «P91f1Pll R21 
R21 
R21 
R21 
R21 
R21 
R21 

16 2. 5 0.7 ARNOLD 68 HLBC VACUUM DECAY 
BANNER 69 IS NEW EXPT. NOT TO BE CONF WITH R8 OF CRONIN1 67 
115 2.24 0 .. 28 BANNER 69 OSPK 

28 2.13 0.43 BARMIN 71 HLBC 

AVG 2.24 o. 22. AVERAGE I ERROR INCLUDES SCALE FII.CTOR OF 1 .. 01 

R22 
R22 
R22 
R22 A 
R22 C 
R22 F 
R22 

KOL TNTO IMU+~u-1/IPI+PI-1 !UNITS lOU-SI (PE:IIIP51 
0 1140.1 OR LESS CL::.90 FOETH 69 SPEC 
0 118 .. 1 OR LESS CL:c.90 OARRIULAT 70 SPEC 
0 11.531 OR LESS CL=.90 CLARK 71 SPEC 

5.8 2 .. 3 1.5 CARITHERS 73 SPEC 
4.2 5.1 2.6 FUKUSHIMA 76 SPEC 

15 4.0 1.4 0.9 SHOCHET . 79 SPEC 
A CLARK 71 li1'1.IT RAISED FROM 1.2 E-06 BY FIELD 74 REANALYSIS. 
A NOT IN AGREEMENT WITH SUBSEQUENT EXPTS. SO NOT AVERAGED. 

C CARITHERS 73 ERRORS ARE AT CL::0 .. 68, W .. CARITHERS, PRIV.COMM. 
F FUKUSHIMA 76 ERRORS ARE AT CL:90 PERCENT. 

1979. 

R22 
R22 
R22 
R22 
R22 
R22 AVG 4.47 o. 95 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R23 . ., 
R23 

KOL INTO IE+ E- 1/(PhPI-1 (UNITS 10**-51 IP11/IPI51 
0 (10.01 OR LESS CL=.90 FOETH 69 ASPK 

0.10 OR LESS CL=.90 CLARK 71 ASPK 

R24 KOL INTO IE MUI/(PI+PI-1 (UNITS 10**-51 (P8111P51 

11/68 
2172 

11/68 
8/11 

5170 
11170 

2176 
2176 
2/76 
7/79 
2/76 
2/76 
2/76 
2/76 

5170 
6/11 

R24 A 10.101 OR LESS Cl=.90 CLARK "11 ASPK 6/71 
R24 A POSSIBLE (BUT UNKNOWN) SYSTEMATIC ERRORS. SEE NOTE A IN R22 ABOVE. 4/82* 

R25 
R25 

KOL INTO IPI E NEU GAMI/IKL E31 (UNITS 10**-21 IP121/IP31 
10 3.3 2.0 PEACH 71 HLBC GAM KE GT 15 MEV 

R26 
R26 

KOL INTO IPIO TWO GAMMASI/13PIOI (UNITS 10**-31 IP1311tP11 
0 1.1 DR LESS CL=.90 BANNER 69 OSPK 

R27 KOL INTO C PI+ PI-1/TAU· (UNITS 10**-21 I PSI/ (P21 
R27 4200 1.64 0.04 MESSNER 73 ASPK ETA +- = 2.23 
R27 
R27 FIT 1.635 0.035 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R28 KOL INTO IE+ E- GAHMAI/TOTAL IUNtTS LOtt*-51 (P141 
R28 8 0 12.71 OR LESS CL=.90 BARMJNl 72 HLBC 
R28 C 4 1. 74 O. 87 CARROLll 80 SPEC +-0 
R2S B USES KOL TO 3PIO/TOTAL=0.214 o 

R28 C USES KOL TO PI+Pt-PJO/All KOL DECAYS = 0.1239 • 

R29 KOL INTO CMU+ MU- GAMMAI/TOTAL IUNITS 10**-61 IP151 
R29 D 17.811 OR LESS Cla.90 OONALDS3 74 SPEC 
R29 C 1 0.28 0.28 CARROLL1 80 SPEC +-0 
R29 D USES KOL TO PI+PI-PIO/ALL KOl DECAYS = 0.126 • 
R29 C USES KOL TO PI+PI-PIO/All KOL DECAYS = 0.1239 • 

R30 KOL INTO (MU+ MU- PIOI/TOTAL (UNITS 10**-51 (P161 
R30 D (5.661 OR LESS CL=.90 DONALOS3 74 SPEC 
R30 C 0 0.12 OR LESS CL=.90 CARROLll SO SPEC 
R30 D USES KOL 10' Pt+PI-PIO/ALL KOL DECAYS = 0.(26 • 
R30 C USES KOL TO Pl+PI-PIO/All KOL DECAYS "'0.1239 o 

R3l KOL INTO (PI+Pl-E+E-1 /TOTAL (UNITS 10**-61 CP111 
R31 (30. I OR LESS ANIKINA 73 STRC 
R31 0 8.81 OR LESS CL=.90 DONALOSON 76 SPEC 
R31 D USES KOL TO PI+PI-PIO/All KOL DECAYS = 0.126 • 

R32 KOL INTO IPIO PI- E-+ NEUJITOTAL !UNITS 10**-31 IP18) 
R32 D 12.21 OR LESS CL:c.90 OONALDS3 "14 SPEC 
R32 16 0.062 0.020 CARROLL3 SO SPEC 
R32 D DONALDSON3 74 USES KOL TO PI+PI-PIO/ALL KOL DECAYS= 0.126 

R33 KOL INTO IPt MU ATOMI NEU/TOTAL (UNITS 10**-71 (P191 
R33 18 SEEN COOMBES 76 WIRE 

"" "" "" 
KOL INTO CE+ E- PIOIITOTAL (UNITS 10**-6f (P201 

0 Z.3 GR lESS CL ... 90 CARROLll 80 SPEC 
USES KOL TO PI+PI-PIO/All KOL DECAYS = 0.1239 • 

b/71 

2172 

6173 
6/73 

3/74 
12/80* 

12180*. 

12/75 
"6/77 

12/80* 
6/77 

12/80• 

12/75 
6/77 

12180* 
6/77 

12/SO* 

12175 
3/78 
6/77 
6/77 

12175 
6/77 
9/81* 
6/77 

6177 
6/77 

12/80• 
12/BO• 
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Data Card Listings 
For notation, see key at front of Listings. 

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION VI B.l AND MINI-REVIEW ON SLOPE PARAMETERS 
IN THE CHARGE!: K SECTION OF THE DATA CARD LISTINGS ABOVE 

MATRIX ELEMENT SQUARED= 1 + G*U + H*U**2 + JO:V • K*V••z 
WHERE U::C S3-SOJI(MPI**21 AND V=dSl-SZ1/IMP1+**21 

GTO LINEAR COEFFICIENT G FOR KL --> PI+ PI- PIO MATRIX ELEMENT SQUARED 
GTO 79 10.551 10.231 ADAIR 64 HBC AVr.-7.6 +- 1.1 
GTO 11 (0.51) 10 .. 201 LUERS 64 HBC AV=-7.3 +- 1.6 
GTO 66 10.321 10.131 ASTBURYl 65 CC AV=-5.5 +- loS 
GTO Q 310 (0.51) 10.09) ASTBURY2 65 CC AV=-(1.3 +.6 -.8) 
GTO Q 280 (0.641 10.111 ANIKINA 66 CC AV.,-18.2 +.9 -1.31 
GTO Q 126 (0 .. 70) 10.121 HAWKINS 66 HBC AV:-8.6- 0.7 
GTO Q 1350 (Q.64Q) 10.044) HOPKINS 67 HBC AT:c-0.294 +- .018 
GTO Q 1198 10.4281 10.0551 NEFKENS 67 OSPK AU:-0.204 +- .025 
GTO Q 2446 10.4001 10.0451 8ASILE2 68 OSPK AT:-0.188 +- .020 
GTO Q 29K 10.6501 10.0121 ALBROW 70 ASPK AY=-0.858+-.015 
GTO QB 36K 10.5'931 (0.022) BUCHANAN 70 SPEC AU=-0.278 +- .010 
GTO Q 4400 10.6641 10.0561 SMITH 70 OSPK AT=-0.306 +-0.024 
GTO Q lBO (0.501 CO.lll JAMES 72 HBC 
GTO Q 1486 (0.6081 10.0431 KRENZ 72 HLBC AT=-0 .. 271 +- .018 
GTO Q 384 (0 .. 6881 (0.0741 METCALF 72 ASPK AT=-0.31 +- .. 03 
GTO Q C0.6121 (0.0321 ALEXANDER 73 HBC 
GTO Q 3200 (0.731 10.041 BRANOENBU 73 HSC 
GTO QC 20K (0.6191 (0.0271 BISI 74 ASPK AT=-0.282 +- .011 
GTO 509K :>.677 0.010 MESSNER 74 ASPK AY=-0.917+-.013 
GTO Q 192 10.691 10.011 BALDOCECL 75 HLBC 
GTO Q 56K (0.5901 (0.,0221 BUCHANAN 75 SPEC AU=-0.277 +- .010 
GTO H6499 O. 681 O. 024 CHO 77 HBC 
GTO 4709 0.620 0.023 PEACH 77 HBC 
GTO Q QUADRATIC DEPENDENCE REQUIREO-BY SOME EXPERIMENTS ISEE SECTICNS 
GTO Q HTO AND KTO BELOW). CORRELATIONS PREVENT US FROM AVERAGING RESULTS 
GTO Q OF FITS NOT INCLUDING Go Ho AND K TERMS. 
GTO 8 BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUDE RADIATIVE COR. 
GTO B AND TO USE MCRE RELIABLE KL MOM.SPECT. OF 2ND EXPT.IHAO SAME BEAM). 
GTO C BISI 74 VALUE COMES FROM QUADRATIC FIT WITH QUAD. TERM CONSISTENT 
GTO C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED. 
GTO 
GTO AVG 0.670 0.014 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.61 

CSEE IDEOGRANI BELOW I 

WEIGHTED AVERAGE = 0.670 ± 0.014 
ERROR SCALED BY 1.6 

3171 
3171 
3/71 
3/71 
3171 
3/71 

10/69 
3/71 
3/71 
1/19 
2176 
1179 
1/13 

11/72 
11/72 
2/76 
1/74 

10/74 
7/75 

12175 
7/75 

11/77 
11/77 

2/76 
2/76 

11/75 
11/75 

CHISQ 
·PEACH 77 HBC 4.7 
·CHO 77 HBC 0. 2 
·MESSNER 74 ASPK 0.5 

5.4 
(CON LEV 

.55 0.60 0.65 0. 70 .75 . BO =0.066) 

HTO 
HTO 
HTO 
HTO 
HTO 
HTO 
HTO 
HTO 
HTO 

KTO 
KTO 
KTO 
KTO 
KTO 

TAU 0 SLOPE PARAMETER FOR KOL 

QUADRATIC COEFF. H FOR KL --> PI+ PI- PIO MATRIX ELE ... ENT SQUARED 
Q 29K 1-0.0111 10.0181 ALSROW 70 ASPK 
Q 4400 10.0431 (0.0521 SMITH 70 OSPK 

509K 0.079 0.007 MESSNER 74 ASPK 
6499 0.0<;5 0.032 CHO 77 HBC 
4709 0.048 0.036 PEACH 77 HBC 

SEE NOTES IN SECTION GTO ABOVE. 

AVG 0.07B6 0.0067 AVERAGE fERROR INCLUDES SCALE FACTOR OF 1.01 

QUADRATIC COEFf:. K FOR Kl --> PI+ PI- PJO MATRIX ELEMENT SQUARED 
509K 0.0097 0.001B MESSNER 74 ASPK 
6499 O. 024 O. 010 CHO 11 HBC 
Ct709 -0.008 0.012 PEACH 17 HBC 

KTO AVG 0.0098 0.0018 AVERAGE IERRQR INCLUDES SCALE FACTOR OF 1.01 

JTO LINEAR COEFF. J FOR Kl --> PI+ PI- PIO IS LISTED UNDER CP VIOLATIO~ 
JTO PARAMETERS IN KOL DECAYS. 

13 KOL FCRM FACTORS 

RELATED TEXT SECTION VI B.2 AND MINI-REVIEW ON FORM FACTORS 
IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE. 

IN THE FORM FACTOR COM~ENTS. THE FOlLOWING ABBREVIATIONS ARE USED. 
F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELFMENT. 
FS A"lO FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = (F+I + IF-I*T/IMK**2-MPI**21 
L+. L- AND LO ARE THE LINEAR EXPANSION COEFFS'. OF fi-o F- AND FO. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
OXI/Ol IS THE CORRELATION BETWEEN XI(OI AND L+ IN KMU3. 
DLO/DL+ I 5 THE CORRELATION BETWEEN LO AND l+ IN KMU3. 
T : MOMENTU~ TRANSFER TO THE PI IN UNITS OF MPI**-2. 
OP : DALITZ PLOT ANALYSIS 
PI :: PI SPECTRUM ANALYSIS 
MU : MU SPECTRUM ANALYSIS 
POL: MU POLARIZATION ANALYSIS 
SR : KMU3/KE3 BRANCHING RATIO ANALYSIS 
E = POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC : PAD I AliVE CORRECTIONS 

1/79 
1/79 
3178 
3/78 
3/78 
1179 • 

3/78 
3/7B 
3/78 

1/79 
1/79 

Stable Particles 
Ko 

L 

XJA X lA = F-/F+ (DETERMINED FROM SPECTRAl ------------------------
XIA A1341 +1. 2 I O. 81 CARPENTER 66 OSPK DP, DX1/0L:-1B 
X lA B 3140 1-3.9) I 0.41 BASILE 70 OSPK OP, INDEP OF L+ 
XJA c 16K 1-0.68) I 0.12J (0.20) CHIEN 70 ASPK OP, DXI/Ol=-26 
XIA D9086 -1.5 o. 7 ALB ROW 72 ASPK OP, DXI/OL=-28 
XIA c 16K 1+0.501 (0.6U DALLY 72 ASPK OP, OX 1/0L UNKN. 
XIA El385 -1.00 ( 0.45) PEACH 73 HLBC OP, OX 1/0L:-20 
XJA Fl.6M -0.11 o. 07 DONti.LDS2 74 SPEC OP, OXI/QL:::-17 
X lA G 32K -o. 25 o. 22 SUtrfANAN 75 SPEC OP, OXI/Dl=-5.9 
X lA H 16K +0.13 o. 23 HILL 79 STRC OP, OXI/DL:-20 
X lA H 14K +O. 26 0.16 CHO 80 HBC OP, DXI/DL:-13 
X !A 1150K -0.10 o. 09 BIRULEV Sl SPEC OP, DXI/Dl=-12 
XIA· 
X lA AVG -0.074 0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
X !A FIT -0.11 0.09 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 2.31 

XIA FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SEC. OF DATA COS. 
XIA A CARPENTER 66 XIIOI IS FOR L+::::O. OXI/Dl IS FROM FIG. 9. 
XIA 6 BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
XIA B THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 
XIA C CHIEN 70 ERRORS ARE STATISTICAL ONLY. OXI/Ol FROM FIG.4. 
XIA C DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY 72 RESULT IS 
XIA C · NOT COMPATIBLE WITH ASSUMPTION L-=0 SO NOT INCLUDED IN OUR FIT. 
XIA C THE NON-ZERO L- VALUE AND THE REU.TIVELY lARGE L+ VALUE FOUND BY 
XIA C DALLY 72 COME MAINLY FROM A SINGLE LOW T BIN IFIGS.1.21. 
X lA C . THE IF+ 9 XII CORRELATION WAS IGNORED. 
XIA C WE ESTIMATE FROM FIG. 2 THAT FIXI~G L-=0 WOULD GIVE XII01=-1.4+-0.3 
XIA C AND WOULD ADO 10 TO CHI SQUARED. DXI!Ol IS NOT GIVEN. 
XIA 0 ALBROW 12 FIT HAS L- FREEt GETS L-=-.030+-.060 OR LAM=+.\5+.11-.11. 
X lA E PEACH 13 GIVES XI 0=-.95+-.45 FOR L+=L-=.025 .. THE ABOVE VALUE IS 
XIA E FOR l-=0. K.PEACH, PRIVATE COMMUNICATIONC19141 .. 
X lA F OONALOSON2 14 GIVES XI=-.11+-.02 NOT INCLUDING SYSTEMATICS. ABOVE 
XIA F ERROR AND DXI/Ol WERE CALCULATED BY US FROM LO AND L+ ERRORS !WHICH 
XIA F INCLUDE SYSTEMATICSI AND DLO/DL+. 
XIA G BUCHANAN 75 IS CALCULATED BY US FROM LO. L+ AND OLO/DL+ BECAUSE 
XIA G THEIR APPENDIX A VALUE -.20+-22 ASSUMES XIITI CONSTANT, I.E. L-:L+. 
XIA HILl 79 AND CHO 80 CALCULATED BY US FROM LO, L+. AND DLO/OL+. 
X lA BIRULEV 81 ERROR. DXI/Dl CALC. BY US F~OM lOo L+. OLO/OL+=O USED. 

XIS 
XJB 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIB 
XIS 
XIS 
XIS 
XIS 
XIS 
X IS 

XIB 
X IS 

X IC 
XIC 
XJC 
X IC 
XIC 
X IC 
X JC 
XJC 
X !C 
X!C 
XJC 
XJC 
XIC 

XIS "' F-/F+ !DETERMINED FROM KMU3/KE31 -----------------------
THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI I 01 
AND L+. WE QUOTE THE AUTHORS XI (01 AND ASSOCIATED l+ BUT 00 NOT 
AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCUE 
FACTOR GIVEN IN THE NOTE ON Kl3 FORM FACTORS IN THE K- SECTION OF 
THE DATA CARDS ARE NOT OBTAINED FROM THESE XIS VALUES. INSTEAD 
THEY ARE OBTAINED DIRECTLY FROM THE AUTHORS KMU3/KE3 BRANCHING 
RAT 10 VIA THE FIT TEO KMU3/KE3 RATIO CRlOI. 

389 (+1.11 11.11 ADAIR 64 HBC 
1+0.661 10.91 (1.31 LUERS 64 HBC 
1+0.21 10.8) (1.21 KUL'fUKINA 68 CC 

569 (+0.451 (0.281 BEILLIERE 69 HLBC 

BR, L+=O 
BR, L+:c:Q 
SR. L+:O 
BR, L+:cO 

E 1309 
3548 
6700 

E1309 

1-0.221 I O. 301 EVANS 69 HLBC 
C-0.51 10.51 BASILE 70 OSPK 
10.51 10 .. 41 BRANDENBU 73 HBC 

1-0.081 (0.251 EVANS 73 HLBC 

SR. L+=.02 
BR, L += .01 9+-.013 
SR, L+=.02 

FIT -o. t1 0.09 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.31 

FIT OISCUSSEC IN NOTE ON KL3 FORM FACTORS IN K+- SEC. OF DATA CDS. 
E EVANS 73 REPLACES EVANS 69. 

XIC = F-/F+ IOETERMINEO FROM MU POLARIZATION IN KMU31 -----------
THE MU POLARIZATION IS A MEASURE OF XIITI. NO ASSUMPTIONS ON L+­
NECESSAR'f. T (WEIGHTED BY SENSITIVITY TO XIOI SHOULD BE SPECIFIED. 
IN L+9 XIIOJ PA~AHETERIZATION THIS IS XIIOI FOR l+=O .. DXI/DL=XI*T. 

FOR RAO. CORR. TO MUON POLARIZATION IN KMU3o SEE GINSBERG 73. 
T 2608 1-1.21 10 .. 51 AUERBACH 66 OSPK POLARIZATION 
T 638 1-1.61 (0.51 ABRAMS 68 OSPK roLARIZATION 

L -1.81 0.50 0.26 LONGO 69 CNTR POL. T:3.3 
52. 2M -0.385 O. 105 SANDWE ISS 73 CNTR POL,OX 1/0L=-6 
H207K +0.178 0.105 ClARK 77 SPEC POL,OXI/DL=+.68 

AVG 
FIT 

-0.17 
-0.11 

O. 28 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 3.91 
0.09 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 2.3) 

XIC 
XIC T 

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SEC. OF DATA COS. 
T VALUE NOT GIVEN. 

X IC l 
XIC 5 
XIC H 

LONGO 69 T=3.3 CALC. FROM OXI/OL-=-6.0 HABLE 11 DIVIDED BY Xl=-1.81 
SANOWEISS 73 IS FOR l+:Q AND T=O. 
CLAPK 77 T=+3.80t DXI/QL:XJITI*-T=.17B•3.80=+.68. 

lXI IMAGINARY PART OF XI (TEST OF T REVERSAL! --------------

1174 
1/74 
1/74 
1/74 
1/74 
1/74 

11175 
2/76 
4/82* 
4/82* 
4/82* 

5/82* 

1/74 
1174 
117Ct 
1174 
1/74 
2176 
1174 
1/74 
1174 
1174 
1/74 
1/74 
1/74 
1174 

11/75 
11175 
11175 
2/76 
2/76 
4/82* 
4/82* 

1/74 
1/74 
1/74 
2176 
2/76 
2176 
2/76 
1/74 
1174 
1/74 
1/7Ct 
1/74 
1/74 
1/74 
1/74 

5182* 

1174 

2172 
8/67 
5/69 
1174 
1174 

11/77 

5/82* 

1174 
1/74 
1/74 

11177 

lXI -0.2 0.6 ABRAMS 68 OSPK POLARIZATION 10/69 
lXI -0.02 0.08 LONGO 69 CNTR POL. T:3.3 11/69 
lXI 2.2M -0.060 0.045 SANDWEISS 13 CNTR POLo T:O 1/74 
lXI S2.2M -0 .. 085 0.064 SANOWEISS 73 CNTR POL.T::O ·t2/79 
lXI C207K 0.35 0.30 CLARK 71 SPEC POL• T"'O 11/77 
lXI (0.0121 10.0261 SCH"!IOT 79 CNTR REPL.BY HORSE 80 12179 
lXI 12M 0.009 0.030 MORSE 80 CNTR POLARIZATION 10/81* 
lXI SANOWEISS 73 VALUE CORRECTED FROM VALUE QUOTED IN THEIR PAPER DUE 12179 
lXI TO NEW VALUE Of RECXJI. SEE FTNOTE 4 OF SCHMIDT 79. 12/79 
!XI CLARK 77 VAlUE HAS ADDITIONAL XIO DEPENDENCE +0.2l*REIXIOI. 11/77 
I XI 
I XI AVG -q.020 0.022 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 
L+M 

LAMBDA+ (LINEAR ENERGY DEPENDENCE OfF+ IN KMU3 OECAYI 
SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO. 
FOR RAO.COR. OF KMU3 DP SEE GINSBURG 70 AND BECHERRAWY 70. 

16K 10.071 (0.021 CHIEN 70 ASPK REPL. BY DALLY 72 
A9086 O. 085 0.015 AlBROW 72 ASPK DP 

16K 10.111 10.041 DALLY 72 ASPK OP 
82K 10.0461 (0.0081 ALBRECHT 74 WIRE REPL. BY BIRUlEV 81 

1.6M 0.030 0.003 ODNALDS2 74 SPEC DP 
32K 0.046 0.030 BUCHANAN 75 SPEC DP 

129K (0.03311 (0.00331 OZHORDZHA 17 SPEC REPL. BY BIRULEV 81 
16K 0.028 O.Oll HILL 79 STRC OP 
14K 0.028 0.010 CHO 80 HBC DP 

150K 0.0427 0.0044 BIRULEV 81 SPEC OP 

0.0347 0.0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.11 

3/74 
1/74 
1/74 
1174 

11/75 
10/74 
9/75 

12/79 
12179 
2182• 
1182* 

LH'I AVG 
L+f'l FIT o. 03Ct 0. 005 FROM F lT (ERROR INCLUDES SCALE FACTOR OF 2.3 J 5182* 

L+M FIT DISCUSSED IN NOTE ON KU FORM FACTORS IN K+- SEC. 'JF DATA COS. 



Stable Particles 
Ko 

L 

LO 
LO 
LO 
LO L 
LO L 

LAM604 0 !LINEAR ENERGY DEPENDENCE OF FO IN I<MU3 OECAVJ 
WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES Of XIIOI INTO 
VALUES OF tO·USING THE ASSOCIATED l+M AND OXI/DL. 

1371 +0.08 10.011 CARPENTER 66 OSPK OP,OLO/OL+=-0.54 
-0.140 10.0431 I0 .. 0221LONGO 69 CNTR PQL,DLO/OL+=+.49 

LO B 3140 
LO A 9086 
l 0 C 16K 
LO R 6700 
LO P 1385 
LO L 2.2M 
LO 82K 
LO E 1.6M 
LO F 32K 
lO L 207K 

1-0.3331 (0.034) BASILE 70 OSPK QP,OLO/OL+"'+l. 
-0.043 0.052 ALBROW 72 ASPK OP,OlO/OL+=-1.39 

1-0.0671 I0.221J DALLY 72 ASPK OP,OLO/OL+ UNKN. 
1+0.061 (0.031 BRANOENBU 73 HBC SR,L+::.Ol9+-.013 
-0.060 10.0381 PEACH 73 HLBC OP,OLO/OL+=-0.71 
-0.018 10.0091 SANOWEISS 73 CNTR PQL,QLO/Dl+=+.49 

1+0.0241 10.0111 ALBRECHT 74 WIRE REPL. BY BIRULEV 81 
+0.019 0.004 DONALOS2 74 SPEC QP,QLO/DL+:-0.47 
+0. 025 0.019 BUCHANAN 75 SPEC OP,OLO/OL+=+Oo5 
+0. 04 7 I Q. 009 J ClARK 77 SPEC POL, DLO/Ol +:c: 1.06 

LO 47K (+0.04851 {0.00761 OZHORDZHA 77 SPEC REPL. BV BIRULEV 81 
LO 16K +0.039 0.010 Hill 79 STRC OP,OlO/Dl+=-0.67 
LO 14K +0.050 0.008 CHO 80 HBC OP,OLO/DL+=-0.11 
LO G 14K 
LO H 150K 
LO 

10.041J {0.0081 CHO 80 HBC BR 1 L+:::0.02B 
0.0341 0.0067 BIRULEV 81 SPEC OP 1 0LO/OL+=? 

LO AVG 
LO FIT 

0.0279 
0.025 

0.0057 AVERAGE fEPROR INCLUDES SCALE FACTOR OF 1.':11 
0.006 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.3J 

LO 
LO l 
LO B 
LO B 
LO B 
LO A 
LO A 
LO C 
LO C 
LO C 
LO C 
LO P 
LO R 
LO R 
LO E 
LO F 
LO F 

FIT DISCUSSED IN NOTE ON Kl3 FORM FACTORS IN K+- SEC. OF DATA COS. 
LO VALUE IS FOR L+=Q.03 CALCULATED BY US FROM XIO AND OXI/Olo 
BASILE 70 LO IS FOR L+,O. CALCULATED BY US FROM XiA WITH DXI/Dl:::O., 
BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 
ALBROW 72 lO IS CALCULATED BY US FROM XIA,l+ AND DXI/DL. THEY GIVE 
L0=-.043+-.039 FOR L-:::Q. WE USE OUR LARGER CALCULATED ERROR. 
DALLY 12 GIVES FO:::l.20+-.35, L0==-.080+-.272, LOPRIME=-.006+-.045, 
BUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS LO/FO. 
WE CA~NOT CALCULATE TRUE LO ERROR WITHOUT HIS fLO,FOJ CORRELATIONS. 
SEE AlSO NOTE C IN SECTION XIA. 
PEACH 73 ASSUMES L+=0.025. CALCULATED BY US FROM XIO AND OXIO/OL+. 
FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 
KMU3/KE3 RESULT FROM THIS EXPERIMENT. 
OONALDSON2 74 OLO/DL+ OBTAINED FROM FIG. lB. 

LO G 

BUCHANAN 75 \IALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 
OLO/Ol+ WAS OBTAINED BY PRIVATE COMMUNICATION, C.BUCHANAN, 1976. 
CHO 80 BR RESULT NOT INDEPENDENT OF THEIR OP RESULT. 

LO 
LO 

L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 

BlRULEV 81 GIVES DLO/OL+=-1·5, GIVING AN UNREASONABLY NARROW ERROR 
ElliPSE WHICH DOMINATES ALL OTHER RESULTS. WE USE DlO/DL+cO. 

LAMBDA+ tLINEAR ENERGY DEPENDENCE OFF+ IN KO E3 OECAYI 
FOR RAO.COR. OF KE3 OP SEE GINSBURG 67 AND BECHERRAWY 70. 

153 +0.07 0.06 LUERS 64 HBC OP, NO RC 
577 +0.15 0.08 FISHER 65 OSPK DP, NO RC 
762 -0.01 0.02 FIRESTONE 67 HBC OP, NO RC 
531 +0.01 0.015 KAOYK 67 HBC EtPit NO RC 
240 +0.08 0.10 0.08 LOWYS 67 FBC PI 

1000 Q. 02 O. 013 ARONSON 68 OSPK PI 
4800 +0.023 0.012 BASILE 68 OSPK QP, NO RC 

42K 0.023 0.005 BISI 71 ASPK DP 
16K 0.05 0.01 CHIEN 11 ASPK QP, NO RC 

1910 0.022 O.Olt. NEUHOFER 72 ASPK PI 
5600 0.045 0.014 ALBROW 13 ASPK OP 
1871 0.019 0.013 BRANOENBU 73 HBC PI TRANSV. 
2171 0 .. 040 0.012 WANG 74 OSPK OP 

25K O. 0270 O. 0028 BLUMENTHA 75 SPEC OP 
24K O. 044 O. 006 BUCHANAN 75 SPEC OP 
48K t0.0321 (0.00421 BIRULEV 76 SPEC REPL. BY BIRULEV 81 

500K 0.0312 0.,0025 GJESOAL 76 SPEC DP 
E 12K O. 025 0. 005 ENGLER 78 HBC OP 

lBK 0.0348 0.0044 Hill 78 STRC OP 

1174 
1/74 
1/74 
1/74 
1/74 
1/74 
1/14 
1174 

11175 
10/74 
2/16 

11/77 
12/79 
12179 
2182• 
2182* 
4/82• 

5/82• 

1/74 
1174 
1/74 
1/74 
1/74 
1/74 
1174 
1174 
1/74 
1/74 
1/74 
2176 
2/76 

11/75 
2/76 
2176 
4/82* 
4/82* 
4/82* 

3/74 

8/67 
8/67 
8/67 
8/67 
5/69 
3/68 

12/71 
6/71 
1/73 
9/73 
1/74 
7174 
7175 
7175 
1178 
1177 
7/79 
6178 

L+E 
L+E 
L+E 
L+E 
l+E E 
L+E 

26K {0.02861 {0.00491 BIRULEV 79 SPEC REPL. 
19K (0.0291 {0.0051 CHO 80 HBC OP 
74K 0.0306 0.0034 BIRULEV 81 SPEC OP 

BY BIRULEV 81 10/81* 
2/82• 
1/82* 

L+E 
L+E 
L+E 

ENGLER 78 USES UNIQUE KE3 SUBSET OF CHO 80 EVENTS AND IS LESS 
SUBJECT TO SYSTEMATIC EFFECTS. 

2/82* 
2/82* 

l+E AVG 0.0300 o. 0016 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 

FS 
FS 
FS 
FS 
FS 
FS 

FT 
FT 
FT 
FT 
FT 
FT 

I SEE IDEOGRAM BELOW I 

WE I GHTED AVERAGE = 0.0300 ± 0.0016 
ERROR SCALED BY 1 . 2 

CHI SO 
·BIRULEV 81 SPEC 0.0 
·HILL 78 STRC 1. 2 
·ENGLER 78 HBC 1 .0 
·GJESDAL 76 SPEC 0.2 

+ ·BUCHANAN 75 SPEC 5.4 
·BLUMENTHA 75 SPEC 1.1 
·WANG 74 OSPK 0.7 
·BRANDENBU 73 HBC 0.7 
·ALBROW 73 ASPK 1 
·NEUHOFER 72 ASPK .3 
·CHIEN 71 ASPK 4 .0 
·BISI 71 ASPK 2 .0 
·BASILE 68 OSPK 0. 3 
·ARONSON 68 OSPK 0. 6 
·LOWYS 67 FBC 
·KADYK 67 H8C 1. 8 
·FIRESTONE 67 H8C 
·FISHER 65 OSPK 
·LUERS 64 HBC 

-0.1 0. 1 0.2 0.3 0.4 

LAMBDA+ FOR KE3 DECAY OF KOL 

20.6 
(CONLEV 
=0. 112) 

FS/f+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 OECAYfABS. VALUEJ---
(0 .. 15) OR LESS CL=.68 KULYUKINA 67 CC 10/69 

5600 (0.191 CR. LESS CLc.,95 ALBROW 73 ASPK 9/73 
25K (Q. 041 OR LESS CLc.,68 BlUMENTHA 75 SPEC 7175 
48K (0.07J OR LESS CL=.68 BIRULEV '16 SPEC SEE ALSO BIRULEV 81 1/78 
18K f0.095JOR LESS CL=.95 HILL 78 STRC 6/78 

FT/F+ RATIO CF TENSOR TO F+ 

5600 
25K 
48K 
lBK 

(1.01 OR LESS Clc.6B 
(l.OI OR LESS Cl=.95 
(0.231 OR LESS CL=.6B 
10.341 CR LESS CL=.68 
f Q. 401 OR lESS CL= .. 95 

COUPLINGS FOR KE3 DECAY lABS. VAlUEI---
KULYUKINA 67 CC 10/69 
ALBROW 73 ASPK 9173 
BLUMENTHA 75 SPEC 7175 
BIRULEV 76 SPEC SEE ALSO BJRULEV Bl 1/78 
HilL 78 STRC 6/78 

FTM FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KHU3 OECAYfABS. VALUEI---
FTM 10.121 C O.lZJ BIRULEV 81 SPEC 2/B2* 
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Data Card Listings 
For notation, see key at front of Listings. 

13 CP VIOLATION PARAMETERS IN KOL DECAYS 

RELATED TEXT SECTION VI B.3 AND MINI-REVIEW BELOW 

-----------------13 CHARGE. ASYMMETRY IN TAU DECAYS-------------------

JTO 
JTO 
JTO 
JTO 
JTO 

'JTO 
JTO 
JTO 
JTO 
JTO 
JTO 

CDEFF Of TERM (Sl-S21/IMPI21 IN MATRIX ELEMENT DEFINED AT BEGIN~HNG 
OF SECTION GTO ABOVE. SEE ALSO MINIREVIEW ON SLOPE PARAMETERS IN 
CHGD K SECTION AND TEXT SEC. VI B .. l. THIS SECTION REPLACES CHARGE 
ASYMMETRY PIIRAMETER SECTIONIAJ IN THE 1978 AND EARLIER EDITIONS. 

238K 0.001 0.004 BLANPIEO 6B 
3M O. 0013 O. 0009 SCR I BAND 70 

4400 0.0 0.011 SMITH 70 OSPK 
6499 0.001 0.011 CHO 11 
4709 -0.001 0.003 PEACH 17 

AVG 0.00110 0.00084 AVERAGE tERROR INCLUDES SCALE FACTOR OF l.OJ 

--------------1 ~ CHARGE ASYMMETRY IN LEPTONIC DECAYS (PERCENT I-----­

TEXT SECTION VI 8.3 C 

SUCH ASY"'METRV VIOLATES CP • IT IS RELATED TO REALIEPSILDNI. 

Al KOL INTO tMU+PI-NUI-fMU-PI+NU)f(MU+Pt-NUI+fMU-Pt+NUI IPERCENTI 
Al D 1M 10.4031 10.1341 OORFAN 67 OSPK DERIVED FROM Rl6 
AiD 1M 0.57 0.11 PACIOTTl 690SPK 
Al 7.7M 0.278 0.051 PICCIONI 12 ASPK 
Al 
AI 
AI 
AI 

4.1M 0.60 0.14 MCCARTHY 73 CNTR 
15M 0.313 0.029 GEWENIGL 74 ASPK 

PACIOTTI 69 IS A REANALYSIS OF OORFAN 61 AND IS CORRECTED FOR 
MU+ MU- RANGE DIFFERENCE IN MC CARTHY 12. 

AI 
A1 AVG o. 319 0.038 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.51 

CSEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 0.319 ± 0.638 
ERROR SCALED BY 1.5 

·GEWENIG1 
·t.ACCARTHY 
·PJCCIONI 
·PAC lOTTI 

74 

73 
72 
69 

ASPK 
CNTR 
ASPK 
OSPK 

CHI SO 
o.o 
4.0 
0.6 

4.7 

1/79 
1179 
1/79 
1/79 
1/79 

11/67 
1/73 
1173 
6/73 
7/14 
1/73 
1173 

(CON LEV 
0.0 1. 0 =0.094) 

CHARGE ASYMMETRY FOR KL --> MU PI NU 

A2 KOL INTO tE+PI-NUI-fE-PI+NUI/fE+PI-NUI+fE-PI+NUJ I PERCENTl 
A2 B 10M 10.224J (0.0361 BENNETT 67 CNTR 
A2 B 10M 0. 246 Q. 059 SAAL 69 CNTR 
A 2 10M O. 346 Q. 033 MARX 70 CN'TR 
A2 600K 0.36 0.18 ASHFORD 72 ASPK 
A2 40H 0.318 0.038 FITCH 73 ASPK 
A2 34M 0.341 0.018 GEWENIGl 74 ASPK 
A2 8 SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 
AZ 

AL 
AL B 
AL 0 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 

AVG 0.333 0.014 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

KOL INTO I fl+l-fl-JJ/((L+f+ll-JJ I COMBINED Al AND 
10M O. 246 O. 059 SA.AL 69 CNTR 

1M 0.57 0.17 PACIOTTI 69 OSPK 
10M 0.346 0.033 MARX 70 CNTR 

600K 0.36 0.18 ASHFORD 72 ASPK 
7.7M 0.218 0.051 PICCIONI 72 /ISPK 

40M 0.318 0.038 FITCH 73 ASPK 
4.1M Oo 60 Q. 14 MCCARTHY 73 CNTR 

33M 0.333 0.050 WILLIAMS 13 ASPK 
15M 0.313 0.029 GEWENIG1 74 ASPK 
34M Oo 3'tl O. 018 GEWENIGl 74 ASPK 

SEE FOOTNOTES IN SECTIONS Al AND A2 ABOVE. 

A2J IPERCENTI 
KE3 
KMU3 
KE3 
KE3 
KMU3 
KE3 
KMU3 
KMU3+KE3 
KMU3 
KE3 

AL AVG a. 330 o. 012 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

--------------13 PARAMETERS FOR KOL INTO 2PI DECAY------------­
TEXT SECTION VI 8.3 C 

ETA+-"" AfKL TO Pt+Pl-1/AfKS TO PI+Pt-J 
ETAOO = ACKL TO PIOPIOJ/AIKS TO PIOPtO» 

THE FITTED VALUES OF ETA+- AND ETA DO GIVEN BELOW ARE THE RESULTS 
OF A FIT TO ETA+-, ETAOO AND ETAOO/ETA+- RESULTS. THE VALUES LISTED 
BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE 
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER 
THE FIT AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER 
THE FJT VIA THE QUANTITY ACTUALLY MEASURED-- BRANCHING RATIOS 
R9, R20 AND R27 IETA+-J AND Rl1 AND Rl9 IETAOOJ. THESE BRANCHING 
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS ANO CURRENT Kl AND KS 
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA+- AND ETAOO VALUES OBTAINED 
FROM THESE PATES ARE ENTERED BELOW WITH THE NAME 1 GKL/GKS'. 

11/67 
10170 
10/70 
2112 

12/73 
1/14 

2171 
1/13 
2/71 
2172 
1/73 

12/73 
6/73 

12/73 
7/74 
7174 
1/73 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
Ko 

L 

EOS IETAOOI**2 IAIKL TO 2PIOJ/A(KS TO 2PIOit**2 !UNITS 10**-61 
EOS X 0 1-2. I· (7.0) ' BARTLETT 68 OSPK 
EOS X 57 14.91 I 1 .. 21 BANNER 69 OSPK 
EOS XR 133 114 .. 11 13.41 CENCE 69 OSPK 
EOS XF 180 (13.1 14.1 GAILLARD 69 OSPK 
EOS X 29 (4.081 10.91 BARMIN 70 ~LBC 
EOS X 30 (3.611 11.91 BUOAGOV 70 HLBC 
EOS C 8.7 3. 7 CHOllET 70 OSPK CU REG. ,4 GAMMAS 
EOS XF 172 (9.91 (3.4) FAISSNER 70 OSPK 
EOS C 56 7.4 2.0 WOLFF 71 OSPK C:u REG .. 4GAMMAS 
EOS XR 150 114.11 I 3.41 REV 76 OSPK 
EOS 5.43 o. 84 CHRISTEl 79 ASPK 
EOS X 5.1 1.0 GKL/GKS 82 RVUE BR SCALE FACTOR:cl.5 
EOS X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO. 
EOS R CENCE 69 EVENTS ARE INCLUDED IN REV 76. 
EOS F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 
EOS C CHOLLET 70 GIVES ETAOO=I1 .. 23+-0~241*1REGEN AMPL,2GEV/C CU)IlOOOOMB 
EOS C WOLFF 7l GIVES ETAOO=I1 .. 13+-0 .. 121*1REGEN AMPL,2GEV/C CUI/10000MS 
EOS C WE COMPUTE BOTH ETA00**2 VALUES FOR !REGEN AMPL,2GEV/C CUI=24+-2MB. 
EOS C THIS RE.GEN AJroiPL RESULTS FROM AVERAGING OVER FAISSNER 69, 
EOS C EXTRAPOLATED USING OPTICAL MODEL CALCULTtONS OF BOI"M ET AL. 
EOS C PL 278 594 (19681 AND THE DATA OF BALATS 71. (FROM H. FAISSNER, 
EOS C PRJ VATE COMMUNICATION I 
EOS F FAISSNER 70 CCNTAINS SAME 2PIO EVENTS AS GAILLARD. 69 
EOS ... 
EOS AVG 5.58 0 .. 60 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1 .. 01 
EOS FIT· 51.41 0 .. 38 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 
EOO THIS FIT VALUE CORRESPONDS TO ETA00=2.325+-0.0B2 

E+- ETA+- = AIKL TO PI+PI-1/ACKS TO Pl+PI-1 UNITS 10**-3 ------------
E+- •X 45 (1.951 (0.201 CHRISTENS 64 OSPK 
E+- X 54 (1.991 I 0.161 GALBRAITH 65 ·OSPK 
E+- X I 1.921 I 0.13) BASILE 66 OSPK 
E+- X 11.951 I 0.041 BOTT-BOOE 66 OSP.K 
E+- X (2.001 10.091 OEBOUARO 67 OSPK 
E+- X (1.941 10 .. 081 FITCH 67 OSPK 
E+- AX 11 .. 951 10.031 GKL/GKS 71 RVUE EXPTS. BEFORE 71 
E+- A AVERAGE OF ABOVE EXPERIMENTS. THESE ARE EXCLUDED FROM THE GKL/GKS, 
E+- A AVERAGE, AND FIT VALUES BELOW SINCE THEY DO NOT AGREE WITH MORE 
E+- A RECENT PRECISE AND IN PRINCIPLE SUPERIOR EXPERIMENTS. 
E+- X 4200 12.231 (0.051 MESSNER 73 ASPK 
E +- 2. 30 O. 035 GEWENI G2 74 AS PK 
E+- X 2703 12.251 10.051 DEVOE 77 SPEC 
E+- 2.27 0.12 CHRISTEl 79 ASPK 
E+- X 2.255 0.029 GKL/GKS -82 RVUE BR EXP. AFTER 71 
E+- X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO. ,_ 
E+- AVG 2.273 0.022 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
E+- FIT 2.274 0.022 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

ER 
ER 
ER 
ER 
ER 
ER 
ER AVG 
ER FIT 

F­
F+­
F+­
F+­
F­
F­
F-
,_ 0 

F- 0 
F+- 0 
F- 0 
F- 0 
F- N 
F- c 
F+- B 
F- F 
F- J 
,_ 0 
,_ p 

F- G 
F+- ·H ,_ 
F-
F+- AVG 
F+- FIT 

RATIO OF ETAOO OVER ETA+-
124 1.03 0.07 BANNERl 12 GSPK 
167 t.oo a. 06 HOlDER 72 ASPK 

(1.001 10.091 CHRISTEl 79 ASPK 
NOT INDEPENDENT OF E+- AND EOS VALUES WHICH ARE INCLUDED IN FIT. 

1.013 0.046 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
1.023 0.0"36 FROM FIT !ERROR INCLUDES SCALE FACTOR OF l.U 

PHASE OF E1 A +- I DEGREES I -----------------------
THE DEPENDENCE OF THE PHASE DN··THE KOL-KOS MASS DIFFERENCE 
IS GIVEN FOR EACH EXPERIMENT IN THE COM"1ENTS BELOW, WHERE OM IS 
IMASS OIFF~/HBAR) IN UNITS 10*'~<10 SEC-1. WE HAVE EVAlU.HED THE.SE 
MASS DEPENOHCES USING OUR APRfl 1982 VALUE, DM=0.5"349+-0.0022 
TO OBTAIN TI-'.E VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE 
REGENERATOR PHASE FR IN THE COMMENTS BELOW. 

145.01 150.01 FlTCH 65 OSPK 
130.01 145.0) FIRESTONE 66 HBC 
170.01 121.01 BOTT-BOOE 67 OSPK 
(25.0} (35.0) MISCHKE 67 OSPK 

OLD EXPERIMENTS WITH lARGE ERRORS NOT INCLUDEC IN 
151.0.1 (11.01 BENNETT2 68 CNTR 
34.2 10.0 BENNETT 69 CNTR 
45.3 12.0 BOHM 69 OSPK 
45.2 7.4 FAISSNER 69 ASPK 
40.6 4.2 JENSEN 70 ASPK 
37.2 12.0 BALATS 71 OSPK 
36.2 6. 1 CARNEGIE 72 ASPK 
46.5 1.6 GEWENIG2 74 ASPK 
45.5 2.8 CARITHERS 75 SPEC 
41.7 3.5 CHRISTEl 79 ASPK 

,BE II.EGEN 

C REGEN 
CU REGEN 

AVERAGE. 
CU REG. USES 
CU REGEN 
VACUUM REGEN 
CU· REGEN 
VACUUM REGEN 
CU REGEN 
CU REGEN 
VACUUM REGEN 
C REGEN 

44.6 
44.6 

1.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
1.2 FROM FIT IERRDR INCLUDES SCALE FACTOR OF 1.01 

COMMENTS 

10/69 
2/72 

10/69 
10/69 
12/70 
10/70 
2/72 

12/70 
12/71 
8/76 

12/79 
4/82* 

1/77 

2112 
2/72 
2/72 
2172 
2172 
2/72 
2/12 

4/82* 
4/82* 

2176 
2/76 
2/76 
2/76 
2/76 
2/76 
2/76 
1180 
1/80 
1/80 

11/75 
3/74 

11/77 
12f1q 
4/82* 

8/72 
8/72 
2/80 
2180 

4/82• 

11/67 
11/67 
11/67 
7/68 
2/76 
8/68 
2171 
2/71 
2/71 
2/71 
9/71 
1/13 
3/74 
7/75 

12179 

4/82* 

F­
F+­
F­
F+­
F+­
F­,_ 

BENNETT 69 
BENNETT 69 
BENNETT 69 
BOHM 69 
FAISSNER 69 
FAISSNER 69 
JENSEN 70 
BALATS 11 
CARNEGIE 12 
GEWENtG2 74 
CAR tTHER 75 

IS A REEVALUATION OF BENNETT2 68. , 11/69 

F­
F+­
F­
F-

FOO 
FOO 
FOO 
FOO 
FOO 
FOO AVG 
FOO 

USES MEASUREMENT OF I F+-1-IPHIFI OF AlFF-STEIN8ERGER 66. 2171 
F+-=134.9+-10.01+ 69•WM-.545J OEG. FR=-49.9+-5.4 DEG. 2171 
f+-=1 41. 0+-12. 0 I +479*1 OM-. 526 I OEG. 2171 
ERROR ENLARGED TO INCLUDE ERROP IN REGENERATOR PHASE. 11/69 
F+-=149.3+~7.41+205*1DM-.5551 DEG. FR=-42.7+-5.0 OE:i. 2171 
F+-=142.4+-4.01+576*fDM-.5381 OEG. 2/71 
f+-:ci39.0+-12.0J+l980IOM-.5441 DEG~ FR=-43.0+-4.0 oe;;. 'U7l 
F+- 1 S INSENSITIVE TO OM. FR=-56.2+-5.2 DE:i. 1/73 
f+-:c:f49.4+-l.OI+565*fOM-~5401 DEG. 3/74 
F+-=145.5+-2.RJ+224*1DM-.534BI OEG. FR=-~0.9+-2.6 DEG. 11/75 

PHASE OF ETA 00. IDEGREESI 
FIRST QUADRANT PREFERRED 

51.0 30.0 
56 38.0 25 .. 0 

GOBBI 
CHOllET 
WOLFF 

69 OSPK 
10 OSPK 
71 OSPK 

11/69 
CU REG .. ,4 GAMMAS 10/70 
CU REG.,4 GAMMAS 12171 

43.3 19.2 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 
55.7 5.8 CHRISTEl 79 ASPK . 

FOO 
FOO 
FOO 

C CHOLLET 70 USES REGENERATOR PHASE FR=-46.5+-4.4 OEG. 
W WOLFF 11 USES REGENERATOR PHASE FR=-48. 2+-3.5 OEG. 

12/79 
1173 
1113 

FOO F lT 

OF 
OF B 
OF C 
OF B 
OF C 
OF 
OF FIT 

54.5 5.3 FROM FIT !ERROR INClUDES SCALE FACTOR OF 1.01 

PHASE DIFFERENCE FOO - F+-
7.6 18.0 

112.61 16.21 ~ 
INDEPENDENT OF REGENERATOR 
NOT INDEPENDENT OF F+- AND 

I DEGREES 1----------------------­
BARBIElLI 73 ASPK 
CHRISTEl 79 ASPK 

MECHANISM,DM,ANO LIFETIMES. 
FOO VALUES WHICH ARE INCLUDED IN FIT. 

9.6 5.4 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

4/82* 

1173 
2/80 
7/73 
2180 

4/82* 

superweak Model Predictions for ln 00 /n+_l, ~+J and Re€ 

In terms of the parameters defined in the text, 

Sec. VIB(d), the superweak model
1 

predicts that
2 

_ 1 ( 2/:oinT s) 
tan -

11
--

and 

I n+_l . l + C'":T s) 
[ 

A 2]-l/2 

The latter two expressions and the values of the 

~ - K~ mass difference /:om ( 0. 5349 ± 0. 0022) x 10
10

11 
-1 . -10 

sec , the K~ mean life Ts (0.8923 ± 0.0022) x 10 

·sec; and the magnitude of the K~ + TI+TI-/K~ + TI+TI­
amplituderatio In+_[= (2.274±0.022)xl0-

3
, all 

from the current edition, result in the predictions 

that 

(43.67 ± 0.14) 0 

and 

Re€ = (1.645 ± 0.016) X 10-
3 

The above predictions can be compared with the 

experimental values 

~+- (44.6 ± 1.2) 
0 

~00 (54.5 ± 5.3) 0 

-3 
Re€ = (1.621±0.088) xlO 

where Re€ has been computed using the relation 

and our current values of the charge asymmetry 

parameter for leptonic K~ decay o = ( 0. 3 30 ± 0. 012)% 

and the /:os = -!:oQ amplitude (Rex, ImX) = (0.009 ± 0.020, 

-0.004 ± 0.026). 

The superweak predictions are in agreement with 

the data except for the measured value of ~ 00 , which 

is two standard deviations above the prediction. 

This results primarily from the CHRISTENSONl 

·79 measurement ~ 00 = (55.7±5.8) 0
• 
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Stable Particles 
Ko 

L 

13 X= IDS=-OQ AMPLITUDEIIIOS=+OQ AMPliTUDEI 

RELATED TEXT SECTION VI 8.4 

REX REAL PART OF X 
REX C 152 0.06 0.18 0.44 BALDO-CE 65 HLBC 
REX lqb 0.035 O.ll 0.13 AUBERT 65HLBC 
REX F 109 -0.08 0.16 0.28 FRANZINI 65 HBC 
REX 116 0.17 0.16 0.35 FELDMAN 67 OSPK 
REX N 335 (Q. L11 (0.101 HILL 67 OBC 

K+ CHARGE EXCHNG 11/67 
K+ CHARGE EXCHII;G 11/67 
PBAR P 11/67 
PI-P TO KO lMBOA 11/67 
K+O YIELDS KOPP 11/67 

REX 8 10.031 10.031 BENNETTl 68 CNTR 
REX 121 O. 09 0.07 0.09 JAMES 68 HBC PBAR P 
REX B -0.020 0.025 BENNETT 69 CNTR CHAR ASY~+ CU H 
REX 686 0.09 0.14 0.16 LITTENBER 69 OSPK K+N TO KOP 
REX N 215 Q.\2 0.09 CHO 70 DBC K+O TO KOPP 
REX U 222 10.04) (0.071 (0.081 BlJRGUN 71 HBC K+P TO KOPPl+ 
REX 252 0.25 0.01 0.09 WEB~ER 11 HBC K-P TO KBAR N 
REX U 410 0.03 0.06 0.06 BURGUN 12 HBC K+P TO KOPPI+ 
REX 126 0.26 0.10 0.14 MANN 72 HBC K-P TO KOSAR N 
REX G 342 1-0.13) 10.111 MANTSCH 12 CSPK KE3 FROM KO LMB 
REX G 100 (0 .. 04) 10 .. 101 f0.13J GRAHAM 72 OSPK KMU3 FROM KO U"•B 
REX G 442 -0.05 0 .. 09 GRAHAM 72 OSPK PI-P TO KO LHBDA 
REX 1757 -O.OOB 0.044 FACKLER 73 OSPK KE3 FROM KO 
REX 1367 -0 .. 03 0 .. 07 HART 73 OSPK KE3 FROM KO LMB 
REX 1079 -0 .. 010 0.036 MALLARY 73 OSPK KE'3 FROM KO LM + 
REX 4724 a.04 o.a3 NtEBERGA 74 ASPK K+P TO KOPPI+ 
REX 79 a .. 1a 0.1B 0.19 SMITH 75 WIRE PI-P TO KO LMBDA 
REX C B AL 00-CE 65 GIVES X AND T HET A.CONVERTED BY US TO REX AND 1 MX. 
REX F FRANZtrH 65 GIVES X A"'D THETA.FOR REX AND IMX SEE SCH'41DT 67. 
REX N CHO 7a IS ANALYSIS OF UNAt4BIGUOUS EVENTS IN NEW DATA AND HILL 67. 
REX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 11· 
REX B BENNETT 69 IS A REANALYSIS OF 13ENNETT1 68. 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 
REX G MANTSCH 72. 
REX 
REX AVG o .. 009 0.020 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.41 

I SEE IDEOGRAM BElOW ) 

WEIGHTED AVERAGE ~ 0.009 ± 0.020 
ERROR SCALED BY 1.4 

·SMITH 75 WIRE 
-NIEBERGA 74 ASPK 
·MALLARY 73 OSPK 
·HART 73 OSPK 
·FACKLER 73 OSPK 
·GRAHAM 72 OSPK 
·MANN 72 HBC 
·BURGUN 72 HBC 
·WEBBER 71 HBC 
·CHO 70 DBC 
·LITTENBER 69 OSPK 
·BENNETT 69 CNTR 
·JAMES 68 HBC 
·FELDMAN 67 OSPK 
·FRANZINI 65 HBC 
·AUBERT 65 HLBC 
·BALDO-CE 65 HLBC 

1.1 
4. 8 
0 .3 
0. 1 
0 .4 
4.4 
0. 1 
9. 1 
1 .5 
0. 3 

.3 

.0 

o.o 

24.6 

1/6B 
5/69 

10/69 
4/69 

10170 
2172 

10/69 
1/73 
9172 
2172 
2172 
2172 
9/73 
2174 
6/73 
7174 
8/76 

11/67 
11/67 
10170 
11173 
10/69 

2172 
2172 

-0.4 0.0 0.4 O.B (CON LEV 
REAL PART OF X (DELTA s ~ -DELTA a AMP} ~o. o 17} 

JMX IMAGINARY PAFlT OF X IASSUMES MIKLI-M(KSJ POSt liVE -- SEE S1301 
I MX c 152 -0.44 a. 32 0.19 SALOO-CE 65 HLBC K+ CHARGE EXCHNG 
IMX 196 -a. 21 o. 11 a.15 A.UBER T 65 HLBC K+ CHARGE EXCHNG 
IMX F 109 +a. 24 0.40 o.3a FRANZINI 65 HBC PBA.R P 
IMX 116 o.o o. 25 FELDMAN 67 OSPK PI-P TO KO LMSDA 
IMX N 335 t-o. 2a1 'o.1a1 HILL 67 OBC K+D Y IE LOS KOPP 
JMX 121 +0. 22 o. 37 0 .. 29 JAMES 68 HBC PBAR P 
IMX 686 -0.11 0.10 0.11 L t TTENBER 69 OSPK K+N TO KOP 
I MX N 215 -o. oe o.a7 CHO 1a DBC K+O TO KOPP 
IMX u 222 10.121 ta. OBI (0.a9J BUR GUN 71 HBC K+P TO KaPPI+ 
1 MX 252 o. 0 o.a8 WEBBER 71 HBC K-P TO KBAR N 
I MX u 410 a .. 01 o. 06 0.07 BUR GUN 12 ... ac K+P TO KQPPI+ 
1 MX 126 a. 21 0.15 0.12 MA.NN 72 HBC K-P TO KOSAR N 
1MX G 342 (-a .. a4J I 0.161 MANTSCH 72 CSPK KE3 FROM KO LMB 
IMX G 100 (0.121 ( 0.171 ta .. 161 GRAHAM 12 OSPK KMU3 FROM Ka LMB 
IMX G 442 a. 05 a.13 GRAHAM 12 OSPK PI-P TO KO U~BDA 
IMX 1757 -0.017 o.o6o FACKLER 73 OSPK KE3 FROM KO 

'"X 1367 a. 09 0.07 HART 73 OSPK KE3 FROM KO LHB 
IMX 1079 a.1a7 a.a9Z 0.074 MALLARY 73 OSPK KE3 FROM Ka LM + 
IMX 4724 -0.06 o .. a5 NIEBERGA 74 ASPK K+P TO KOPPI+ 
IMX 79 -0.10 0.16 0.19 SMITH 75 WIRE Pt-P TO Ka LMBDA 
IMX c BALOQ-CE 6"5 GIVES X AND THETA .. CONVERTED BY US TO REX AND IMX. 
IMX F FRANZINI 65 GIVES X AND THETA.FOR REX AND lMX SEE SCHMIDT 67. 
IMX N FTNOTE 1a OF HILL 67 SHOULD READ +0.58, NOT -0.58 IPRIV .. COMM.I. 
IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND Hill 67. 
JMX u BUR GUN 7 2 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 
IMX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 
IMX G MANTSCH 72. 
IMX .. 
IMX AVG -a. ao4 a.a26 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 1) ................ ......... ......... .......... ......... .......... ......... 
BARDON 58 ANP 5 156 
CRAWFCRO 59 PRL 2 361 
A.STIER 61 A.IX CONF 1 227 
FITCH 61 NC 22 1160 
GOOD 61 PR 124 122"3 
NEAGU 61 PRL 6 552 

ALSO 61 JETP 13 1138 

CAMERINI 62 PR 12B 362 
CARMON 62 PL 3 57 

ADAIR 64 PL 12 67 
ALEKSANY 64 DUBNA 2 102 

ALSO 64 JETP 19 1a19 
A.NIKINA. 64 JETP 19 42 
CHRIS TEN 64 PRL 13 138 
FUJII 64 DUBNA 2 146 
LUERS 64 PR 133 B 1276 

REFERENCES FOR Kal 

M BAROON,K LANDE,L LEDERMAN CCOLUMBIA+BNLI 
CRAWFORO,C REST!, OOUGLASS,GOOO + t LRLI 
A.STIER,BlASKOVIC,RIVETtSIAUO + IEPOL) 
V FITCH,P PIROUE.R PERKINS IPRINCETONJ 
GOOO,MATSEN,MULLER,PICCIONI,POWEll + ILRU 
NEAGUt OKONOV, PET ROY ,ROSANOVA,RUSAKOV f J INR) 
NYAGU, OKONOV, PETROV ,ROZ ANOVA, RUSAKOV I J INRI 

CAMERINI,FRY,GAIOQS,etRGEtEL"V + CWISC+LRLI 
J DARMON,A ROUSSET,J SIX fEPOLI 

R K AOAJR,L B LEIPUNER (YAlE+BNLl 
ALEKSANYAN, Al IKHANYAN, V ART AZ ARYAN+ I EREVANJ 
ALEKSANYAN+ ILEBEOEV+KOS ENG PHYS+EREVANI 
ANIKtNA,ZHURAVLEVA+ (GEORG ACAD SCI+ OUBNAI 
CHR I STENSON,CRONIN, FITCH, TURLAY CPRINCETONI 
FUJ lit JOVANOVICH, TURKOT + I BNL. MARYLAND, MIT I 
lUERS, M I TTRA, WI Lll S, YAMAMOTO I BNLI 

3/68 
3/68 
3/68 

11/67 
11/67 
5/69 
4/69 

10/70 
2/12 

10/69 
1/73 
9/12 
2172 
2172 
2/72 
9/73 
2174 
6/73 
7/74 
8/76. 

11/67 
11/67 
3/68 

10170 
11173 

2172 
2172 
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Data Card Listings 
For notation, see key at front of Listings. 

ANfKINA 65 JI~R P 24B8 
ANDERSON 65 PRL 14 475 
A.STBURYl 65 Pl 16 80 

A.NI KINA, VARDENGA, ZHURAVLEVA, KOTl VA+ C DUBNA I 
ANOERSON,CRAWFORO, GOLDEN, STERN+ flRL+WISCJ 
ASTBURY,FINOCCHIARO.BEUSCH + fCERN+ZURICHJ 

ALSO 65 HELV .. PH.AC.39 
ASTBURY2 65 Pl 18 175 
ASTBURY3 65 PL 1B 17B 

523 M PEPIN 

AUBERT 65 Pl 17 59 
ALSO 67 LOWYS 

6ALDD-CE 65 NC 38 684 
CHRISTEN 65 PR 140 B 14 
FISHER 65 ANL 7130 83 
FITCH 65 PRL 15 73 

FRANZINI 65 PR 140 B 127 
GALBRAIT 65 PRL 14 383 
GUIDONI 65 ARGONNE CGNF 49 
HOPKINS 65 ARGONNE CONF 67 
VISHNEVS 65 PL 18 339 

ALFF-STE 66 Pl 21 595 
ANIKINA 66 SJNP 2 339 
AUERBACH 66 PRL 11 9BO 
AUERBACH 66 PR 149 1052 

ALSO 65 PRL 14 1q2 
BALDD-CE 66 NC 45A 733 
BASILE 66 BALATON CONF 

BEHR 66 Pl 22 540 
BELL OTT 1 66 NC 45A 737 
BOTT-800 66 Pl 23 277 
CAMERINI 66 PR 150 ll48 
CANTER 66 PRL 17 942 
CARPENTE 66 PR 142 B71 
CHANG 66 Pl 23 702 

ASTBURY,MICHELINI.BEUSCH + ICERN+ZURtCHI 
ASTBURY,MICHELINI,BEUSCH + ICERN+ZURICHJ 

AUBERT, BEHR ,CANAVAN, CHOUNE T + ( EPOL +ORSA VI 

BALDD-CEOLJN.CALIHANI,CIAMPOLILLO + IPAOOJ 
CHRISTENSON, CRONIN, FITCH, TURLAY I PR 1 NC ETON I 
FISHER, ABA SHI AN, ABRAMS, CARPENTER+ I ILL) 
F lTC H, ROTH, RUSS, VERNON I PRINCETON I 

FRANZINI,KIRSCH,PLANO + CCOLUMBIA+RUTGERS) 
GALBRAJTH,MANNING,JONES + IAERE+BRIS+RHELI 
+BARNES, FOELSCHE ,FERBEL, Fl RESTO+ I B~l +YAlE I 
H W K HOPKINS,SACQN,EISlER IVANO+RUTGERSJ 
VISHNEVSKY,GALA.NINA,SEMENOV + I ITEP) 

ALFF-STEINBERGER,HEUER,RUBBIA + 
ANIKINA, VAROENGA, ZHURAVlEVA+ 
AUERBACH, MANN, MCFARLANE, SCI Ulll 
AUERBACH, DOBBS, LANOE, MANN, SC lULU+ 
+LANOE, MANN, SCIULLI, UT{l ,WHITE, YOUNG 
SAL DO-C EOL IN tC ALIMANI, C IAMPOL ILLO+ 
BASILE,CRONIN,THEVENET + 

I CERN I 
CJINRI 
I PENN) 
I PENNI 
f PENNI 

CPA.OUAJ 
I SACLAYJ 

+BRISSON, BALDO-CEOLIN, AUBERT+ f PAOO, EPOU 
BELLOTTI, PULL I At BAL DD-C EOll N+ I MIL AN, P AQUA I 
BOTT-BODENHAUSEN. DE BOUARQ, CASSEL+ I CERN I 
C AHERIN I ,CLINE, ENGLISH, Ft SCHBEIN+W I SCONS t N 
+CHO,ENGLER,FISK.Hill + ICARNEGIE+8Nll 
CARPENTERtABASHAN,ABRAMS,FtSHER I IlLINOIS) 
CHANG, BASSANO, KIKUCHI, DODO+ I SYRACUSE, BNLI 

CRIEGEE 66 PRL 17 15a +FOX,FRAUENFELDER,HANSON,MOSCAT+ I ILLINOIS I 
FIRESTON 66 PRL 16 556 FJ'tESTONE,KIM.LACH,SANO~EISS+ IYALE,BNLI 
FIRESTON 66 PRL 17 116 FIRESTONE,KJM,LA.CH,SANOWEISS+ (YALE,BNU 
FUJII 66 PRL 13 253 FUJII,JOVANOVICH,TURKOT,ZORN IBNL+MARYLANCJ 

FUJII 66 IS THE CORRECTED VALUE GIVEN BY JOVANOVICH+ 66 
HAWKINS 66 Pl 21 238 C J 6 HAWKINS IYALEJ 

ALSO 67 PR 156 1444 C J B HAWKINS IYALEJ 

JOVANOVI 66 PRL 1-7 1075 
KULYUKIN 66 BERKELEY 2B 
MEISNER1 66 PRL 16 278 
MEISNER2 66 PRL 17 492 
NEFKENS 66 Pl 19 706 
VERHEY 66 PRl 17 669 

BENNETT 67 PRL 19 q93 
BOTT-BOD 67 PL 24B 194 
BOTT-BOO 67 Pl 24B 438 

ALSO 66 PL 20 212 
ALSO 66 Pl 23 277 

CANTER 67 Tf.fESJS 

CRONIN 1 67 PRL 18 25 
CRONIN 2 67 PRINC COI'>F( 11/671 
DEBOUARD 67 NC 52A 662 

ALSO 65 Pl 15 58 
DEVliN 67 PRL 1B 54 

ALSO 68 PR 169 1045 

OORFAN 67 PRL 19 q97 
FELDMAN 67 PR 155 1611 
FIRESTON 67 PRL 18 176 
FITCH 67 PR 1611 1711 
HAWKINS 67 PR 156 1444 
HILl 67 PRL 19 66B 

HOPKINS 67 PRL 19 185 
KADYK 67 PRL 19 597 
KUlYUKIN 67 PREPRINT 
UlWYS 67 Pl 21iB 75 
MISCHKE 67 PRL 1B 138 
NEFK.ENS 67 PR 157 1233 
TODOROFF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 68 Pl 2Bf 56 
ARONSON 68 PRL 20 287 

ALSO 69 PR 175 170B 
BAUTZ 68 I'L 26B 320 
BARTLETT 68 PRL 21 558 

BASILE 68 l'l 266 542 
BASILE2 6B PL 28B .58 
BENNETTl 68 PL 27B 244 
BENNETT 2 68 Pl 278 248 
BLA~PIED 6B ~Rl 21 1650 
BUOAGOV 68 NC 57A te2 

ALSO 68 Pl 28B 215 

JOVANOVICH, FUJI t, TURKOT ,ZORN +I BNL +UI"D+MtU 
KUL YUKI NAt MESTVI RI SHVllloNEAGUt P ETR + I Jt NRI 
G W MEJSNER,B B CRAWFORO,F CRAWFORD flRLI 
G MEJSNERtB CRAWFORDtF CRAWFQil:O fLRLJ 
NEFKENS, ABASH I AN, ABRAMS ,CARP ENTER+ C ILLI 
VERHEY ,NEFKENS, ABASH I AN+ ltlU 

BENNETT, NYGREN, SAAL, STEINBERGER +( COLU~B I AI 
BOTT-BODENHAUSEN,DEBOUARD,CA.SSEL + ICERNI 
BDTT-BODENHAUSEN, DEBOUARO, DEKKER$+ I CERN I 
BDTT-BODENHAUSEN,OEBOUARO, CASSEL+ I CERN) 
BOTT-BODENHAUSEN, CEBOUARO. CASSEL+ I CERN) 
J.M. CANTER (CARNEGIE) 

+KUNZ,RISK,WHEELER IPRINCETONJ 
+KU NZ t RISK, WHEELER ( PR 1 NCETON I 
OEBDUARO,OEKKERS,JORD~N,MERMOO + ICERNJ 
DE BDUARD, OEKKERS, SCHA.R FF+ ( CERN+ORSA+MP I Ml 
DEVlIN, SOLOMON, SHEP AR0 1 I!EALl + CPR I N+UMOJ 
SAYER, BEAll, OEVL IN, SHEPHARD+ IUMO+PPA+PR INI 

~~~6~Z~:~~!~~;~:;~r~~~~~~~~~6:~z ., SlA~:~~~: 
FIRE STONE, KIM, l ACH, SAN OWE ISS,+ C YALE, BNLI 
FITCH, ROTH, RUSS, VERNON I PR I NCETONJ 
C J B HAWK INS ('YALE I 
HILL, LUERS, ROBINSON ,CANTER+ I BNL, CARNEGIE J 

HOPKINS,BACON,EISLER IBNLJ 
KADYK, CHAN, ORI JARO, OREN, SHELDON I LRU 
KULYUKINA.+MESTVIRISHVILI+NEAGU + IJH~RJ 
LOWYS, AUBERT ,CHOUNET, PA SCAUO+ f EPOL, OR SAl 
MISCHKE,ABASHIAN,ABRAMS+ I ILLINOISI 
+ABASH I AN, ABRAMS,CARPENTER, FISHER+ I ILL J 
JOHN A TODOROFF C ILLINOISI 

+ABASH I AN, M t SCHKE, NEFKENS, SMITH+ I t ll I NOI S I 
ARNOLD, BUD AGOV, CUNDY, AUBERT+ ( CERN+ORSAY I 
S.H.ARONSON, K.W.CHEN CPRINCETONJ 
S H A.RONSON, K W CHEN IPRJNCETONI 
SAL ATZ, BEREZ IN, VI SHNEVSKY, GALAN INA+ IITEP I 
BARTLETT, CARNEGIE, FITCH+ I PRJ NCETONJ 

BAS I LE, CRONIN, THEVENET ,lURLA"V+ I SACLAY I 
+CRONI Nt THEVE NET, TURLAY ,zYL BERAJCH+I S ACLAY I 
BENNETT, NYGREN, STEIN BERGER+ I COLUMB I A+CERNJ 
BENNETT, NYGREN, STEINBERGER+ ( COLUMBI A+CERNI 
BlANP I ED,l EVIT, ENGELS+ I CAS E+HARV+MCGI J 
BUDAGOV, BURMEISTER, CUNDY+ ( CERN,ORSAo 1 PNP J 
+CUNDY, MYATT ,NE ZRI CK+ I CERN, ORSA, EPOL I 

CARNEGIE 68 PRINC 1Rii4 THESIS R.K.CARNEGIE CPRINCETONI 
JAMES 6B NP B8 365 F JAMES, H BRIAND C IPNP,CERNI 

ALSO 68 PRL 21 2'37 HEllANO,LONGO,YOUNG tuCLA,IHCHI 
KUL YUKI N 68 JETP 26 2a KUL YUKINA, MESTVIRI SHVILI ,NEAGU+ I JINRI 
KUNZ 68 THESIS (PU 46) P F KUNZ IPRINCETONJ 
MELHOP 68 PR 172 1613 MELHOP MURTY BDWLES,BURNETT+ llA JOLLAI 
THATCHER 68 PR 174 1674 THA.TCHER,ABASHIAN,ABRAMS,CARPENTER + fiLll 

BANNER 69 PR 188 2033 
ALSO 6B PRL 21 lla3 
ALSO 68 PRL 21 1107 

BEILLIER 69 Pl 308 2a2 
BEN NETT 69 PL 29B 317 
BOHM 69 NP 89 605 

ALSO 6B Pl 27B 321 

BOTT-BOO 69 CERN 69-1 329 
CENCE 69 PRL 22 1210 
EVANS 69 PRL 23 427 
FAISSNER 69 Pl 30B 204 
FOETH 69 Pl 3aB 282 

+CRONI Ntl I u, PILCHER 
BANNER ,CRONIN ,L IU, PILCHER 
BANNER CRONIN,LJU,PILCHER 
BE Ill IERE, BOUTANG,LIMON 
+NYGREN, SAAL, STEINBERGER+ 
+CARR IULAT, GROSSO, KAFT ANDY+ 
BOHM, OARRI ULAT ,GROSSO, KAFT ANOV 

I PRINCETON! 
CPRINCETONI 
{PRINCETON) 

IE POll 
ICOLU,BNLI 

I CERN I 
ICERNI 

BDTT-BODENHAUS EN, DE BOUARO, CASSEl+ (CERN I 
CENC E, JONES, PETERSON t STENGER+ I HAWAII, LRLI 
EVANS, GOLDEN, MUIR, PEACH+ I EDINBURGH, CERN I 
+FOETH, STAUDE, TITTEL+ I AACH,CERN, TORI I 
+HDLDER,RAOERMACHER + {AACHEN.CERN,T01t.INOJ 

GAJllA.RO 69 NC 59A 453 +GALBRAITH,HUSSRJ,JANE+ ICERN.RHEL,AACHENI 
ALSO 67 PRL 18 20 +KRIENEN,GALBRAITH,HUSSRI+ (CERN+RHEl+AACHJ 

GDBBI 69 PRL 22 685. +GREEN,HAKH,HOFFETT,ROSEN,GOZ+ CROCH+RUTGJ 
LITTEN8E 69 PRL 22 654 LITTENBERG,FIELO.PICCIONI,MEHLHOP+ CUCSOJ 
LONGO 69 PR 181 1808 H J LONGO,K K YOUNG,J A HElLAND IMICH,UCLAI 
PACIOTTI 69 THESJS,UCRL 19446 M A PACIOTTI (LRU 
SAAL 69 THESIS H J SAAL tcOlU!oiiBIAI 
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For notation, see key at front of Listings. 

ALBROW 70 PL 338 516 +ASTONoBARBERtBIRDoElliSON + IMCHS+OAREl 
ARONSON 70 PI<L 25 1057 +EHRLICH,HDFER,JENSEN+ IEFJ,ILLC,SLACJ 
BARMIN 70 PL 336 317 +BARYLONoBORISOV,BYSHE\IA+ llTEP,JtNRt 
BASILE 70 OR 02 78 +CRONINoTHEVENT,TURLAY,ZVLBERAJCH + ISACLI 
BUCHANAN 70 PL 338 623 +ORICKEYrRUONICK,SHEPARO+ ISLAC,JHU,UCLAJ 

ALSO PRIVATE COMMUNICATION. B. COX, FEB. 11 

BUDAGOV 70 PR 02 815 +CUNQY,MYATT,NEZRICK+ ICERN, ORSA,EPOLJ 
ALSO 68 PL 286 215 +CUNOYoMYATToNEZRICK+ ICERN,ORSA,EPOLI 

CHIEN 70 Pl 336 627 C-Y.CHIEN,COX,ETTLINGER + IJHU+SLAC+UCLAJ 
ALSO PRIVATE COMMUNICATION, B. COX, FEB. 11. 

CHO 70 PR Dl 3031 +ORALLE,CANTER,ENGLER,FISK+ ICARN,BNL,CASEJ 
ALSO 67 PRL 19 668 Hlll,LUERS,ROBINSON,SAKITT + IBNL,CARNJ 

CHOLLET 70 PL 31B 65B 
CULLEN 70 PL 32B 523 
OARRIULA 70 PL 33B 249 
FAISSNER 70 NC 70A 57 
JENSEN 70 THESIS 

ALSO 69 PRL 23 615 

~ARX 70 PL 328 219 
ALSO 70 THESIS,NEVIS 179 

SCR I BAND 70 PL 328 224 
SMITH 70 PL 328 133 
WEBBER 70 PR 01 1967 

ALSO 69 UCRL 19226 THESIS 

BALATS 71 SJNP 13 53 
BAPHIN 11 PL 358 604 
BISI 11 PL 368 533 
BURGUN 71 LNC 2 1169 
CARNEGIE 71 PR 04 1 
CHAN 71 LBL-350 THESIS 

+GAILLARO,JANE,RATCLIFFE,REPELLIN + CCERNJ 
+OARR IULAT, DEUTSCH,FOETH + ( AACH,CERN, TORI I 
+FERRERO,GROSSO, HOLDER + C AACH, CERN, TORI I 
+RE ITHLERt THOME, GAILLARD+ ( AACH, CERN, RHELJ 
O.A. JENSEN CEFII 
JENSEN,ARONSON,EHRLICH,FRYBERGER+ CEFI, ILL I 

+NYGREN, PEOPLES 1 STEINBERGE+ ( COLU, HARV, CERN J 
JAY MARX CCOLUMBIAI 
+HANNELLI, PI ERAZZI NI, MARX+ ( P ISA, COLU, HARV J 
+WANG, WHATLEY, ZORN, HORNBOSTEL ( UMO t BNLI 
+SOUtiTZ ,CRAWFORD, ALSTON-GARNJOST ( LRU 
8 R WEBBER (LRU 

+BEREZ IN, V J SHNEVSK I I ,GALAN INA+ C ITEPJ 
+BARYLOV,VESELOVSKY,OAVIOENKO+ ( ITEPI 
+OARR IULAT, FERRE'I.O, RUBB lA+ C AACH, CERN, TOR I I 
+LE SQUOY, MULLER, PAULI+ ( SACL+CERN+OSLOI 
+CESTER, FITCH, STROVI NK, SULAK CPR INJ 
J.HIONG-SING CHAN CL8LJ 

CHIEN 71 PL 35B 261 +COX,ETTLINGER,RESVANIS+ CJHUoSLAC,UCLAJ 
ALSO 72 OALL Y 

CHO 71 PR 03 1557 +DRAlLE,CANTER,ENGLER,FISK+ CCARN,SNL,CASEJ 
CLARK 71 PRL 26 1667 +ELIOFF,FIELOoFRISCH.JO._,NSONoKERTH+ CLRll 

ALSO 70 UCRL 19109-THESIS ROLLAND JOHNSON fLRLI 
ALSO 11 UCRL 20264-THESIS HENRY FRISCH ClRLJ 
ALSO 74 SLAC-PUB-1498 R.C.FIELD CSLACI 

ENSTROM 11 PR D4 2629 +AKAV I A, COOMBES, DORFAN+ C SLAC • STAN I 
ALSO 70 THESIS C SLAC 1251 J E ENSTROM t STANFORDI 

Hill 11 PR D4 1 +SAKI TT, SKJEGGE STAD, CANTER+ I BNL, CARN, CASE J 
JAMES 11 PL 3 58 265 +MONTANET, PAUL, PAULI+ t CERN+SACL+OSLOI 
MEISNER 11 PR D3 59 +MANN,HERTZSACH,KOFLER + (HASA+SNl+YAlEI 
PEACH 11 Pl 358 351 +EVANS, MUIR ,SUOAGOV, HOPKINS+ t EOI Nt C ERNJ 

REPElliN 71 PL 368 603 +WOLFF,CHOLLET,GAILLARD,JANE+ CORSA,CERNI 
WEBBER 71 PR D3 64 +SOU'IlTZ,CRAWFORDoALSTON-GARNJOST tLRU 

ALSO 68 PRL 21 498 WEflBER,SOLMtTZ,CRAWFORD,ALSTONGARNJOSTILRll 
ALSO 69 UCRL 19266-THESIS 8 R WEBBER (LRU 

WOLFF 71 PL 368 517 +CHOLLET,REPHLIN,GAILLARO+ CORSA,CERNI 

ALB ROW 
ASHFORD 
BANNERl 
BANNER2 
SARMINl 
SARMI N2 
BUR GUN 
CARNEGIE 

72 NP 844 1 
72 Pl 388 47 
12 PRL 28 15~7 
12 PRL 29 237 
72 SJNP 15 636 
72 SJ"''P 15 638 
12 NP 85D 194 
72 PR D6 2335 

DALLY 12 Pl 418 647 
ALSO 70 CHIEN 
ALSO 11 CHIEN 

GRAHAM 72 NC 9A 166 
HCLDER 72 PL 40B 141 
JAMES 72 NP B49 1 
KRENZ 12 LNC 4 213 

MANN 12 PR D6 137 
14ANTSCH 12 NC 9A 160 
METCALF 12 PL 40B 703 
NEUHOFER 12 Pl 41B fto2 
PICCIONI 72 PRL 29 1412 

ALSO 74 PR 09 29)'; 
VOSBURGH 72 PR 06 1834 

AlSO 71 PRL 26 866 

ALaROW 73 NP 858 22 
ALEXANDE 13 NP 865 301 
ANIKINA 73 P1-7539 COM.JINR 
BARBIEll 73 PL 43B '329 
8RANOENB 73 PR 08 1978 
CAR IT HER 73 PRL 31 1C25 

ALSO 13 PRL 30 1336 
EVANS 73 PR D7 36 

ALSO 69 PRL 23 427 

FACKLER 73 PRL 31 e47 
FITCH 73 PRL 31 1524 

ALSO 12 C00-3072-13 
HART 73 NP 866 311 
~AllARY 73 PR D7 1953 

ALSO 70 PRL 25 1214 

MCCARTHY 73 PR D7 687 
ALSO 12 PL 42 B 291 
ALSO 71 THESIS LBL-550 

MESSNER 73 PRL 30 876 
PEACH 73 Pl 43!! 441 
SANDWEI S 73 PRL 30 1CC2 
WILLIAMS 73 PRL 31 1521 

ALBRECHT 74 PL 488 393 
BISI 74 PL 508 5C4 
BOBISUT 74 LNC 11 646 
DONALDSl 74 PRL 33 554 

ALSO 74 DONALOSOt. 3 
ALSO 76 DONALDSON 

OONALDS2 74 PR D9 2960 
ALSO 13 PRL 31 337 

OONALDS3 74 SLAC 184-THES IS 
ALSO 76 DONALDSON 

GEWENIG1 74 PL 488 483 
ALSO 74 CERN tNT. REPT. 

GEWENIG2 74 PL 48B 487 
AlSO 74 PL 528 119 

GEWENIG3 74 Pl 52B 108 
GJESDAL 74 Pl 52B ! n 

+ASTON, BARBER, BIRD, ELL I SON+ C to~CHS+DARE I 
+BROWN, MASEK, MAUNG, MILLER, RUDERMAN+ ( UCSDI 
+CRON I N,HOFF MAN, KNApp, SHOC HET CPR I NCETONJ 
+CRON I Nt HOFFMAN, KNAPP, S HOC HET CPR I NCETONJ 
+OAVI DENKO, DE Ml DOV, DOLGOLENKC+ t ITEP I 
+BARYLOV,OAVIOENKQ,OEMIOOV+ I ITEPI 
+LE SQUOY, MULLER, PAUL I,+ t SACL+C ERN+OSLOJ 
+C ESTER, FITCH, STROVI NK, SULAK I PRINCETON I 

+INNOCENTI, SEPPI ,CHI EN, COX+ I SLAC+JHU+UCLA I 

+ABASHJAN, JONES, MANTSCH ,ORR+ I I LL+NEAS I 
+RADERMACHER, STAUDE+ I AACH+CERN+TORI I 
+MONT ANET, PAUL, SAETRE+ ( CERN+SACl +OSLO I 
+HOPKINS,EVANS,MUJR,PEACH I AACH+CERN+EDINJ 

+KOFlER, ME I SNER,HERTZSACH+ ( MASA+BNL +VAlE I 
+ABASH I AN, GRAHAM, JONES, ORR+ (ILl +NEAS I 
+NEUHOFER, Nt EBERGALL+ t CERN+ I PN+WI ENI 
+N I EBERGALL, REGLER, ST I EP:+ I CERN+ORSA+VI EN I 
+COOMBES, DONALDSON, DOR FAN, FRYBERGER+ I SLAC I 
PICCIONI,DONALOSDN + tSLAC+UCSC+COLOI 
+DEVLIN,ESTERLING,GQZ,SRVHAN + IRUTG,MASAI 
VOSBURGH,QEVLINoESTERliNG,GOZ + CRUTG,~ASAI 

+ASTON, BARBER, B IRQ, Ellt SON+ I MCHS+DARE I 
ALEXANDER, B ENAP:Y ,BOROW I TZ, LAN DE+ I TELA+HE 1 D I 
+BALASHOV,BANNIK + IJINRI 
8ARfH ElliNJ, DARR IULAT, FA INS ERG+ (CERN I 
BRANDENBURG r JOHNSON ,LEITH, LOOS+ C SL AC) 
CAR 1 THERS, NYGREN,GOROCN+ tCOLU+BNl+CERNJ 
CARITHERS, MOOtS, NYGREN, PUN+ ( COLU+CERN+NYUJ 
+MUIR, PEACHr BUDAGOV+ ( EDINBURGH+CERN) 
EVANS • GOLDEN, MU JR., PEACH+ t EDI NBURGH+CERN I 

+FRISCH, MARTIN, SMOOT, SOMPAYRAC I Mill 
+HEPP, JENSEN. STROVINK, WEBB (P R I NCETONI 
R.C.WEBB ITHESISI IPRINCETONI 
+HUTTON, FIELD, SHARP, BlACKMORE+ I CAVE+RHELI 
+BINNIE,GALLIVAN,GOMEZ,PECK,SCIULll + ICITJ 
SCIUllltGALLIVAN,BINNJE,GOMEZ + ICITI 

+BREWER, BUONITZ, ENT IS, GRAVEN, Ml LLEP:+ ( l BL J 
MCCAR:THY,SREWER,BUDNITZ ,ENTIS,GRAVEN+ tLBLI 
R. L. MCCARTHY ILBU 
+MORSE,NAUENBERG,HITLIN + ICOLO+SLAC+UCSCJ 
+EVANS, MUIR, HOPKINS, KRENZ ( EDIN+C ERN+AACH I 
+SUNDERLAND, TURNER, WILLIS, KELLER I YAL E+ANL J 
+LARS EN, LE 1 PUNER, SAPP, S ESSOHS+ I BNL+YALE J 

DUBNA+BERl I N+BUOAPE ST +PRAGUE+ SER PUKH+SOF I A 
BISI,FERRERO ITORII 
+HUZITA,MATTIOLI,PUGLIERIN IPAOOI 
OONALDSON,HITLJN,KENNHLY,KIRKBY + ISLACI 

DONAL OS ON, FRYAERGER, HI TLIN, l IU+ I SLAC+UC SCI 
DONALDSON, F RVSERGER, HilL IN, l I U+ IS LAC+UCSC I 
GREGORY J. DONALDSON C SLACI 

GEW EN t GER, GJE SDAL, KAMA E ,PRESSER+ (CERN+ HEIDI 
VERA LUTH (THESIS-INT. REPT. 74-41 (HEIDI 
GEWENIGER,GJESDAL, PRESSER + tCERN+HEIOI 
GJESDAL,PRESSER,STEFFEN + ICERN+HElOJ 
GEWENIGER,GJESOAL,PRESSER + lCERN+HEIDI 
+PRESSER., KAMA Et STEFFEN+ I C ERN+HE I Dl 

Stable Particles 
K~, D± 

MESSNER 
NIEBERGA 
WANG 
WILLIAMS 
woo 

74 PRL 33 1458 
74 Pl 498 103 
74 PR 09 540 
74 PRL 33 240 
74 LNC 10 38 

+FRANKLIN, MORSE, NAUENBE RG+ I COLO+S LAC+UCSC I 
NIEBERGALloREGLER,STIER + ICERN+ORSA+VIENI 
+SMITH, WHATLEY, ZORN,HORNBOS TEl f UfoiiD+SNL I 
+LARSEN ,lEI PUNER, SAPP, SESSOMS + I BNL+VALE I 
+BUCHANAN,PEPPER tUCLAJ 

BALOOCEO 75 NC 25A 688 BALOO-CEOLIN.BOBISUT,CALIMANI+ IPADO+WISCI 
BLUMENTH 75 PRL 34 164 BLUMENTHAL,FRANKEL,NAGY + CPENN+CHIC+TEHPI 
BUCHANAN 75 PR D11 457 +ORICKEY,PEPPER,RUDNICK + CUCLA+SLAC+JHUJ 
CARITHER 75 PRL 34 1244 CARITHERS,HOOIS,NYGREN,PUN + CCOLU+NYUJ 
SMITH 75 UCSO lHESIS-UNPUB JAMES G. SMITH tUCSDI 

BIRULEV 76 SJNP 24t 178 
COOMBES 76 PRL 37 249 
OONALOSO 76 PR 011t 2e39 

ALSO 74 SlAC l84-THESIS 
FUKUSHJ M 76 PRL 36 348 
GJESDAl 76 NP 8109 118 
REV 76 PR 013 1161 

ALSO 69 CENCE 

CHO 11 PR Dl5 5f!7 
CLARK 11 PR 015 553 

ALSO 75 LBL-4275 THESIS 
DEVOE 11 PR D16 565 
DZHORDZH 11 SJNP 26 478 
PEACH 71 NP 8127 399 

ENGLER 78 PR 018 623 
Hill 78 PL 738 483 
B IRULEV 79 SJNP 29 178 
CHRISTEl 79 PRL 43 1209 
CHRISTE2 79 PRL 43 1212 
HILL 79 NP B153 39 
SCHMIDT 79 PRL 43 556 
SHOCHET 79 PR Dl9 1965 

ALSO 77 PRL 3 9 59 

CARROLll 80 PRL 44 525 
CARROLL2 80 PRL 44 529 
CARR0ll3 80 PL 968 407 
CHO 80 PR D22 2688 
MORSE 80 PR 021 1750 
BIRULEV 81 NP 8182 1 

ALSO 80 SJNP 31 622 

+VESTERGOMB I, VOVENKO, VOTRUBA, GENCHEV+ I J INRI 
+FLEXER,HALL,KENNELLY,KJRKSY + I STAN+NYUI 
DONALDSON, HI Tl t N,KENNELLY, KIRKBY, LIU+I SLACJ 
GREGORY J. DONALDSON CSLACI 
FUKUSHIMA, JENSEN, SURKO, THALER+ (PR I N+MASM 
+KAMAE,PRESSER,STEFFEN + ICERN+HEIOJ 
+CENCE, JONES, PARKER + I NDAM+HAWA+LBL I 

+DERRICK, L I SSAUER, MILLER, ENGLER+ I ANL+CARNI 
+FIELD, HOLLEV, JOHNSON, KERTH, SAH, SHEN t LBU 
GILBERT SHEN ILBU 
+CRON 1 N, FRISCH, GROSSD-P ILCHER+ I EF J +ANLJ 
OZHORDZHADZEt KEKEL tOZE, KR I VOKHI ZHI N+ I J INRI 
+CAMERON + t 8GNA+E01 N+GLAS+P I SA+RHE ll 

+KEYES, KRAEMER, TANAKA, CHO+ t CARN+ANL I 
+SAK ITT, SNAPE, STEVENS+ t BNL +SlAC+SBERI 
+VE STERGOMB I, GVAKH AR IYA ,GENC HEV+ I J INRI 
CHR I STENSON,GOLDHAN, HUH MElt ROTH+ C NYU I 
CHRISTENSON ,GOLDMAN, HUMMEL, ROTH+ t NYU I 
+SAKITT, SNAPE, STEVENS+ C 8Nl +S LAC +SBER I 
+BL All ,CAMPBELL, GRANNAN+ C YALE+BNU 
+l I NSA Y, GROSSO-PILCHER, FRISCH+ (EFt +ANL J 
SHOCHET tlf NSAY, GROSStrPILCHER 1 + I EFI+ANLJ 

+CHIANG, KYC I A, l I r L I TTENBERG t MARX+( BNL+ROCHJ 
+CH lANG, KYC I Arl I ,LI TTENBERG, MARX+( 8Nl +ROCHI 
+CHIANG, KYC lA, L t,l JTTENBERG, MARX+ I BNL+~OCHI 
+DERRICK, MILLER, SCHLERETH, ENGLER+( ANL +CARNI 
+LEI PUNER, LARSEN, SCHM I 01, BLATT+ ( BNL+YALE I 
+DZHOR DZHADZE, GENCHEV, GR IGALASHV Ill+ C J I NRJ 
BIRULEVrVESTERGOMBI,GENCHEV + (JJNRI 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALEXANOE 62 PRL 9 69 G ALEXANDER,$ ALfoiiEIOA,F CRAWFORD CLRLI 
JOVANOVI 63 BNL CONF 42 JOVANOVIC,FtSCHER,BURRIS + IBNl+MARYLANOI 
STERN 64 PRL 12 459 STERN,BINFORD,LIND,ANDERSON + IWISC+lRLI 
BEHR 65 ARGONNE CONF 59 BEHR,SRISSON,BELLOTTI+ CEPOL,MILA,PADOJ 
MESTVIRI 65 JINR P 2449 MESTVIRISHVILI,NYAGU,PETROV,RUSAKOV+ IJINRI 
TRILLING 65 UCRL 16473 GEORGE H TRILLING tLRU 

UPDATED FRO~ 1965 ARGONNE CONF., PAGE ll5. 

GINSBERG. 67 PR 162 1570 
RUSSIA 67 Pl 248 531 

ALSO 1 66 PL 20 207 
ALSO 2 66 l'l 21 595 
ALSO 3 66 PL 23 167 

SCH"liOT 67 NEVIS 160(THESISI 

CRONIN 68 VIENNA CCNF P.281 
BECHERR.A 70 PR D1 1452 
GINSBERG 70 PR 01 229 
HEUSSE 70 LNC 3 449 
GINSBERG 73 PR DB 3887 
KLE INKNE 76 ARNS 26 1 

EDWARD S GINSBERG CU. MASS BOSTON) 
C. R UBB lA, J. STE I NSE RGER CC ERN+COLUJ 
ALFF-STE INS ERGER ,HEUER, KLEINKNECHT+ C CERN I 
ALF F-STE IN BERGER,HEUER, KlEINKNECHT+ t CERN I 
C.RUSB lA, J. S TE 1 NBERGER IC ERN+COLU I 
P. SCHMIDT ICOLUMBIAI 

CRONJN,RAPPORTEURS TALK 
T 8ECHERRAWV 
E S GINSBERG 
+AUBERT, PASCAUD, VI ALLE 
E S GINSBERG, J SMITH 
K. KLEINKNECHT 

IPRINCETONI 
C ROC HI 

(J IT HAIFA) 
IORSAYI 

I MIT+STONI 
tOORTI ...................................................................... ...................................................................... 

31 CHARGED DC1869,JP::O-I I=112 

FOR /J RECENT REVIEW SEE TRILLING 81 

31 CHARGED 0 MASS IMEVI 

50(1876.) 115.1 PERUZZI 76 SHAG+- K-+PI+-Pl+-
11874. J ( 5. I GOLDHABER 71 SHAG +- OQ,D+ RECOIL SPC 
tl868.31 (0.91 PERUZZI 77 SMAG +- E+E- 3.77GEV ECH 
( 1874. I 111.1 PICCOLO 17 SMAG +- E+E-4.Q3,4.41ECM 

P (1868.41 10.51 SCHINDLER 81 SJIIIK2 +- E+E- 3.71GEV EC"! 
P 1869.4 0.6 TRILLING 81 RVUE +- E+E- 3.77GEV ECM 
P PERUZZI 11 AND SCHINDLER 81 ERRORS DO NOT INCLUDE THE 0.13 PERCENT 
P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CAli!!RATION. TRILLING 81 

USES THE HIG!-1 PRECISION PSI AND PSI-PRIME MEASUREMENTS OF 
ZHOLENTZ 80 TO DETERMINE THIS UNCERTAINTY AND CO"!BINES THE 
PERUZZl 17 AND SCHINDLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 

:H CHARGED 0 MEAN LIFE CUNITS 10**-13 SECI 

CB.I OR LESS CL=.90 ARMENISE 79 HVBR NEU P -->OI"1UONS + 
2. 5 2. 2 1.1 ALL ASIA 80 EMUL NEU WIDEBAND 

(10.41 13.91 12.91 BACINO 80 OLCO E+E- 3.77 GEV ECH 
10.3 10.5 4.1 USHIDA 80 EMUL NEU WIDESAND 

8 14.41 AOAMOVICH 81 EMUL GA,. NUC--> 
C (2.21 12.31 11.11 SALLAGH 81 HY!!R FNAl 15FT, NU HE-H2 

D 8.2 4.5 2.5 ABE 82 HYBR SlAC GAM P 19.5 GEV 
E 70 9.5 3.1 1.9 ALBINI 82 SILl CERN GAM Sl 

F 7 16.5) 14.71 12.11 REUCROFT 82 HYBR PI-PoP P 
A USES THEORETICAL RATE 0 TO (K E NEU1=1.4*10Ull SEC**-1 • 
B AOAMOVICH 81 VALUE ESTIMATED WITHOUT INFORMATION Of.. D MOMENTUM 
C BAllAGH 81 VALUE QUOTED HERE ASSUMES THAT All DILEPTON EVENTS 
C CONTAIN DO OR 0+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS. 

0 ABE 82 CANNOT RULE OUT F+- INTER.P., OR ON 2 EVTS. LA.MBDAIC-+ INTERP. 
E ALBINI 82 ASSUMES D ~OMENTUM IS 112 BEAM MOMENTUM. 

F CERN NA16 CUBC-EHSI EXPT. PRESENTED AT MORIOND CONF. 82. 

1/77 
12177 
12177 
1/78 
1/82• 
1/82* 
1/82* 
1/82• 
1/82* 
1/82* 
1/82* 

1180 
12/81* 
1/81* 

12181* 
1182* 
1/82* 
2/82* 
2/82• 
4182* 
1/81* 
1/82* 
1/82• 
1/82• 
2/B2* 
2182* 
4/82* 

AVG 9.1 '·' 1.5 AVERAGE I ERROR INCL. SCALE FACTOR OF 1.01 



Stable Particles 
D:t, D0 

:H CHARGED 0 PARTIAL DECAY MODES 

Pl 0+ INTO K- PI+ PI+ 
P2 D+ INTO KOSAR PI+ 
P3 0+ INTO PH PI+ PI-
P4 0+ INTO PI+ K+ K-
P5 0+ INTO K+ PI+ PI-
P6 0+ INTO E+ NUE 
P7 D• INTO E+ ANYTHING 
PB 0+ INTO K- ANYTHING 
P9 0+ INTO KOSAR ANYTHING + KO ANYTHING 
PlO 0+ INTO K+ ANYTHING 
Pll 0+ INTO K*(89210BAR PI+ 
Pl2 0+ INTO KOeAR PI+ PIO 
Pl3 0+ INTO KOSAR PI+ PI+ Pl-
Pl4 D+ INTO K- PI+ PI+ PI+ PI-
Pl5 0+ INTO PI+ PIO 
P 16 0+ 1 NTO KOSAR K+ 
P 18 0+ INTO KOSAR RHO• 
P 19 0+ INTO ETA .IINYTHI NG 

0- MODES ARE C~ARGE CONJUGATES OF THE ABOVE MODES 

~~ CHARGED 0 BRANCHING RATIOS 

0+ INTO IK- PI+ PT+IITOTA.L 

DECAY MASSES 
493+ 139+ 139 
497+ 139 
139+ 139+ 139 
139+ 493+ 493 
493+ 139• 139 

.5+ 0 

891+ 139 
497+ 139+ 134 
497+ 139+ 139+ 139 
493+ 139+ 139+ 139+ 
139+ 134 
497+ 493 
497+ 769 

IP11 R I 
Rl 
R I 
Rl 

85 o .. 039 o. OlD 
239 D.063 o. 015 

PERUZZI 77 SMAG E+E- 3.71GEV ECM 12/77 
SCHINDLER B1 SMK2 E+E- 3 .. 771 GEV ECM 1/B2* 

R 1 AVG 

R2 
R2 
R2 
R2 
R2 AVG 

R3 
R3 
R3 

D.046 0.011 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.31 

0+ INTO (KOSAR PI+I/TOTAL IP21 
17 D.015 0.006 PERUZZI 77 SMAG E+E- 3. 77GEV ECM 12/77 
36 o. 023 o. 007 SCHINDLER Bl SMK2 E+E- 3.771 GEV ECM 1/B2* 

0.01B4 0.0046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

0+ INTO IKOBAR Pl+IIIK- PI+ PI+) IP21f1Pl) 
0.4'5 OR LESS CL:.9Q PICCOLO 77 SMAG +- E+E- 4.03GEV ECM 12/77 

OBTAI NED FROM S IGMA*BR VALUES OF TABLE I. 12177 

R4 0+ INTO (P{+ PI+ PI-1/IK- PI+ PI+) IP31/IP11 
R4 D.OB OR LESS Cl==.90 PICCOLO 77 SMAG +- E+E- 4.03GEV ECM 12/77 
R4 to.Q8410R LESS Cl=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82* 
R4 P OBTAI NED FROM S IGMA*BR VALUES OF TABLE I. 12/77 

RS 0+ INTO IPI+ K+ K-1/IK- PI+ PI+I IP4J/IP11 
RS 10.151 OR LESS CL:c.9D PICCOLO 17 SMAG +- E+E- 4.03GEV ECM 12/77 
R5 0.14 OR LESS CL:.90 SCHINDlE't 81 SMK2 E+E- 3.771 GEV ECM 1/82* 
RS P OST,t!.INED FROM SIGMA*BR VALUES OF TABLE I. 12177 

R6 
R6 
R6 

R7 
R7 

RB 
RB 
RB 

•• 
RB 

•• RB 

R9 
R9 
R9 
R9 
R9 AVG 

RIO 
RIO 
RIO 
RIO 
R 10 AVG 

Rll 
Rll 
Rll 
Rll 
R 11 AVG 

R 12 
Rl2 
Rl2 

Rl3 
Rl3 
Rl3 
Rl3 

Rl4 
Rl4 

Rl5 
Rl5 

Rl6 
Rl6 

Rl7 
Rl7 
Rl7 
Rl7 

RIB 
RIB 

R 19 
Rl9 

R21 
R21 B 

0+ INTO (K+ PI+ PI-1/IK- PI+ PI+) IP51/1Pll 
0.05 CR LESS Cl=.90 PICCOLO 77 SMAG +- E+E- 4.03GEV ECM 12/77 

OBTAINED FROM SIGMA*BR VALUES OF TABLE I. 12/77 

I 0+ INTO E+ NUEI/1 D+ INTO E+ ANYTHING + DO INTO E+ ANYTHING I 
0.10 OR LESS CL:::.9D BRANDEl IK 77 DASP E+E- 3.99-4.08 GEV 

0+ AND DO INTO (E+ AN'fTHINGI/fTOTAl D+ AND DOl 
MEASURED AT THE PSII37721. THIS GIVES A WEIGHTED AVERAGE OF 
0+ 144 PCT.I AND 00 1'56 PCT.I BRANCHING FRACTIONS. 

O. 072 O. 028 FEllER 78 SMAG E+E- 3. 772 GEV ECM 
10.111 10.021 BACINO 7B DLCO REPL. BY BACINO 79 
10.081 10.0151 BACINO 79 DLCO E+E- 3.772 GEV ECM 

NOT INDEPENDENT OF BACINO 80 R131D+I AND Rl31DOJ. 

0+ INTO I K- Af,jYTHI NGI 
3 D.IO 0.07 

26 0.19 0.05 

I PBI 
VUillEMJN· 78 SMAG E+E- 3. 772 GEV ECM 
SCHINDLER 81 SMK2 E+E- 3. 771 GEV ECM 

0.160 0.043 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

D+ INTO (KOSAR ANYTHING+ KO AN'fTHINGI/TOTAl IP91 
3 0.39 0.29 VUILLEMIN 78 SMAG E+E- 3.172 GEV ECM 

15 0.52 0.18 SCHINDLER. 81 SMKZ E+E- 3.771 GEV ECM 

0.48 0.15 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

0+ INTO (K+ ANYTHING1/TOTAL 
2 D.06 0.06 

12 0.06 0.04 

IP101 
VUILLEMIN 78 SHAG E+E- 3.712 GEV ECM 
SCHINDLER 81 SMK2 E+E- 3. 771 GEV ECH 

0.060 0.033 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

0+ INTO CK111(8';!210BAR PI+I/TOTAL (Pllt 
92 EVENTS SEEN 01HJARD 79 SFM + P P,ECM:::53 GEV 

O. 037 OR LESS CL=4 90 SCHINDLER 81 SMK2 E+E- 3. 771 GEV ECI'I 

0+ INTO IE+ ANYTHINGI/TOTAL (P71 
10.2201 10.0441 IO.OZ21BACINO 80 DLCO E+E- 3.77 GEV ECH 

23 (0.16BI 10.0641 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 
D.19 0.04 0.03 TRILLING 81 RVUE BEST ESTIMATE 

D+ INTO (KOSAR PI+ PIOI/TOTAL IP121 
10 0.129 0.084 SCHINDLER 81 SMK2 E+E- 3.771 GEV EO\ 

0+ INTO (KOSAR PI+ Pt+ PI-1/TOTAL IP13l 
21 D.OB4 0.035 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

0+ INTO CK- PI+ PI+ PI+ PI-1/TOTAl (P14l 
0.041 OR LESS CL ... 90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

0+ INTO (KOSAR RHO+J/TOTAL IP181 
C0.0161CR MORE CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

SCHINDLER Bl USE TRIANGLE RELATION FOR AMPLITUDES 00 -->KOSAR RHOO. 
DO ->K- RHO+ AND D+ -->KOSAR RHO+, AND THEIR D+/00 LIFETIME RATIO. 

0+ INTO IPI+ PIOIIIKOBAR PJ+I fP151/IP21 
0.30 OR LESS CL:.90 SCHINDLER. 81 SMK2 E+E- 3.711 GEV ECM 

12/77 

2/82* 
2/82* 
2118 
3/78 
4/82* 
4/82* 

1179 
1/79 
1/82• 

1/79 
1/79 
1/82* 

1/79 
1/82* 

7/79 
1/82* 

4/82* 
4/82* 
4/82* 

1/82* 
1/82* 

1/82* 
1/82* 

1/82* 
1/82* 
1182* 
1/82* 

1/82* 
1/82* 

0+ INTO CKOBAR K+IIIKOBAR PI+I IP161/IP2J 1/82* 
6 O. 25 0.1'5 SCHINDLER 81 SMK2 E+E- 3. 771 GEV ECM 1/82* 

0+ AND 00 INTO lETA ANYTHINGI/CTOTAL 0+ AND COl 
10.021 OR LESS BRANOELIK 79 DASP E+E- ECMc4.03GEV 
0.13 OR LESS PARTRIDGE 81 CBAL E+E- ECM:3. 77GEV R21 

R21 
R21 

8 BRANDEUK 79 RESUlT BASED ON ABSENCE OF ETA SIGNAL AT 4 .. 03 GEV. 

1/82* 
1/82* 
1/82* 
1/82* B PARTRIDGE 81 OBSERVE SUBSTANTIALLY HIGHER ETA CROSS SECTION AT 4.03. ............................................................ ······*· 

88 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR CHARGED 0 

GOLOHABE 76 PPL 37 255 GOL OHABER, PIERRE • ABR.\~S ,Al AM+ llBl+ SLAC I 
PERUZZI 76 PRL 37 569 +PI CCOLQ, FELDMAN, NGUYEN. WI S S+ I SlAC+LBll 

+GOLOHABER, ABRAMS, AlAM 1 BOYAR SKI+ ( l Bl+Sl AC J WJSS 76 PRL 37 1531 

BRANDEl I 77 Pl 708 387 
GOLOHABE 77 Pl 69B 503 
PERUZZI 77 PRl 39 1301 
PICCOLO 17 Pl 708 260 

BRANOELIK + IAACH+CESY+t'AMB+MPtM+TOKYI 
GOLOHABER,WISS,ABRAMS,ALAM + ILBL+SLACJ 
+PICCOLO, FElDMAN+ (SlAC+lBl+NWES+HA.WAI 
+PERUZZI t lUTH, NGUYEN, WI SS, ABRAMS+( SLAC+LBLI 

SAC INO 78 PRL 40 671 +BAUMGARTEN 1 BIRKWOOO + 
+LITKE 1 MADARA S1 RON AN+ 
VUillEMIN,FElOMAN + 

ISLAC+UCLA+UCIJ 
(l8l + SLAC+NWES+HAWA I 
llBL+ SLAC+NWES+HAWA I 

FElLER 78 PRL 40 274 
VUILLEMJ 78 PH 41 1149 

ARMENlSE 79 PL 868 115 
SAC I NO 79 I»Rl 43 1073 
BRANOELI 79 PL BOB 412 
DRIJARO 79 Pl 818 250 

+ERR I QUEZ+ I BAR I +CER N+EPOL+M I LA+ORSA I 
+FERGUSON. NODUL MAN+ I UCL A+Sl AC+UC I +S TQN) 
BRA NOEL IKf- I AACH+ CESY+I-'AMB+MP IM+TOK V J 
+FISC HER • GEIST+ I CERN+COEF+HE I O+KAR ll 

AllASJA 80 NP 8176 13 ( ANKA+l l BH+CERN+OUUC+LOUC +KEVNf-PI SA+ROMA+ I 
SAC INO 80 PPL 45 329 +FERGUSON+ I UCLA+SLAC+ST AN+UC I +STONI 
USHIOA 80 PRL 45 1053 (A I C H+FNAL+KOBE+ SEOU+MCG I +NAGO+OSU+OKAY+ I 
ZHOLENTl 80 Pl 968 214 +KURD ADZE, l ElCHUK, M I SHNEV, N I I< IT IN+ I NOVO I 

ALSO 81 YAQ.PHYS.34 1471 ZHDlENTZ + INOVOI 

AOAMQVIC 81 Pl 998 211 ADAMOVICH+IPHOTON-EMUL,GMEGA-PHOTON COllS.I 
BAllAGH 81 PR D24 7 +BINGHAMf- llBL+UCP+FNAl+HAWA+WASH+WISCI 

ALSO 80 Pl 898 423 BAllAGH + UBl+UCB+FNAlf-HAWA+WASH+WISCI 
PARTRIOG 81 PRl 47 760 PARTRIOGE,PECK+ ICIT+I-ARV+PRIN+STAN+SlACI 
SCHINDLE 81 PR 024 7e SCHINDLER,ALAM,BOYARSKY + ISLAC+LBLJ 
ABE 82 PRL (TQ BE PUBL.I.ISLAC HYBRID FACILITY PHOTON COLLABORATION) 
ALBINI 82 PL 1108 339 ALBINI+ IFRAS+MILA+PISA+ROHA+TORt+TRSTJ 
REUCROFT 8'2 CERN/EP/0903R/SR S.REUCROFT IHORJONO CONFI ILEBC-EHS COllA61 

REVIEWS 

BARBAROG 78 LBL-8537 
WOJCICKI 78 SLAC-PUI!-2232 
KIRKBY 79 SLAC-PUB-2419 
TRILLING 81 PRPL 75 57 

A.BARBARD--GALTIERI IERICE !"9781 (LBLI 
S.WOJClCKI ISLAC SUMMER JNST .19781 (SLACJ 
J.KIRKBY !LEPTON CONF. BATAVIA, 1979IISLACI 
G.H.TRILLING tlBL+UCBIJ 

•••••••••••••••••••••••• •••••~~<••• ................................... . 
~~<:oOt*** ••••••••• ********* •••••••••••••••••• ······••* ••••••••••••••••• 

~ 32 NEUTRAL Ol1865oJP=O-I I=1/2 

OM 
OM 
OM 
OM 

FOR A RECENT REVIEW SEE TRilliNG 81 

32 NEUTRAL 0 MASS IMEVI 

23411865.) 115.1 GDLOHABER 76 SMAG K PI AND K 3PI 
I 1863. I ( 3. I GOLOHABER 77 SMAG 00, D+ RECO ll SPC 
11B63.31 (0.91 PERUZZI 77 SMAG E+E- 3.71GEV ECM 
( 1868.1 Ill. J PICCOLO 77 SMAG E+E-4.03,4.41ECM 

64( 1850. I (15.1 SAl TAV 78 HBC NEU NUCloKOPIPI 
94( 1854. J I 6. I ATIYA 79 SPEC GAM NUC-->00 OOBAR 

1( 1866.1 ( 8.1 AOAMOVICH 80 EMUL GA,.,MA NUC-->OOBAR + 
23811863.0) ( 2.51 ASTON 80 OMEG GA/t'MA P-->OOBAR 
143( 1860. I I 2.1 AVERY 80 SPEC GAMMA NUC-->0*+ 

35( 1869.) (4.1 AVERY 80 SPEC GAMMA NUC-->0*+ 
1( 1847. I ( 7.1 FIORINO B1 EMUl GAMMA NUC-->OOBAR + 

P 11863.81 (0.5) SCHINDlER Bl SMK2 E+E- 3.77GEV ECM 
P 1864.7 0.6 TRilliNG 81 RVUE +- E+E- 3. 77GEV EC.M 

PERUZZI 77 AND SCHINDLER 81 ERRORS DO NOT INCLUDE THE 0.13 PERCENT 
UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGV CALIBRATION. TRILLING 81 
USES THE HIGH PRECISION PSI AND PSI-PRIME MEASUREMENTS OF 
ZHOlENTZ 80 10 DETERMINE THIS UNCERTAINTY AND COMBINES THE 
PERUZZI 77 AND SCHINDLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 
ERROR DOES NGT INCLUDE POSSIBLE SYSTEMA.TIC MASS SCALE SHIFT. 

A ESTIMATED TO BE LESS THAN 5 MEV. 

32 (0+-J - (001 MASS DIFFERENCE CMEVI 

5.0 O. 8 PERUZZI 77 SMAG +- E+E- 3. 77GEV ECM 
4.7 0.3 SCHINDLER 81 SMK2 +- E+E- 3.77GEV EC.M 

NOT INDEPENDENT OF 0+- AND DO MASS MEASUREMENTS. 

OM AVG 4. 74 o. 28 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

Note on the D0 Lifetime 

1/77 
12/77 
12/77 
1/78 
1/79 

12/79 
2/80 

12/81* 
12181* 
12181* 

1/Bz'* 
1/82* 
l/B2* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/81* 
1/81* 

3/78 
l/B2* 
3/78 

The D0 lifetime is a subject of uncertainty, 

with the problems of inconsistent experimental 

results not yet resolved. Earlier results, pri­

marily using emulsion targets, reported lifetimes 

of the order of 1 X10-13 sec or less. The e+e­

colliding-beams results indicate a charged/neutral 

D lifetime ratio of 3 or possibly much larger (sub­

ject to some theoretical uncertainties). Many of 

these results are charact.erized by relatively large 

quoted errors, and the most recent experiments sug­

gest that the D0 lifetime lies in the range 

2-7 x1o-13 sec. The observation of individual 

events with proper lifetimes of the order of 
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Data Card Listings 
For notation, see key at front of Listings. 

20 xlo-13 sec suggests that the mean life may 

indeed be longer than first thought, perhaps com-
+ 

parable to the u- lifetime. The possibility of 

there being 2 lifetimes in the manner of the K~-K{. 
or of there being more than one type of massive 

weakly-decaying neutral particle, has been dis­

cussed, but there is no solid evidence. 

TR 
TR 
TR 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
PB 
P9 
PIO 
Pll 
Pl2 
Pl3 
Pl4 
PIS 
Pl6 
Pl7 
PlB 
Pl9 
P20 
P21 

32 NEUTRAL 0 MEAN LIFE 

18.01 CR LESS CL:.90 ARMENISE 79 HYeR NEU P -->DIMUONS + 
ADAMOVICH 80 EMUL JNCL IN AOAHOVICH81 (1).2261 

10.531 
tZ •• 1 J 

1 fl.OOJ 
3 co.seJ 
1 (O.lltl 

(0 .. 57) 
OR LESS 

( o. 52J 
I 0.8} 

(0.251 
(Lz.95 

10.311 
10.21 

ALLASIA 80 EMUL NEU WIOESAND 
BACINO 80 DLCO E+E- 3.77 GEV ECM 
USHJOA 80 EHUL INCL. IN USHIOA 82 
AOAMOVICH 81 EMUL C ERN-SPS GAMMA NUCL 
AOA"10Vl2 81 EMUl CERN-SPS GAMMA NUCL 

1 (3.41 OR (1.51 ADAMOVI 2 81 EMUL CERN-SPS GAMMA NUCL 
2 c2.8J c z.21 I 1.31 BALLAGH 81 HYBR FNAL 15FT, NU NE-f-12 
1 12.11 ADEVA 81 HYBR lEBC CEfi:N-SPS PI- P 
1 15.91 AOEVA 81 HYeR LEf!C CERN-SPS PI- P 
5 3.1 2.0 1.6 FUCHI 81 EMUL CERN-SPS PI- NUC 

11 6. 7 3.5 2.0 ABE 82 HYBR SLAC GAhll P 19.5 GEV 
0 8 12.11 ( 1.31 10.7) REUCROFT 82 HYBR PI- p, P P 

G 16 2.3 0.8 0,5 USHIOA 82 EMUL FNAL NU,ANU WIDEBNO 
E ALLASIA 80 ASSUMES NO LONG-LENGTH LOSSES. VISIBiliTY PROBLEMS IN 
E THE EMUL. 
C USES THEORETICAL RATE 0 TO (K E NEUI=1.4•10 .. 11 SEC ... -1 • 
F AOAMOVICH 81 ASSUMES NO LONG-LENGTH LOSSES. 
H ADAMOVJCH2 81 HAS NO CORRECTION FOR DETECTION EFFICIENCY. 
8 BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 
8 CONTAIN DO OR 0+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS. 

ADEVA 61 FIRST AND SECOND VALUES ARE PROPER LIFETIMES OF DO AND ADO 
FROM SINGLE EVENT. DETECTION EFFICIENCY LOW FOR LIFETIMES 10 .. -13 

A SEC OR LESS. 
0 CERN NA16 ILEBC-EHSI EXPT. PRESENTED AT MORIC!NO CCNF. 82. 

G USHIOA 82 HAVE 3 SEMI-LEPTONIC DECAYS NOT INCLUDED IN THIS NUMBER, 
G BUT BELl EYED TO HAVE MUCH LONGER LIFETIMES. SUPERCEDES USHIOA 80. 

1/80 
2/80 

12/81• 
1/81• 

1Z/81• 
1/82• 
4/82• 
4/82• 
1/82• 
1/82* 
1182• 
1/82• 
2/82• 
4/82• 
2/82• 
"4/82• 
4/82* 
l/81• 
4/82• 
4/82• 
1/82• 
1/82* 
1/82* 
1/82• 
1/82• 
4/82* 
4/82* 
4/82• 

AVG ... 2.4 1.5 AVERAGE IERROR INCL. SCALE FACTOR OF 1.61 
ISEE IDEOGRA)III BELOW J 

WEIGHTED AVERAGE ~ 0.210 ± 0.060 
ERROR SCALED BY 1.6 

-0.2 

·USHIDA 
·ABE 
·FUCHI 

1. D 

62 Et.AUL 
62 HYBR 
61 Et.AUL 

CHISQ 
3. 7 
, .1 

0.2 
5.1 

(CON LEV 
=0.079) 

NEUTRAL D DECAY RATE (UNITS 10'•13SEC-1) 

32 (CHARGED 01/(NEUTRAL OJ MEAN LIFE RATtO 

FROM RATIO OF O+ TO DO SEHILEPTONIC BRANCHING FRACTIONS 
14.31 OR MORE CL.,.95 BACINO 80 OLCO E+E- 3.71 GEV ECM 
13.11 (4.61 11.~1 SCHINDLER 81 SMK2 E+E- 3.71 GEV ECH 

32 NEUTRAL D PARTIAl DECAY MODES 

00 INTO K- PI+ 
DO INTO K- PI+ PI+ PI­
DO INTO KOSAR PI+ PI-
DO 1 NTO KOSAR PI+ P 1- PI+ PI­
DO INTO PI+ PI-
DO INTO K+ PI- I VIA OOBARJ 
DO INTO K+ K-
00 INTO K- PI+ PIO 
DO INTO KOSAR PIO 
DO INTO E+ -'NYTHING 
DO INTO K- ANYTHING 
DO INTO K+ ANYTH lNG 
DO INTO KOSAR .eNYTHING + KO ANYTHING 
DO INTO K*I892J- PI+ 
00 INTO K*l892)0 PIO 
00 INTO K- RHO+ 
DO INTO KOSAR RHOO 
DO INTO PI- PI- PI+ PI+ 
DO INTO UNFITTED MODES (KEEPS FIT PGM. HAPPVI 
00 INTO K- PI+ PtO PIO 
DO INTO ETA .eNYTHI NG I SEE CHARGED 0 SECTION R21J 

008AR MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

DECAY MASSES 
493+ 139 
493+ 1 '39+ 139+ 139 
4'97+ 139• 139 
497+ 139+ 139+ 139+ 
13'9+ 13'9 
4'93+ 139 
4'B+ 493 
493+ 139+ 134 
497+ 134 

891+ 139 
891+ 134 
4 1"3+ 769 
497+ 769 
139+ 139+ 139+ 139 

Stable Particles 
Do 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix !or-the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi :t 6Pi' where 

6Pi = "\)(6Pi6Pi), while the o!f~diagonal elements are the~ correlation coeffi~ 

dents (6pi6Pj) /(6Pi. 6Pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

P 1 P 2 P 3 P 5 P 7 Pl9 
p 1 .0240+-.0039 
p 2 .2151 .0453+-.0126 
p 3 .1145 .0375 .0421+-.0017 
p 5 .3354 .0721 .0585 .0008+-.0004 
p 7 .5204 .1120 .0908 .1145 .0027+-.0008 
P19 -.5078 -.8234; -.5344 -,.1Q06 -.3011 .8850+-.0168 

Rl 
Rl 
Rl 
Rl 
R1 AVG 
R1 FIT 

R2 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

32 NEUTRAL 0 BRANCHING RATIOS 

DO INTO IK- Pf+I/TOTA.l 
130 0.022 0.006 
263 o. 030 a. oo6 

IPll 
PERUZZI 77 SMAG E+E- 3. 77GEV ECM 12/77 
SCHINDLER 81 SMK2 E+E- 3.171 GEV ECH 1/82* 

0.0260 0.0042 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 
0.0240 0.0039 FROM FIT- (ERROR INCLUDES SCALE FACTOR OF 1.01 

DO INTO IK- PI+ PI+ PI-1/TOTAL I P21 
44 0.032 o. 011 PERUZZI 77 SMAG E+E- 3. 71GEV ECM 12/77 

185 0.085 0 .. 021 SCHINDLER 81 SMK2 E+E- 3. 771 GEV ECM 1182* 

0.043 0.022 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.21 
0.045 0.013 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.4) 

00 INTO (KOSAR PI+ PI-J/TOTAL 
28 a. 040 o. 013 
32 0.038 0.012 

I P31 
PERUZZI 11 SHAG E+E- 3.77GEV ECM 12/77 
SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82* 

0.0389 0.0088 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.0421 0 .. 0077 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.CI 

R4 DO INTO IK- PI+ PI+ PI-J/(K- Pt+l IP21/IP11 
R4 P 2H 2.2 0~8 PICCOLO 17 SHAG E+E-4.03,4.41EC.M 12/77 
R4 P THIS CHANNEL DOMINATED BY K- PI+ RHOO (85+-15 PERCENT). 12/77 
R4 P K• PI+ PI- AND K- AZ+ CONSISTENT Willi O, K* RHOO FRAC IS 0.1+-0.1 • 12/77 

:: FIT C· ·1:a9 • • 0.55" FROM Ft'r tERROR INCLUDES SCALE FACTOR oF 1.21 

R5 
RS 
RS 
RS 
R5 AVG 
R5 FIT 

R6 
R6 
R6 

•• R6 FIT 

R7 
R7 
R7 
R7 
R7 FIT 

RB 
RB 
RB 
RB 

R9 
R9 
R9 
R9 
R9 AVG 

RIO 
RIO 
RIO 

R 12 
Rl2 
Rl2 
Rl2 
Rl2 

Rl3 
Rl3 
Rl3 
Rl3 

AVG 

R 13 EST 

Rl4 
Rl4 

Rl5 
Rl5 

Rl6 
Rl6 

Rl7 
Rl7 

RIB 
R18· 

Rl9 
Rl9 
Rl9 
Rl9 
R 19 AVG 

R20 
R20 

DO INTO (KOSAR PI+ Pl-1/IK- PI+) ( P31/ (PU 
116 2.8 1.0 PICCOLO 77 SMAG E+E-4.03.4.41ECM 12/77 

35 1.7 0.8 AVHY 80 SPEC GAM"1A NUC-->0.. 12/81* 

2.1"3 0.62 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
1.75 0.39 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

(P51/1Pl1 DO INTO IPI+ PI-1/IK- Pl+l 
0.01 OR LESS Cl=.90 PICCOLO 77 SMAG E+E- 4.03 GEVECM 12177 
0.033 0 .. 015 ABRAMS 79 SHK2 E+E- 3. 71GEV ECM 12/79 

0.033 0.015 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

IP7J/(PlJ DO INTO (K+ 1<-)/(K- PJ+) 
0.07 OR LESS CL:.90 PICCOLO 77 SMAG E+E- 4.03GEV ECM 12177 
0.113 o. 030 ABRAMS 79 SMK2 E+E- 3.71GEV ECM 12/79 

0.113 0.030 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

DO INTO IK+ PI- VIA DOBARI/IK- PI++ K+ PI-I IP61/IP1+P61 
THIS IS THE OD-DOBAR MIXING LIMIT 

0.16 OR lESS CL=.90 FELDMAN 71 SMAG 0*+ TO 00 PI+ 
(0.181 OR LeSS CLt=.90 GOLOHABER 11 SMAG 

00 INTO (K- PI+ PIOI/TOTAL I Pel 
7 0.12 0.06 SCHARRE 78 SMAG E+E- 3.77 GEV 

37 o.oes o.032 SCHINDLER 81 SMK2 E+E- 3.711 GEV ECM 

0.0<;3 0.028 AVERAGE (E!IROR INCLUDES SCALE FACTOR OF 1.01 

(pq) 

3/77 
12/77 

1/78 
1/82* 

DO INTO (KOSAR PIOI/TOTAL 
10.061 OR LESS CL:.90 SCHARRE 78 SMAG E•E- 3.71 GEV 1/78 
0.022 0.011 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82* 

DO INTO IKOBAR ANYTHING+ KO ANYTHINGI/TOTAL 1Pl31 
6 0.57 0.26 VUILLEMIN 78 SMAG E+E- 3.772 GEV ECM 

13 0.29 0.11 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

0.33 o.1o AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

DO INTO IE+ ANYTHINGIITOTAL 
0 0.04 OR LESS Cl=.95 

12 0.055 0.037 

( P101 
BACINO 80 OLCO E+E- 3. 71 GEV ECM 
SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

OUR ESTl"fATE 

1/79 
1/82* 

4/82* 
4/82* 

4/82* 

DO INTO IK•t8Cl21- PJ+J/TOTAL IP141 1/82* 
25 0.034 0.014 SCHJNOLH 81 SMK2 E+E- 3.771 GEV EC!o! 1/82* 

00 INTO CK•I8t;210 PIOI/TOTAL (P151 
4 0.014 0.023 0.014 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

DO INTO IK- ~HO+I/TOTAL IP\61 
31 0.072 0.030 0.031 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

DO INTO (KOSAR RHOOI/TOTA.l IP171 
1 0.001 0.006 0.001 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

DO INTO (PI- PI- PI+ Pt+JI(K- PI+ PI+ Pt-1 IP18111P21 
0.21 OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.171 GEV ECM 

DO INTO IK- Af,YTHINGIITOTAL 
19 0.35 0.10 

121 0.55 0.11 

IP111 
VUILLEMIN 78 SMAG E+E- 3 .. 772 GEV EO', 
SCHINDLER 81 SMK2 E+E- 3.711 GEV ECfl, 

0.440 0.100 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

00 INTO IK+ At-.YTHINGIITOTAL ( P121 
25 o.oa o.o3 SCHINDlEP 81 SMK2 E+E- 3.771 GEV EO~ 

DO INTO IK- PI+ PJO PJOJ/TOTAL I P201 
1 SEEN ADEVA 81 HYBR PI- P-->00 DOBAR 

1/82• 
1/82* 

1/82* 
1/82* 

1/82• 
1/82* 

1/82* 
1/82• 

1/82* 
1/79 
l/82* 

1/82* 
1/82* 

l/82• 
1/82* 

................................. ••••*•••• ••••••••• ······*•• ....... . 



Stable Particles 
D0

, Ft. B. p 

GOLOHABE 76 PRL :n 255 
FELDMAN 77 PRL '38 1313 
GOLDHABE 71 PL 698 503 
PERUZZI 11 PRL 3q 1301 
P JCCOLO 11 PL 70 e 260 

SALT AY 
SCHARRE 
VUILLEMI 
ABRAMS 
ARMENISE 
ATIYA 

78 PRL 41 "13 
78 PRL 40 74 
78 pq,L 41 1149 
79 PRL 43 481 
79 PL 868 11 '5 
79 PRL 43 414 

AOAMOVIC 80 PL 898 427 
ALLASIA 80 NP 8176 13 
ASTON 80 Pl 948 113 
AVERY 80 PRL 44 1~09 
SAC INO 80 PRL 45 329 
USHIOA 80 PRL 45 1049 
ZHOLENT Z 80 PL 968 214 

ALSO 81 YAQ,.PHYS.34 1471 

REFERENCES FOR NEUTRAL D 

GOLOHABER, PIERRE, ABRAMS ,ALAM+ ( LBl + SLAC J 
+PERUZZI, PI CCOLO,A BRAp.1 S, ALAM + C SLo\C+l BL J 
GOLOHABER,WISS, ABRAMS,ALAM + (LBL+SLACI 
+PICCOLO, FELDMAN+ CSLAC+LBL +NWES+HAWAJ 
+PERUZZI, LUTH, NGUYEN oWl SS ,ABRAMS+ I SLAC+LBU 

+CAROUMBAL IS, FRENCH, HIBBS, HYLTON+ I COLU+BNll 
•BARBARQ-GALTJERI + .($LAC+l8L+NWES+HAWAl 
VUI LLEMIN,FELOMAN + CLBL+SLAC+NWES+HAWAI 
+ALA M, BLOCKER, BOYARSK I+ IS LAC+LBll 
+ERRtQUEZ+ I BARI+CERN•EPOL+P.HU.+ORSAJ 
+HOLME S,KNAPP, LEE+ I COLU+ ILl +FNAL1 

ADAMOVICH•I PHOTON-EMUL, OMEGA-PHOTON COLLS."I 
(A NKA+L tBH+CEFl N+DUUC+LOUC +KEYN+P I SA+ROHA+ I 

+I BONN+CERN+EPOL+GLAS+l ANC+MCi'S+LALO+L PNP+J 
+WISStBUTLER,GlAOOING+ I ILL+FNAL+COLUI 
+FERGUSON+ I UCLA+Sl At +STAN+ Uti+ STONJ 

I A ICH+FN AL+KOBE+SEOU+MCG I +NAGO+OSU+OKAY+J 
+KUROADZE, LELCHUK 1 M I SHNEV, N I KIT IN+ I NOVO I 
ZHDLENTZ + INOVOI 

AOAMOVIC 81 PL 99 8 271 ADAHOV ICH+( PHOTON-EHUL ,CHEGA-PHOTON COLLS.I 
ADAMDVI2 81 DESY-L-TRANS-260 IPISMA JETF 34 41711PHOT .. EHUL .. ,OHEGA-PHOT.J 

ALSO 80 ADAMOVICi' 
ALSO 81 FIORINO 

AOEVA 81 Pl 1028 285 +AGUILAR-BENITEZ + ILEBC-EHS COLLABORATIONI 
8ALLAGH 81 PR 024 7 +BINGHAM+ (LBL+UCB+FNAL+HAWA+WASH+WISCJ 

ALSO 80 PL 898 423 BALLAGH + ILBL+UCB+FNAL+HAWA+WASH+WISCI 
FIORINO 81 LNC 30 166 FIORINO+ IPHOTON-EMUlt 0"4EGA-PHOTON COLLS .. J 
FUCHI 81 LNC 31 1c;9 +HOSHlNOtHIYANISHI+ INAGO+AICH+TOKY+YOKOI 
SCHINDLE Bl PRO 24 78 SCHINDLER,ALAM,BDYARSKY + ISLAC+LBLJ 
ABE 62 Pq,L ITO BE PUBL.IISLAC HYBRID FACILITY PHOTON COLLABORATIONJ 
REUCROFT 82 CERN/EP/0903R/SR S.REUCROFT CMORIONO CONFI ILEBC-EHS COLLABJ 
USHIDA 62 PRL 46 844 IAICH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+I 

QUANTUM NUMBER OETERMINA.TIONS NOT REFERRED TO IN THE DATA CARDS 

NGUYEN 11 PRL 39 262 +WI SS, ABRAMS, AL AM, BOYARSK I+ CLBL+SUCJJ 

REVIEWS 

6ARBAROG 76 LBL-6537 A.BARBARO-GALTIERI CERICE 1978) ILBLI 
WOJC ICK 1 78 SLAC -PUB-22 32 
KIRKBY 79 SLAC-PUB-2419 
TRill lNG 61 PRPL 75 57 

S.~OJCtCKI ISLAC SUMMER 1NST.l9781 CSLACI 
J.KIP.KBY CLEPTON CONF. BATAVIA, 19791CSLACJ 
G.H.TRJLLING CLRL+UCBIJ 

****** ********* ********* ********* ••••••••••••••••••••••••••••••••••• 
•••••• ********* •••••••••••••••••••••••••••••••••••• ********* •••••••• 

;4 F+-C2020,JP= I 

34 F+-(20201 MASS CMEVI 

8 412030.) (60. J BRANOELIK 77 OASP +- E+E- ECM=4GEV 
60. BRANOELIK 79 OASP E•E- ECM;.,4.42GEV M 

" " M 
M A 
M 
M A 

8 6 2030. 
1 2017. 
1 2026. 
1 2069. 

400 2020. 
B BRANOEliK 77 

ERROR QUOTED 

25. AMMAR 60 HYBR + NEU WIOEBAND 
56. USHIOA 80 EHUL - FNAL NU WIOEBANO 

121. USHIOA 60 EMUL + FNAL NU WIDEBANO. 
22. ASTON 81 OMEG +- GAMMA P-->F + 

EVENTS INCLUDED IN BRANOELIK 79 VALUE. 
BY ASTON 81 IS 10 MEV STAT AND <20 MEV SYST .. 

AVG 2021.1 AVEFIAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

P1 
P2 
P3 
P4 
P5 

Rl 
Rl A 
R 1 A 

R2 
R2 

R3 
R3 

R4 
R4 

2. 24 
11.41 

34 F+-( 2020) MEAN LIfE 

2. 78 1.05 USHIDA 
AM MAR 

IUNITS 10**-13 SECI 

60 EHUL NEU WIOEBAND 
80 HY~~ + NEU WIDEBA~D 

~4 F+-( 2020) PARTIAL DECAY MODES 

F+- INTO ETA PI+-
F+- .INTO ETA IINYTHING 
F+- INTO ETA PI+- PI+ PI-
F+- INTO ETA PRIME PI+- PI+ PI­
F+- INTO RHO+- PHI 

34 F+-(2D2DI BRANCHING P.ATIOS 

DECAY MASSES 
548+ 139 
548+ 0 
548+ 139+ 139+ 139 
957+ 139+ 139+ 139 
769+1019 

F+- INTO CETA PI+-1/IETA ANYTHING) CP11/IP2) 
6 10.091 10 .. 06) BRANOELIK 79 OASP E+E- ECH=4.42GEV 

DENC"4HfATOR INCONSISTENT WITH PARTRIDGE 81 CCRYSTAL BAlli 

F+- INTO ETA PI+- PI+ PI- ( P31 
300 SEEN ASTON 61 OMEG GAM"4A P-->F + 

F+- INTO ETA PRIME PI+- PI+ PI- ( P41 
50 SEEN ASTON 81 CiMEG GAMMA P-->F + 

F+- INTO RHO+- PHI I P51 
30 SEEN ASTON2 81 OMEG GAMMA P-->F + 

...... ********* ••••••••• ********* ********* •••••••••••••••••••••••••• 

12177 
1160 
9/61* 
2!62• 
2182* 
1/62* 
1/60 
1/82* 

12/61* 
1/82* 

4/82* 
4/82* 

1/62* 
1/82* 

1/82* 
1/82* 

1/62* 
1/62* 

90 

Data Card Listings 
For notation, see key at front of Listings. 

BRANDEL I 71 PL 708 132 
BRANDEL I 79 Pl 608 412 
AMMAR 60 OL 948 1 H! 
USH I OA 80 PRL 45 1053 
ASTON 81 PL 1008 ~1 
ASTON2 81 NP 8169 205 
PARTRIOG 81 PRL 47 760 

TRILL lNG 81 PRPL 75 57 

REFERENCES FOR F+-(20201 

BRANDE UK + ( UCH+CESY+t'AHB+MPIH+TOKYI 
BRANDEL IK+ ( AACH+ CESY +tiAHB+MP I M+TOKYI 

C KANS+FNAL+SERP+ t TEP+CRAC +J INR+WASI-I+ I 
I A ICH+FNAL +KOBE+SEOU+MCG I +NAGO+OSU+OK AY+ J 

I BONN+CERN+EPOL+GLAS+l ANC+MCHS+LALO+L PNP+ I 
I BONN+CERN+E POL+GLAS+LANC+HCHS +LALO+LPNP+ J 

PAR TR lOGE, PECK+ I C IT+HARV+PR IN+ST AN+SLAC*I 

REVIEWS 

G. H .. TRILLING ILBl+UCBJ 

....... ********* ............................................... ********* ........ . 

........ ********* .......................................................... . 

39 BOTTOM ·MESON 815200, JP= I 

SEE ALSO THE LISTING FOR BOTTOM HADRON SEARCHES. 
-~EEOS CONFIRMATION, NOT ENTERED INTO TABLE. 

39 8 MASS IMEVI 

5140 TO 5290 ANDREWS 80 CLEO UPSIU4SI THRESHOLD 4/62* 
5275 OR LESS FINNOCCHI 60 CUSe UPSIUitSI THRESHOLD 4/82* 

Pl 
P2 
P3 
P4 
P5 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

" 
R2 

A 
A 

• • AB 
AB 

AVG 

29 B PARTIAL DECAY MODES 

INTO ELECTRON ANYTHING 
INTO HUON At:YTHING 
INTO E+ E- .aNYTHING 
INTO MU+ MU- ANYTHING 
INTO KAON .6NYTHING 

39 B BRA.NCHING FRACTIONS 

B INTO (ELECTRON ANYTHINGIITOTAL (Pll 

DECAY MASSES 

0.13 0.042 SEBEK 81 CLEO DIRECT EAT UPS14SI 
THE STATISTICAL AND SYSTEMATIC ERRORS ARE EACH +-0.03 .. 

0.136 0 •. 039 SPENCER 81 CUSS DIRECT E AT UPSt4SI 
THE STATISTICAL AND SYSTEMATIC ERRORS ARE +-0.025 AND +-0.03. 
THE ELECTIION ENERGY SPECTRA IN BOTH SEBEK 61 AND SPENCE.R 81 FAVOR 
B-TG-C OVER B-TD-U QUARK TRANSITIONS. 

0.133 0.029 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

8 INTO I MUON .6NYTHtNGI/TOTAL I P21 

4/62* 
4/82* 
4/62* 
4/82* 
4/62* 
4/82* 

R2 0.094 0.036 CHADWICK 61 CLEO DIII:ECT MU AT UPC4SI 4/62* 

R3 
R3 

R4 
R4 

R5 
R5 
R5 
R5 
R5 
R5 

B INTO IE+ E- ANYTHINGI/TOTAL (P31 
0.05 OR LESS CL=D.90 SEBEK 81 CLEO E+ E- AT UPSILI4SJ 

B INTO CMU+ MU- ANYTHINGJ/TOTAL IP41 
0.011 OR LESS Ct=0 .. 90 CHADWICK 81 CLEO E+ E- AT UPSILI4SI 

8 INTO IKAON ANYTHINGIITOTAL CP51 
SEEN BRODY 82 CLEO KAONS A.T UPSIU4SI 

ASSUMING UPSILONI4SI -> 8 BBAR, A TOTAL OF 3.36+-0.34+-0.68 KAONS 
PER UPSILONC4SI DECAY IS FOUND CTHE SECOND ERROR IS SYSTEMATIC). IN 
THE CONTEXT OF THE STANDARD B-DECAY MODEL, THIS LEADS TO A VALUE 
FOR IS-QUARK-> C-QUARKI/(8-QUARK -->All) OF 1.09+-0 .. 33+-0.13. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *••••••• 

ANDREWS 60 PRL 45 219 
FINOCCHI 80 PRL 45 222 
SEBEK 81 PRL 46 84 
CHA.[)WICK 81 PRL 46 88 
SPENCER 81 PRL 47 711 
SRO[)Y 82 PRL 48 1070 

REFERENCES FOR BOTTOM MESON 8152001 

+ C CORN+HARV+ ITHA+ SYRA+ROCH+RUTG+VANOI 
FtNOCCHIARO,GtANNINl ,+ I STON+COLU+LSUJ 
+ I HARV+ ITHA+SYRA+ROCH+RUTG+VANO+CORNI 
+GANC 1+1 ROCH+RUTG+SYRA+ VANO+CORN+HARV+ ITHA I 
+FINDCCHt ARO. + I STON+COLU+LSU+MPI HI 
+CHEN, +-I SYRA+VANO+CORN+ ITHA+HARV+ROCH+RUTGJ 

............................................................ ****•••• ..................................................................... 

Hl 
Ml 
Hl 
Ml 
Ml 
Ml AVG 

16 PROTO~C936,J=l/21 1=112 

16 PROTON MASS IMEVJ 

1938.2561 (0.005) 
1938.25921 1 o.oo521 
938.2796 o.oo27 

COHEN 
TAYLOR 
COHEN 

16 ANTIPROTON MASS IMEVJ 

938.3 o. 5 BAMBERGER 
938.179 0.056 HU 
938.229 o. 049 ROBERSON 
938.30 0.13 ROBERTS 

65 RVUE 
69 RVUE 
73 RVUE 

70 CNTR 
75 CNTR 
11 CNTR 
78 CNTR 

USING NEW E/H 

EXOTIC ATOMS 

938.216 0.036 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

4/62* 

4/82* 
4/62* 
4/62*• 
4/62* 
4/82* 

7/66 
7/70 
3/71t 

12/79 
12/79 
12/79 
6/76 
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Data Card Listings Stable Particles 
For notation, see key at front of Listings. p, n 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Tl 
Tl 
Tl 
Tl 
Tl 
Tl 
Tl 

MM 
MM 

•• 

MMI 
MMI 

H 
H M 
H M 
H M 
H M 

L M 
L 

K 
H 

• 

MMl R 
MMI 

16 PROTON MEAN LIFE I BRANCHING FRACTION (UNITS YEARSI 

BARYCN CONSERVATION WOULD BE VIOLATED BY A FINITE PROTON MEAN liFE. 
CSEE ALSO NEUTRON-ANTINEUTRON OSCILLATIONS IN NEUTRON SECTION BElilW 
FOR ANOTHER TEST OF BARYON CONSERVATION.J 
LIMITS QUOTED ARE PARTIAL MEAN LIFE FOR PROTON OR BOUND NUCLEON 
DECAY MODE SHGWN AT RIGHT. 
SEE ALSO THE REVIEWS BY REINES i\ND SCHULTZ, SURVEYS IN HIGH ENERGY 
PHYSICS 1, 89 {19801; GOLDHABER, LANGACKER, SLANSKY, SCIENCE 210, 
651 (19801: GOLOHABER AND SULAK, COMMENTS NUCL. PART .. PHYS. 10, 
215 (1961). 

( l.4E201 CR MORE GDLOHABER 54 TH232 NUC-->1\NYTHI NG 
fl.4E221 CR MORE REINES 54 CNTR NUC-->CHGD ANY 
16. E231 CR MORE REINES , 57 CNTR P --> CHGD ANY 

"· E231 CR MORE FLEROV 58 TH232 NUC-->ANYTHING 
14. E261 CR MORE BACKENSTO 60 CNJR NUC-->MU ANY 
(9. E271 CR MORE Gt AMAH 62 CNTR P -> MU GAMMA 
16. E281 OR MORE KROPP 65 CNlR P --> MU GAMMA 
n.2E3ol CR MORE GURR 67 CNTR P --> MU GAMMA 
(3. E231 (R MORE OIX 10 DEUT P --> ANYTHING 
llo3E291 CR MORE BERGAMASC 74 CNTR P --> CHGD ANY 
(2. E301 OR MORE REINES 74 CNlR NUC-->MU ANY 
ll.6E251 OR MORE EVANS 11 TE130 NUC-->ANYlHING ... E30I CR MORE LEARNED 79 CNTR NUC-->"''U ANY 
n. E301 OR MORE LEARNED 79 CNTR NUC-->ANYTHING 
(l.8E301 CR MORE CL=.90 COWSIK 80 CNlR NUC-->MU ANY 
H.25E301CR MORE ALEKSEEV 81 CNTR NUC-->ANYTHl NG 
(3. E3l1 CR MORE CHERRY 81 CNTR NUC-->MU ANY 
11.5E301 CR MORE CHERRY 81 CNTR NUC-->ANYTHING 

2 .. E30 CR MORE KRISHNASW 81 CNTR NUC-->ANYTHI NG 
CCNVERTED TO MEAN LIFE BY DIVIDING HALF-LIFE BY LNI21=.693. 
REFERENCE ALSO GIVES LIMITS FOR OTHER MODES. WE GIVE HIGHEST LIMIT. 
FIRST LEARNEC 79 VALUE SUPERCEDES REINES 74. SECOND lEARNED 79 
VALUE IS FIRST TIMES B.F.=.15, A GRANO UNIF. GAUGE THEORY ESTI"'ATE. 
CHERRY 81 SEE ( 2+-21 EVENTS ABOVE BACKGROUND. SECOND CHERRY Bl 
VALUE IS FIRST TIMES B.F.=.05, A GRAND UNIF. GAUGE THEORY ESTIMATE. 
KRI SHNASWAMY 81 SEE 2 EVENTS IN FIDUCIAL VOLUME OF DETECTOR. 
TENTATIVE MEAN L1 FE ASSUMES B.F. • EFF. =0. 5 I FROM GUT I 
WE QUOTE THEIR TENHTIVE MEAN LIFE AS A LOWER LIMIT. 

16 ANTIPROTON MEAN LIFE I SR. FRACTION (UNITS HOURSI 

LIMITS SHCWN ARE PARTIAL MEAN LIFE FOR MODE SHCWN AT RIGHT. 

(3.3E-81 (R MORE CL:::.95 GANGULI 78 I-IBC PSAR-->ANYTHING 
( 32.1 CR MORE BREGMAN 78 ICE PBAR-->ANYTHING 
I 1700. I OR MORE CL= .. qo BElL 7q ICE PBAR-->E- PIO 

"· Ell) CR MORE GOLDEN 79 SPEC PBA.R-->ANYTHING 
BREGMAN 78 STCREO ANTIPROTONS IN ICE STORAGE RING AT CERN B5 HOURS. 
BELl 79 STORED ANTIPROTONS IN. ICE STORAGE RING FOR 10 01\YS. 
GOLDEN 79 VALUE INFERRED FROM PBAR/P RATIO IN COSMIC RAYS. 

16 PROTON MAGNET. MOMENT(E/2MPI 

12.7927611 a.oooo21 
I 2 .. 792782 C .000011 I 

2. 7928456 .0000011 

COHEN 
HYLDR 
COHEN 

65 RVUE 
69 RVUE 
73 RVUE 

16 ANTIPROTON MAGNETIC MOMENT IE/2MPI 

1-1.81 (1 .. 21 BUTTON 62 CNTR 
1-2.831 ( 0.101 FOX ' 72 CNTR 
f-2.8191 (0.0561 ROBERTS 74 CNTR 
-2.791 0.021 HU 75 CNTR 

USING NEW E/H 

EXOTIC ATOMS 
MMI 
MMI 
MMI 
. ~Ml .. , 

R -2.811 O. 048 ROBERTS 78 CNTR 
0 OLD EXPERIMENT WITH LARGE ERROR. NOT AVERAGED .. 

R ROBERTS .74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE. 
R ROBE~TS 78 IS A REANALYS.IS OF ROBERTS 74. . . 

~M1 AVG 

EDM 
EDM 

OQ 
OQ 
DQ 

-2.795 o. 019 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

16 PROTON ELECTRIC DIPOLE MOMENT {UNITS 10**-23 E CMl 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

1G (700.1 1900.1 HARRISON 69 MBR 
155000.1 CR lESS KHRIPLOVI 76 

I6 PROTON ELECTRON CHARGE DIFFERENCE CUNITS El 

1.0E-21 OR LESS DVLLA 73 NEUTRALITY OF Sf6 
ASSUMES THAT CINEUTRONJcQ(PROTONI-QIE-J. SEE OYLU. 73 FOR A 
SUMMARY OF EXPERIMENTS ON THE NEUTRAliTY OF MATTER. ................................. ········· ......................... . 

REFERENCES FOR PROTON 

GCLDHABE 
REINES 
FLEROV 
REINES 
BACK.ENST 

54 PR 96 1157 FNOTE2 
54 Pft 96 1157 

GOLDHABER, REINES,( OWAN 
REINES, COWAN, GOLOHABER 

(LASL+BNU 
CLASL+BNLI 

IUSSRI 
I LASLI 
CCERNJ 

BUTTON 
G lAMA T1 
COHEN 
KROPP 
GURR 

58 SOV PHYS OOK 
57 PR 109 609 
60 "JC 16 749 

62 PR 127 12<17 
62 PR 126 2118 
65 RMP 37 537 
65 PR 1378 140 
67 PR 158 1321 

3 79 FlEROV,KLOCHKOV,SKOBKtN,TERENTEV 
REI NESt COWAN, KRUSE 
BACKENSTOSS,FRAUENFHDER,HYAMS + 

J BUTTOt.l,B MAGLIC ILBLI 
GIAMATI oREINES I CASE I 
+DUMOND CN.A"'ER.A.VIATION SCIENCE CENT.,CITJ 
W R KROPP,F REINES (CASE) 
GURR, KROPP, RE 1 NES, MEYER I CASE ,JOHANNES BURGI 

HARRISON 69 PRL 22 1263 HARRISON,SANDARS,WRIGHT !CLARENDON OXFORD) 
TAYLOR 69 RMP 41 375 +PARKER,LANGENBERG (PRIN+UCI+PENNI 
BAMBERGE 70 Pl 338 233 BAMBERGER,LYNEN,PIEKARZ+ CMPJH+I':ERN+KARU 
DIX 10 THESIS CASE FE DIX (CASEI 
FOX 72 PRL 29 1c;3 +SARNES,EISENSTEIN+IBNL+CARN+VPI+WILL+WYOMI 
COHEN 73 J.PHYS.CHEM.REF.OATA 2, P.663, E.R.COHEN,S.N .. TAYLOR 
OYLLA. 73 PR A7 17.:24 H.F.OYLLA, J.G.KING P.HTI 

BERGAMAS 74 LNC 11 636 
REINES 74 ~RL 32 493 
RCBERTS 74 PRL 33 1181 

ALSO 75 PR 012 1232 
HU 75 "lP A254 403 

BERGAMASCQ,PJCCHJ CTORJ+FR&.SI 
+CROUCH (UCI+CASEI 
+CO X, EC KHA USE+ ( WILL+VP I+CARN+WYOM+C IT +BNL J 
ROBER TS,COX + tWILL+VP I+CARN+WYO~+C I T+BNLI 
+ASANO, CHENtC HE NG, DUGAN+ I C OLU+YAL E I 

9/81* 
9/81* 

9/81* 

9/81• 
12/75 
12/75 
9/81* 
9/81• 

12/79 
4/82• 
2/82* 
1/82* 
1/82* 
1/82* 

1/82* 
1/82* 
1/82* 
1/B2• 
1/82* 

6178 
7179 
1/80 

12179 
7179 
1/80 

12179 

7170 
3114 

11175 
7/75 

12179 
6/78 

7175 
6/78 

10/69 
1/78 

2/80 
2/80 
2/BO 

KHRI PLOV 
EVANS 
ROBERSON 
BREGMAN 
GANGUU 
ROBERTS 

BeLL 
GOLDEN 
LEARNED 
COWS IK 
ALEKSEEV 
CHERRY 
KRI SHNAS 

76 JETP 44 25 
77 SCIENCE 197 989 
71 PR C16 \945 
78 Pl 788 114 
78 PL 748 130 
18 PR 017 358 

79 PL 868 215 
79 PRL 43 1196 
79 PRL 43 GJC7 
80 PR· D22 2204 · 
81 JETPL 33 651 
81 PRL 4 7 1507 
81 PL 1 06B 339 

t. 8. KHR I PlOY ICH ( NUC .PHY S. IN ST., S I BER I AI 
+STEINBERG I BNL+PENNJ 
+KING, KUNSELMAN+ ( WYOM+C I T+CA.RN+VPI +WILLI 
+CALVETTI, C ARRON,C I TTOL IN, HAUER, HERR+ I CERN) 
+MA.LHOTRA,RAGHAVAN,SUBRAMANIAN + HIFRJ 
8. L. ROBERTS (Will+RHEU 

+CALVETTI, CARRON,CHANEY ,C I TT(]L IN+ I CERN I 
+HORAN, MAUGER, BA.DHW A.R, LACY+ C NA SA+P SLLI 
+REINES,SONI IUCII 
R.COWSJK,V.S.NARASIMHAN ITIFRJ 
+BAKATANOV, BUTKEVI CH,VOEVOOSK It + I LEN II 
+OEAKYNEtLANDE,LEE,STEINBERG + CPENN+BNLJ 
KR t SHNASWAM {,MENON, MONOAl+ (T IFR+OSKC+ TOKYI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED lO IN THE DATA CARDS 

KALOGERO 76 PRL 37 1037 
FRANKLIN 77 PR 0\6 910 

KALOGEROPOULOS, CHI U, SUOARSH AN C SYRA+T EXA I P 
JERROLD FRANKLIN IHAIFIP ................................................... ········· ........ . 

*** ••• ••••••••• • .................................................... . 

17 NEUTRONC939,J=1/2J 1=1/2 

17 NEUTRON MASS IMEVI 

T 1939.55271 ID.D0521 TAYLOR 69 RVUE USING NEW E/H 7170 
T 939.5731 0.0027 COHEN 73 RVUE 3/74 
T THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF 7/70 

M T NEUTRON-PROTCN MASS DIFFERENCE MEASUREMENTS BELOW. 7/70 

11 (NEUTRON) - tPROTONI MASS DIFFERENCE IMEVI 

D M 11.29344110.000071 MATTAUCH 65 RVUE 3171 
D 1.293429 0.000036 COHEN 13 RVUE 3/74 
0 WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 3/71 
D NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 3171 
D AND A HYOROGEN BINDING ENERGY OF 13.6 EV. 3/11 

17 NEUTRON MEAN LIFE IUNITS 10U·3 SECI 

THE MEASUREMENT OF THE NEUTRON MEAN liFE BY SOSNOVSKII 59 HAS 
BEEN 01 SCAR OED SINCE 1. IT DISAGREES WITH THE BETTER AND ~ORE 
RECENT RESULT Of CHRISTENSEN 67. 2. THE VALUE OF GA/GV DE-
RIVED FR0"1 THE NEW VALUE OF THE MEAN LIFE AGREES WELL WITH THE 
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 

11.0131 I O.D261 SOSNDVSKI 59 PILE 
ID.935J 10.0141 CHRISTENS 67 PILE REPL BY CHR1STENS72 
0.918 0.014 CHRISTENS 72 PILE 

10.8771 10.0081 BONDARENK 78 PILE 
0.937 0.018 BYRNE BO PILE 
0.875 0.095 KOSVINTSE 80 PILE 

10.9031 tD.0101 WILKINSON BO RVUE INFERRED VALUE 
THE RESULTS CF BONOARENKD 78 AND SOSNOVSKI ~9 ARE IN SIGNIFICANT 
DISAGREEMENT WITH THE TWO OTHER PRECISE DIRECT MEAN LIFE MEASURE-
MENTS AND THE INFERRED VALUE GIVEN BY WILKINSON 80. WE EXCLUDE 
THESE TWO RESULTS FROM THE AVERAGE, AS IS RECOMMENDED BY 
WILKINSON 80. 
WILKINSON 80 VALUE INFERRED FROM N DECAY ANGULAR CORRELATIONS. 

7/68 
3/68 
6/72 
8/81* 
2/82* 

10/81* 
5/82* 
5/82• 
5/82* 
5/82* 
5/82* 
5/82* 
5/82* 

AVG 0.925 0.011 D.Oll AVERAGE tERROR INCL. SCALE FACTOR OF 1.01 

•• MM 
MM 

EDM M 
EOM 
EOM 
EOM 
EDM 
EOM 
EOM 
EDM 
EOM 
EDM 
EOM 
EDM 
EDM 

PI 
P2 

M 

AVG 

17 NEUTRON MAGNETIC MOMENT fMAGNETONS,936.2 MEVI 

c-1.q1314e o.OD00661 56 RVUE 
(-1.91304211 0.00000088) 
-1.91304184 0.00000088 

COHEN 
GREENE 
GREENE 

11 MRS REPL. BY GREENE 79 
79 MRS 

17 NEUTRON ELECTRIC DIPOLE MOMENT IUNITS 10**-23 E CMI 

FORBIDDEN BY BOTH T INVARUNCE AND P INVARIANCE 

t-20.1 130 .. I MILLER 67 MRS 
+24. 39. SHULL 67 CNTR 
130. I CR LESS DRESS 68 MRS ABSOLUTE VALUE 
15., CR LESS BAIRD 69 MRS 1 NCLUOED IN DRESS73 

- 2. 39. APOSTOLES 70 MRS 
o. 32 o. 75 DRESS 73 MRS 10**-23 ICL:.SOJ 
0.04 0.15 DRESS 17 MRS 3 E-24 ICL=.90J 
o. 040 o. 075 AL TAREV 79 MRS < l.6E-24 ICL:.901 
O.D21 0.024 ALTAREV 81 MRS < 6 E-25 CCL=.'IOI 

DRESS 6B INCLUDES DATA OF MILLER 6?. 
AL T AREV 79 AND 81 USE UL TRACOLD NEUTRONS .. .. 

0.023 o. 023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

11 NEUTRON CHARGE 

SEE SECTION DC IN THE PROTON DATA CARD LISTINGS ABOVE 

17 NEUTRON PARTIAL DECAY MODES 

NEUTRON INTO PROTON E- ANTI(NUEI 
NEUTRON INTO PROTON NUE ANTICNUEI 

17 NEUTRON BRANCHING ~AliOS 

DECAY MASSES 
DECAY MASSES 

<;138+ .5+ 0 
<;138+ 0+ 0 

R1 NEUTRON INTO IPROTON NUE A.NTI(NUEII/(PROTON E- ANTIINUEI (P21tiP11 
Rl FORBIDDEN BY CHARGE CONSERVATION 
R1 (3. E-1710R LESS SUNYAR 60 CNTR RB87-->SRB7M+NEUTRL 
R1 (3. E-1910R LESS NORMAN 79 CNTR R887-->SR87M+NEUTRL 
R1 9. E-24 OR LESS BARABANOV 80 CNTR GA71-->GE71 +ANY 
R1 WE HAVE CONVERTED SUNYAR 60 "'EAN LIFE Ll"'IT FOR CN -> P + NEUTRLSJ 
Rl AS DESCRIBED IN NORMAN 79. 

7/66 
3/78 

12/79 

1/78 
1/78 
1178 

10/69 
1/78 
6/73 
6/77 

10/81• 
2/82* 
1/7B 
4/82* 

2180 
2/80 
2/82* 
2/80 
2/80 



Stable Particles 
n, A 

17 LIMIT ON NEUTRON-ANTINEUTRON OSCILLATIONS 

NAN 
NAN A 
NAN A 
NAN A 
NAN A 

MEAN TIME FOR N-ANTIN TRANSITION IN VACUUM IUNITS SEC.I 
ll.EBI CR MORE CHETYRKIN 81 

ESTIMATE BASED ON DATA FROM NUCLEON STABILITY EXPERIMENTS. CONH.INS 
REFERENCES TO EARLIER ESTIMATES AND DISCUSSIONS. SEE ALSO 
MOHAPURA 82. 

17 NEUTRON BETA DECAY PARAMETERS 

RELATED TEXT SECTION VI 0.1 

AV GA/GV (SEE TEXT FOR SIGN CONVENTION I 
AV C 1-1.2501 10.0441 CONFORTO 67 RVUE SEE NOTE C BELOW 
AV EP (-1.231 I 0.011 CHRISTENS 67 CNTR N DECAY FT VALUE 
AV P 1-1.221 CO. OBI GRIGOREV 68 CNTR E-NEU ANG CORREl 
AV P 1-1.261 10.021 CHRISTENS 70 CNTR PE,NEUT SPIN CORREL 
AV EP l-l.21J 10.0251 EROZOLIMS 71 CNTR REPL.BY EROZOlJMS79 
AV EP 1-1.2391 IO.Olll CHRISTENS 72 CNTR N DEC.+ FT VALUE 
AV P 1-1.263) (0.0161 KROPF 73 RVUE N DECAY ALONE 
AV -1.250 O. 009 KROPF 73 RVUE N DEC.+ FT VALUE 
AV E 1-1.2501 (0.0361 DOBROZEMS 75 CNTR REPL.BY STRATOWA 78 
AV -1.253 0.021 KROHN 75 CNTR PE,NEUT SPIN CORREL 
AV l-1.2631 10.0151 EROZOLIMS 77 CNTR REPL.BY EROZOLIMS79 
AV E -1.259 0.011 STRATm~A 78 CNTR PROTON RECOIL SPECT 
AV E -1.261 0.012 EROZOLIMS 79 CNTR PE,NEUT SPIN CORREL 
AV C CONFORTO 67 COMBINES fREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 
AV E THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY 
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 
AV KROHN 75 PAPER GIVES -1.258.-.015 INCLUDING EVENTS OF CHRISTENS 70. 
AV THE VALUE QUOTED ABOVE IS DERIVED FROM HIS A,BASEO ON NEW EXPT ONLY 
AV 
AV AVG -1.2546 0.0063 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0J 

PHASE ANGLE OF GA RELATIVE TO GV IDEGREESJ 
1175. I 110. I BURGY 60 CNTR POLAR. NEUTRONS 
U98. I 127. I CLARK 60 CNTR POLAR. NEUTRONS 
(176.11 16.41 CONFORTO 67 RVUE 
(181.31 I 1.31 EROZOllMS 70 CNTR POLAR. NEUTRON 
181.1 1.3 KROPF 73 RVUE N DECAY 
180.35 0.43 EROZOLIMS 74 CNTR POLAP. NEUTRONS 
180.14 0.22 STEINBERG 74 CNTR POLAR. NEUTRONS 
179.71 0.39 EROZOLIMS 78 CNTR POLAR. NEUTRONS 

C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 
P KROPF 73 VALUE OBTAINED BY FITTING All DATA THROUGt: 1912. 

AVG 180.11 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

THREE-VECTOR CORRELATION COEFFICIENT 
D1 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY 
PLANE IN BETA DECAY. SHOULD BE ZERO IF T-INVARIANCE NOT 
VIOLATED. SEE TEXT SEC VI Q. 

-0.01 0.01 EROZOLIMS 70 CNTR POLAR. NEUTRONS 
-0.0027 0.0050 EROZOLJMS 74 CNTR POLAR. NEUTRONS 
-0.0011 0.0017 STEINBERG 14 CNTR POLAR. NEUTRONS 
•0.0022 0.0030 EROZOLIMS 78 CNTR POLAR. NEUTRONS 

EROZOLIMSKII 78 SAVS ASYMMETRIC PROTON LOSSES AND NON-UNIFORM BEAM 
POLARIZATION MAY GIVE SYSTEMATIC ERROR UP TO 0.003, THUS INCREASING 
THE EROZOLIMSKI I 74 ERROR TO 0.005 • STEINBERG 74. 76 ESTIMATES 
THESE SYSTEMATIC ERRORS TO BE INS.1GNIFJCANT IN THEIR EXPERIMENT. 

01 AVG -0.0007 0.0014 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0} 

•••••• •••• ..... ***•••••• ••••••••• ••••••••• •••••• ••• • ............... . 

COHEN 56 PR 104 283 
SOSNOVSK 59 JETP 9 717 
BURGY 60 PR 120 1829 
CLARK 60 CJP 38 693 
SUNYAR 60 PR 120 871 

MATTALCH 65 NP 67 1 
CHRISTEN 67 PL 268 11 
CONFORTO 67 APAH 22 15 
MILLER 67 PRL 19 381 
SHULL 67 PRL 19 384 
DRESS 68 PR 110 1200 
GRJGOREV 68 SJNP 6 239 

BAIRD 69 PR 179 1285 
TAYLOR 69 RMP 41 315 
APOSTOI..E 70 RRP 15 343 
CHRISTEN 70 PR Cl 1693 
EROZOLI M 70 SJNP ll 583 

ALSO PL 278 557 

REFERENCES FOR NEUTRON 

V W COHEN, CORNGOLO, RAMSEY 
SOSNOVSKJI,SPIVAK,PROKOFEV • 
•KROHN, NOVEY, RINGO 
•ROBSON 
A. W. SUNYAR, M.GOLOHABER 

IBNL•HARVAROJ 
t IAE MOSCOW) 

IANL•CHICI 

IBNU 

+THIELE,WAPSTRA {MAX PLANCK INST.CHEM.} 
CHRISTENSEN, Nl ELSON, BAHNSEN, BROWN• I R I SOl 
G. CONFORTO ICERNI 
•OR ES S, BA IRQ, RAMSEY IORNL+HARVJ 
C.G.SHULL, R.NATHANS ("'IT+BNLJ 
+BAIRD, MILLER, RAMSEY I ORNl•HARVI 
•GRISHIN,VLADIMIRSKil,NIKOLAEVSKII • IITEPI 

+MILLER ,DRESS, RAMSEY ( ORNL, HARVJ 
•PARKER, LANGENBERG ( PR IN•UC I+PENN I 
APOSTOLESCU,IONESCU, 10NESCU-BUJOR • ( BUCHJ 
CHRISTENSEN,KROHN,RINGO IANLI 
EROZOlJMSK I, BONDARENKO, • ( K JAEI 
EROZOLIMSKY,BONOARENKO + fKIAEI 

EROZOllM 71 JETPL 13 252 EROZOliMSKJt.80NOARENKO • (KJAEI 
CHRISTEN 72 PR 05 1628 CHRISTENSEN,NIELSON,8AHNSEN,BROWN+ IRISOJ 
COHEN 73 J.-PHYS.CHEM.REF.QATA 2, P.663, E.R.COHEN,S.N.TAYLOR 
DRESS 73 PR D7 3147 ORESS.MILLER,RAMSEY (ORNL+HARVJ 
KROPF 13 ZPHY TO BE PUBL. A KROPF,H PAUL tliNZJ 

ALSO 70 NP Al54 160 H PAUL IVIENJ 

EROZOLIM 74 JETPl 20 345 
STEINBER 74 PRL 33 41 

ALS 0 76 PR D 13 2469 
OOSROZEM 75 PR 011 510 
KROHN 75 PL 558 175 

DRESS 11 PR 015 9 
ERDZOLI M 17 JETPL 23 663 
GREENE 77 PL 718 297 
EROZOU M 78 SJNP 28 48 
STR ATOW A 78 PR 0 18 3970 
BONOAREN 78 JETPL 28 303 

ALTAREV 79 JETPL 29 730 
EROZOLI M 79 SJNP 30 356 
GREENE 79 PR 020 2139 
NORMAN 79 PRL 43 1226 

BARABANO 80 JETPL 32 359 
BYRNE 80 Pl 928 274 
KOSVINTS 80 JETPL 31 236 
WILKINSO 80 ERICE SCI-I~NUC.PH. 
ALTAREY 81 PL 1028 13 
CHETYRK I 81 PL 998 358 
MOHAPATR 82 ICOBAN CONF 82 

EROZOL IMSK I I, MOSTOVOJ, F EOUN I N,FRANK+ 
STEINBERG, LIAUQ, VI GNON, HUGHES (VAL HGRENI 
STEINBERG,LIAUD,VIGNQN, HUGHES IYALE+GRENI 
OOBROZEMSKY,KERSCHBAUM,MORAW.PAUL • fSE18) 
KROHN, RINGO 'ANLI 

Hit LLER, P ENOL EBURY, PERR It# I ORNL•GREN•HARVI 
EROZOLIMSK I I ,FRANK,MOSTOVOH 'KIAEJ 
+RAMSEY, MAMPH I HARV+IlLG+SUSS•ORNl•CENGJ 
EROZOLH4SK I I ,MOSTOVOI ,F EOUNIN,FRANK+ tKIAEJ 
+DOBROZEMSKY,WEJNZIERL ISEIBI 
BONDARENKO, KURGUZOV, PROKOFEV+ ( K 1 AEI 

+BOR t SOV, BRANDl N, EGOROV ,EZHOV, IVANOV+ I LENI J 
EROZOLIMSK I I tFRANK,MOSTOVOI• I KIAEJ 
•RA MSEY, MAMPE+ I HARV+ ILLG+SUSS+ORNL+CENG I 
E.S.NORMAN, A.G.SE-AMSTER (WASHI 

8ARABANOV,VERETENKJN,GAVRIN • flENII 
+MORSE, SMITH, SHA JKH,GREEN, GREENE (SUS S•RLI 
KOSVINTSEV ,KUSHNIR, MOROZOV, TEREKHOV I JINRJ 
D. H.W I LKI NSON; PROG • PART .NUC. PHY .6, 3251 SUSS I 
+BORISOV,BOROVtKOVA,BRANDIN,EGOROV + ILENIJ 
CHETYRKIN,KAZARNOVSKY,KUZMIN• I INRMI 
R. N.MOHAPATRA ( TIFRJ 

1/82* 
1/82• 
1182* 
1/82* 

11/68 
10/11 
10/71 
10/71 

1/73 
1/13 
1/73 

12/75 
1171 
1/78 
2182• 

10/81* 
1/73 

10/71 
1/73 
l/18 
1177 

6/77 
6/77 

ll/68 
10/69 
1/13 
6/77 
6/77 
7179 
1/73 
1/73 

7/76 
7176 
7176 
7176 
7176 

12/81* 
12181* 
1179 

12/81* 
12/81* 
12/81* 
12/81* 
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Data Card Listings 
For notation, see key at front of Listings. 

JACKSON 
COHEN 
SHAllA 

57 PR 106 511 
65 RMP 37 537 
66 PL 19 6S1 

PAPERS NOT REFERRED TO IN DATA CARDS 

JACKSON, TRE t MAN, WYLD I PR INC ETONI 
•DUMOND IN.AMER.AVIATION SCIENCE CENT •• CITI 
C P SHAllA ( ALABAMAI . .................................................................... . ..................................................................... 

18 LAMBDA( 1116,JP=1/2+1 1=0 

18 LAMBDA MASS (MEVI 

SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM 
001 NG AN OVERAll FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES, 
WE HAVE USED THE UNCORRELATEO MEASUREMENTS FROM SCHMIDT 65 RATHER 

N THAN THE ONES COMING FROM THE OVEIULL FIT REPORTED IN THAT PAPER. 
N SINCE THERE SEEMS TO 13E NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
N IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES 
N DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE 
N BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND CHARGED K AND PI 
N MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, t 19741. 

1ll5.44 0.12 BHOWMIK 63 RVUE + SEE NOTE L BElJW 
ABOVE LAMBDA ~ASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV 
INCREASE IN PROTON MASS AND 11 KEV DECREASE IN CHARGED PION MASS· 

635tlll5. 861 I O. 09} BALTAY 65 HBC ERROR IS STAT(S. 
488 1115.65 0.07 SCHMIDT 65 HBC SEE NOTE N 

S 1147( 1115.741 ( 0.041 CHI EN 66 HBC 6.9 PBAR P 
S 97211115.691 IO.D51 CHIEN 66 HBC 6.9 PBAR PANTIL 

1115.6 0.4 LONDON 66 HBC 
11116.01 (0.21 SADlER 67 HBC 2~4 PBAR P,LLBAR 

195 1115. 3S 0.12 MAYEUR 67 EMUL 
8 1524(1115.52) (0.03) BOHM 70 EMUl 

AVG 
FIT 

935 1115.59 0.08 HYMAN 72 HEBC 
AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. AUTHORS 
DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH HEY ATTRIBUTE 
TO ERROR IN RANGE-ENERGY RELATIONS, IN REGION BETA:c0.6-0.7. 
THIS EFFECT, IF CONFIRMEO, WOULD AFFECT VERY LITTLE THE VALUES OF 
BHOWMICK 63 AND MAYEUR 67. 
ERROR PURELY STATISTICAL. 

1115.566 
1115.596 

0.056 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.31 
0.046 FROH FIT CERROR INCLUDES SCALE FACTOR OF 1.21 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE- 1115.566 ± 0.056 
ERROR SCALED BY 1.3 

Values above of weighted average, 
error, and scale factor are for the 
reader 1 s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

6/66 
3174 
9/67 
9/67 
6/66 
8/67 

11/67 
3/72 

11/71 
3172 
3172 
3172 
3172 

3/82* 

CHI SO 

OM 
OM 
OM 

·HYMAN 72 HEBC 0. 1 
·MAYEUR 67 EMUL .2 
·LONDON 66 HBC 
·SCHMIDT 65 HBC 1 . 4 
·BHOWMIK 63 RVUE 1.1 

4.8 

1115.0 1115.4 1115 .8 111 6. 2 
(CON LEV 
=0. 188) 

LAMBDA MASS (MEV) 

18 LAMDA - ANTILAMBOA MASS DIFFERENCE tMEVI 
0.05 0.06 CHIEN 66 HBC 6.9 PBAR 9/67 
O. 29 0.15 SADlER 67 HBC 2.4 PBAR 8/67 

OM AVG 0.083 0.083 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

18 LAMBDA MEAN LIFE IUNITS 10**-10 SECJ 

0 188 (2~ 631 c 0.211 (0.211 BOLDT 58 cc 
0 8Z5 (2.721 ( 0.16) (0.161 CRAWFORD 59 HBC 
0 140 {2. 721 ( 0.291 (0.271 BOWEN 60 cc 
0 186 (2.601 ( Oa28J 10.201 CHANG 62 HBC 
0 799 {2.691 I 0.111 10.11) HUMPHREY 62 HBC 
0 2239 C2. 361 (0.061 (0.061 BlOCK 63 HEBC 
0 706 12.761 10.20} CHRETIEN 63 HL BC 
0 794 {2. 5SI ( 0.091 HUBBARD 64 HBC 
0 2260 {2. 311 I 0.101 KREISLER 64 OSPK 
0 1318 12.591 ( 0.071 SCHWARTZ 64 HBC 
0 635 12.511 I 0.161 SAL TAY 65 HBC 6166 
0 2534 {2.61 (0.11 HILL 65 OSPK 
0 916 12.35} {0.09) BURAN 66 HLBC 6166 
s 1147 {2. 501 {0.141 CHIEN 66 HBC 6.9 PBAR P 9/67 
s 97Z {2.701 { 0.201 CHIEN 66 H8C 6.9 PBAR P,ANTI 9/67 
0 2213 12.452J ( 0.0561 {0.0541ENGHMANN 66 HBC 9/66 
0 565 12.681 I 0.131 ( o.lll AUERBACH 67 OSPK. 8/67 
0 (2.44) c 0.151 SADlER 67 HBC 2.4 PBAR P 6/68 
0 12.551 (0.151 BADI ER 67 HBC 2.4 PBAR P,ANTIL 6/68 
0 8342 {2.5351 { 0.0351 GRIMM 68 HBC 6/68 
0 2600 (2.471 ( 0.081 HEPP 68 H8C 6/68 
0 1059 ( 2~ 391 (0. 101 QEMIDOV 70 HLBC PI-P, 3.86 GEV/C 12170 
0 4572 (2.541 ( 0.04) BAlTAY 71 HBC K-P AT REST 6/71 
0 6582 (2.691 {0.051 AL THOFF2 73 OSPK PHN TO K•LAHBDA 2174 

36K 2.626 0.020 POULARD 13 HBC K-P,KHOH .4T02.3 9/73 
34K 2.611 0.020 CLAYTON 75 HBC K-P,KMOM .96-1.4 1171 
53K 2.69 0.03 ZECH 11 SPEC NEUTRAL HYP. BEAM 12177 

OLD LOWER STATISTICS EXPERIMENTS NOT INCLUDED IN AVERAGE. 1/78 
ERRO'I. PURELY STATISTICAL. 

AVG 2.632 0.020 0.020 AVERAGE C ERROR INCL. SCALE FACTOR OF 1.6) 
ISEE IDEOGRAM BELOW I 
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Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE = 0.3799 ± 0.0029 
ERROR SCALED BY 1.6 

·ZECH 
·CLAYTON 
·POULARD 

77 SPEC 
75 HBC 
73 HBC 

3.8 
1.1 
0.1 
5. 1 

.365 0.375 0.385 0.395 
(CON LEV 
=D.079} 

DT 

MM 
MM 
MM 
MM 
MM 
MM 
MM 

•• MM 
MM 
MM 
MM 
MM 

8553 
151 

49 
1300 
3868 

57 
1.211 
350K 

3M 
200K 

LAMBDA DECAY RATE (UNITS 1D""10 SEC-1) 

0.044 

-1.5 
o.o 

-1.39 
-0.5 

1-0.671 
-0.66 
-0.13 
-0.65 
-a. 57 
-0.59 
-o. 6138 
-0.606 

18 (LAMBDA - ANTI LAMBDA) /AVG.o MEAN LIFE DIFFERENCE 

0.085 BADIER 67 HBC 2.4 PBAR P 

18 LAMBDA MAGNETIC MOMENT CMAGNETON$,<;38.26 MEVI 

0.5 
0.6 
o. 72 
0.28 

( o. 311 
o. 01 
0.18 
o. 28 
0.05 
o. 07 
o. 0047 
0.015 

( 0.37' 

COOL 62 OSPK 
KERNAN 63 CC 
ANDERSON 64 HBC 
CHARRIERE 65 EMUL 
BARKOV 1L EMUL 
DAHLJENSE 71 EMUl 
HILl 71 OSPK 

PRELIM. RESULT 
MAG FI El0=200KG 

BARKOV 72 EMUL INCLUDES BARKOV 7l 
BUNCE 76 SPEC 
HELLER 17 SPEC 
SCHACHING 78 SPfC 
COX 81 SPEC 

MM AVG -0.6130 0.0044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

18 lAMBDA ELECTRIC DIPOLE MOMENT IUNilS lOU-14 E CHI 
NONZERO VALUE IMPLIES VIOLATION OF T AND P 

EDM 15.01 OR LESS CL=.95 GIBSON 66 EMUL 
EDM 11.01 CR LESS CL:c.95 BARONI 11 EMUL 
EOM IO.Ol510R LESS CL==.95 PONDROM 81 SPEC 
EOM BARONI MEASURES 1-5.9•-2.91~~<10**-15 E CM 
EDM PONOROM 81 MEASURE (-3.0•-7.41*10**-17 E CM • 

P1 ., 
P3 
P4 
P5 

18 LAMBDA PARTIAL DECAY HODES 

LAMBDA INTO PROTON PI­
LAMBDA INTO NEUTRON PtO 
LAMBDA INTO PROTON· MU- NEUTRINO 
LAMBDA INTO PROTON E- NEUTRINO 
LAMBDA INTO PROTON PI- GAMMA 

18 LAMBDA BRANCHING RATIOS 

DECAY M&.SSES 
938• 139 
939• 134 
938+ 105• 
938• • 5• 
938• 139• 

R1 LAMBDA INTO IP PI-1/IIP PI-J•IN PIOII (Pli/1Pl•P2) 
R1 0.627 0.031 CRAWFORD 59 HBC 

60 HBC 
62 HBC 
62 HBC 

Rl 0.65 0.05 COLUMBIA 
Rl U (0.6851 (0.0171 ANDERSON 
Rl 903 0.643 0.016 HUMPHREY 
R1 U 6736 0.635 0.007 DOYLE 69 HBC PI-P TO LAM. KO 
R1 4512 0.646 0.008 8AlTAY 71 HBC K-P AT REST 
R1 U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE. 
R1 
Rl AVG 
Rl FIT 

., 
R2 
R2 ., ., 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

0.6399 
0.6419 

0. 0049 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0J 
0.0049 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

LAMBDA INTO· IN PIOI/IIP 
0.23 0.09 
0.43 0.14 
0.28 0.08 
o. 35 0.05 

75 o. 291 o. 034 

PI-IHN PIOIJ 
EISLER 
CRAWFORD 
BAGLIN 
BROWN 
CHRETIEN 

57 HlBC 
59 HBC 
60 HlBC 
63 HLBC 
63 HLBC 

IP2JIIPUP21 

0.304 0.025 AVERAGE. I ERROR INCLUDES SCALE FACTOR OF 1.01 
0.3581 0.0049 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

LAMBDA INTO IP E- NEUJ/TOTAL IUNITS 10*-31 (P4)/IP1•P2) 
15 I 2. 0) I O. 51 HUMPHREY 61 IWUE 

8 12.91 11.51 I 1.21 AUBERT 62 FBC 
150 (0.821 10.121 ELY 63 FBC K-AT REST 
102 I0.7B1 10.121 10.131 BAGLIN 64 FBC K-AT 1.45 GEV/C 

20 11.551 (0 .. 341 UNO 64 HBC 
143 10.601 IO.OBI MALONEY 69 ._.BC 

86 10.781 (0.091 CANTER 71 HBC K-P AT REST 
21B 10.881 (0.101 liNDQUIST 11 OSPK PI-P TO KOLA~ 

THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI-, 
BECAUSE TI-'Al IS THE DIRECTLY MEASURED QUANTITY. SEE R5 BELOW 
LOW STATISTICS EXPERIMENTS. NOT- AVERAGED 

8/67 

2/72 
6/71 

10/71 
:3176 
1/78 
1178 
1/79 

12/81* 

2172 
2/72 
1/82• 
2/72 
1/B2• 

2/71 
6/71 
2/71 

10/69 
4/71 
2172 
3/72 
3172 
1/10 

Stable Particles 
A 

R4 
R4 
R4 
R4 
R4. 
R4 
R4 
R4 
R4 
R4 

lAMBDA INTO 
1 (0. 21 
1 11.01 
2 (1.0) 

BETWEEN 1.3 
3 1.3 
2 1.5 
9 2. 4 

14 1.4 

IP Mu-- NEUI/TOTAL 
OR MORE 
OR LESS 
CR LESS 
AND 6.0. 

0.7 
1.2 
o. 8 
0.5 

(UNITS 10**-41 
GOOD 62 HBC 
ALSTON 63 HBC 
KERNAN 64 FBC 
UNO 64 HBC 
LIND 64 RVUE 
RONNE 64 FBC 
CANTER! 71 HBC 
BAGGETT2 72 t-IBC 

(P31/(P1+P21 

STOPPED K-P 
STOP K-

R4 AVG t. 57 0.35 AVERAGE (ERROR INCLUDES SCALE FaCTOR OF 1.01 

R5 LAMBDA INTO IP E- NEUI/IP PI-I (UNITS 10**-31 ( P41/l Pll 
R5 150 1.23 0.20 ELY 63 FBC 
R5 120 1.17 0.18 BAGLIN 64 FBC 
RS 143 1.20 0.12 MALONEY 69 HBC 
R5 1078 1.31 0.06 ALTHOFF! 71 OSPK 
R5 C 86 1.17 0.13 CANTER 71 HBC K-P AT REST 

PI-P TO KO lAM 
PI-P TO KO LAM 

RS LC 218 {1.321 10.151 LINDQUIST 11 OSPK 
R5 
R5 
R5 
R5 
R5 

l 544 1.23 0.11 liNDQUIST 17 SPEC 
10K 1.313 0.024 WISE BO SPEC 

CALCUL-'TED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI-1/TOT-=:2/3 
liNDQUIST 77 INCLUDES DATA OF LINDQUIST 11. 

RS AVG 1. 300 o. 021 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 

R6 LAMBDA INTO {P PI- GAMMAI/CP PI-) (UNITS 10**-31 (P51/1Pll 
R6 72 1.32 0.22 BAGGETT3 12HBC PI-MOMLT95MEV/C 

1B LAMBDA DECAY PARAMETERS 

RELATED TEXT SECT ION VI 0 AND APPENDIX I 

A­
A-

ALPHA lAMBDA- (LAMBDA INTO 
o. 07" 

PI- PROTON) 
CRONIN 
BERGE 
OVER SETH 
MERRill 
DAUBER 
CLELAND 
ASTBURY 

1156 0.62 63 CNTR LAMBDA FROM PI-P 
A-
A- 10130 
A- M 2529 
A­
A-
A­
A-

3520 
10325 
B500 

A- AVG 

10.6631 
0.645 

I 0.7471 
0.67 
0.61t9 
0.5B4 

0.642 

( 0.0221 
o. 011 

( o. 0861 
o. 06 
0.023 
0.046 

66 RVUE INCLUDES ABOVE 
67 OSPK LAMBDA FR.OM PI-P 
68 HBC REPL BY DAUBER 68 
69 HBC FROM XI DECAY 
12 OSPK LAMBDA FROM PI-P 
75 SPEC LAMBDA FROM PI-P 

0.013 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

AD 
AO 

ALPHAO /ALPHA- FOR lAMBDA (L INTO P[O N/L INTO PI- PI 

AO 0 4760 
AO 

1.10 O. 27 CORK 60 CNTR 
1.000 0.068 OLSEN 70 CSPK PI+N TO K• LAMBDA 

AO AVG 1.006 O. 066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AD 0 DONE BY COMPARING PROTON DISTR.WITH N DISTR. FROM LAMBDA DECAY. 

F- ANGLE ISINIPHI)/(OSIPHII==BETA/GAMMAI IOEGREESI 

7/66 

7/71 
8/72 

2/72 
2/72 
2/72 
2/72 
3/12 
3/72 

12117 
B/81* 
3/72 

12117 

1/73 
1/13 

8/67 
9/&6 
8/67 
6/68 
6/68 
5/72 
2/78 

5/70 

F­
F­
F­
F­
F-

PHI 
1156 

10130 
7377 

10325 

13.0 17.0 CRONIN 63 GSPK lAMBDA FROM PI-P 11/67 
-8.0 6.0 OVERSETH 67 OSPK LAMBDA FROM PI-P 11/67 

1-9.21 15.21 CLELAND 67 CSPK REPL BY ClELAND 12 5/72 
-7.0 4.5 CLELAND 72 OSPK LAMBDA FROM PI-P 5/72 

F--: AVG -6.5 3.5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

AV GA/GV FOR LAMBDA BETA DECAY (SEE TEXT SEC. VI 0.1 FOR SIGN CONV.I 
AV 22 (-1. 031 ll NO 64 HBC 
AV 102 10.61 OR MORE BAGLIN 65 HLBC NO SIGN GIVEN 
AV BETW 0. ANC -1.1 BARLOW 65 OSPK 
AV 102 t0.71 OR MORE Cl=.95 ELY 65 HlBC ABS. VALUE 
AV EXPERIMENTS INCLUDED IN CONFORTO 65, RVUE 
AV -1.14 D. 23 0.33 CONFORTO 65 RVUE 
AV M 148 -0.72 0.14 0.19 MALONEY 69 HBC 

6/68 
1/71 
6/68 
1/71 
6/68 

11/67 
10/69 

AV A 107B (-0.621 ID.081 (0.09) AlTHOFF2 11 OSPK 
AV M 141 -0.75 0.15 0.1B CANTER 11 HBC 

POLARIZED LAMBDA 7/73 
4/71 

AV l 113 (-0.401 (0.131 (0 .. 171 LINDQUIST 11 OSPK 
AV M 352 -0.74 0.09 0.12 BAGGETTl 72 HBC 
AVA 817 -0.63 0.06 ALTHOFF! 13 OSPK 
AV 405 -0.47 0.09 BURNETT 76 SPEC 

E-NEU AND UP-DOWN 9/71 
STOP.K- 2/72 
POLARIZED lAMBDo\ 7/73 
E-NEU AND SPIN 2/78 

AV l 441 -0.5"3 0.09 0.11 liNDQUIST 11 SPEC POl lAMBDA, 3 ASYMM 12/77 
AV M LOK -0.734 0.031 WISE 81 SPEC E-NEU ANG. CORREL. 1/82* 
AV A AlTHOFFl 73 INClUDES DATA OF ALTHOFF2 71. USES PROT SPECTil.U"1 AND 7/73 
AV A THREE SPIN ASY"1METRIES. 
AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V 
AV l LINDQUIST 71 INCLUDES DATA OF LINDQUIST 11. 
AV 
AV AVG -0.690 0.034 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.4) 

ISH IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = -0.690 ± 0.034 
ERROR SCALED BY 1.4 

+ ·WISE 
CHI SO 

81 SPEC 2 0 

·LINDQUIST 77 SPEC 2. 
·BURNETT 76 SPEC 
ALTHOFF 1 7 3 OSPK 1 

·BAGGETT1 72 HBC D.2 
·CANTER 71 HBC 1 
MALONEY 69 HBC D.O 

·CONFORTO 65 RVUE 

7/73 
1/13 

12177 

- 1 . 5 - 1 . D -D 5 0 . D 

11 . 9 
(CON LEV 
=0. 063) 

GA/GV FOR LAMBDA BETA DECAY 

............................................... ****"'"'*** **"'*****"' ........ . 



Stable Particles 
A, r+ 

EISLER 57 NC 
BOLDT 58 PRL 
CRAWFORD 59 PRL 

1700 
1'48 
266 

BAGLIN 60 NC 18 1043 
BOWEN 60 PR 119 20:30 
CORK 60 PR 120 1000 
COLUMBIA 60 ROCH CONF 726 
HUMPHREY 61 PRL 6 478 

ANDERSON 62 CERN CONF 832 
AUBERT 62 IIIC 25 4H 
CHANG 62 THESIS DUKE 
COOL 62 PR 127 2223 
GOOD 62 PRL 9 518 
HUMPHREY 62 PR 127 1305 

ALSTON 63 UCRL 10926 
BHOWMIK 63 NC 28 1494 
BLOCK 63 PR 130 166 
BROWN 63 PR 130 769 
CHRETIEN 63 PR 131 2208 
CRONIN 63 PR 129 1795 
ELY 63 PR 131 868 
KERNAN 63 PR 129 870 

REFERENCES FOR LAMBDA 

EISLER ,PU\NO, SAM lOSt SCH ... ARTZ + 
E SOL OT, 0 0 CALDWELL, Y PAL 
CRAWFORD,CRESTJ ,OOUGLASS,GOOO + 

C COLU+BNLJ 
. IMtTJ 

flRLJ 

BAGLIN,BLOCH,BRISSON,HENNESSY + 
BOWENoHAROY,REYNOLOSoSUN + 

I EPOLI 
(PRINCETON I 

(LRL+PRIN+BNU 
CCOLUMBIAJ 
( LRL+SYRAJ 

CORK, KERTH, WEN ZELo CRONIN+ 
M SCHWARTZ + 
HUMPHREYoKlRZ,ROSENFELOoRHEE + 

ANDER SON 9 CRAWFORD, GOLDE NollOVD + 
AUBERT,BRISSON,HENNESSY.SIX + 

ILRU 
( EPOLI 
CDUKEJ CHUEN CHUEN CHANG 

COOL.HllloMARSHALL + 
M L GOOD,V G UNO 
W E ,HUMPHREY,R R ROSS 

I BNL+MIT+NYU+ANLJ 
IWISCONSINI 

I LRU 

ALSTON, KIRZ, NEUFELD, SOL I". IT l, WOHi.MUT I LRLI 
B BHOWMIKtO P GOYAL IDELHII 
BLOCK, GESS AROL I, RATTI+ I NWES +BGNA+SYRA+ORNL) 
BROWN,KAOYK,TRILLING,ROE + llRL+MICHJ 
CHR ET 1 EN ,CROUCH+ I BF.A N+BROWN+HAR VARD+M fT I 
J W CRONIN,O E OVERSETH (PRINCETON) 
ELYoGIDAloKALMUSoOSWALOoPOWElL + ILRLI 
KERNAN, NOVEY 1 WARSHAW 9 WATTENBER,G ( ANL +Ill I 

ANDERSON 64 PRL 13 167 J A ANOERSON,F S CRAWFORD ILRU 
BAGLIN b4 NC 35 'H7 BAGLIN,BINGHAM+ IEPOL+CERN+LOOC+RHEL+BERGJ 
HUBBARD 64 PR 135 B 183 HUBBARO,BEP:GE.KALBFLEJSCH,SHAFER + ILRll 
KERNAN 64 PR 133 B 1271 KERNAN,POWEll,SANDLEP + ILPL+LOUCI 
KREISLER 64 PR 136 8 1074 M N KREISLER,Q OVERSETHtJ CRONIN CPRINI 
LIND 64 PR 135 B 1483 ltNO.SINFORO,GOOD,STERN IWISCONSJNJ 
RONNE b4 PL 1L 357 RONNE+ lCERN+EPOL+LOUC++UNIV.BERGENJ 
SCHWARTZ 64 UCRL 11360 THESIS JOSEPH ADAM SCHWARTZ ILRLI 

BAGLIN 65 NC 35 q77 
BAL TAY 65 PR 140 B 1027 
BARLOW 65 PL 18 64 
CHARRIER 65 PL 15 66 

ALSO 66 NC 46A 205 
CONFORTO 65 EC I NT 1-ERZEGNOVI 
ELY 65 PR 137 Bl302 
HILL 65 PRL 15 85 
SCHMIDT 65 PR 140 f! 1328 

BERGE 
BURAN 
CHI EN 
ENGELMAN 
GIBSON 
LGNOON 

66 BERKElEY 46 
66 PL 20 318 
66 PR 152 1171 
66 NC 45A 1038 
66 NC 45A 8E2 
66 PR 143 1034 

BAGLIN + IEPOL,CERN,LOUC,RHEltBERGENJ 
SAL TAY.SANOWEISSoCULWICK,KOPP + (VALE+BNU 
J BARLOW,BlAIR,CONFORTO+ ICERN+R.HEL+PENNJ 
CHA RR 1 ERE t G I 8 SON+ I EPOL +SRI S+CEqN+fOIIPI Ml 
CHARRIER.E,GIBSON + (EPOL,BRIS,CERN,""'PIMI 
G CONFORTO I CERN I 
ELYtGIDALoKALMUS,POWELL + ILRL~LOUCJ 
HI LLt L t,JE NK I NS,KYCI A, RUDERMAN I MIT, BNL J 
P SCHMIDT !COLUMBIA) 

BERGE,CABIBBO ( IRVUEI LRL,CERNJ 
BURAN,EIVINDSON,SKJEGGESTAD,TOFTE + IOSLDI 
+LACH 1 SANDWE ISS, TAFT 1 YEH,OREN + . I VALE+BNL I 
ENGEl MANNo F IL THUTH t ALEX ANDER+ I HE 10 • REHOJ 
W M GIBSON,K GREEN CBRISJ 
LONDON, RAU, GfJLOBER G,LJ CHTMAN+ I 8Nl t SYRAJ 

AUERBACH 67 NC 47A 19 AUERBACH,BOWEN,OOBBS,LANOE,MANN+ (PENNI 
IEPOU SADlER 67 PL 258 152 +BONNET,BRI ANDET.SADOULET 

CLELAND 67 PL 268 45 CLElANO.BIENLEJN,CONFORlD+ I CERN+GEVA+LUNOJ 
MAYEUR 67 U.liBR.BRUX.BUL32 C.MAYEUR,E.TOMPA,J.WICKENS IP.ELGoLOUCJ 

IMlCH+PRINJ 
I HEIDElBERG} 
IHEIOELBERGJ 

OVERSETH 67 PRL 19. 3Q1 0 E OVERSETH, R I= ROTH 
GRIMM 68 NC 54A 187 H.-J.GRIMM 
HEPP 68 ZPHYS 214 71 V.HEPPoH. SCHLEICH 
MERRILL 68 PR 167 1202 MERRILL,SHAFER (LRU 

DAUBER 
DOYLE 
MALONEY 
BOHM 
OEM IDOV 
OLSEN 

ALTHOFF 1 
ALTHOFF2 
~ALTAY 

BARKOV 
BARONI 
CANTER 

CANTER1 
DAHLJENS 
Hill 

69 PR 179 1262 
69 UCRL 18139-THESIS 
69 PRL 23 425 
70 NC 70A 384 
70 SJNP 10 681 
70 PRL 24 843 

7l PL 37B s::1 
11 PL 37B '335 
7l PR 04 670 
7l JETPL 14 60 
7l LNC 2 1256 
7l DRL 26 866 

7l PRL 27 59 
7l NC 3A 1 
71 PR 04 1979 

ALSO 65 PRL 15 85 
LlNDQUIS 71 PRL 27 612 

BAGGETT! 72 ZPHY 249 279 
BAGGETT2 72 ZPHY 252 362 
BAGGETT3 72 PL 428 379 
8ARKOV 72 JETPL 16 104 
CLELAND 72 NP 640 221 
HYMAN 72 PR D5 1063 

ALTHOFF! 13 Pl 438 2~7 
ALTHOFF2 73 NP 866 29 
POULARD 73 PL 468 "' 
ASTBURY 75 NP 89'1 30 
CLAYTON 75 NP 695 no 
BUNCE 76 PRL 36 1113 
BURNETT 76 NC 34A 14 

HELLER 77 PL 688 480 
LINDQUIS 71 PR 016 2104 

ALSO 76 JPG 2 L211 
ZECH 77 NP B124 413 
SCHACHIN 78 PRL 41 1348 

iHSE 
cox 
POND ROM 
WISE 

80 PL 9te 165 
81 PRL 46 877 
81 PRO 23 814 
81 Pl 988 123 

+BERGE • HUBBARD, MERRIll. MILLEP ( LR.L) 
J.C. OOVLE ILRLJ 
MALONEY,SECHJ-ZCRN IUNIV MARYLAND) 
+ KRECKER + IBEPl+BRUX+CUUC+LOUC+LOWC+WAR.SJ 
+KIRILLOV-UGRYUMOV,PONOSOV,PRCTASOV+ I ITEPI 
+PONDRQM,HANOLER.LIMON,SMITH + IWISC.MICH) 

+BQ.OWN,FREYTAG,HEARD,HE INTZE + 
+BRDim~FREYTAG,HEARQ,HEINTZE + 
+BR I OGEWAT ER, COOPER,HA e I B I+ 
+GUR EV IC H, MAKAR INA, MAR TE!.!YANCV+ 
G BARONI,S PETRERA,G POMANO 
+COLE,LEE-FRANZ INI ~LOVELESS + 

!CERN, HEIDI 
ICER.N,HEIOI 
fCOLU+BING) 

I ITEPI 
(R0"1AJ 

CSTON+COLUJ 

+COLE, LEE- FRANZ I Nt, U'~VELESS+ ( S TON+COLU I 
DAHL-JENSEN + ICERN+ANKA+LAUS+MPTM+ROMAJ 
+LioJENKlNS,KYCIA.RUOERMAN 1!1JT,8NLJ 
HILL 9 L I ,JENK INS 1 KYCI A 1 RUDERMAN OUT, BNLI 
LINOQUl ST, SUMNER+ I EF I .wust.OSU. ANU 

+BAGGETT, EISELE ,F I L THUTHt FREHSE+ (HE I OJ 
+BAGGETT, EISELE • Ft L THUTH, FR EHSE+ (HE IOJ 
+BAGGETT o EISELE t Ft L THUTH, Ff< EHSE ,HEPP+ I HE I OJ 
+GUREV fCH, MAKAR INA, MAR T.EMYANCV + I ITEP) 
+CONFORTO, EATON, GERBER+ ( C ER N~·GEVA+LUND I 
+BUNNELL, DERR 1CK 9 F I ELOS ,KAT l + I ANl +C ARNJ 

+BROWN, FRE YT AG 1 HEARD, HE tNT lE + 
+BROWN, F RE YT AG, HEAR. O, HE INT l E + 
+G I VERNAUO, BORG 

ICER."J+HEIOJ 
CCERN+HEIDJ 

I SACLJ 

+GALLIVAN,JAFAR + llOIC+CERN+ETH+SACLI 
+BACO~oBUTTERWDPTH,WATERS + CLOIC+R.HELI 
+HANDLER,~ARCH,MARHN +- IWISC+Mir:H+RUTGJ 
+ 1 NNE S, MASEK, ~AU ... 'G, Ml LL ER. RUOEP"'-AN+ ( UC SCI 

+OVERSETH,BUNCE,OYOAK .+ IMIC!"I+WISC+HEIOJ 
Lt NDQUI ST, SWALLOW, SUMNER + I EFt +OSU+ANL I 
LINDOUl ST, SWALLOW, SUMNER+( EF I +WUSL+OSU+ANLI 
+0Y0AK 9 NAVARR I A+ ( S I EG +C ERN+OO!l;T+HE I D I 
SCHACHINGERoBUNCE.COX + IMICH+RUTG+WISCI 

+JENSEN, KREISLER, LOMANNO. POS TEih I "'ASA+BNL I 
+OWOPKIN + fMICH+WISC+RUTG+MI~N+B~LI 

+HANOLER,SHEAFF,COX + IWISC+HICH+PUTG+~JNNI 
+JE NSE No KP E I SlER,L 0!-l~ANNO, POSTER+ f "'ASA+BNLI 

PAPERS NOT REFERRED TO IN DATA CAQDS 

ARHENTER 62 CERN CONF 236 ARMENTER.OS+ ICEP~+EPOL+LOIC+BIRM+CEN.:.SACLAYI 
BALTAY 62 CERN CONF 233 BALTAY,FOWLER.SANDWEISS,CULWICK+ (Y'.ALF.+B"lll 
BERGE 63 THESIS IBERKELEY) J PETER. BERGE ILRLI 

•••••••••••••••••••••••• ********* ••••••••••••••••••••••••••••••••••• 
........................................... •••****** ••••••••• •••••••• 
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Data Card Listings 
For notation, see key at front of Listings: 

T 
T 
T 

.T 
T 
T 
T 

T 
.T 
T 

'" '" MM 
MM 
MM 
MM .. 
MM 
MM 
MM 
MM 
MM 

Pl 
P2 
P3 
P4 
P5 
Pb 
P7 
P8 

ICI SIGMA+I1189,JPt:l/2+1 I=1 

19 SIGMA+ MASS IMEVI 

N SEE NIJTE PRECECING LAMBDA MASS LISTINGS 

144 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELJW 
58 1189.48 0.22 BHOWHIK 64 EHUL + SEE NOTE S BHJW 

ABOVE SIGMA+ MASSES HAVE BEEN RAISED 30 KEV TO ACCUUIIIT FOR 46 KEV 
INCREASE IN PROTGN MASS A.NO 21 KEV DECREASE IN PION M.O.SS 

4205 1189.61 0.08 SCHMIDT 65 HBC SEE NOTE' N 
1189.16 0.12 HV"4AN 67 HEBC 

8 607 1189.33 O. 04 BOHH 72 EHUL 
B BOHM 72 UPDATED W(TH POG APR. 73 K-, PI- AND PtO MASSES. 

AVG 
F. IT 

1189.371 
1189.365 

0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.81 
0.058 FROM FIT tERROR INCLUDES SCALE FAfTOR OJ: 1.81 
fSEE IDEOGRAM BELOW 1. 

WEIGHTED AVERAGE= 1189.371 ± 0.060 
ERROR SCALED BY 1.8 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, t>X, 
and scale factor, which are differ­
ent from the values shown here. 

·BOHM 72 
·HYMAN 67 
·SCHMIDT 65 
·BHOWMIK 64 
·BARKAS 63 

E.MUL 
HEBC 
HBC 
EMUL 
EMUL 

CHISQ 
1 . 0 
3. 1 

.9 
0.2 
0.0 

1 3. 3 

3/74 
6/68 

12/73 
12/73 

3/82• 

1188.8 1 190.0 
(CON LEV 
=0.010) 

c 

c 

SIGMA+ MASS (MEV) 

1CI SIGMA+ MEAN LIFE !UNITS 10**-10 SECI 

GLASER 58 RVUE 
127 0.98 0.16 0.12 PUSCHH 60 EMUL 

41 0.82 o. 34 0.20 EVANS 60 EMUL 
117 0.85 0.14 0.11 FREDEN 60 EMUL 

54 o. 80 0.10 0.067 KAPLON 60 EMUL 
23 o. 76 o. 22 0.14 CHIESA 61 EMUL 
49. o. 75 0.13 0.09 BERTHELOT 61 HLBC 

140 o. 82 0.10 0.08 BARK AS bl EMUL 
192 0.749 0.056 0.052 GRARD 62 HBC 
456 0.765 0.04 HUMPHREY 62 ...,8C 
203 o. 84 0.12 0.08 SHOWMIK 64 EMUL 
181 o. 84 0.09 SAl lAY 65 HBC b/66 
900 0.76 0.03 CARAVAN 65 HBC 6/66 

1300 0.83 o. 032 CHANG 66 HBC 6/66 
s 125 {0. 861 ( 0.151 CHIEN 66 HBC . 6.9 PSAR P 9/67 
s 117 11.1CI I 0.24) CHIEN 66 HBC - 6.9 PBAR P,ANT.I 9/67 

381 o.eo D.07 COOK 66 OSPK 7166 
10664 o. 803 o. 008 BAFlLOUTAU 69 HBC K-P .4-1.2: GEV/C 11/69 

20K o. 7Q5 0.010 El SELE 70 ·HBC K-P AT REST 2/71 
526 0.83 o. 04 BAKKER 7l DBC K-N TO SIG+ 2PI- 10171 

5719 o. 807 o. 013 CONFORTO 76 HBC K-P 1-1.4 GEV/C 11/77 
30K 0.798 0.005 MARRAFFIN BO.HBC. K- P TO SIG+ PI-: 2/80 

CHANG ERRCR 0.018 RAISED BY us. SEE 1970 EtiTtoN. RMP 42o123(19701 1/73 
s ERROR PURELY STATISTICAL 

AVG 0.7997 0.0036 0.0036 'AVERAGE IERPOR INCL. SCALE FACTOR OF 1.01 

19 SIGMA+ MAGNETIC MOMENT IMAGNETONS,'i38.26 MEVI 

381 1. 5 1.1 COOK 66 OSPK 
52 3.5 1. 5 KOTELCHUC 67. EMUL K-P AT 1.15BEV/C 
51 3.0 1.2 SULLIVAN 67 EHUL PHOTOPRODUCT ION 
69 3. 5 1.2 COMBE 68 EMUL 

29333 2.1 1. 0 MAST 68 HBC K-P AT .4 GEV/C 
955 2.67 0.97 ALLEY 71 OSPK 1.28 GEV/C PI+P 

2651 2. 7 0.9 SAHA 73- HLBC K-P. 25TO. '35GEV /C 
s 8503 12.951 I o. 311 DOBLE 77 HBC K-P .46 GEV/C 
s 14K 2. JC 0.14 SETTLES 79 HBC K-P.42TO. 50GEV/C 
s SETTLES 79 INCLUDES DOBLE 77 DATA. 

AVG 2.33 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

19 S IGHA+ PARTIAL DECAY MODES 

SIGMA+ INTC PflCTON PIO 
SIGMA+ INTO NEUTRON PI+ 
SIGMA+ INTO NEUTRON PI+ GAMMA 
SIGMA+ INTO LAMBDA E+ NEU 
SIGMA+ INTO PROTON GAfofHA. 
SIG"'A+ INTO NEUTRON MU+ NEUTRINO 
SIGMA+ INTO NEUTRON E+ NEUTRINO 
SIGMA+ INTO PCI.OTON E+ E-

DECAY MASSES 
Cl38+ 134 
939+ 139 
939+ 139+ 

1115+ .5+ 
'738+ 0 
Cl39+ 105+ 0 
939+' .5+ 0 
'738+ .5+ .5 

7/66 
8/67 
8/07 

10/68 
6/68 

10/70 
6/73 

12/77 
12/79 
12/79 
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Data Card Listings 
For notation, see key at front ofListings. 

"' Rl 
Rl 

19 SIGMA+ BRANCHING RATIOS 

SIGMA+ INTO (NEUTRON Pt+l/tNUCLEON PIJ (P21/{Pl+P21 
308 0.490 0.024 HUMPHREY 62 HBC 
534 0.46 0.02 CHANG 66 HBC 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

1331 0.488 0.010 BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 
6/66 

11/69 
12/71 

7179 
2180 
Z/80 

537 0.484 0.015 TOYEE 11 EMUL 
1861 0.488 0.008 NOWAK 78 HBC BRITISH 1.5M ITSTI 

K-P 42G-500MEV/C 
1-BR. 

M lOK 0.4828 0.0036 MARRAFFIN 80 HBC 
M MARRAFF I NO 80 GIVES BR TO ( P PIO II ALL. WE QUOTE 

Rl AVG 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

•• .. 
R4 

•• •• 
R4 
R4 

•• 
R4 

R5 

AVG 

AVG 

0.4836 o. 0030 AVERAGE (ERROR INCLUDES SCALE FACTOR· OF 1.01 

SIGMA+ INTO INEUT Ph GAMI/1 Pt+NI (UNITS 10**-31 f P3l/P21 
(1.81 ABOUT BAZIN2 65 HBC PI+ LT 116 MEV/C 8/67 

29 f0.27l (0.051 ANG 69 HBC PI+ LT 110 MEV/C ll/68 
180 0.93 0.10 EBENHOH 73 HBC PI+ ll 150 14EV/C 3174 

PI+ MO,.ENTUM CUTS DIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE. 4/82• 

SIGMA+ INTO fL.&MBOA E+ NEUI/TOTAL (UNITS 10 .. -51 fP41 
4 (3.3, 11.71 WILLIS 64HBC STOP.K.;,. 

EVENTS FROM THIS EXPERIMENT,INCLUDEO IN EtSELE1 69 
6 2.0 O. 8 BARASH 67 HBC STOP K-
5 1.6 a.7 SAL TAY 69 HBC STOP 1(-

10 2.9 1. 0 El SELEl 69 HBC STOP 1(-

0.47 AVERAGE tERROR INClUDES SCUE FACTOR Of 1.0J 

SIGMA+ INTO IP GAMMAI/IP PIOI (UNITS 10**-21 CP511(Pll 
1 I0.06810't LESS CARRARA 64 HBC 

24 a.37 o.a8 SAZIN 65 HBC 
4 ca.171 

45 a. 21 
31 0.276 
46 0.211 

a. a3 
o.a51 
a. a3a 

QUARENI 65 EMUL 
ANG 69 HBC STOP K-
GERSHWIN 69 HBC 
PolANZ sa HBC K- P-->SIGti!A+ PI-

a.232 a.a25 AVERAGE tERROR INCLUDES SCALE FACTOR OF t • .zt 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE= 0.232 ± 0.025 
ERROR SCALED BY 1. 2 

9/66 
11/69 

8/61 
ll/69,"· 
10/69· 

6/66 
10/69 
10/69 
9/81* 

CHI SO 
-~ANZ 

·GERSHWIN 
·ANG 
·BAZJN 

0.1 0. 0.3 0.4 0.5 0.6 

SIGMA+ INTO (P GAMMA)/(P PIO) 

SIGMA+ INTO IN E+ NEUI/IN Pl+l (UNITS 10 .. -51 
a 116220JEFFECTIVE DENOM. COURANT 64 HBC 
0 127201fFFECTJVE DENOM. "4URPHV 64 t-IBC 
1 I96901EFFECTIVE DENOM. NAUENBERG 64 HBC 
0 f324061EFFECTIVE OENOM. BIER,.AN 68 HBC 
0 1804001EFFECTIVE DENOM. EISELE2 69 HBC 
1 I300001EFFECTIVE OENOM. NORTON 69 HBC 

eo HBC 
69 HBC 
69 HBC 
65 HBC 

I P71/IP21 
SEE NOTE 
SEE NOTE 
SEE NOTE 

STOP K-

OLDER LOWER SUTISTICS EXPTS. NOT INCLUDED IN AVERAGE • 
0 105000 EFFECTIVE OENOM. SECHIZORN 73 HSC STOP K-
0 1ll000 EFFECTIVE DENOM. EBENHOH 74 HBC STOP K-

EFFECTIVE OENOM. CALCULATED BY US 
EFFECTIVE OENOM. TAKEN FROM EISELE 67 

0 .3 
0. 
0 .5 

2.:..Q._ 
4.6 

(CON LEV 
=0.207) 

11/67 
11/67 
6/68 
6/68 
6/68 

ll/69 
2/76 
2/76 
1/76 

R.5 EO 
R.5 EO 
R5 EO 
., 0 
R5 UA 
R.5 uo 
• , 0 
R5 U 
RS U A 
R5 U 
R5 E 
R5 A EISELE2 69 REPLACED BY BY EBENHOH 14. 

ll/67 
1176 

R5 ., 
R5 

•• 
R6 
R6 E 
R6 E 
•• u 
•• 
R6 E 
•• u 
R6 

•• •• 
R7 
R7 
R7 
R7 
R7 

•• •• •• •• 
R9 

•• •• •• 

1.1 CR LESS CL=;.90 OUR AVERAGE 12.3 EVTSI/CEFF.DNO"'.SUMI 
NUMBER OF EVENTS INCREASED TO 2.3 FOR 90PC CONFIDENCE LEVEL 

SIGMA+ INTO (N MU+ NEUI/IPI+NI (UNITS 10 .. -51 (P61/IP21 
1 1120111NALYSEOEVENTS 
0 10150 EFFECTIVE DENOM. 
0 1710 EFFECTIVE DENOM. 
2 62000 EFFEC TtVE DE NOM. 
0 33800 EFFECTIVE OENOM. 

EFFECTIVE DENOM. 
EFFECHVE OENOM • 

GAlTJEil:l 6Z EMUL 
COURANT 64 HBC 
NAUENSERG 64 HSC 
E1SELE2 6q HBC 
BAGGETT 69 HBC 
TAKEN FROM EISELE 67 
CALCULATED BY US 

NO RATIO QUOTED 
SEE NOTE E 
SEE NOTE. E 

6.2 CP LESS CL=.90 OUR AVERAGE 16."7 EVTSI/CEFF.DNOIIII.SUHJ 
NUMBER OF EVENTS INCREASED TO 6.7 FOR 90PC CONFIDENCE LEVEL 

tSIG~A+ INTO LEPTCNSJ/ISIGMA- INTO LEPTONS) 
0 I0.034101l: LESS BAGGETT 67 HBC 
1 f O. 0 81 GR LESS NORTON 69 HBC 

O.Olt3 OR. LESS CL:.90 OUR AVERAGE USING R5 AND R6 

SIGMA+ INTO !PROTON E+ E-1/TOTAL CUNITS 10••-61 tPBI 

2/76 
2/76 

11/67 
11/67 
11/67 
6/68 

ll/68 
11/67 

2/76 
2/76 

6/68 
10/69 

2/76 

1.0 Cll: lESS .&.NG 69 HBC STOP K- 10/b9 
ANG 69 FGUIIIC 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CO"''VERSION CF 
PROTO'"-' GAMMA DECAY -UMtT GIVEN HERE IS FOR NEUTRAL CURRENT 

ISIGf.IA+ INTO P.. MU+ NEUII(SJGMA- INTO N MU- NEUI 
2 0.06 0.045 0.03 EISELE2 69 HBC +- STOP K- 10/69 

0.12 OR LESS Cl ... 90 OUR AVERAGE USING R6 2171 

Stable Particles 
I:+ 

RlO ISIGHA+ INTONE+ NEUIICSIGM6.- INTO N E- NEUI 
R10 0 (0.031 OR LESS CLc.90 EISELE2 69 HBC +- STOP K-
R10 0 (0.121 OR LESS CLc.95 COLE 11 HBC +- STOP K-
R10 LOWER STATISTICS EXPERIMENT NOT INCLUDED IN AVERAGE 
R10 0 tO.OlBIOR LESS CL=.90 SECHIZORN 73 HBC +- STOP K-,POISSON 
RIO 0 C0.01910R LESS CL~.90 EBENHOH 74 HBC +- STOP K-
R10 EISELEZ 69 REPlACED BY ESENHOH 74. 
R10 •••••• • • • 
RlO 0.009 CR LESS CL=.90 OUR AVERAGE USING R5 

19 SIGMA+ DECAY PARAMETERS 

RELATED lEXT SECTION VI 0 AND APPENDIX I 

A•O 
A•O 
••o 

ALPHA+/ALPHAO FOR SIGMA+ fSIG+ TO PI+ Nl/tSIG+ TO PIO PI 

A+O 0 3500 
A+O 0 2600 
A+O 20K 
A+O 23K 
A+O 0 
A•O 
A+O FIT 

1+0.041 fO.llJ CORK 60 CNTR SIG+ FROM PI+P 
(+0.201 f 0.241 TRIPP 62 HSC REPt.aC.SY Ba.NGER 
1-.0141 (0.0521 BANGERTER 66 HBC SIG+ FROM K-P 
t-.0471 f 0.07t BERLEY 66 HBC SIG+ FROIIII K-P 

1-0.1041 10.0281 REUCROFT 77 HBC REPL.SY MARRAFFIN080 
-0.013 0.021 MARRAFFIN 80 HBC K- P TO SIG+ PI-
OLD RESULT St HAVE BEEN REPLACED. SEE BELOW. 

• :o:o~9· • 0.013 FROM FIT tERROR INCLUDES scALE FACTOR oF 1.01 

ALPHA+ FOR SIGMA+ CSIG+ TO PI+ Nl 

10/69 
10/71 
2/76 
8/73 

12/75 
12/75 

2/76 

9/66 
9/66 
6/77 
2/80 

•• .. .. .. 35000 0.069 0.017 BANGERTER 69 HBC 
4101 0.037 0.049 BERLEY 70 HSC 

K-P AT 400 MEV/C 11/69 
12/70 

h AVG 
A+ FIT 

0.066 
0.068 

0.016 
o. 013 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
FROM FIT fERROR INCLUDES SCALE FACTOR OF 1.01 

AO 
AO 
AO 
AO 
AO 
AO H 
AO 
AO L 
AO L 
AO H 
AO 
AO 
AO 

ALPHAO FOR SIGMA+ (SIG+ INTO PIO PROTONI 
-0.80 0.16 BEALL 62 CNTR 

1-0.901 10.251 TRIPP 62 HBC 
0 5200 f-0.9861 (0.0721 BANGERTER 66 HSC 

32000 -0.999 0.022 BANGERTER 69 HBC 
1335 -0.98 0.05 0.02 HARRIS 70 OSPK 

16K -0.940 0.045 BELLAMY 72 ASPI( 
1259 -0.945 0.055 0.042 LIPMAN 73 OSPK 

DECAY PROTONS SCATTERED OFF ALUMINUM. 
DECAY PROTONS SCATTERED OFF CARBON. 

REPL&C. BY BANGE 
K-P TO SIG+ PI-

PI+P TO SIG+ K+ 
PI+P TO SIG+ K+ 
Pt+P TO SIG + 

AVG 
FIT 

0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.016 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

F+ PHI+ ANGLE tSIG+ INTO N PII SINCPHIIICOS(PHII=BETA/GAMMA IDEGREEI 

7/66 
10/69 
5/10 

11/72 
7/73 
7/73 

4/82• 

F+ 0 370 1180.1 130.1 BERLEV 66 HBC NEUTRON RESCATT. 9/66 
F+ 560 143. 29. BANGERTl 69 HBC 10/69 
F+ C1054 184. 24. BERLEV 70 HBC K-P AT 400 MEV/C 11/69 
F+ C CHANGED FROM 116 TO 184 TO AGREE WITH SIGN CONVENTION • .. 
F+ AVG 167.3 20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1 I 

AG 
AG 
AG 
AG 

ALPHAG FOR SIGMA+ ISIG+ INTO PROTON GAMMAI 
61 -1.03 0.52 0.42 GERSHWIN 69 HBC K-P TO SIG PI 
46 -0.53 0.38 0.36 MANZ 80 HBC K- P-->SIGMA+ PI-

AG AVG -0.72 o. 29 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

FO PHIO ANGLE CSIG+ iNTO PIO PROTON) StNIPHIJ/COSCPHIJcSETA/GAMMA IDEGJ 
FO H 
FO L 
FO L 
FO H 

22.0 90.;0 HARRIS 70 OSPK PI+P TO SIG+ K+ 
125q 38.1 35.7 37.1 LIPMAN 73 OSPK Pl+P TO SIG+K+ 

DECAY PROTON SCATTERED OFF ALUMINUM. 
DECAY PROTONS SCATTERED OFF CARBON. 

FO 
FO AVG 

CORK 
EV&NS 
FREDEN 
KAPLON 
PUSCHEl 

......... 
35.8 33.7 

60 PR 120 1000 
60 NC 15 873 
60 NC 16 611 
60 ANP 9 139 
60 NP 20 254 

BARKAS 6i PR 124 12a9 
SEATHELO 61, NC 21 6~3 
CHIESA 61 NC 19 llH 

BEALL 62 PRL 8 75 
GRAq,D 62 PR 127 607 
GAL TIER I 62 PRL q 26 
HUMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 66 

BARKAS 63 PRL 11 '-t: 
ALSO 61 UCfll 9450 

SHlWMIK 64 NP 53 22 
CARRARA 64 Pl 12 72 
COURANT 64 PR 136 8 1791 
MURPHY 64 PR 134 B 188 
NAUENBER 64 PRL 12 679 
WILLIS 64 PRL 13 291 

SAL TAY 
BAZ IN 
BAZIN2 
CARAVAN 
QUARENI 
SCHMIDT 

65 PR 140 8 1027 
65 PRL 14 1S4 
65 PR 140 81358 
65 PR 138 1\ 433 
65 NC 40 A 928 
65 PR 140 8 1328 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

REFERENCES FOR SIGMA+ 

CORK, KERTH, WENZEL,CRON I N,COOL I LRL+PR I N+BNL J 
BR 1ST +BRUSS+ I AS-U. COL-OUBL I N+LON+MI LAN+ PAD 
S FREOENoH KORNBLUM,R WHITE (LRll 
M KAPLON,A MELISSINQS,YAMANOUCHI (ROCHI 
W PUSCHEL C MAX PLANCK I NSTI 

SARKA S, OVER, MASON, NICHOLS, SMITH I LRLI 
BER. THELOT, OAUOIN,GOUSSU + ISACLAV+ORSAV I 
CHIESA,CWASS I Aft ,R INAUOO ( INFN-TUR INJ 

BEALL, CORK, KEEFE ,MURPHY, WENZEL I LRL I 
F GRARDoG A SMITH (LRU 
GAL TIER I, BARKAS, HECKMAN, PATR 1 CK, Sl"' ITH l LRLJ 
W E HUMPHREY, R R ROSS ( LRLI 
R D TRIPP,M B WATSON,M FERRO-LUZZI (LRLI 

W H BARitAS ,J N OYER,H H HECKM4NN CLRU 
JOHN OVER ITHESISt BERKELEY! ILRU 

8 8HOWMIK 1 P JAINtP MATHURtLAKSHMI IDElHIJ 
CARRARA, CREST I, GR IGOLETTO, PEfiUZZO+ I P ADOVAI 
COURANT oF IL THUTH+ I CERN+ HE 1 O+UMO+NRl+BNL J 
C THORNTON MURPHY I WISCONSIN I 
NAU ENBERG, ,_ARATECK, + I COLU+RUTG+PR 1 Nl 
WILL IS ,COURANT, ENGELMAN+ C BNL, CERN, HE I O, UMO I 

SAL TAV,SANDWEJSS,CUUHCK,KDPP + IVALE+BNLI 
BAZ IN, BLUME NF ELO, NAUENBERG + ( PR IN+COLU) 
BAZ IN, PLANO, SCHM I Dl+ ( PRIN,RUTG .COLUJ 
CARAVANNOPOULDS, TAUTFEST ,w ILLMANN I PURDUE I 
QUARENJ,CARTACCI + tSGNA,FIRZ,GENO,PARMAJ 
P SCHMIDT ICOLUMSIA) 

BANGERTE 66 PRL 17 495 .SANGERTER,GALTIERI,BERGE,MURRAV+ ILRLI 
BERLEY 66 PRL 17 1071 +HERZBA.CH.KOFLER,YAMAMOTO + CBNL+MASA+VALEI 
CHANG 66 PR 151 1081 CHUNG VUN CHANG CCOLUMSIAJ 

ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANG CCOLUMIHAJ 
CHIEN 66 PR 152 1111 +LACH,SANOWEJSS,TAFT,YEH,OREN + (VALE+BNLJ 
COOK 66 PRL 17 223 V COOK,EWART,MASEK,ORR,PLATNER IWASHINGTONJ 

BAGGETT 67 PPL 19 1458 
ALSO 68 VIE'iNA ASS. 374 
ALSO 68 PRIVATE COMM. 

SAR.ASH 67 PRL 19 181 
EISELE 67 ZPHYS 205 409 
HYMAN 67 PL 25 8 376 
KOTElCHU 67 PR.L 18 1166 
SULLIVAN 67 PRL 18 1163 

ALSO 64 PRL 13 246 

BAGGETT ,OAV, GLASSER, KEHGE, KNCP+ 
BAGGETT, KEHOE 
N. BAGGETT 

I MARVLANOJ 
I MARVLANOI 
I MAR.YLANOI 

8ARASHtOAV.GLASSER,KEHOE,KNOP + fMARYLANOJ 
+ENGELMANN, FI L THUTH, FOL ISH, HEPP + (HE I 01 
+LOKEN, PEWITT, IIIICI(ENZ IE,+ C ANL+C ARN+NWE SJ 
KOT ELCHUCK • GOZA, SUlll VAN,ROS 5 {VANDER B IL Tl 
SULLIVAN 1 MCINTURFF, KOTELCHUCH C VANOERB ll T) 
A 0 MCINTURFF.( E RO["IS IVANDERRILTI 

11/69 
9/81• 

5/70 
7/73 
7/73 



Stable Particles 
r+. r-

BIERMAN 
COMBE 
MAST 

68 PRL 20 145<":1 
68 NC 57A 54 
68 PRL 20 l312 

ANG 69 ZPHYS 228 151 
BAGGETT 69 MDOP-TR-<":173 
BALTAY 69 PRL 22 615 
BANGERTE 69 UCRL-19244 
BANGERT! 69 PR 187 1821 

BIERMAN,KOUNOSU,NAUENBERG + IPRINCETONJ 
CERN-BR I STOL-LAUSANNE-MUN IC H-ROME-COLLABOR 
MAST,GERSHWIN,ALSTON-GARNJOST + fLRLI 

+EBENHQH,E I SHE, ENGELMANN, FIL THUTH+ (HEIDI 
N V BAGGETT tTHESISI (Uio!OI 
SALT AY, FRANZ IN It NEWMAN, NOR TON+ ( COLU, S TONI 
ROGER ODEll BANGERTER fTHESISJ ILRLI 
BANGERTER, GARNJOST, GALT tER I, GERSHWIN+ I LRLJ 

BARLOUTA 69 NP 814 153 BARLOUTAUO,BELLEFON,GRANET+(SACL+CERN+HEIOI 
ElSELEl 69 ZPHYS 221 1 ..-ENGELMANN,FILTHUTH,FOHLISCH,HEPP+ IHEtDI 
EISELE2 69 ZPHYS 221 401 +ENGELMANN,FILTHUTH,FOHLISCH,HEPP+ IHE[OJ 
GERSHWIN 69 PR 188 2071 +ALSTON-GARNJOST,SANGERTER + (LRU 

ALSO UCRL 19246 THESIS LAWRENCE K GERSHWIN ILRLI 
NORTON 69 NEVIS 175 !THESIS) HERBERT NORTON ICOLUMBIAJ 

BERLEY 
EISELE 
HARRIS 

ALLEY 
BAKKER 
COLE 
TOVEE 
BELLAMY 
BOHM 

ALSO 

70 PR 01 2015 
70 ZPHY 238 372 
70 PRL 24 165 

71 PR 03 15 
71 LNC 1 37 
11 PR 04 631 
11 NP 833 4n 
72 PL 396 299 
72NP8481 
73 tlHE-73. 2 NOV 

EBENHOH 73 ZPHY 264 413 
LIPMAN 73 PL 43B 89 
SAHA 73 PR D7 3295 
SECHIZOR 73 PR DB 12 

EBENHOH 74 ZPHY 266 367 
CONFORTO 76 NP B105 189 
DOBLE 77 Pl 6 76 483 
REUCRCFT 77 PR 015 5 
NOWAK 78 NP B 139 61 

SETTLES 79 PR D20 2154 
MANZ SO PL 96B 211 
"\ARRAFF I 80 PR 021 2501 

GLASER 58 CERN CONF 270 

+YAMIN,HERTZBACH,KOFLER + 
+F I L THUTH, HEPP, PRESSER, ZECH 
+OVERSETH, PONOROM, DETTMANN 

IBNL,MASA,YA.LEJ 
IHEIOELBERGJ 

IMICH,WISCJ 

+BENBROOK.COOK.GLASS,GREEN,HAGUE + IWASHI 
+,SABRE COL LAB. I ZE EM+ SACL+BGNA+REHO+EPOU 
+LEE-FRANZ 1 Nt, LOVELESS, SALT A Y+ IS TON, COLUJ 
LOUC, BELGRADE, BERL, SRUX ,QUBL IN, WARS COLLAB 
+ANDERSON, CRAWFORD, OSMON+ ( LOWC+RHEL +SUSS I 
BER l I N+BELGRAOE+BRUX+OUBl IN+LOUC+WARSAW 
BRUSSELS BULLETIN, SAME COLLABORATION 

+E1SELE,FlL THUTH,HEPP,LEITNER,THOUW+ I HElD) 
+UTO, WALKER, MONTGOMERY+ I RHEL +SUSS+LOWC I 
+FETKOVICH,HEINTZELMAN,MEL TZER + I(ARN) 
B.SECIU-ZORN.G.SNOW IU"'DJ 

+EISElEtENGELMANNtFILTHUTH,HEPP + (HEIDI 
+GOPAL,KUMUSwLITCHFtELO,ROSS + IRHEL+LOICI 
+GOTTSTEIN, HANSL,HERYNEK+ I MPI M+BOHR+VANO I 
+ROOSrWATERS,WEBSTER.HANSL + IVAND+MPIHJ 
+ARMSTRONG, DAVIS+ I LOUC+SELG+DURH+WARS I 

+MANZ 1 MATT 1 HANSL,HERYNEK, DOBLE+ (foil PI M+VANDJ 
+REUCROFT,SETTLES,WOLF + IMPIM+VANDI 
MARRAFF INO, REUCROFT, ROOS,WA TERS+{ VANO+MP I Ml 

PAPERS NOT REFERRED TO IN DATA CARDS 

GLASER, GOOD, MORRIS ON { HICH+LRL I 

QUANTUM !'\UMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CAq_DS 

TRIPP 62 PRL 8 175 R TRIPP,M WATSON,M FERRD-LUZZI ILR.LI P 
ALFF 63 SIENA CONF 1 205 ALFF, NAUENB ERG, KIRSCH,+ ICOLU+RUTG+BNl J 

ALFF, GELFAND. BRUGGER, BERLEY+CCOLU+RUTG+BNL J 
COURANT, FIL THUTH,BURNST E IN, DAY+ I CERN+UMOJ 

ALSO 65 PR 137 B 1105 
COURANT 63 SIENA CONF 1 73 .................................................................... 
•••••• ......... ••••••••• ••••••••• ••••***** ••••••••• ·····••~~'• •••••••• 

20 SIGMA-Il197 1 JP;1/2+) 1""1 

20 SIGMA- MASS IMEVJ 

SEE NOTE PRE CEO fNG LAMBDA MASS LISTINGS 

3000 1197.43 

AVG 
FIT 

87 
2500 

AVG 
FIT 

•• 

ll'H. 24 

1197.38B 
1197.34 

a. 25 
a. 25 
7. 91 

a. 09 
7.97 

o. OS 
0.15 

SCH"'IOT 65 HBC SEE NOTE N 
DUGAN 75 CNTR EXOTIC ATOMS 

0.079 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1..1) 
0 .. 05 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1,0) 

20 ISIGMA-J - ISIGMA+I MASS DIFFERENCE IMEVI 

0.40 
o. 25 
o. 23 

BARK AS 
DOSCH 
BOHM 

63 EMUL 
65 HBC 
12 EMUL 

0.16 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.01 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

20 ISIGMA-1- (LAMBDA) MASS.DIFFERENCE tMEVl 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OL 
DL 
DL 
DL 

S1. 70 
S5 St. SO 

2279 81.64 

0.19 
0.13 
o. 09 

BURNSTEIN 64 HBC 
SCHMIDT 65 HBC SEE NOTE N 
HEPP 68 HBC 

DL AVG 81 .. 693 
St. 740 

0.069 AVERAGE" tERROR INCLUDES SCALE FACTOR OF 1.01 
OL FIT 0.052 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

ZC SIGMA- MEAN LIFE IUNITS 10**-10 SECI 

45 
41 

1208 
c 3267 
s 61 
s 64 

506 
10253 
0.1M 
1383 

1-61 o. 40 
1o B9 O. 33 
1-35 o. 32 
1.75 0.39 
1.58 0.06 
1.666 0.075 

12.081 ( o. 221 
I 1.461 I o. 311 
1-38 0.07 
1.472 0.016 
1.485 0.022 
1.42 o. 05 
1. 41 o. 09 

2400 1. 463 o. 039 
8437 1.49 o. 03 

16K 1.480 0.014 

0.28 
0.25 
0.17 
0.30 
o.o6 

o.os 

c 
s 

CHANG ERROR O.OIB RAISED BY 
ERROR PURELY STATISTICAL. 

BROWN 58 HLBC 
EISLER 58 HLBC 
CHIESA 61 EMUL 
SARKA$ 61 EMUL 
HUMPHREY 62 HBC STOP. K-
CHANG 66 HBC STOP. K-
CHIEN 66 HBC - 6.9 PBAR P 
CHIEN 66 f-ISC + 6.9 PSAR P,ANTI 
WHITESIDE 68 HBC STOP. K-
BARLOUTAU 69 HBC K-P .4-1. 2 GEV/C 
El SHE 70 HBC K-P AT REST 
BAKKER 71 DBC K-N TO SIG- 2PI 
TOVEE 11 EfiiUl 
ROBER.TSON 72 tiBC 
CONFORTO 76 HBC 
MARRAFFIN 80 HBC 

US. SEE 1970 EDITION, 

K-P • 25 GEV/C 
K-P 1-1.4 GEV/C 
K- P TO SIG- PI+ 
RMP 42w123119701 

3/74 
12/79 

3/82* 

1/73 

9/66 
3/74 
8/68 

6/66 
9/67 
9/67 
6/68 

11/69 
2171 

10/71 
12/71 
3/74 

11/77 
2/80 
1/73 

AVG 1.482 O.Oll O.Olt AVERAGE IERR(-R INCL. SCALE FACTOR IJF 1.31 
ISEE IDEOGRAM BELOW I 
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Data Card Listings 
For notation, see key at front of Listings, 

WEIGHTED AVERAGE - 0.6747 ± 0.0050 
ERROR SCALED BY 1.3 

-+--. 
r+-· 

-~ARRAFFIN 60 HBC 
·CONFORTO 76 HBC 
·ROBERTSON 72 HBC 
· TOVEE 
·BAKKER 
·EISELE 

71 E~UL 

71 DBC 
70. HBC 

·BARLOUTAU 69 HBC 
·WHITESIDE 68 HBC 
·CHANG 66 HBC 
·HUMPHREY 62 HBC 
·BARKAS 61 EMUL 
·CHIESA 61 EMUL 
·EISLER 58 HLBC 
·BROWN 58 HLBC 

CHI SO 
0.0 
0. 1 

0. 
0. 
1 . 4 

0.0 
0 4 
1 . 8 

.6 

. 0 

0.4 0.6 0.8 1.0 

15. 2 
(CON LEV 
-0.085) 

"" R MM R 
MM 0 
MM D 
MM 
MM 
MM 
MM 
MM AVG 

SIGMA- DECAY RATE (UNITS 10""10 SEC-1) 

20 SIGMA- MAGNETIC MOMENT IMAGNETONS.938.26 MEVI 

SHIN -1.6 AND +0.8 FOX 
-1.48 0.37 ROBERTS 
-1.40 0.41 0 .. 28 DUGAN 
(0.651 (0.281 10.401 DUGAN 

28K -0.11 1.25 HANSL 
ROBERTS 74 INCLUDES DATA FROM FOX 73. 
DUGAN 75 NEG.aTIVE VALUE AVERAGED SINCE 

73 CNTR 
74 CNTR 
75 CNTR 
75 CNTR 
78 HBC 

SIG.:...ATOM FINE ST 
SIG-ATOM FINE ST 
SIG-ATOM FINE ST 
SIG-ATOH FINE ST 
K-P-->SIG- PI+ 

IT AGREES WITH ROBERTS 74. 

-1.41 0.25 AVERAGE I ERROR INCLUDES SCALE FACTOR ·oF 1.01 

---- ------ -----:--- -:---=----. ------- -------. -~---- --~---

P1 
"P2 
P3 
P4 
P5 

" R1 
R 1 
R1 
Rl 
R1 
R1 
Rl AVG 

R2 
R2 
·R2 
R2 
R2 
R2 
R2 A 
R2 
R2 

20 SIGMA- PARTIAL DECAY MODES 

SIGMA- INTO NEUTRON PI-
SIGMA- INTO ~EUTRON PI- GAMMA 
SIGMA- INTO NEUTRON HU- NEUTRINO 
SIGMA- INTO NEUTRON E- NEUTRINO 
SIGMA- INTO L.&MBOA E- NEUTRINO 

20 SIGMA- BRANCHING RATIOS 

DecAY MASSES 
939+ 139 
939+ 139+ 
939• 105• 
939+ .s+ 

1115+ .5• 

SIGMA- INTO cro. MU- NEUI/IN PI-I (UNITS 10 .. -31 {P31/IP1 I 
22 0.66 O. 15 COURANT 
11 o. 56 0. 20 BAZIN 
56 0.43 O. 09 BAGGETT 
12 0.43 o. 06 ANG 1 
13 o. 38 0.11 COLE 

64 HBC · · 
65 HBC 
69 HBC 
69 HBC 
71 HBC 

FROM STOP. K­
STOP. K-
STOP K-
STDP K-

0.447 0.043 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

SIGMA-
9 

16 
16 

" 180 
331 

57 
455 

INTO IN E- NEUI/1 N PI-I !UNITS 10**-31 "IP4J/IP1J 
1.0 0.4 0 .. 3 MURPHY 64 Hl BC 
1.37 0.34 NAUENBERG 64 HBC 
1.15 0.4 MILLER 64 FBC 
1-4 o. 3 COURANT 64 HBC 
1.11 0.09 BIERMAN 68 HBC 

{1.021 10.081 ANG 1 69 HBC. 
0.97 0.15 COLE 71 HBC 
1.05 0.07 

R2 A 601 1. oc;· o. 06 
SECHt ZORN ·13 HBC 
EBENHOH 74 HBC 

STOP K­
STOP K­
STOP K­
STOP K-

"' R2 
A ANG 1 69 REPLACED BY EBENHOH 74. 

R2 AVG 

R3 
R3 
R3 
R3 ... 
R3 
R3 H 
R3 H 
R3 H 
R3 
R3 AVG 

1.082 o. 038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

SIGMA- INTO (LAMBDA E- NEUI/IN PI-I (UNITS 10*.._4) 

11 0.75 0.28 
35 0.64 0.12 
31 0 .. 69 0.12 
31 0.52 O.C9 

122 10.601 10.111 
114 0.63 0.11 

HERBERT 78 REPLACED BY 

COURANT 
BARASH 
El SELEl 
BALTAY 
HERBERT 
THO!'lPSON 

THOMPSON 80. 

64 HBC 
67 HBC 
69 HBC 
69 HBC 
78 ASPK 
80 ASPK 

IP51/tPll 
STOP. K­
STOP K-
STOP K-
STOP K­
HYPERON BEAM 
HYPERON BEAM 

0.610 0.053 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 

R4 SIGMA- INTO IN PI- GA ... MAI/IN PI-I IUNITS 10 .. -31 IP211tPll 
R4 (t.1JAPPROXIM. BAZIN 65 HBC PI- LT 106 MEV/C 
R4 23 10.101 I 0.021 ANG 2 69 HBC Pt- L T 110 MEV/C 
R4 292 0.46 0.06 EBENHOH 73 HBC PI+ LT 150 MEV/C 
R4 PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE. 

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECT ION VI D AND APPENDIX I 

A- ALPHA SIGMA-
A- 1-0.161 10.211 TRIPP 62 HBC 
A- 0 6500 1-0.010) (0.0431 BANGERTER 66 HBC 
A- 06068 1-0.1041 10.041 BERLEY 67HBC 
A- 51000. -0.071 0.012 BANGERTER 69 HBC 
A- B 5978 1-0.1341 I o. 0341 BERLEY 70 HBC 
A- 60000 -0.067 O. 011 BOGERT 70 HBC 
A- 28K -0.062 0.024 HANSL 78 HBC 
A- OLD RESULTS.. HAVE BEEN REPLACED. 
A- BERLEV 70 REPLACED BY BOGERT 70 
A-

REPL.BY BANGERTE 
K-P TO SJG- Plt­
K-P TO SIG- PI+ 

K-P AT 400 MEV/C 
K-P AT 400 MEV/C 
K-P-->SIG- PI+ 

A- AVG -0.0681 0. 0077 "AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

3/74 
12175 
12/79 
12179 

7179 
12/75 
12179 

6/66 
10/69 
10/69 
10/71 

6/08 
10/69 

'· 10171 
8/73 
1/76 
1176 

8/67 
10/69 
4/69 
6178 
9/81* 

8/67 
10/69 
3/74 
4/82* 

1/66 
11/67 
10/69 
2171 

12/70 
7179 

2171 
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Data Card Listings 
For notation, see key at front of Listings. 

F- PHI ANGlE CSINCPHI 1/COSCPHIJ:"'BETA/GAMNAI COEGREESI 
F- 0 1006 1+22.1 (30.1 BERLEV 67 HBC K-P TO SJG- Pl+ 
F- 1385 1"'· 19. BANGERTl 69 HBC 
F- Cl092 + 5• 23. BERLEY 70 HBC NEUTRON RESCATT • 
F- C CHANGED FPOM -5 TO +5 TO AGREE WITH SIGN CONVENTION 
F-
F- AVG 10.3 AVERAGE fERROR INCLUDES SCALE FACTOR OF 1.01 

(by J. A. Thompson, University of Pittsburgh) 

The decay I:-+ A e-v is of special interest 

because its form is predicted by the-strong form 

of eve and is not sensitive to the current octet 

assumptions or su3 structure constants which 

enter into Cabibbo's predictions for the other 

hyperon decays. FOr 6S = 0 transitions, the weak 

interaction vector current is related to the elec­

tromagnetic current through a multiplicative con­

stant, set by neutron beta decay, and an isospin 

rotation. 

The decay l: 0 + Ay (the isospin-rotation 

analogue of I: + Ae -\I) is mediated predominantly 

through the magnetic interaction, assuming there 

are no inhomogeneities in the I; 0 , A charge 

distributions. Thus we expect the gWM term 
JJI:A __ ff 

2 ~ (by su3) I to dominate the 
12 

vector part of the weak current. The strong eve 

predictions ate thus; gvfgA = 0 and gWM - 1.6. 

AV GV/GA FOR SIGJ.!A TO LAMBDA BETA DECAY CTEXT SEC VI 0.1 FOR SlGN CONVI 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY. 
AV VALUES AVERAGED ASSUME CVC-SU3 WEAK MAGNETISM TERM. 
AV FB 45 (0.311 (0.301 BARASH 67 HBC 
AV FS 51 {0.71 (0.41 BALTAY 69 HBC 
AY FS 81 (+0.221 (0.281 EISELEl 69 HBC 
AV F S 186 0.45 o. 20 FRANZINI 72 HBC 
AV 55 -0.17 O. 35 TANENBAUM 75 SPEC 
AV 11• -0.29 0.29 THOMPSON BO ASPK 
AV BARASH 67 MEASURED ABSOLUTE VALUE. 
AV SIGN CHANGED TO AGREE WITH OUR CONVENTION. 

USING SIG+-

USING SIG+-
BNL HYPERON BEAN 
BNL HYPERON BEAM 

AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 679 EISELE! 699 BALTAY 69. 
AV 
AV AVG 0.14 0.24 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.6) 

I SEE IDEOGRAM BELOW J 

WEIGHTED AVERAGE= 0.14% 0.24 
ERROR SCALED BY 1.6 

11/67 
}0/69 
11169 

11/67 
4/69 

10/U 
1173 

12175 
1/B2• 

1/73 

~ 
·THOMPSON 80 ASPK 2.2 
·TANENBAUM 75 SPEC 0.8 
·FRANZ IN! 72 HBC 2.4 

5.4 
(CON LEV 
=0.066) 0 

GV/GA FOR SIGMA- TO LAMBDA BETA DECAY 

Stable Particles 
r-

WM 

•• •• •• 
WM 

•• •• 
AVI 
AVI 
AVI 
AVI 
AVI 
'VI 
AVI 
AVI 
AVI 
AVI 
AVI 

•vz 
AV2 
AV2 
AV2 
•vz 
AV2 
AV2 

AVG 

GWM/GA FOR SIGMA TO LAMBDA BETA DECAY 
VAlUES QUOTED ASSUME THE CVC PREDICTIO~ GV=O • 

186 2.4 2.1 FRAIIIZINI 72 HBC 
55 3.5 4.5 TANENBAUM 75 SPEC 

114 1.75 3. 5 TH0"4PSON 60 ASPK 

USING SIG+-
8NL HVPERC:N BE6. ... 
f\NL HYPEROIII b":AM 

2.4 AVER6.GE !ERROR I._,CLUDES SCALE FACTOR OF 1.01 

GA/GV FOR SIGMA TO NEUTRON BETA DECAYITEXT SEC VI 0.1 FO~ SIGN fONVI 
57 (0.051 (0.231 (0.32) GERSHWIN 68 HBC REPLACED BY GER.69 
61 +0.19 0.20 :1.11 GERSHWIN 69 HBC POLARIZED SIG"1AS 
63 -0.33 O. 30 0.85 BOGERT 70 HBC K-P AT 400 "1EV/C 
43 -::1.4 0.52 1.5 ELLIS 72 t.SPK POLARIZED SIGMAS 

{+0.101 10.111 ELLIS 72 llVUE SUM LlKF.L.I•SOLI 
1-0.271 10.131 10.171 ElliS 72 PVUE SUI!! liKEL.I-SOLJ 

ELliS 72 ·HAS COMBINED THE HAXlMU/14 LIKELlHOOOS Of COLLERII.INE 69, 
EISELE2 69, GEI:I:SHWIN 69o ELLIS 72, AND GETS TWO POSSIBLE VALUES~ 

AVG 0.13 0.11 AVERAGE !ERROR INCLUDES SCALE FACTO!:!: OF 1.01 

48SOLUTE VALUE OF GA/GV 
49 0.23 0.16 
33 0.37 0.26 
36 0.29 0.28 

3507 o. 435 o. 035 
519 0.17 0.07 

FOR SIG"4A TO NEUTRON BETA 
COLLERAIN 69 HBC 

:1.19 EISELE2 69 HBC 
0.29 SAL TAY 72 HBC 

TANENBAU 74 ASPK 
0.09 DECAMP l7 ELEC 

DECAY 
NEUTKON SCATTE~ 
NEUTRON SCATTER 
NEUTRON SCATTER 

H.E.HYPER0"4 BEAM 

'AV2 AVG o. 385 0.070 AVERAGE !ERROR INCLUDES SCALE FACTOR 0~ 2.31 

_/ 

!SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 0.365 ± 0.070 
ERROR SCALED BY 2.3 

-.-

~ ·DECAMP 77 ELEC 

-+- ·TANENBAU 74 ASPK 
~ ·BALTAY 72 HBC 

/ \ 
·EISELE2 69 HBC 

t· ·COLLERAIN 69 HBC 

CHI SO 
7.2 
2. 1 

0.9 
10.2 

(CON LEV 

1/82* 
l/82* 
1/82* 

6/b8 
10/b9 
10/70 
10/71 
10/71 
10/71 
3/72 
3172 

10/69 
10/69 
6/72 

10/74 
11/77 

-0.2 0.2 0.6 1. 0 =0.006) 

ABS(GA/GV) FOR SIG'"A TO N BETA DECAY 

• ••••• ••••••••• ••• ,. •••••••••••••••••••••••••••• ,. ••• •••••t~c.•• ******** 

BROWN 58 CERN CONF 2 70 
EISLER 58 NC SERlO 10 150 

BARKAS 61 PR 124 1209 
CHIESA 61 NC 19 1171 
HUMPHREY 62 PR 121 1305 
TRIPP 62 PRL 9 66 

BARK AS 
BU!tNSTE I 
COURANT 
HILLER 
MURPHY 
NAUENBER 

63 PRL 1I 26 
64 PRL 13 66 
64 PR 136 8 1791 
64 PL 11 262 
64 PR 134 8 188 
64 PRL 12 6H 

BAZIN 65 PR 140 B 1358 
DOSCH 65 PL 14 239 

ALSO 66 PR 151 108I 
SCH"4IOT 65 PR 140 8 1328 
BANGERTE 66 PRL 17 49 5 
CHANG 66 PR 151 1081 
CHIEN 66 PR 152 1111 

BUASH 67 PRL P1 IB1 
BERLEY 67 PRL I9 979 
B JERMAN 68 PRl 20 1459 
GER. SHWI N 66 PRL 20 1270 

HEPP 68 ZPHY 214 71 
WHITESID 68 NC 54A 537 

ANG 1 
ANG 2 
BAGGETT 
BAL lAY 
BANGERTE 

'&ANGERT 1 

69 ZPHY 223 103 
69 ZPHY 228 151 
69 PRL 23 249 
69 PRL 22 615 
69 UCRL-19244 
69 PR 187 1821 

BAR LOUT A 69 NP 814 I 53 
COllERA I 69 PRL 23 198 
EISELE! 69 ZPHY 22I I 
EISELE2 69 ZPHY 223 487 
GERSHWIN 69 UCRL-19246 

: BERLEY 
• BOGERT 

EISElE 

70 PR 01 2015 
70 PR 02 6 
70 ZPHY 23 8 37 2 

BAKKER 71 LNC I 37 
COLE 11 PR 04 631 

ALSO 69 NEVI S-175 THESIS 
·. TOVEE 71 NP 833 493 

REFERENCES FOR SIGMA-

BROWN,GLASER.GRAVES,PERLoCRONIN • CHICHI 
EISLER, BASS t 1 CONYERS I+ ICOLU 9 BNL, BGNA, PI SAl 

BARKAS, DYER, MASON, Nl CKOLS, SMITH 
A "4 CHIESA,B QUASSIA.Tt,G RINAUDO 
W E HUMPHREY,R R ROSS 
R 0 TRIPP,~ WATSONoM FERRO-LUZZI 

ILRLI 
ITURIN) 

ILRLI 
ILI:I:ll 

W H BARKAS,J N DYEQ.,H H HECK14AN ILRLI 
BURNSTEIN,DAY,KEHOE,SECHI ZORN,SNOW IUMDI 
COURANT, F IL THUTH+ I:; ERN+ HE lD+UMD+NRL+BNL I 
MILLER, STANNARD, BE ZAGUET• ILOUC, EPOL +BERG I 
C THORNTON MURPHY IWISCONSINI 
NAUENBERG, SCHill I DT, "4ARAT ECK +I COlU+RUTG+PR IN I 

BAZlN,PLANO,SCHMIDT + IPRIN•RUTG+COLUI 
DOSCH, ENGELMANN, FI L THUTH, HE PP ,KLUGE+ I HE I OJ 
CHUNG YUN CHANG I COLUMBIA) 
P SCHMIDT ICOLUMBJAI 
BANGERTER, GALT JERI, BERGE9MURRAY• I Lll.L I 
CHUNG YUN CHANG tCOLUMBIAJ 
+L.\CH,SANOWEISS,TAFT 1 YEH90REN • IYALE•BNLI 

86.R ASH, DAY, GLASSER, KEHOE,KNOP + I MAR VLAND I 
f';ERLEY,HERTZBA.CH 9KOFLER + (BNL.MASA,YALEI 
BIERMAN,KOUNOSU,NAUENBERG + !PRINCETON) 
GERSHWIN, Al STON-GARNJOST .BANGEQ. T ER + I LRLI 

V.HEPP,H. SCHLEICH 
H. WHITESIDE,J. GOLLUB 

IHE'IOELBERGI 
!OBERLIN) 

ANG,EISELEIENGELMANN,FILTHUTH • (HEIDI 
+EB ENHOR, E I SHE, ENGELMANN, F IL THUTH• I HE I OJ 
BAGGETT,KEHOE,SNOW IUNtV MARYlAND) 
BALTA Y .FRANZ IN I, NEWMAN 9 NOR TON• { C OLUo STONJ 
ROGER ODELL BANGERTER tTHESISI ILRU 
SANGER TE R, GARNJOST • G/ol TIER I, GERSHW IN• llR U 

BAR LOUTAUD, BELL EFON, GRANET+ I SACL•CERN•HE 1 Dl 
COLLERA I NE 9 DAY, GLASSER, KNOP•I UNI V MAR YLANDJ 
+ENGELMANN, F 1 L THUTH, FOHLI SCH, HEPP+ tHE I 0 I 
Et 5 ElE, ENGElMANN, F I L THUTHt FOHL I SCH• I HE I 0 I 
LAWRENCE KENNETH GERSHWIN ITHESISI ILRLI 

•YAMIN,HERTZBACH,KOFLER + IBNL,MASA,YALEI 
+LUCAS,TAFT 9WILLIS,BERLEY • IBNL9MASA,YALEI 
+F I L THUfH,HEPP, PRESSER, ZEC H I HE I OELB ERGJ 

+,SABRE COLLAB. I ZEEM+SACL+BGNA•REHO+EPOLI 
+LEE-FRANZ I NT, LOVElESS, BAL T AY+ IS TON, COLUI 
HERBERT NORTON I COLU"'B I A I 
LOUC 9 BELGRADE, AERL, Bll UX 1 DUBLIN, WARS COllAB 



Stable Particles 

SAL TAY 72 PR 05 1569 
BOHM 72 NP 848 1 
ELL IS 12 NP 839 H 
FRANZINI 72 PR 06 2417 
ROBERTSO 72 THESIS 

EBENHOH 73 ZPHY 264 413 
FQ)( 73 PRL 31 IC84 
SECHIZOR 73 PR DB 12 

EBENHOH 74 ZPHY 266 367 
ROBERTS 74 PRL 32 1265 

ALSO 74 PRL 33 122 
ALSO 75 PR 012 1232 

TANENBAU 71t PRL 33 115 
ALSO 75. TANENeAUM 

DUGAN 
T ANENBAU 
CONFORTO 
DECAMP 
HANSL 
HERBERT 
MARRAFFI 
THOMPSON 

BROWN 
NIETO 

75 NP A254 396 
75 PR 012 1871 
76 NP 8105 189 
11 PL 668 zc;s 
78 NP 8132 45 
78 PRL 40 1230 
80 PR 021 2501 
80 PR 021 2'5 

57 PR 108 1036 
68 RMP 40 140 

+FEINMAN, FRANZ 1 N I 1 NEW,.. AN, Y E H+ ( COLU+STON I 
BER L I N+BELGRADE+BRUX+DUBL I N+LOUC+WAR.SAW 
OXF+AERE+R HEL+LOQM+L YON+NWES+ ITEP COLL ABOR 
COL UMB 1 A+HE I DEL BERG+MAR YLANO+STONY BROOK 
R.M.ROBERTSON I I ITI 

+E 1 SELE, F I L THUTH,HEPP, LEITNER, THOUW+ C HE 101 
+LAM, BARNES, E 1 SENS TE IN+ C 6 NL +VP I +WI LL+WYOMI 
B.SECHI-ZORN,G.SNOW IUMOI 

+EISHE,ENGELMANN,FILTHUTH,HEPP + IHEIOI 
WIll +VPI +C ARN+WYOM+C IT COllABORATION 
ERRATUM TO ROBERTS 74 
ROBERTS,COX + CWILL+VPI+CARN+WYOM+CIT+BNLI 
TANENBAUM 1 HUNGERBUEHLER + IYALE+FNAL+BNLI 

+AS ANO ,CHEN • CHENG, HUt L I DOF SKY+ I COLU+YALE I 
TANENBAUM 1 HUNGER~UEHLER + IYALE+FNAL+BNLI 
+GOPAL,KALMUStLITCHFIELD,ROSS + IRHEL+LOJCI 
+8&.0 I ER, BLAND, CHOLLET, GAILL ARO+ I LALO+EPOU 
+HANZ,MATT,REUCROFT,SETTLES + IMPIM+VANDI 
+CLELAND 1 COOPER,DRIS,ENGELS + CPITT+BNLI 
MARRUF I NO, REUC ROF T, PODS, WATERS+ I VAND+ MPI HI 
+CLELAND, COOPER, ORIS, ENGELS+ I PlTT+BNLI 

PAPERS NOT REFERRED TO IN DATA CAPOS 

J BROWN, 0 GLASER, M PEfi:L 
M NIETO 

I MICH+BNLJ 
I STONI 

********* ********* •••••••••••••••••••••••••••••••••••••••••••• .................................................................... 
21 S IGMAOI 1193, JP=t/2+t 1=1 

21 ISIGHA-1 - ISIGMAOI MASS DIFFERENCE IM.EVI 
D1 N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

01 18 4. 75 o. 1 BURNSTEIN 64 HBC 
01 37 4. B7 o. 12 DOSCH 65 HBC 
01 12 5. 01 0.12 SCHMIDT 65 HBC SEE N('ITE N 
01 
01 AVG 4. B60 o.01b AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.2) 
01 FIT 4.B81 0.063 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1o0) 

21 CSIGMAOI- (LAMBDA! MASS DIFFERENCE IMEVI 

Dl N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

3174 

3/82• 

DL 2a8 16.63 O. 2B SCHMIDT 65 HBC SEE NOTE N 6/68 
DL 109 76.23 a.55 COLAS 75 HLBC LAMBOA-GA"'"'A DEC 12/75 
OL 
DL AVG 76.55 0. 25 AVERAGE lERROR INCLUDES SCALE FACTOR OF loOI 
DL FIT 76.86 a.ae FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 3/B2* 

Pl 
P2 
P3 

R1 
R1 

21 SIGMAO MEAN LIFE CUNITS 10**-19 SEct 

62 EMUL IE-14 CR LESSI 
a.58 0.13 

DAVIS 
DVOAK 77 SPEC PR IMA'<OFF EFFECT 

21 S IGMAO PARTIAL DECAY /14DOES 

StGMAa INTO UIMBOA GAMMA 
SIGMAa INTO LAMBDA E+ E-
SIGMAO INTO LAMBDA GAMMA GAMMA 

21 S IGMAa BRANCHING RATIOS 

StGMAa INTOfLAMBOA E+ E-1/TOTAL 
a.00545 THEORET. CAL. FEINBEP.G 58 

'lECAV MASSES 
111<;+ 0 
111S+ .5+ .5 
1115• 0+ 0 

I P21/IP1+P21 
QUANTUM ELECT. 

R2 SIGMAO INTO (LAMBDA GAMMA GAMMAI/flAMBDA GAMMA) (P31ffPll 
R2 a.03 CR LESS CL=.90 COLAS 75 HLBC .................................................................... 
FEINBERG 58 PR 109 1019 
DAVIS 62 PR 127 6C5 
BURNSTE I 64 PRL 13 66 
DOSCH 65 PL 14 23c; 
SCHMIDT 65 PR 140 B 1328 

COLAS 
OYDAK 

75 NP 891 253 
17 NP B 118 1 

COURANT 63 PRL 1a 409 

REFERENCES FOR SIGMAO 

G.FEINBERG IBNLI 
0 DAVtS,R SETTI,M RAYMON01 G TOMASIN fEFll 
BURNSTEIN,OAY,KEHOEtSECHI ZORN,SNOW WMDJ 
DOSCH, ENGELMANN, Ft L TMUTH,HEPP ,KLUGE+ I HE 101 
P SCHMIDT fCOLUMBIAI 

+FARWELL,FERRER,SIX IORSAJ 
+NAVARR I A, OVE RSETH, STEFFEN+ ( CERN+OORT+HEI Dl 

PAPERS NOT REFERRED TO IN DATA CARDS 

COURANT, FIL THUTH,FRANZI Nl+ ICERN+UMD+NRL I 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137 Slla5 ALFF, GELFAND, N AUENBERG+ CCOLUMB JA+RUTG+BNL J P .............................................................. ........................................................................ 

6/17 
6/77 

•9/66 

12175 
12/75 

98 

Data Card Listings 
For notation, see key at front of Listings. 

22 XI-I 1321oJP=1/2 I 1·=1/2 

22 XI- MASS CMEVJ 

1lt 1317.aJ 12.2J WANG 61 HLBC 
1811317.'1J 11.91 FOWLER 61 HLBC 
IOLO DATA ANC LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBAROJ 

517 1321.4 0.4 JAUNEAU 63 FBC 
62 1321.1 a.65 SCHNEIDER 63 HBC 

2r.1 1321.1 a.3 BADIER1 64 HBC 
ALL MASSES AeOVE WERE RAISED a.09 MEV BECAUSE LAMBDA HIASS RAISED 

149 1321.3 a.r. PJERROU 65 HBC 
6 1321.67 0. 52 CHIEN 66 HBC - 6.9 PBAR P 

299 1321.4 1.1· LONDON 66 ttBC 
G 195 1321.87 0.51 GOLOWASSE 70 HBC 5.5 K-P 

G USES LAMBDA MASS OF 1115.58-MIXII IS 1322.18 IF MILAMBDAI=1115.84 
268 1321.12 0.41 WILQUET 72 HLBC 
632 1321.r.6 0.34 OIBJANCA 75 DBC 4.CJ GEV/C K-D 

AVG 1321.34 0.14 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 1321.32 0.13 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

H1 
H1 
H1 S 
H1 
H1 
H1 S 
H1 
M1 AVG 
fill FIT 

OH 

THE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL. 

1«1322.01 
5 1'320. 69 

121 1'321. 7J 
3r. 1321.2 
35 1321.6 
THE ERROR t S 

22 ANTI-XI+ MASS IMEVI 

f 1.3l BROWN 
0.93 CHIEN 

la.61 SHEN 
0.4 STONE 
O. 8 VOTRUBA 

STATISTICAL ONLV 

62 HBC 
66 HBC + 
67 HBC 
7a HBC 
72 HBC 

ANTI-XI-
6.9 PBAR P,ANTI 

ANTI-XI-

1a GEV/C K+ p 

1321. 2 0 a. 33 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1.0 I 
1321.32 0.13 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

THE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL. 

22 CXI-1- fANTI-XJ+I MASS DIFFERENCE tMEVI 

1.0 1.1 CHIEN 66 HBC 6.9 PBAR P 

22 XI- MAGNETIC MOMENT {MAGNETONS,938.26 MEVI 

ll/67 
9/67 
6/66 
8/70 
8/10 
1/73 
1/77 

7166 
9/67 

1a/67 
10/70 
11/72 

3/82* 

9/67 

MM 2724 -0.1 2.1 
0.8 

BINGHAM 70 OSPK - 1.8 GEV/C K-P 2171 
MM 2436 -2. 1 COOL 74 OSPK - 1. 8 GEV/C K-P 1a/74 
HH 
MH · AVG -1.85 a. 75 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

22 XI- MEAN liFE IUNITS 10**-10 SECI 

T 11 13.51 13.41 (1.231 WANG 61 HLBC 
T 18 11.281 ta.411 10.251 FOWLER 61 HLBC 
T COLO DATA ANI:; LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD) 
T 517 1.86 0.15 0.14 JAUNEAU 63 FBC 
T 62 1.55 a.31 a.31 SCHNEIDER 63 HBC 
T 356 11.771 10.121 CARMONY 64 HBC REP BY PJERROU 65 
T· 794 1. 69 O. a1 HUBBARD 64 HBC 

246 1. 7a a.12 PJERROU 65 HBC 
6 11.371 ca.5U CHIEN 66 HBC - 6.9 PBAR P 

299 1. 80 a.16 LONDON 66 HBC 
U.671 (O.a71 8URGUN 68 HSC K-P AT 1.3-1.8 

261a 1.61 a.04 DAUBER 69 HBC 
68a 1.73 o.ae 0.07 MAYEUR 72 HLBC 2.1 GEV/C K-

4303 1.63 o.a3 BALTAY 74 HBC 1.75 GEV/C K-
S 2436 11.6371 ta.a50I COOL 74 OSPK - 1.8 GEV/C K-P 

1.67 o.aB OIBIANCA 75 OBC 4.9 GEV/C K-0 
4286 1.6a9 a. a28 HEMINGWAY 78 HBC 4.2 GEVIC K- P 

41K 1.665 0.065 BOURQUIN 79 SPEC HYPERON SEA~ 

THE ERROR IS STATISTICAL ONLY 

11/67 
9/67 
6/66 
2/71 
6/68 
1/73 
3/74 

10/74 
1177 
7/79 

12/79 

AVG 1. 641 0.016 0.016 AVERAGE IERRCIR INCL. SCALE FACTOR OF 1.a1 

Tl 
Tl 
T 1 
Tl 
Tl 

Pl 
P2 
P3 
P4 
P5 ,. 
P7 
P8 
P9 
PlO 
Pll 
Pl2 
Pl3 

5 
12 
34 
35 
THE 

XI-
XI-
XI-
XI-
XI-
X1-
XI-
XI-
XI-
XI-
XI-
XI-
XI-

22 ANTI-XI+ MEAN liFE (UNITS 10**-1a SEC I 

(1.511 
(1,9) 

1 •• 
11. 55l 

ERROR t S 

{a. 55) 
1 a. 11 co.51 
0.3 

ta.351 ·1a.201 
STATISTICAL ONLY 

CHIEN 
SHEN 
STONE 
VOTRUBA 

~2 XI- -PARTIAl DECAY MODES 

INTO LAM eO A PI-
INTO LAMBDA E- NEUTRINO 
INTO NEUTRON P t-
INTO LAMBDA MU- NEUTRINO 
INTO S tGf'lAO E- NEUTRINO 
INTO SIGMAO HU- NEUTRINO 
INTO NEUTPON E- NEUTRINO 
INTO NEUTPCN Mu- NEUTRINO 
INTO S IGM.II- GAMMA 
INTO PROTON PI- PI-
INTO PROTON PI- E- NEUTRINO 
INTO PROTON PI- "'U- NEUTRINO 
INTO XIO E- NEUTRINO 

66 HBC + 
67 HBC 
70 HBC 
72 HBC 

6.9 PBAR P,ANTI 
ANTI-XI-

10 GEV/C K+ p 

DECAY MASSES 
1ll5+ 139 
1115+ .5+ 

939+ 139 
1115+ 105+ 
1192+ .5+ 
1192+ 1a5+ 

939+ .5+ 
939+ 105+ 

1197+ 0 
938+ 139+ 139 
938+ 139+ ·5+ 
938+ 139+ 1a5+ 

1314+ .5+ 0 

9/67 
10/67 
10/7a 
11172 
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pata Carq Listings 
For notation, see key at front of Listings. 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
R 1 
Rl 
Rl 

" R 1 
Rl 
R 1 AVG 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 

22 X 1- BRANCHING RATIOS 

XI- INTO ILAMeCA E- NEUI/(LAMBDA PI-I (UNITS 10**-31 
f P21/1Pll 

!55 EFFEC liVE DEN OM. CARMONY 63 HBC 
260 EFFEC HVE DE NOM. JAUNEAU 63 HBC 
220 EFFECTIVE DENOM. BERGE 66 HBC 
155 EFFECTIVE DENOM. LONDON 66 HBC 
717 EFFECTIVE DENOM. TRIPPE 67 HBC 

1<:176 EFFECTIVE DENOM. HUBBARD 68 HBC 
4 11.151 10.901 10.551 HUBBARD 68 RVUE 

HUBBARD 66 IRVUEI INCLUDES All ABOVE EVENTS 
1 O. 24 O. 24 YEH 74 HBC 

11 C0.3U 10.111 HERBERT 78 ASPK REPL.BY THOMPSON 80 
11 Q. 30 0.13 THOMPSON 80 ASPK HYPEPON BEAM 

0.29 0.11 AVERAGE I ERROR HICLUDES SCALE FACTOR OF 1.01 

XI- I~TO !NEUTRON PI-1/(LAMBOA PI-I IUNlTS 10**-31 
I P31/l Pll 

15.0 I 

'·' (3.0 I 

OR LESS 
CR LESS 
OR lESS CL=.90 

FERRO-LUZ 63 HBC 
DAUBER 69 HBC 
YEH 74 HBC 

XI- INTO !LAMBDA Mu- NEUTRINOJ/TOTAL IUNITS 10**-31 

(12.01 
(1. 3) 

0.35 
(2.31 

OR. LESS 
CR LESS 

o. 35 
CR LESS 

BERGE 
DAUBER 
YEH 

CL=. 90 THOMPSON 

66 HBC 
69 HBC 
74 HBC 
80 ASPK 

( P4) 

XI- INTO ISIG,.AO E- NEUTRINOI/TOTAL IUNJTS'1D*._3J 
CPS I 

13.01 OR LESS 
ID.51 OR LESS 

760 EFF.OENOM. 

2859 EFF.DENOf". 
1017 EFF .OENO!o;. 

10.531 OR LESS CL=.90 
D.14 CR LESS CL:.90 

BERGE • 
DAUBER 
YEH 
THOMPSON 

66 HBC 
69 HBC 
74 HBC 
80 ASPK 

4363 EFF .DENOJIII. 
16000 EFF.DENOM. 

XI- INTO I SIGO MU- NEUI/ILAM PI-I I UNITS 10>~<*-3) CP61/1Pll 

' 11/IH 
11/67 
11/67 
11/bJ 
11/67 
6/68 
6/68 
6/68 
7175 
9/81• 
9/81• 

6/68 
6/68 
7175 

6/68 
6/68 
7175 
9/B1* 

6/68 
6/68 
7175 
9/81* 

R5 
R5 
R5 

(5.01 OR LESS BERGE 66 HBC 7166 
0. 76 OR LESS (L:c.90 YEH 74 HBC 3026 EFF.OENOM. 7/75 

XI- INTO If\ E- NEUI/ILAMBOA PI-I (UNITS 10*--31 IP7111Pll R6 
R6 
R6 

ClO.OI GR lESS CL.:.<;IQ BINGHAM 65 RVUE 9/66 
3.2 OR LESS CL:.90 YEH 74 HBC 115 EFF.OENOM. 7175 

XI- INTO ISIG~AO E- NEU +LAMBDA E-- NEUI/TOTAL 110**-31 
( P2+P51 

R7 
R7 
R7 
R7 
R7 
R7 

17 10.681 (0.221 DUCLOS 71 OSPK SEE NOTE 0 10/71 
THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBBO 
THEORY PREDICTS SIGHAO RATE ABOUT A FACTOR 6 SMALLER THAN THE 
LAMBDA. 

XI- INTO IN MU- NEUIIILAMBDA PI-I IUNITS 10**-31 IPBJ/IPU R8 
R8 0 15.3 ·OR LESS CL=.90 YEH 14 HBC 150 EFF.DENOM. 11175, 

XI- INTO ISJG,_A-- GAMMAt/ILAH PI-I 1UNITS 10**-41 tP91/IP11 R9 
R9 D 11.5 OR LESS CL=.90 YEH 74 HBC 2000 EFF.DENOM. ll/75 

XI- INTO I P PI- PI-Ill lAMBDA PI-I I UNITS 10•*-41 IP101/1Pll RlO 
RlO Q 3.7 CR LESS Cl:.9Q YEH 74 HBC 6200 EFF.DENOM. 11175 

XI- INTO IP PI-E- NEUI/ILAM PI-I (UNITS 10**-41 CP111/1Pl1 Rll 
Rll 0 3. 7 CR LESS CL=.90 YEH 74 HBC 6200 EFF.DENOM. 11/75 

XI- INTO I P PI- MU- NEUIIflAM PI-I IUNITS 10**-41 (P12)/CPll Rl2 
Rl2 0 3.7 OR LESS CLr.90 YEH 74 HBC 6200 EFF.OENOM. 11175 

R13 XI- INTO IXIO E- NEUIIILAM PI-I !UNITS 10U-3J (Pl:3J/(P11 
Rl3 0 z. :3 OR LESS CL:.9Q VEH 74 HBC 1000 EFF.DENOM. 11/75 

A 
A 
A 
A L 

22 X 1- DECAY PARAMETERS 

RELATED TEXT SECTION VI D AND APPENDIX I 

ALPHA XI-
1-0.441 10.121 JAUNEAU 63 FBC 

62 (-0.73) 10.231 SCHNEIDER 63 HBC 
240 -0. 5 O. 38 BADI ERI 64 HBC 
356 -0.62 0.13 CARMONY 64 HBC 

1004 -0.365 O. 068 BERGE 66 HBC 
364 -0.47 0.13. LONDON 66 HBC 

(-0.3911 10.0321 BERGE 2 66 PVUE 
2529 1-0.3751 10.0511 MERRill 68 HBC 
2781 -0.391 0.045 DAUBER 69 HBC 
2724 -0.383 0.065 BINGHAM 70 OSPK 

SEE NOTE D BELJW 
"SEE NOTE 0 BELOW 
SEE NOTE 0 BELOW 
SEE NOTE D BELJW 
SEE ~OTE D BELOW 
SEE NOTE 0 BELJW 

INCLUDES All ABOVE 
REPL. BY DAUBER 69 

SEE NOTE A BELOW 

820 -0.42 0.11 MAYEUR 72 HLBC 2.1 GEV/C K-
4303 -0.376 0.038 BALTAY 74 HBC 1.75 GEV/C K-
2436 -0.39 0.05 COOL 74 OSPK - 1.8 GEV/C K-.P 

B 414 -0.40 0.19 DJBIANCA 75 OBC lt.9 GEV/C K-D 
6599 -0.370 0.032 HEMINGWAY 78 HBC lt .. 2 GEV/C K- P 
9046 -0.49 0. 04 CLELAND 80 ASPK BNL HYPERON BEAM 

C 150K -0.462 0.015 BIAGI 82 SPEC CERN-SPS HYPERON BM 
0 OLD DATA NOT INCLUDED IN AVERAGE. 
0 ERRORS MULTIPLI EO BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
D POLARIZATION. I SEE DAUBER 69 FOR DETAILED DISCUSSIONI 

A L LONDON 66 USES ALPHA-LAMBDA ::: 0.62 
A A USED ALPHA l4M8DA "' 0.641 - 0.020. 
A B DIBIANCA 75 USES ALPHA LAMBDA :c 0.647. 
A C BIAGI 82 USES ALPHA LAMBDA : -0.647+-0.014 
A 
A AVG -0.434 0.015 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 

ISEE IDEOGRAM BELOW I 

PHI ANGLE ISINIPHI 1/COSIPHIJ:BETA/GAMMAI (DEGREES I 
(-16. OJ (45.01 JAUNEAU 63 FBC SEE NOTE 0 BELJW 

F 62 145.01 136.01 SCHNEIDER 63 HBC SEE NOTE D BELJW 
F 356 54.0 30.0 CARMONY 64 HBC SEE PilOTE 0 BELOW 
F 1004 O. 12. BERGE 66 ·HBC SEE NOTE 0 BEL:IW 
F l 364 O. 0 20.4 LONDON 66 HBC SEE NOTE 0 BELJW 

2529 19.81 111.61 MERRill 68 tiBC REPL. BY DAUBER t:9 
2781 -14. 11. DAUBER 69 HBC SEE NOTE A BElJW 
2124 -26. D 30.0 BINGHAM 70 OSPK 
lt303 11.0 9.0 BALTAY 74 HBC 1.75 GEV/C K-
2436 5.0 16.0 COOL 74 OSPK- 1.8 GEV/C K-P 

0 OLD DATA NOT INCLUDED IN AVERAGE. 
0 ERROJI.S MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 
D POLARIZATION. ISEE DAUBER 6B FOR DETAILED DISCUSSION) 

l LONDON 66 USES ALPHA-LAMBDA "' 0.62 
USED ALPHA LAMBDA "' 0.647 +- 0.020. 

AVG 2.0 s. 7 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 11 

6/68 
6/68 
6/68 
6/68 
6/68 
6/68 
9/66 
6/68 

10110 
1113 
3/lf+-

10/74 
1171 
1179 
9/81• 
4/82• 

6/68 

1111 
4/82* 

6/68 
6/68 
6/68. 
6/68 
6/68 
6/68 

10/70 
3/74 

10174 

Stable Particles 

WEIGHTED AVERAGE ~ -0.434 ± 0.015 
ERROR SCALED BY 1.4 

-1.0 

ALPHA FOR XI-

·BIAGI 
·CLELAND 

82 SPEC 
80 ASPK 

·HEMINGWAY 78 HBC 
·DIBIANCA 75 DBC 
·COOL 
·BALTAY 
·MAYEUR 
·BINGHAM 
·DAUBER 
·LONDON 
·BERGE· 
·CARMONY 
BADIER1 

0.2 

74 OSPK 
74 HBC 
72 HLBC 
70 OSPK 
69 HBC 
66 HBC 
66 HBC 
64 HBC 
64 HBC 

CHISQ 
3.4 

.9 

.0 

0. 
4 

0 0 
0.6 
0.9 

1. 0 

15. 1 
(CON LEV 
=0.057) 

. ................................................................... . 
FOWLER 
WANG 
BROWN 

61 PRL 6 134 
61 JETP 13 512 
62 PRL 8 255 

Co\~MONY 63 PRL 10 381 
FERRG-LU 63 PR 130 156B 
JAUNEAU 63 SIENA COf\F 4 

ALSO 63 Pl 5 261 
SCHNE IDE 63 Pl 4 360 

CARMONY 64 PRL 12 482 
8ADIER1 64 DUBNA CONF I 593 
HUBBARD 64 PR 135 B 163 
BINGHAM 65 PRSL 285 202 
PJERROU 65 PRL 14 275 
PJERROU 65 THESIS 

BERGE 
BERGE 2 
LCNOON 
CHIEN 
SHEN 
TRIPPE 

BUR GUN 
HUBBARD 
"'ERRJLL 

66 PR 147 '145 
66 BERKELEY CONF 46 
66 PR 143 1034 
66 PR 152 lt 71 
67 Pl 25 B lt43 
67 PRIV. CCMJIII. 

68 NP 88 447 
68 PRL 20 465 
68 PR 167 1202 

DAUBER 69 PR 179 1262 
BINGHAM 70 PR 01 3010 
GOLDWASS 70 PR 01 1'il60 
STONE 70 Pl 328 515 

DUCLOS 
MAYEUR 
VOTRUBA 
WILQUET 

71 NP B32 493 
72 NP B47 333 
12 NP 645 77 
72 PL t,-28 372 

SAL TAY 74 PR D9 49 
COOL 74 PR D1 0 7'il2 

ALSO 72 PRL 29 1630 
YEH 74 PR 010 3545 
DIBIANCA 75 NP B98 137 

HEMJNGWA 78 NP B142 205 
HERBERT 7B PRL 40 1230 
BOURQUIN 79 Pl 87e 297 
CLELAND 80 PR 021 12 
THOMPSON 80 PR D21 25 
BIAGI 82 ,Pl (SUBMITTED I 

REFERENCES FOR Xt-

FOWLER, BIRGE, EBERHARDt EL Yt GOCO, POWEll+ I LRL) 
K WANG,T WANG,VtRYASOVoTtNG,SOLOVEV+ IJINRJ 
BROWN,CULWICK,FOWLER,GAILLOUD + IBNL+YALEI 

CARMONY, PJERROU I UCLA I 
FERRO-LUZZI. ALSTON, ROSENFELD, WOJCICKI I LRLI 
JAUNEAU+ ( EPOL+CERN+LOUC+RHEL +BERGENI 
JAUNEAU, + I EPOL, CERN, L OUC, RHEL, BERGEN I 
H SCHNEIDER (CERN) 

CARMONY, PJERROU, SCHLEIN r SlATER, STORK+( UCLA I J 
BAOI ER, OEMOUll Nt BARLOUTAUD+ I EPOL, SACL, ZEEMJ 
HUBBARD, BERGE, KALBFLEISCH, SHAFER + I LRL I 
H H BINGHAM (CERN) 
+ SCHLEIN,SLATER,SMtTH,STORK,TtCHO IUCLAI 
G M PJERROU (UCLA) 

BERGE, EBERHARD r HUBBARD, MERRIll + ILRLI 
. BERGEr CAB I 8130 ( LRL,CERN ( RVUE I I 
LONDON, RAU, GOLDBERG, LICHTMAN+ IBNL+SYRACUSE I 
+LACH, SANDWE ISS, TAFT ,YEH,OREN + IYALE+BNL J 
B.C. SHEN, A .FIRESTONE, G • (;OLD HASER IUCB+LRLI 
T. TRIPPE IUCLAI 

+MEYER, PAULI, TALLINI, + 
HUBBARD, BERGE, DAUBER 
MERRilloSHAFER 

I SACL+CDEF+RHELI 
tlRLJ 
(Lq,LJJ 

+BERGE, HUBBARD, HERR Ill, MILLER ( LRLIJ 
+COOK, HUMPHREY, SANDER,W ILL I AMS+ I UCSO, WASHJ 
GOLDWASSER, SCHULTZ I ILLJ 
+BERL INGHI ER I, BROMBERG, COHEN, FERBfL +(ROC HI 

+FREYTAG ,HEINl ZE, HEJ NZ ElMAN, JONES+ (CERN I 
+VAN BINSTtWILQUET+ IBRUX+CERN+TUFT+lOUCI 
VOl RUBA, SAFDER ,RATCLIFFE I B I RM+EDIN I 
+Fl lAG INEo GUY, KNIGHT+ I BRUX+CERN+TUFT+LOUC J 

+BR IOGEWAT ER,COOPER, GERSHWIN+ t COLU+BI NG IJ 
+GI ACOMEll t • JENKINS, KYC I A,l EONT tC, Ll+ ( BNU 
COOL,GIACOMELL I ,JENKINS,KYC IA,lEONTIC+ I BNU 
+GAIGALAS,SMITH,ZENOLE,BALTAY + IBING+COLUI 
F.A.OIBIANCA, R.J.ENOORF ICARNJ 

HEM lNGWA Y, ARMENTER OS+ t CER N+ZEEM+NI J M+OXF) 
+CLELAND,COOPER,DRIS,ENGElS + (PITT+BNU 

I BR t S+GEVA+HE IO+ORSA+RHEL +STRB+CERN+MELB I 
+COOPER, ORIS, ENGELS, HERBERT+ (PI TT+BNU 
+CLELANO,COOPER,DRIS,ENGELS+ ( PITT+BNU 

( BR I S+CAMB+GEVA+HE IO+LAUS+LOQM+RL J .................................................................... .................................................................... 
r:;oJ __ 0 
L.::..J 23 X toe 1315, JP:112 t I:1/2 

1 1313.4 
49 1315.2 

23 XIO MASS CMEVJ 

loS 
a. 92 

PALMER b8 HBC 
WILQUET 72 HLBC 

0.82 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

3/68 
1/13 

AVG 
FIT 

1314.83 
1314.91 0.55 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 · 3/82* 

AVG 
FIT 

23 
45 
88 
29 

6.8 
16.1 I 
6.1 
6. 9 

23 CXI-1- IXIOJ MASS DIFFERENCE CMEVI 

1.6 
(1. 6) 
0.9 
2. 2 

JAUNEAU 
CARMONY 
PJERROU 
lONDON 

63 FBC 
64 HBC 
65 HBC 
66 HBC 

REP BY PJERROU 65 

0.74 AVERAGE CERROR INCLUDES SCAlE FACTOR OF 1.0) 

11/67 
6/66 

0.55 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 3/82* 



Stable Particles 
';;'o o-
-' 

23 XIO MEAN LIFE IUNITS 10 .. -10 SECI 

24 3.9 1.4 Q.BO JAUNEAU 
45 (3.5J 11.01 (0.81 CARMONY 

101 2. 5 0.4 0.3 HUBBARD 
80 3.0 O. 5 PJERROU 

T 340 3.07 0.22 0.20 OAU6ER 
T M 157 2.90 0.32 0.27 MAYEUR 
T 652 2.88 0.21 0.19 BALTAY 
T Z 6300 2. 77 0.16 ZECH 

MAYEUR 72 VALUE MODIFIED BY ERRATUM. 

63 FBC 
64 HBC 
64 HBC 
65 HBC 
69 HBC 

REP BY PJERROU 65 

72 HLBC 2.1 GEV/C K-
74 HBC 1.75 GEY!C K-
77 SPEC NEUTRAL HYP. BEAM 

ZECH 11 VALUE IS FOR LAMBDA LIFETIME=2.69E-10. FOR LAM liFETIME 
OIF FERENT FROM THIS, TAU X JOe I z. 77-1 TAULAMBDA- 2.69 J I E-10. 

11/67 
6/68 
1/74 
3174 

12177 
l/74 

12171 
12177 

AVG 0.099 0.093 AVERAGE I ERROR INCL. SCALE FACTOR GF 1•01 

23 XIO MAGNETIC MOMENT IMAGNETONS,938.26 MEVJ 

HM 42K -1.20 o. 06 
0.014 

BUNCE 79 SPEC 
MH 270K -1.253 COX 81 SPEC 
MM 
MM AVG -1.250 0.014 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

2:! XIO PARTIAL DECAY MODES 

P1 XIO INTO LAMBCA PIO 
DECAY MASSES 

11L5+ i34 
P2 XIO INTO PROTON P1- 938+ 139 
P3 XI 0 INTO PROTON E- NEU 938+ • 5+ 
P4 XJO INTO SIGMA+ E- NEU 1189+ .5+ 
P5 XIO INTO S IG!IIIA- E+ NEU 1197+ .5+ 

1189+ 105+ 
1197+ 105+ 

c;38+ lOS+ 

P6 XJO INTO SIG"''A+ MU- NEUTRINO 
P7 XIO INTO SIGMA- MU+ NEUTRINO 
P8 XYO INTO PROTON MU- NEUTRINO 
P9 XIO INTO LAMBCA GAMMA 1115+ 0 
PlO XIO INTO SIGMAO GAMMA 1192+ 0 

R1 
R1 
R1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 

•• 
R4 

R5 
R5 
R5 
R5 

•• •• •• •• 
R7 
R7 
R7 
R7 

•• •• 
R9 
R9 

23 XIO BRANCHING RATIOS 

XIO INTO CPROlON Pl-)IILAMBOA PIO I CUNITS 10••-51 CP21/IP11 
( 2700.) OR LESS TJCHO 63 HBC 

1500.) OR LESS HUBBARD 66 HBC 
(90. I OR LESS DAUBER 69 H8C 

o U8o. 1 OR LESS CL==.90 YEH 74 HBC 1300 EFF.OENOM. 
3.6 OR LESS Clo:::.90 GEWENIGER 7S SPEC 

XIO INTO I PROTON E- NEUI/ILAMBDA PlOJ (UNITS 10**-31 
C P31/1Pll 

(27.01 OR LESS TICHO 63 HBC 
16.01 CR lESS HUBBARD 66 HBC 
!. 3 OR LESS DAUBER 69 HBC 

13.4) CR LESS CL=.90 YEH 74 HBC 670 EFF.OENOM. 

XIO INTO I SIGMA+ E- N~Uif(LAMBOA PIOI CUNITS lC**-31 
CP41f{PU 

( 13.01 OR lESS TICHO 63 HBC 
(7.0) OR LESS HUBBARD 66 HBC 
( 1a 5) OR LESS DAUBER 69 HBC 
1.1 OR LESS CL=.90 YEH 74 HBC 2100 EFF .OENO,.,. 

X!O INTO CSIG"''A- E+ NEUIICLAMBOA PIOI (UNITS 10**-31 

{6. 01 OR LESS HUBAARD 66 HBC 
Cla SJ OR LESS DAUBER 69 HBC 
0.9 OR LESS CL:. 90 YEH 74 HBC 

XIO INTO CSIGMA+ Mu- NEUIITOTAL (UNITS l0••-31 
(7. 01 OR LESS HUBBA~O 66 HBC 
(1.51 0~ LESS DAUBER 69 HBC 
1.1 OR LESS (l.c.90 YEH 74 HBC 

X!O PHD CSIGMA- fo1U+ NEUJITOTAl CUNITS 10 .. -31 
(6. 01 OR LESS HUBBARD 66 HBC 
lla 5) OR lESS DAUBER 69 HBC 
0.9 OR LESS Clca90 YEH 74 HBC 

XIO INTO C PROTON Mu- NEUJITOTAL C UNITS lOU-31 
(ba OJ OR LESS HUBBARD 66 I-IBC 
1. 3 OR LESS DAUBER 69 Hec 

C3.5 I OR LESS Cl=.90 YEH 74 HBC 

XIO INTO C LAH8CA GAMMA I I( LAM PI OJ IUNITS 10**-3t 
I 5. 5. YEH 74 HBC 

X!O INTO ISIG!o'AO GAMMAIIILAM PIOJ CUNITS 10**-21 
0-1 •• 5 OR lESS CL=. 90 YEH 74 HBC 

23 X 10 DECAY PARAMETER 

RELATED TEXT SECT ION VI 0 AND APPENDIX I 

ALPHA XI 0 

CP511CP1J 

2500 EFF.DENOJII. 

C P61 

2100 EFF ,QENOM. 

tP7t 

2500 EFF .DEN~. 

CP81 

664 EF~'.OENOf',. 

I P9 )/( Pll 
200 EFF.OENOM. 

(P101/1Pll 
60 EH.OENOM • 

C-0.091 10.461 PJERROU 65 HBC SEE NOTE 0 BELOW 
l't6 1-0.131 ( 0.111 BERGE 66 HBC SEE NOTE D ftEL~W 

X 46 1-0.21 (0.41 LONDON 66 HBC SEE NOTE 0 BELOW 
A 739 -0.43 O. 09 DAUBER 69 HBC 1.1-2.6 f':.EVIC K-

X 130 C-0.841 10.271 MAYEUR 72 HLBC 2.1 GEV/C K-
B 652 -0.54 0.10 BAL lAY 74 HBC 1. 75 GEVIC K-
U 6075 -0.49D 0. 042 BUNCE 78 SPEC FNAl HYPERON BEAM 
H 300K -0.405 0.012 HANDLER 82 SPEC FNAl HYPER-ON BEAM 

X LOW STATISTICS EXPERIMENTS EXCLUDED FROM AVERAGE. 
D ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
0 POLARllATION. fSEE DAUBER 69 FOR DETAILED OJSCUSSIONI 

DAUBER 69 USES ALPHA LAMBDA = 0.650 +- 0.019. 
SAL TAY 74 USES ALPHA-LA"48DA "' 0.645 
BUNCE 78 USES ALPHA-LAMBDA = 0.647 

A H HANDLER 82 l!SES AlPHA-LAM8DA::Q.642+-0.0l3 
A 
A AVG -0.413 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.01 

CSEE IDEOGRAM BELOW 1 

1/80 
12/SU 

b/68 
6/68 
6/68 

11175 
11175 

6/68 
6/68 
6/68 

11175 

6/68 
6/68 
6/68 

11/15 

6/68 
6/68 

11175 

6/68 
bibS 

ll/15 

6/68 
6/68 

11175 

6/68 
IJ/68 

ll/75 

11175 

11/75 

6/68 
6/68 
6/68 

1/13 
3/74 
7/79 
1182• 
1182• 

7179 
1/82• 

100 

Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE • -0.413 ± 0.022 
ERROR SCALED BY 2.0 
-.-

·HANDLER 82 SPEC 

--+-· ·BUNCE 78 SPEC 
·BALTAY 74 HBC 
·DAUBER 69 HBC 

CHI SO 
0.5 
3.3 

3.6 _/"""' \. (CON LEV 
-0.7 -0.5 -0.3 -0., =0.051) 

ALPHA FOR XIO 

F 
F 

PHI ANGLE CSINIPHII/COSIPHJJmBETA/GAMfo1A1 IDEGREESI 
11tb -8. 30. SERGE 66 HBC SEE PilOTE 0 BELJW 

F A 739 38. 19. DAUBER 69 HBC SEE NOTE A BELOW 
F 652 16.0 11.0 BALTAY 74 H8C 1.75 GEV/C K-
F A USED AlPHA UM80A • 0.647 +- 0.020. 
F 0 
F 0 

ERRORS MUll IPLI ED BV 1.2 DUE TO APPROXIMATIONS USED FOR XI 
POlARIZATION. ISEE DAUBER 69 FOR DETAILED OISCUSSIONI 

F 
F AVG 20.'7 11.7 AVERAGE CERROR INCLUDES SCALE FACTOR OF l.OJ .................................................................... 
ALVAREZ 59 PRL 2 215 
JAUNEAU 63 SIENA CONF 1 1 

AlSO 63 PL It 49 
T ICHO 63 8NL CONF ltlO 

CARMONY 
HUBBARD 
PJERRQJ 
PJERRDU 

BERGE 
HUBBARD 
LONDON 

PllMER 
DAUBER 

64 PRL 12 482 
64 PR 135 8 183 
65 PRL 14 275 
65 THESIS 

66 PR 147 q45 
66 UCRL 11510 
66 PR 14:! 1034 

68 Pl 268 323 
69 PR 179 1262 

Ma.YEUR 72 NP Blt7 333 
AlSO 73 NP B53 268 

WILQUET 72 PL 428 372 

BAL lAY 74 PR 09 4q 
YEH 74 PR 010 3545 
GEWENIGE 75 Pl 578 193 
ZECH 11 NP 8124 ~13 

BUNCE 
BUNCE 
COX 
HANDLER 

18 PR 018 633 
79 Pl 868 386 
81 PRL 46 e11 
82 PR 025 6::!-9 

REFERENCES FOR XIO 

ALVAREZt EBERHARD. GOOD, GRAZIANO, T tCHO+ I LRL I 
JAUNEAU+ I EPOL+CERN+lOUC+RHEl +BERGEN I 
JAUNEAU+ ( EPOL+CERN+LOUC+RHEl +BERGEN I 
HAROLD K TJCHO IUCLAI 

CARMONY, PJ ERRQU, SCHLEIN, SLATER, STORK+ C UCLA I 
HUBBARO,BERGE,KALBFLEISCH,SHAFER + ILRLI 
+ SCHLEIN, SLATER,SMITHt STORKt TICHO tUCLAJ 
G M PJERROU CUCLAI 

8ERGE,EBERHARD,HUBSARDtMERRILL + (lRLJ 
J RICHARD HUBBARD (THES 1St BERKELEY) ( LRLI 
LONDON, RAU, GOLDBERG, LICHTMAN+ C BNL +SYRACUSE I 

PALMER, RAOOJIC IC,RAU,Rt CHAROSON+ ( BNL, SYRAI 
+BERGE,HUSBAROt HERR Ill, "'ILLER C LRLI 

+VAN BINST,WlLQUET+ CBRUX+CERN+TUFT+LOUCI 
ERRATUM TO HAYEUR 72 
+FLJAGINE, GUY ,KNIGHT+ I BRUX+CERN+TUFT+LOUCI 

+BR JDGEWAT ER, COOPER, GERSHWIN+ tCOLU+B lNG I J 
+GAIGALAS,SM;JTH,ZENDLE,SALTAY + CBING+COLUJ 
GENENIGER,GJESDAltPRESSER + ICERN+HEIDJ 
+OYDAKt NAVARRI ._. C SIEG+CERN+DORT+HEIDJ 

+HANDLER, MARCH, MARTIN+ C W ISC+MICH+RUTGJ 
+OYERSETH, COX, DWORKIN+ ISNL+H ICH+RUTG+Wt SCI 
+DNORK IN + I MJCH+WI SC+RUTG+HI NN+BNU 
+GROBElt PONOROM+ ( WJSC+M ICH+MtNN+RUTGJ . .................................................................. . ...... ......... ......... ......... ......... ......... ......... ....... . 

• M 

• • .. 

24 OMEGA-(1672,JP=3/2+1 1=0 

QUANTUM NUMBERS ASSIGNED FROM SU3 

E 1C 1615·. I 
F 1 1672.1 
F 1 1670.6 

1 1673.0 
3 1673.3 
3 1671.8 
5 1614.2 

8 6( 1611.91 
B 1311671.431 

0 It 1673.4 
41 1673.0 
21 1611.7 

2't OMEGA- MASS PIEVJ 

1. 
l1aJ 
a.o 
1.0 
o. 6 
1.6 

11.21 
Co. 781 
1.1 
o.a 
o •• 

El SENBERG 54 EMUL 
FRYl 55 EMUL 
FRY2 55 EMUl 
ABRAMS 64 HBC 
PAL14ER 68 HBC 
SCHUlTZ 68 HBC 
SCOTTER 68 HBC 
SPETH 69 HBC 
ABCLV 73 HSC 
Ot 8 I ANCA 75 OBC 
eAU81lliE 78 HBC 
HEMINGWAY 78 MBC 

INTO XI- PIO 
K-P 4a6t5a GEV/C 
K-P 5.5 GEVIC 
K-P 6. GEVfC 
K-P 10. GEV/C 
K-P 10. GEV/C. 
4. 9 GEVIC K-0 
8. 25 GEVIC K-P 
4. 2 GEVIC K-P 

AVG 1612.31 D.34 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 1672.45 0.32 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01 

THE FIT COPIIBI~ES OMEGA- AND ANTI-Ofo1EGA- VALUES 

E EISENBERG S4 MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREZ 73 HAS 
f SHOWN THAT HIE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- XI AG. 

F BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73. 
F FRY MASSES ASSUME OECAV TO LAMBDA K- AT REST • DECAY FROM AT0fl4tc 
F ORBIT COULD DOPPLER SHIFT THE K- ENERGY AND RESULTING OMEGA- MASS 
F BY SEVERAL 14EV FOR FRV 2. THIS SHIFT IS NEGLIGIBLE FOR FRY 1 
F BECAUSE THE CMEGA DECAY IS APPROXIMATELY PERPENDICULAR TO ITS 
F ORBITAl VELOCITY, AS IS KNOWN BECAUSE THE lAMBDA STRH<.ES THE 
F NUCLEUS IL.ALVAREZ, PRIVATE COMM. 19731. WE HAVE CALCULATED THE 
F ERROR ASSUMING THAT ORBITAL N IS 4 DR LARGER. 

8 ABClV VALUE INCLUDES THE SPETH 69 EVENTS. EXCLUDED FROM AVERAGE. 
B SEE NOTE 0 IN THE OMEGA- MEAN LIFE SECTION BELOW. 

0 DIBIANCA 75 HVES MASS FOR EACH EVENT. WE QUOTE AVERAGE. 

6/68 

3/11t 

9173 
9/73 
9/73 

11/69 
11/69 
11/69 
11/69 
12/73 

1177 
2/79 
2/79 

3/82• 

9/73 
9113 
9/73 
3/74 
3/74 
3174 
3/74 
3/74 
3/74 
3114 

12173 
2/82• 
1/77 



101 

Data Card Listings 
For··notation, see key at front of Listings. 

Stable Particles 
o- A+ 

' c 

24 ANTI-OMEGA+ MASS I MEV 1· 

MB 1 1613.1 1.0 FIRESTONE 11 HBC 12 GEV/C K+O 3/71 
MB 
MB FIT 1672.45 0.32 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1 .. 01 3/82• 

THE FIT COMBI~ES OMEGA- AND ANTI-OMEGA- VALUES 

24 OMEGA- MEAN LIFE !UNITS lOU-10 SECI 

l 11.631 ABRAMS 64 HBC 
1 (0.71 BARNES 1 64 HBC 
1 (1.41 BII.RNES 2 64 HBC 
1 11. 85) COLLEY 65 HBC 
1 (l. 51 RICHAROSO 65 HBC 
1 (1.201 SCHULTZ 68. HBC 
1 I D. 061 SCHULTZ 68 HBC 
1 (0.631 SCHULTZ 68 t-'BC 
1 10 .. 251 SCOTTER 68 HBC 
1 tO. 301 SCOTTER 68 HBC 
1· 10.711 SCOTTER 68 HBC 
1 10.081 SCOTTER 68 HBC 
1 tl.041 SCOTTER 68 HBC 
1 12.3€1 SCOTTER 68 HBC 

16 (1.3q) (Q.451 (0.311 ABCLV 73 HBC K-P 10. GEV/C 
1 10.1351 OIBIANCA 75 OBC 4.9 GEV/C K-0 
1 .(0.4€21 01 BIANCA 7~ DBC 4.9 GEV/C K-0 
1 10.7021 DIBIANCA 75 OBC 4.9 GEV/C K-D 
1 (0.2281 DIBIANCA 75 OBC 4.9 GEV/C K-D 

40 0.80 0.16 0.12 BAUBILLIE 78 HBC 9.25 GEV/C K-P 
0 101 11.411 (0.151 (0.241 DEUTSCHMA 78 HBC 10.16 GEV/C K- P 

39 0.75 0.14 0.11 HEMINGWAY 78 HBC 4.2 GEV/C K-P 
2437 Q. 822 0.028 BOURQUIN 79 SPEC CERN SPS HYPERON BH 

0 DEUTSCHMANN 78 INCLUDES EVENTS OF ABC LV 13, •. EXCLUDED FROM AVERAGE 
0 BECAUSE OF SIGNIFICANT OISAGREE~ENT WITH OTHER RECENT EXPERIMENTS. 
D POSSIBLY DUE TO XI- CONTAMINATION. 

7/66 
7/66 
7/66 
7/66 
7/66 

11/67 
11/67 
11/67 
~/68 

6/68 
6/68 
6/68 
6/68 
6/68 

12173 
1/77 
1/77 
1177 
1/77 
2/79 
6178 
2/79 

12179 
2/80 
2/80 
2/82• 

AVG o. 819 o.o2a 0.026 AVERAGE I ERROR INCL. "SCALE FACTOR OF 1.01 

. . ' ----- ------ ------ -------- ------- -------- ------ --------

Pl 
P2 
P3 
P4 
P5 
P6 
P7 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 

. 24 OMEGA- PARTIAL DECAY MODES 

OMEGA- JNTG LAMBDA K­
OMEGA- INTO X 10 PI-
OMEGA- INTO X 1- PI 0 
OMEGA- INTO lAMBDA PI­
OMEGA- INTO XI- GAMMA 
OMEGA....: INTO XI*( 153010 PI­
OMEGA- INTO XIO E- NEU 

24 OMEGA- BRANCHIN~ RATIOS 

OMEGA- INTO LAMBDA K-
1 EVENT FRYl 
1 EVENT FRY2 

55 EMUL 
55 EMUL 

DECAY MASSES 
1115+ 493 . 
1314+ 139 
1321+ 134 
1115+ 139 
1321+ 0 

"1533+ 139 
1314+ .5 ... 

IPll 

BOTH FRY EVENTS IDENTIFiED BY ALVAREi 73. 
2 EVENTS ' • PALMER 68 ··HBC 

68 HBC 
68 HBC 

3 EVENTS SCHULTZ 
5 EVENTS 1' XI PI DECAY AMB.SCOTTER 

13 EVENTS +2 AMBJG. WITH XI-ABCLV 73 HBC K-P t·o. GEV/C 
2 EVENTS DI BIANCA 75 DBC 4.9 GEV/C K-D 

1920 o;6.86 0.013 BOURQUI2 . 79 ·SPEC CERN SPS HYPERON BM 

OMEGA.:. INTO XJO Pl- I P21 
5 EVENTS PALMER 68 HBC 
3 EVENTS SCOTTER 68 HBC 
3 EVENTS +1 AMBIG.WITH SIG-ABCLV 73 HBC K-P 10. GEVIC 
2 EVENTS 

317. 0.234 Q.Ol3 

OMEGA- INTO XI- PIO 
1 EVENT 
1 EVENT 
1 EVENT 
1 EVENT 

145 o. oao o. oo8 

OMEGA- INTC !LAMBDA PI-IITOTAL 
0 1.3 OR LESS CL=.90 

Dt8IANCA 75 OBC 4.;9 GEV/C K-D 
BOURQUI2 · 79 SPEC CERN SPS HYPERON BM 

ABRAMS 
PALMER 
SCOTTER 
ABCLV 
BOURQUI2 

64 HBC 
68 HBC 
68 HBC 

(P3 I 

73 HBC K-P 10. GEV/C 
·79 SPEC CERN SPS .HYPERON BM 

(UNITS 10**-31 IP4J 
80URQUI2 79 SPEC CERN SPS HYPERON BM 

OMEGA- INTO !lei- GAMMAI/TOTAL (UNITS 10*•-31 tP51 

11/73 
11"173 
11173 
11/69 
11/69 
11/69 
12/73 
1/77 
1/80 

11/69 
11/69 
12/73 

1/77 
1/80 

11/69 
11/69 
11/69" 
12/73 
"1/80 

1/80 

R5 
R5 0 3.1 CR LESS CL=.;9Q BOUPQUI2 79 SPEC CERN SPS HYPERON BM 1/80 

OMEGA- INTO (XI*Il53010 PI-1/TOTAL (UNITS 10**-31(P61 R6 
R6 1 2. APPROX 80URQUI2 79 SPEC CERN SPS HYPERON BM l/80 

R7 OMEGA- INTO OIO E- NEUIITOTAL (UNITS 10**-21 (P71 
R7 3 1. APPROX BOURQUI2 79 SPEC CERN SPS HYPERON BM 1/80 

24 OMEGA- DECAY PARAMETERS 

RELATED SEC.TION VI 0 IN TEXT 

AL ALPHA FOR OMEGA-· TO K- LAMBDA 
AL K 
AL 

15 1-0.66) 10.361 . (0.30) KOCHER 74 HBC 10 GEV/C K-P 
40 0.58 0.50 BAUBilliE 78 HBC ··8.25 GEV/C K-P 

AL 
AL 
AL 
AL 

40 -0.2 0.4 HEMINGWAY 78 HBC 4.2 GEV/C K-P 
S 1400 (0.061 (Q.l41 SAUVAGE 78 SPEC CERN SPS HYPERON BH 

SEE NOTE D IN THE OMEGA- .MEAN liFE SECTION ABOVE. 
SAUVAGE 78 IS PRELIMINARY. 

AL 
AL AVG o.1o o. 38 AVERAGE !ERROR I~CLUOES SCALE FACTOR OF 1.21 

....... •••• ••••• • ............................. **••••••• •••*••••• •••••••• 

EISENBER 54 PR 96 541 
FRYl 55 PR 97 1189 
FRY2 55 NC 2 346 

ABRAMS 64 PRL 13 670 
BARNES 1 64 PRL 12 204 
BARNES 2 64 PL 12 134 
COLLEY 65 PL 19 152 
RICHARDS 65 SAPS 10 115· 
SAMIOS 65 ARGONNE CONF 189 

REFERENCES FOR OMEGA-

Y EISENBERG 
FRY, SCHNEP S, SWAMI 
FRY, SCHNEPS • SWAMI 

CCDRNELL1 
(WI SCI. 
tWISCJ 

+ BURNSTEHI,GLASSER + CUMD+NRLJ 
V E BARNES,CONNOLLY,CRENNELL.CULWICK+ IBNU 
V E BARNES,CONNOLLY,CRENNELL,CULWICK+· IBNLJ 
COLLEY, 0000 + ( 8 IRM+GLAS+LOIC+MPIM+OXF+RHEL I 
R ICHAROSON, BARNES, CRENNEL+ (BNL+SYRACUSE I 
N P SAM IDS ( (RVUEI BNLI 

10/74 
2/79 
2/79 
4/82* 
2/82* 
4/82* 

PALMER 
SCHULTZ 
scaTTER 
SPETH 

68 PL 268 323 
68 PR 168 1509 
68 PL 26B 474 
69 PL 298 252 

PALMER, RAOOJ I C 1 C, R AU • RICHARDSON+ ( BNL. SYRA I 
SCHULTZ+ ( llloARGONNE,NORTHWESTERN,WISCJ 
SCOTTE R... ( 81 RM, GLASGOW .to IC, MUNICH r OXF) 
SPETH+ (AACHEN • BERlt NoCERN,LO IC o VI EN) 

FIRESTON 71 f'RL 26 410 +GOLD HABER • Ll SSAUER r SHELDON t TRJ LL I NG I LRLI 
AACHEN ... BERL I N+C ERN+LONOCN+V I ENNA COLl ABOR. ABCLV 73 NP 861 102 

ALVAREZ 73 PR DB 702 LUIS W. ALVAREZ (LBLI 
KOCHER 74 PL 5 l"B Lc;3 KOCHERoWERNHARO ( INNS+VIENI 
OIBIANCA 75 NP B98 137 F.A.DIBIANCAo R.J.ENOC'RF (fARNJ 

BAUBILLI 78 PL 7BB 342 
DEUTSCHM 78 PL 738 96 
HEMINGWA 78 NP Bl42 205 
SAUVAGE 78 TOKYO CCNF 
BOURQUIN 79 PL 878 2<:i7 
80URQUI2 79 PL 888 192 

BAUBILLIER + tBIRM+CERN+GlAS+MSU ... LPNPI 
DEUTSCHMANN ... ( AACH+ BERL +CERN+ I NNS+LO IC+V I EN I 
HEMINGWAY • ARMENTEROS+ CCERN+ ZE EM ... NI JM+OXF J 

P 427 G.SAUVAGEr PROC .. 19TH INTL. 1-!EP CONF (ORSAJ 
{ BR I S+GEVA .... HE IO+ORSA+RHEL + STRB+C ERN+MEL 8 I 
( BP. I S+GEVA+HE IO+ORSA+RHE L+S TR B+C ERNHIELB I 

****** .,. ••••••• ********* •••••••••••• ,. •••• ,. •••••••••••••• ,. ........... . 
****** ••••***** ••••••••• ********* ••••••••• ****••••• •••••••••• ,. •••••• 

33 LAMBDA/C ... (2282,JP: I 

FOR THE ISIGMA/CJ-CLAMBDA/CI MASS DIFFERENCE SEE THE 
SIGt'.A/C SECTION OF THE BARYON DATA CARD LISTINGS. 

33 LAMBDA/C+ MASS IMEVI 

1 2260. 20. CAZZOLI 75 HBC + LAMBDA 2P I+ PI-
60 2260. 1 o. KNAPP 76 SPEC - ANTILA!ol 2PI- PI ... 

1 ( 2248. I G~ MORE BARISH 71 DBC MODE Pl5 BELOW 
1 12295. I ( 15 .. J ANGELINI 79 HYSR. REPL. BY ALLASIA SO 
6 2257. 10. SAL TAY 79 HLBC + LAMBDA PI+ 
1 2254. 12. CNOPS 79 OBC P K:0:(8921- PI+-

A 30 2262. 10. GIBONI 79 SPEC K- P PI+ 
A GIBO"'I 79 RESULT CHANGED FROM 2255+-4 BY AUTHORS.. SEE KERNAN 79. 

AVG 

39 2285.. 6. 
1 2260. 20. 
1 2290.. 3. 

19 2275. 10. 
1 ( 2330 .. J I 50. I 
1 ( 2285.1 ( 5.) 
1 (2280.) 13.1 

55 2284.0 5. 0 
3 2283.0 3.0 
80SETTI 82 COMB tNE ONE NEW 
TWO IGRAESSLER 81 ABOVE!. 
3 2270.0 15.0 

ABRAMS 80 SMK2 +- K- P PI+ + C.C. 
ALLASIA 80 EMUL P K- PI+ 
CAL ICCHIO 80 HYBR P K- PI+ 
KITAGAKI 80 OBC LAM PI+, KOSAR P 
AOAMOVJCH 81 EMUL + LAMBDA Pl-t-
GRAESSLER 81 HBC + P K- PI+ 
GRAESSLER 81 HBC + P K- Pl ... 
RUSSEll 81 SPEC +- KOSAR P + C.C. 
BOSETTI 82 HBC + P K- PI+ 

EVENT AT 22AB+-5 MEV WITH THEIR EARLIER 

KITAGAKI 82 OBC SIGMAO PI+ 

2282.2 3.1 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.8) 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE~ 2282.2 ± 3.1 
ERROR SCALED BY 1.8 

· K ITAGAK I 
· BOSETTI 
·RUSSELL 

82 DBC 
82 HSC 
81 SPEC 

-KITAGAKI 80 DBC 
·CALICCHIO 80 HYBR 
·ALLASIA 80 EMUL 

ABRAMS 
·GIBONI 
·CNOPS 
·BALTAY 
·KNAPP 
-CAZZOLI 

80 SMK2 
79 SPEC 
79 DBC 
79 HLBC 
76 SPEC 
75 HBC 

CHI SO 
0.7 

0. 
0 

0. 
6. 

0.2 
4.1 
5.5 

.3 
4.9 

3/77 
3171 
3/77 

12/79 
7/79 

12179 
2/80 
2/BO 
1/80 

12/81* 
12/81* 
12/81• 
1/82* 
1/82* 
l/82* 

12/81* 
3/82• 
3/82* 
3/82• 
2/82• 

2220 2340 

29.2 
(CON LEV 
~0.001) 

Pl 
P2 
P3 
P4 
PS 
P6 
P7 
PB 
P9 
PlO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 

LAMBDA/C+ MASS 

33 LAMBDA/C+ MEAN LIFE (UNITS 10**-13 SECI 

(7.31 
1.14 

co. 571 

ANGELINI 79 HYBR P K- Pl... 12/79 
0.44 USHIOA 80 EMUL LAM 3Pio P KBA.R 2PI 12/81:0: 

AOAMOVICH 81 EMUL LAMBDA PI+ 2/82* 

33 LAMBDA/C ... PARTIAL DECAY MODES 

LAMBDA/C+ INTO LAMBDA PI+ PI+ PI­
LAMBDA/(+ INTO LAMBDA Pt ... 
LAHBCA/C+- INTO P KOSAR 
LAMBDA/C+ INTO P K- PI+ 
LAMBDA/C+ INTO K*lR9210 P 
LAMBDA/(+ INTO DEU12321-t-+ K­
LAMBDAIC+ INTO P KOBAR PI- PI+ 
LAMBDA/(+ INTO P K*C8921- PI+ 
LA,..BCA/C+ INTO SIGMA+ PIO 
LAMBOA/C+ INTO S IGMAO PI+ 
LAMBOA/C+ INTO SIGMA+ ETA 
LAMBDA/(+ INTO E+ ANYTHING 
LAMBOA/C+ INTO P E+ ANYTHING 
LAMBDA/C ... INTO LAMBDA E+ ANYTHING 
LAMBOA/C+ INTO P PI- PIO KO E+ NEU 

DECAY MASSES 
1115+ 139+ 139+ 13Q 
1115+ 139 

'938+ 497 
938+ 493 ... 139 
891+ 938 

1232+ 493 
938 ... 497+ 139+ 139 
938+ 891 ... 139 

1189+ 134 
1192 ... 139 
1189+ 548 

938+ 139+ 134+ 497 ... 



Stable Particles 
MASSIVE v'S AND LEPTON MIXING 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

33 LAMBOA/C+ BRANCHI~G RATIOS 

LAMBDA/C+ INTO IP K- PI+I/TOTAL IPitJ 
90 ISEENJ DRIJARO 79 SFM P P AT 62.8 GEV ECM 
98 ISEENJ GIBONI 79 SPEC P P AT 63 GEV ECM 
18 ISEENJ LOCKMAN 79 SPEC P P 53, 62 GEV EC~ 
39 a .. ozz O. 010 ABRAMS 80 SMKZ E+E- 5.2 GEV ECM 

1 CSEENJ CAltCCHtO 80 HBC NU P IN BEBC-TST 
71t CSEENJ IRION 81 SPEC P P AT 63 GEY ECM 

LAMBOA/C+ INTO CP K*I89210)/(P K- PI+) IP5111P4J 

12179 
12179 
1Z/79 
l/80 

12181* 
2182• 

R2 
R2 
R2 
R2 
R2 
R2 
R2 

1 CSEENI ANGELINI 79 HYBR NU EMUL WITH BEBC 12/79 
47 CSEENJ ORIJARO 79 SFM P P AT 52.5 GEV EC.M 12/79 

o.te o.to WEISS 80 SMK2 E+ E- 5.2 GEV ECM 4/82* 
12 0.42 0.24 BASILE !H CNTR P P -> UM/C+ E- X 2182* 
THE ABOVE RATIOS INCLUDE THE KOSAR PIO MODE OF THE K*O• 4/82• 

R2 AVG 0.216 0.092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.Ot 

R3 
R3 
R3 
R3 
R3 

LAMBOA/C+ INTO IDELC1232)++ K-1/IP K- Pt+l (P61/(P4) 1/B2• 
40 CSEENI DRIJARD 79 SFM P P AT 52.5 GEV ECM 12179 

0.17 0.07 WEISS BO SMK2 E+ E- 5.2 GEV ECM 4/82• 
17 0.40 0.17 BASILE B1 CNTR P P -> LAH/C+ E-X 1/B2• 

R3 AVG 

•• •• •• •• 
R5 
R5 

•• •• 
R7 
R7 
R7 

•• •• 
•• •• •• •• 

0.203 0.081 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.31 

LAMBDA/C+ INTO P KOSAR 
5 CSEENI 

10 CSEENI 
55 ISEENJ 

BAL TAY 
KtTAGAKI 

55/75 RUSSELL 

LAMBOA/C+ INTO IP KOBARII(P K- PI+J 
12 0.5 0.25 WEISS 

LAMBDA/C+ INTC IP K- PI+JI(P KOBARI 
50 1.5 OR LESS Cl ... 90 RUSSELL 

LAMBOA/C+ JNTC LAMBDA PI+ 
b ISEENI 
9 ISEENI 

BALTAY 
KJTAGAKI 

I P31 
79 HLBC NU NE-H2 IN 15-FT 
80 DBC NU 0 IN FNAL 15-FT 
81 SPEC PHOTOPROOUCTJON 

I P3 JI(P41 
BO SMK2 E+ E- 5.2 GEV ECM 

IP411(P3J 
Bl SPEC PHCTOPRODUCTION 

(P2J 
79 HLBC NU NE-H2 IN 15-FT 
BO OBC NU 0 IN FNAl 15-FT 

LAMBDA/C+ INTO (LAMBDA PI+IIIP K- PI+) IP21/IP41 
(0.81 OR LESS CL=0.9 WEISS 80 SMK2 E+ E- 5.2 GEV ECM 

LAMBOA/C+ INTO (LAMBDA PI+IIIP KOBARI IP21/IP31 
5 0.67 O. 78 0.35 BALTAY 79 HLBC NU NE-H2 IN 15-FT 
9 0.51 0.62 0.27 KITAGAKI BO OBC NU 0 IN FNAL 15-FT 

40 10.41 OR LESS CLc.90 RUSSELL 81 SPEC PHOTOPRODUCTION •• •• 
K CALCULATED BY KTTAGAKI 80 FROM BALTAY 79 RESULTS • 

R9 AVG 

RlO 
RIO 
RlO 
RlO 
RlO 
RlO 

0.57 a. 35 

LAMBDA/C+ INTC LAMBDA 
1 SEEN 

60 SEEN 
2 SEEN 

12 SEEN 
18 SEEN 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0J 

PI+ PI+ PI­
CAZZDLJ 
KNAPP 
BAL TAY 
GIBONI 
LOCKMAN 

( Pll 
75 HBC NU P IN BNL 7-FT 
76 SPEC GAMMA BE 
79 HLBC NU NE-H2 IN 15-FT 
79 SPEC P P AT 63 GEV ECM 
79 SPEC P P 53, 62 GEV ECM 

LAMBOA/C+ INTO (LAMBDA Pt+ PI+ Pt-1/IP K- PI+I CPliiiPitl 

21BO 
12181• 
2182• 

12181* 
12181• 

2180 
12/81• 

12181• 
12181• 
12/81* 
12/Bt• 

2180 
2/80 
2180 

12179 
12179 

Rll 
Rll 1.1t OR LESS Cl.,0.9 WEISS 80 SMK2 E+ E- 5.2 GEV ECM 4/82• 

Rl2 
Rl2 

LAMBOA/C+ INTO ILAMBDA Pt+ PI+ PI-I/ CP KOBARI (Pl)/IP31 12/81* 
220 13.1) OR LESS CL.,.90 RUSSELL 81 SPEC PHOTOPRODUCTION 12/81• 

Rl3 
Rl3 

LAMBOA/C+ INTO IP KOSAR PI- PI+II(P KOBARI 1Pli/(P31 12181* 
45 3.3 OR LESS CL=.90 RUSSELL. 81 SPEC PHOTOPROOUCTION 12/81* 

LAMBDA/C+ INTO S IGMAO PI+ ( PlOI ... ... 3 SEEN KITAGAKI 82 DBC NU 0 IN FNAL 15-FT 2/82* 

LAMBOA/C+ INTO P K*C 8921- PI+ C PSI Rl5 
Rl5 1 SEEN CNOPS 79 DBC NU N IN BNL 7-FT 2180 

••• ••• 
LAMBDA/C+. INTO IE+ ANYTHINGIITOTAL {P121 

0.045 0.017 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV 

R17 LAMBDA/C+ INTO I P E+ ANYTHINGIITDTAL ( P13) 
RH M 0.018 0.009 VEllA 82 SMK2 E+ E- 4.5-6 .. 8 GEV 
Rl7 M THIS INCLUDES PROTONS FROM LAMBDA DECAY. 

R 18 LAMBCA/C+ INTO I LAMBDA E+ ANYTHING II TOTAL (PHI 
R1B 1 (0 .. 02210R LESS CL .... 90 BALLAGH 81 HYPR NU NE-H2 IN 15-FT 
RlB N 0.011 0.008 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV 
RlB N THIS INCLUDES lAMBDAS FROM SIGMAO DECAY. ...... ......... ......... ......... ......... ......... ......... ....... . 
CAZZOLI 
KNAPP 
BAR ISH 

ANGELINI 
SALT AY 
CNOPS 
DRIJARD 
GIBONt 
KERNAN 
LOCKMAN 

ABRAMS 
ALL ASIA 
CALICCHI 
KITAGAKI 
USHIDA 
WEISS 

75 PRL 34 1125 
76 PRL 37 BE2 
77 PR Dl5 1 

REFERENCES FOR LAMBOA/C+ 

+CNOPS,CONNOLYoLOUTTITtMURTAGH, + IBNLI 
+LEE,LEUNG,SMITH + ICOLU+HAWA+ILL+FNALI 
+QERR tCK, DOMBEC K,MUSGRAVE + I ANL+PURDI 

79 PL 848 150 UNKA+LIBH+CERN+OUUC+LOUC+KEYN+PISA+ROMA+} 
79 PRL 42 1121 +CAROUMBALIS,FRENCH,HI8BS, + ICOLU+BNLJ 
79 PRL 42 197 +CONNOLLYtKAHNtKIRK,MURTAGH,PALMER+ 18NLJ 
79 PL 858 452 +FISCHER+ CCERN+COEF+OORT+HEIO+LAPP+WARSI 
7'9 Pl 858 437 +DIBITONTO+ IAACH+CERN+HARV+"l~Nl+NWES+UCRJ 
7'9 LEPTCN CONF.FNAl A. KERNAN I UCRI 
79 PL Sse 443 +MEYERtRANDERtSCHLEIN,WEBB+ fUCLA+SACLJ 

80 PRL 44 10 
80 NP 8176 13 
80 PL 938 521 
80 PRL 45 '955 
eo· PRL 45 105'3 
80 TORONTO CONF 319 

+ALAM,BLOCKER,BOYARSKI, + (SLAC+LBLI 
I ANKA+L 18H+CERN+DUUC+LOUC +KEYN+Pt SA+It0P4A+ J 

+ I BAR 1+81RM+BRUX+CERN+EPOL+RHEL+SACL+lOUCI 
+TANAKA, YUTA t ABE, + ( TOHO+IIT +lJ!IIID+S TON+ TUFT I 

( FNAL+MC G I +NAGO+OSU+OSKC+OTTA+TOKY+TNTO+) 
J M WEISS ISLACI 

AOAMDVIC 81 PL 998 271 ADAMOVICH+IPHOTON-EMUL,OMEGA-PHOTON COLLS.,J 
BAlLAGH 81 PR 024 7 +BINGHAM + I LBL+UCB+FNAL+HAWA+WASH+WISCI 
BASILE 81 NC 62A H +CARA ROMEO + I CERN+BGNA+PGIA+FRASJ 
FIORINO 81 LNC 30 166 CPHOTON-EMUL COLLAB.+OMEGA-Pt«JTON COI.LAB.I 

--THE EVENT IN FIORINO 81 IS ALSO IN AOAMOVICH Bl. 

GRAESSLE 81 PL 998 159 
IRION 81 PL 998 4c;5 
RUSSELL 81 PRL 46 79'il 
BOSETTI 82 PL 1098 234 
KtlAGAKl 82 PRL ItS 2'il9 
VELLA 82 PRL ( SUBMlTTEDI 

GRAESSLER, LANSKE+ C AACH+BONN+CERN+MPIM+OXF I 
+SEEBRUNNER I + ( AACH+CERN+t'ARV+MUNt+NWESJ 
+AVERY,BUTLERtGLADDING + (JLL+FNAL+COt.UI 
+GRAE SSLER, + C AACH+BONN+CERN+MPI M+OXF I 
+TANAKAtYUTAtABE,+ tTOHD+I IT+UMD+STON+TUFTJ 
+TR 1 LL lNG, ABRAMS, ALAM. + ISLAC+LBL +UCB I 

3/82* 
3/82* 

3/B2• 
3/82* 
3/82* 

2182•· 
2/82• 
3/82• 
3/82• 
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Data Card Listings 
For notation, see key at front of Listings. 

THE DRY A"'O REVIEW 

OERUJULA 75 PR D12 141 +GEORG 1, GL A SHOW IHARVI 
GAISSER 76 PR 014 3153 T. K .GA I SSE fit, F .HAllEN 

+QUIGG. ROSNER 
I BARTf.\ofl SCI 

IFNALJ 
ICERNJ 
ICERNJ 

CLBLJ 

LEE 77 PR ·Dl5 151 
MULLER. 19 CERN/EP 19-148 F.MULLER ICARGESE LEC.197'91 

D.DJBITONTO DIBITONT Bl "ADJSON CONF. 
TRILLING 81 PRPL 75 57 G H TRILLING 

................................. ••••••*•• •••••••••••••••••• •••••*•• ..................................................................... 

Pl 

Rl 
Rl 

5425.0 

ItO LAMBDA/8015500, JP= I 

THE ClAtf'1 BY BASILE B1 IS HOTLY DISPUTED BY DRIJARD 82 .. 
SEE THE LISTING FOR BOTTOM HADRON SEARCHES. 

40 LAMBDA/BO MASS CMEVI 

175.0 75.0 BASILE 81 SFfll 0 P P 62 GEV ECM 

40 L,_MBDA/80 PARTIAL DECAY MODES 

.LAMBOA/80 INTO P 00 PI-
DECAY "''ASSES 

938+1864+ 139 

ljQ LAMBDA/SO BRANCHING FRACTIONS 

LAMBOA/80 INTO I P DO P I-I/TOTAL C Pll 
SEEN BASILE 81 SFM DO TO K- Pit-...................................................................... 

REFERENCES FOR LAMBDA/BC 

BASILE 81 LNC 31 'ill +BONVIC I NI, tARA ROMEO+ I CERN+BGNA+FRAS+PG I AI 
+FISCHER,+ I CERN+COEF+OORT +HEI D+LAPP+WARSI DRIJARD 82 PL 1088 361 . ................................ ········· ......................... . . .................................................................. . 

SEARCHES FOR MASSIVE NEUTRINOS 
AND LEPTON MIXING 

, 
SEE THE NCTE ON NEUTRINOS BY R.E. SHROCK IN TH ELECTRON N'EUTRINO 
SECTION NEAR THE BEGINNING OF THESE DATA CARD LISTINGS. 

SEARCHES FOR INDIRECT EFFECTS OF NEUTRINO "MASSES AND LEPTON MIXING 
ARE LISTED HERE. DIRECT SEARCHES FOR MASSES CF D~MINANTLY COUPLED 
NEUTRINOS ARE LISTED IN THE APPROPRIATE SECTION ON NIJ-MU, NU-E, 
OR Nu-TAU. RESULTS OF THESE INDIRECT SEARCHES ARE CORRELATED 
UPPER BOUNDS ON MIXING MATRIX COEFFICIENTS UtAoJI VERSUS 
NEUTRINO MASS. THESE RESULTS ARE DIVIDED INTO THREE SECTIONS--

I AI BCUNDS FROM PARTICLE AND NUCLEAR DECAYS 
I 81 BOUNDS fROM NEUTRINO REACTIONS 
ICI SEARCHES FOR NEUTRJNOLESS DOUBLE BETA DECAY 

FOR A COMPREHNSIVE REVIEW O.F THESE LIMITS, SEE BALTAY B1 .. 

5 (AI • BOUNDS FROM PARTICLE AND NUCLEAR DECAYS 

UlJ LIMITS ON CABS1Uil,JI1 .. 2 AS FUNCTION OF MASSINIJ-JI IN MEV REGION 
U1J 0.1 OR LESS CL ... 68 SHROCK 80 M(NtJ-JJ O .. t-3 MEV 
UlJ t. E-4 tR LESS ·cLc.68 SHROCK! 81 MCNu-JI 10 MEV 
U1J 5. E-6 OR LESS CLc .. 68 SHROCK! 81 TO 60 MEV 
U1J t. E-5 CR LESS Cl=.68 SHROCK 80 MINtJ-JI 80 MEV 
U1J 3. E-6 CR LESS CL=.68 SHROCK 80 TO 160 MEV 
UlJ APPLICATION Of TEST TO SEARCH FOR KINKS IN BETA DECAY KURtE PLOTS .. 
UlJ ANALYSIS OF CPI+ -> E+ NU-EIIIPI+ -> MU+ NUJIIUI AND 
UlJ IK+ -> E+ NUEI/IK+ --> MU+ NU"1UI DECAY RATIOS. 
UlJ ANALYSIS OF IK+ --> E+ NUEI SPECTRUM. 

~~~ LIMITS ON CABSIUU,Jil .. 2 AS FUt«:lJON OF MASSINtJ-JI IN KEV REGION 
UlJ 0 1. CR LESS CL ... 95 SIMPSON 81 MCNtJ-JI 0 .. 1 KEY 
UlJ D 4. E-3 OR LESS CLc.95 Sl MPSON 81 TO 10 KEY 
U1J 0 APPLICATtON OF KINK SEARCH TEST TO TRITIUM BETA DECAY KURIE PLOT. 

U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 0 
U2J D 
U2J D 
U2J 0 
U2J 0 
U2J D 
U2J 0 
U2J E 
U2J E 
U2J A 
U2J A 
U2J 8 
U2J C 
U2J .0 
U2J E 

LIMITS ON CA8SIUC2,JI1 .. 2 AS FUt«:TION OF MASSINIJ-JI IN MEV REGION 

APPL ICATJON Of PEAK SEARCH TEST TO EXISTING DATA. 
5, E-2 OR LESS CLc.95 SHROCK BO fii(NtJ-JI 4-6 MEV 
3. E-2 OR LESS CL ... 95 SHROCK! 81 MINtrJJ 7 i'IEV 
1. E-2 OR LESS CL .... 95 SHROC.K1 81 TO 13 MEV 
1. E-lt OR LESS Cl: .. 68 SHROCK! 81 MINIJ-JI 13 MEV 
3 .. E-5 OR LESS CL•.68 SHROCK1 81 TO 33 MEV 
6. E-3 OR LESS CL=.68 SHROCK1 81 MINIJ-JI 80 MEV 
5. E-3 OR LESS Cl ... 68 SHROCK! 81 TO 120 IIIlEY 
6. E-6 OR LESS CL=.95 ASANO 81 MfNLI-JI 230 MEV 
4,. E-7 GR LESS CLc.95 ASANO 81 TO 280 MEV 
6. E-6 OR LESS CL ... 95 ASANO ·at TO 300 MEV 

NEW EXPERIMENTS T 0 APPLY PEAK SEARCH TEST • 
1. E-1 OR LESS CL•.90 ABELA 81 MINLI-JJ 4 MEV 
7. E-5 CR LESS CL .... 90 ABELA 81 TO 11 MEV 
2. E-lt OR LESS CLc.90 ABELA 81 MINLI-JI 11 MEV 
2. E-5 CR LESS CL•.90 ABELA 81 TO 16 MEV 
2. E-5 CR LESS CL•.90 ABELA 81 MINIJ-JI 16-30 KEY 
1. E-2 OR LESS CL=.95 CALAPRICE 81 MINIJ-JI 7 MEV 
3. E-3 OR LESS CL ... 95 CALAPRICE B1 TO 33 MEV 
2. E-5 OR LESS CL•.95 ASANO 81 MCNLI-JI 160 MEV· 
3. E-6 U. LESS CL•.95 ASANO 81 TO 230 MEV 

ANALYSIS OF JIUG. SPEC. EXP., BC EXP. ANO EMUL. EXP. ON PI+-> MU+ 
Nu-MU DECAY. 
ANALYSIS OF 114AG. SPEC. EXP. ON K-->MU.MJMU DECAY. 
ANAlYSIS OF EXP. ON K+ --> MU+ NU-MU NIJ-X ANu-X DECAY. 
PI+ -> MU+ NU-MU PEAK SEARCH EXP. 
K+ -> MU+ NU-MU PEAK SEARCH EXP. 

4/82* 

1/82* 
1/82• 
1/82• 
1/82* 
1182* 
1/82* 
1/82* 
1/82• 
1/82* 

1/82• 
1182* 
1/82• 
l/B2• 
1/82* 
1/82• 
1/82* 
1/82• 
1/82• 
1/82* 
1/82• 
1182• 
1/82• 
1/82• 
1/82• 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
MASSIVE v'S AND LEPTON MIXING 

UAJ 
UAJ 
UAJ 
UAJ 
UAJ 

LIMITS ON CABSIU(A,JII**2, WHERE A.,l OR 2, FROM ANALYSIS OF RHO 
PARAMETER IN MU DECAY. 

1. E-2 OR lESS CLc.68 SHROCK2 81 MINirJl lO.MEV 
2 .. E-3 OR LESS CL=.68 SHROCK2 81 TO 40 MEV 
·4. E-2 OR LESS CL:.68 SHROCK2 81 TO 70 MEV 

') 181. BOUNDS FR~M NEUTRINO REACTIONS 

---- ----- '- s· SOtAR NEUTRINO EXPERIMENTS -- _ _:_ ____ ------

SOLAR NU FLUX !UNITS, SNUJ 
11 SOLAR NEUTRINO UNITo SNU, .,l.E-36 CAPTURES/SEC/TARGET ATOMI 

17.31 11.51 BAHCALL 80 THEOR.CALC.FLUX 
2.1 O. 3 DAVIS 81 MEAS. FLUX 

(1.01 (3.01 FILIPPONE 82 THEOR.CALC.FLUX 
SEE ALSO THE REVIEW OF J.N.BAHCALL, PROC. 1981 INTL. CONF. ON 
NEUTRINO PHYSICS AND ASTROPHYS. IMAUI, HAWAII I V.2, P. 253. 

---- ---- - 5 DEEP MINE EXPERIMENTS ------- ___ ...,;_ ___ -------

OH 
OH 
OH 
OH 

R= IMEASUREO FLUX OF NU-MUI/IEXPECTED FLUX OF NlJ--MUI 
0.62 0.17 CROUCH 78 CASE WEST/Uti 
1. O. 26 ZATSEPIN 81 BAKSAN 

OM AVERAGE MEANINGLESS I SCALE FACTOR = 1.21 

---- ------ -- 5 REACTOR ANTINEUTRINO EXPERIMENTS 

RO 
RO 8 
RD A R 
RD A R 
RO 8 
RO 8 
RO 8 
RO 8 
RO A 
RO A 
RO A 
RO A 
RO R 
RO R 

IEVENTS OBSER'IIEDI/IEVENTS EXPECTED! FROM REACTOR ANU-E EXPTS. 
IO.e91 10.151 BOEHM eo ANU-E P --> E+ N 
0.3e 0.21 REINES eo SEE NOTE A 
0.40 O. 22 REINES BO SEE NOTE A 
0.955 0.12 KWON 81 ANU-E p --> E+ N 

KWON et REPRESENTS AN ANALYSIS OF A LARGER. SET OF DATA FROM THE 
SAME EXPERIMENT AS BOEHM 80. SYST.+STAT. ERRORS COMBINED IN 
QUADRATURE. 
REINES 80 INVOLVES COMPARISON OF NEUTRAL- AND CHARGED-CURRENT 
REACTIONS ANU-E 0 --> N P ANU-E AND ANlJ--E D --> N N E+ RSPECTIVELY. 
COMBINDEO ANALYSIS OF REACTOR ANU-E EXPTS. WAS PERFORMED BY 
SilVERMAN B1. 
THE TWO REINES 80 VALUES CORRESPOND TO .THE CALCULATED ANU-E FlUXES 
OF AVIGNONE-GREENWOOO AND DAVIS ET Al RESPEC!IVEL Y. 

---- ----- -- 5 ACCElERATOR EXPERIMENTS --- ------ ------

BOUNDS ON OELTA01**21 VS. SINI2*THETAJ••z 
WHERE DELTA.If!l**21 IS MAGNITUDE OF I MASSINu--IJ••z- HASSINU-JI**21 

:~~ ~~riE~ :T~~E~H~W~~~~~~R i~~~~A~~~ I ~-~EO~~ ~:LI FV lNG ASSUMPTION OF 

EACH .EXPERIMENTAL RESULT IS A PLOT GIVING AllOWED AND EXCLUDED 
REGIONS AS FUNCTIONS OF DHTAIH**21 AND S1NI2*THETA) .. 2. WE QUOTE 
TWO REPRESENTAT IV'E LIMITS FROM EACH PLOT --

11 OELTAIH•!I'21 FOR SIN12•THETAI**2=1. .. 
21 SINI2*THETAI .. 2 FOR "LARGE" OELTAIM**21, I.E. SUFFICIENTLY 

LARGE DELTAIM*•21 THAT THE DETECTOR WOULD "MEASURE ONLY AN 
EFFECT AVERAGED OYER MANY OSCILLATIONS. 

EXPERIMENTS ARE OF TWO GENERAL TYPES -
Ul THOSE WHICH SEARCH FOR NUIAJ-->NUIBI (B NOT EQUAL AI. I.E. 

THE APPEARANCE OF UBI FROM CHARGED CURRENT REACTION OF A 
NU(AI BEAM. 

181 THOSE WHICH SEARCH FOR THE 'DISAPPEARANCE' OF PART OF THE 
INJTITAL NUIAI BEAM BY co'MPARING THE NUMBER OF OBSERVED UAI 
EVEN·TS WITH THE NUMBER EXPECTED FROM FLUX CALCULATIONS. 
THESE EXPERIMENTS DO NOT TRY TO OBSERVE THE ANOMALOUS 
ll 81'S. WE LA.BEL SUCH EXPERIMENTS AS NlJ--A -I-> NU-A 

NtrMU --> Nu-E 

01 
01 
01 
01 
01 
01 

51 
51 
5.1 
51 
51 
51 

DELTAIM•*21 
1.Z 
1.Z 
1.7 
0.6 
1.7 

FOI\ SIN(2*THETAI .. 2=1 IUNITS EV•*21 NU-MU --> NU-E 
OR LESS CL=.95 BELLOTTI 76 HLBC GGM CERN PS 
CR LESS CL=.95 BLIETSCHA 78 HLBC GGf4 CERN PS 
CR LESS CL=.90 ARMENISE 81 HLBC GG~ CERN SPS 
OR lESS Cl ... 90 BAKER Bl HLBC 15FT FNAL 
OR LESS CL=.90 ERRIQUEZ B~ HLBC BEBC CERN SPS 

51 N( 2*THET Al .. 2 FOR ' 1 LARGE' 1 DELTAIM .. 21 NU-MU --> NU-E 
lo E-2 CR LESS CL=.95 BEllOTTI 76 HLBC GGM CERN PS 
6. E-2 CR LESS Cl=.95 Bl IETSCHA 78 HLBC GGM CERN PS 
1. E-2 CR LESS CL.,.90 A~MENISE 81 HLBC GGM CERN SPS 
b. E-3 OR LESS Cl=.90 BAKER 81 Hl8C 15FT FNAL 
1. E-2 OR LESS Cl=.90 ERRIOUEZ 81 HLBC BEBC CERN, SPS 

ANU-MU -> ANlJ--E 

02 DELTAIM .. 21 FOR SINI2*THETAI••2"1 IUNITS EV•*21 ANu-MU --> ANlJ.:_E 
02 1. OR LESS CL=.95 BLIETSCHA 78 HLBC GGM CERN PS 
02 0.91 0~ LESS Cl=.90 NEMETHY 81 CNTR .LAMPF, 

SINI2*THETAI ... 2 FOR "'LARGE'' DELTAIM**21 "ANli-MU --> ANU-E 

1/82• 
1/e2• 
1/82• 

l/e2• 
1/82* 
1/82• 
4/ez• 
4/82* 

1/82• 
4/82• 

1/82• 
1/82• 
1/82• 
1/82* 
1/82• 
1/82* 
1/82* 
1/82• 
1/82• 
1/82* 
1/82• 
1/82* 
1/82• 

1/e2• 
1/82* 
1/82* 
1/82* 
1/e2• 

1/82* 
1/82• 

5Z 
5Z 
5Z 

6. E-2 OR lESS CL:::.95 BLIETSCHA 78 Hl8C GGM CERN PS 11e2• 
0.2 CR LESS CL:.90 NEMETHY 81 CNTR LAMPF 1/82• 

NlJ--MU --> NlJ-TA.U 

03 
03 
03 
03 
03 

53 
53 
53 
53 
53 

OElTAIM .. 21 
4.6 

FOR SINI2*THETA.t•*2"'1 luNns ev••21 NU-MU --> NU-TAU 
OR LESS CL:e90 ARME.NISE 81 HLBC GGM CERN SPS. 

3 •. OR LESS CL:c.90 BAKER 81 HLBC 15FT FNAL 
6. OR LESS CL,.90 ERRIOUEZ 81 HLBC BEBC CERN SPS 
3. OR LESS CLc.90 USHIDA 81 .EMUL FNAL 

SINI 2*THETAl*'''2 FOR "LARGE'" 
1.7E-,2 CR LESS CL=.90 
6. E-2 CR LESS CL:.90 
5. E-2 CR LESS Cl=.90 
1.3E-2 CR LESS CL:::.,90 

DEl TAIM*•21 
A.RHENISE 81 
BAKER 81 
ERRIQUEZ 81 
USHIOA 81 

NU-MU --> NU-T AU 
HLBC GG~ CERN SPS 
HLBC 15FT FNAL 
HLBC BEBC CERN SPS 
EMUL FNAL 

1/82* 
1/82* 
1/82* 
1/82* 

1/82• 
1/82• 
1182• 
1/82* 

A.NU-MU --> ANu-TAU 

04 DELTAIM**21 FOR SINI2*THETAI**2:::J (UNITS EV**21 ANlJ--MU --> ANU-TAU 
04 2.2 GR LESS Cl=.90 ASRATYAN 81 HLBC FNAL 

54 
54 

SINI2*THETAI .. 2 FOR ''LARGE'' OELTA(M**21 ANlJ--MU ~-> ANU-TAU 
4.4E-2 CR lESS Cl=.90 ASRATYAN 81 HLBC FNAL 

No-E -/-> NlJ--E 

06 
06 
06 
06 
06 

DELTAIM**21 

'· 
FOR SINI2*THETAI*•2=1 (UNITS EV••21 NU-E -/-> NU-E 

OR LESS Cl=.90 BAKER 81 HLBC 15FT FNAL 
56. CA. LESS CL:::::.90 DEDEN e1 HLBC BEBC CERN SPS 
10. OR LESS CLc.90 ERRIQUEZ 81 HLBC BEBC CERN SPS 
2.3 TO 8 EXCLUDED CL=.90 NEMETHY 81 CNTR LAMPF 

56 
56 
56 
56 

SINI2*THETA)U2 FOR ''lARGE'' DELTAIM**21 NU-E -!-> NU-E 
0.6 CR LESS Cl=.90 BAKER 81 HLBC 15FT FNAL 
0.3 OR LESS Clc.90 OEOEN 81 HLBC BEBC CERN SPS 
l.E-2 (.R LESS CL=.90 ERRIQUEZ 81 HLeC BEBC CERN SPS 

ANU-E --> ANlJ--TAU 

57 SINI2*THETAJ ... 2 FOR ''LARGE'' OELTAIM*-21 ANU-E --> ANU-TAU 
57 0.7 GR LESS CL:.90 FRITZE 80 HYeR BEBC CERN SPS 
57 AUTHORS GIVE PINUE-->NUTAUI< .35, EQUIVALENT TO ABOVE LIMIT. 

5 (CI. SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY 

THE DECAY (l,AI --> IZ+2,AI + E- + E-, I.E. NEUTRINOLESS DOUBLE 
BETA DECAY, \IIOLATES TOTAL LEPTON NUMBER BY TWO UNITS. IT IS 
fORBIDDEN IF NEUTRINOS ARE DIRAC PARTICLES BUT CAN OCCUR IF 
NEUTRINOS ARE MAJORANA PARTICLES AND CAl THEY ARE MASSIVE OR 
181 THEY HAVE NON IV-AI COUPLINGS. 

MW MNUW, THE WEIGHTED SUM OF NEUTRINO MASSES CONTRIBUTING TO 
MW NEUTRINOLESS DOUBLE BETA DECAY (UNITS EVI 
'1W MNUWo::: SUM FROM 1 TO N OF Ull,JI••z•MINU-JI, WHERE ~ NUMBER OF 
MW NEUTRINO GENERATIONS, AND NU-J IS A MAJORANA NEUTRINO. 
MW 
MW 130. I "PPROX. 001 81 
MW 112.1 OR LESS HAXTON Bl 
MW DOl 80 IS THEORETICAL ANALYSIS OF LIFETIME RATIO FOR 
MW TEllUR1UM-12B/TEllUR1UM-130 AND USES NUCLEAR MATRIX ELEMENTS 
HW CALCULATED BY YERGADOS. 
MW HAXTON 81 IS THEORETICAL ANALYSIS OF LIFETIMES OF GERMANIUM-76 AND 
MW SELENIUM-82, THE FORMER Of WHICH YIELDS MNUW.LT.12 EV AND THE 
MW lATER OF WHICH YIELDS MNUW.LT~15 EV'. WE LIST THE MORE RESTRICTIVE 
MW UPPER LIMIT ABOVE. THE DOJ e1 VALUE OF MNUW AND THE HAXTON 81 LIMIT 
MW H ON MNUW BOTH ASSUME V-A COUPLINGS. ROSEN Bl AND ROSEN2 81 DISCUSS 
HW H CORRELATED BCUNOS ON MNUW AND RIGHT-HANDED COUPLINGS. 

••••••••••••••• •••••••o:• ........................... 0: .......... •••o:•••• 

BELL OTT I 76 LNC 11 553 
Bll ETSCH 78 NP Bl33 205 
CROUCH 78 PR 018 2239 

BAHCALL 80 PRL 45 ~45 
ALSO 76 SCIENCE 191 264 

BOEHM BO Pl 97B 310 
FRITZE 80 PL 968 421 

REINES 80 PRL ItS 1307 
ALSO 59 ?R 113 273 
ALSO 66 PR 142 €52 
AlSO 76 PRL 37 315 

SHROCK 80 Pl 96B 159 

ABELA 81 Pl 1056 263 
ARMENISE 81 Pl 1008 182 
ASANO 81 Pl 104B 84 

ALSO 81 SHROCK! 
ASRATYAN et Pl 105B 301 
BAKER 81 PRl 47 1576 

ALSO 78 ·PRL 40 144 

SAL TAY 81 NU 81 CONF HAWAl I 
CALAPRIC e1 Pl 1068 175 
DAVIS 81 BNL NU WKSHP 
DEOEN e1 Pl 988 310 
DOl 81 PL 103B 219 

ALSO 81 PTP 66 1739 
ALSO 81 PTP 66 1765 

ERRIQUEZ 81·PL 1028 73 
HAXTON 81 PRL 47 153 
KWON 81 PR 024 10<';7 
NEHETHY 81 PR 02"3 2~2 

ROSEN 81 ARNS 31 145 
ROSEN2 81 NU 81 CONF HAWAII 

ALSO 78 RMP 50 11 
SHROCK1 81 PR D24 1232 
SHROCK2 81 PR 02:4 1275 

S llYERHA 81 PRl 46 467 
SIMPSON 81 PR 024 2971 
USHIOA Bl PRL 47 1694 
ZATSEPIN 81 NU Bl"CONF HAWAII 
FILIPPON 82 APJ 253 393 

REFERENCES FOR COR. BOUNDS ON NU MASS, MIXING. 

+CAV.Uli,FIDRINI,ROLUER . IMILAJ 
Bl I ETSCHAU+ ( AACH+l I BH+CERN+EPOL Hit LA+OR SA+I 
+LANOECKER .LATHROP, REINES+ ( CA SE+UC I +WI TWJ 

+LUBOW, HUEBNER+ It A S+LA SL+YALE+lll+UCLA I 
J. N. BAHCALL,R.OAYIS IIAS+BNLI 
+CAVA IGNAC, FEILITZSCH+ I ILLG+CIT+GREN+MUNI J 
+GRAS SLER+ I AACH+B~NN+CERN+LOI C+OXF+SACLJ 

F.RE I NES oH. W. SO BEL, E .PAS I ERB 
F.RE I NES, C .L. COWAN 
F .A. NEZRJCK, F. REINES 
F.R E INE S ,H. S.GURR, H. w. SOBEL 
R.E.SHROCK 

CUCI I 
ILASU 
ICASEI 

IUCII 
(STONI 

+DAUM, EATON, FROSCH, JOS T ,KETTLE, STEINER IS I NJ 
+FOGl 1-MUC I ACC l A+ I BAR I +CERN+M llA+l ALOJ 
+HAYANO,K I KUT ANI ,KUROKAWA+ IKE K+TOKY+OSAK I 

+EFREMENKO,FEDOTOV + I ITEP+FNAl+SERP+fiiiiCHI 
+CONNOllY, KAHN o KIRK, Jrii.URTAGH+ I BNL+COL Ul 
CNOPS,CONNOLLY,KAHN,KIRK+ C BNL+COLUI 

C.BALTAY (COLUJ 
CALAPRICE,SCHREIBER,SCHNEIDER + IPRIN+INOJ 
B.T.CLEVELA.ND,R.OAYIS JR., J.K.ROWLEY IBNU 
+ t A ACH+BONN+CERN+ATEN+lO IC+OXF+SACLI 
+KOlA Nl , NISHI UR At OKUDA, TAKA SUGI I OSAKI 
DOl, KOT ANI ,NISHI UR A1 OKU OAt T AKASUGI I OSAKI 
001 o KOT ANI ,N ISH IUR Ao OKUDA, T AKASUGI I OSAKI 

+NAT All+ I BAR I +BI RM+L IBH+EPDL+RHEl +S ACL +I 
+G. J • STEPHENSON • D. STROTTMAN (PURO.LASU 
+BOEHM, HAHN, HENRI KSDN+ I CIT +GREN+MUN II 

I YALE +LBL +LASL +MI T+SACl+S IN+CNRC+BERNJ 

S.P.ROSEN 
S.P.ROSEN 
Q. BRYMAN, C. PICC I OTTO 
R.E .SHROCK 
R.E.SHROCK 

I PUR OJ 
IPUROJ 

ITRIU,YICTJ 
I STON) 
I STONI 

O.SILVERMAN,A.SONI IUCI+UCLAJ 
J.SIMPSON IGUELJ 

I A ICH+FNAL+KOBE+SEOU+MCG I +NAGO+OSU+OK AY+J 
BOll EV, BUT KEY ICH,CHUOAKOV, MAKOEV+ I M INRI 
B. W .FIliPPONE, O. N. SCHRAf'I.M I ANl +EF I I 

••••••••••••••••••••••••••••••••••••••••••••••••••• •o:••••··· •••••••• .................................................................... 

1/82• 

11B2* 

1/82* 
1/82• 
1182• 
1182* 

1/82• 
ltez• 
1/82• 

1/82* 
1/82* 

1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82• 
1/82* 
1/82* 
1/82• 
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NEUTRINO BOUNDS 
ASTROPHYSICS AND 

FROM 
COSMOLOGY 

SEE THE NCTE ON NEUTRINOS BY R.E. SHROCK IN THE ELECTRON NEUTRINO 
SECTICN NEAR THE BEGINNING OF THESE DATA CARD liSTINGS. 

N:>te on \! Mass Limits 

These limits apply to mtot given by 

m 
tot L: 

j=l,n 

where n is the number of neutrino species and g 
\!. 

is the number of independent components in the J 

neutrino field: g\! = 4 for Dirac neutrinos: 

g\!. = 2 for chiraljMajorana neutrinos. 
J 

6 NU MASS lEVI 

LIMIT CY'o1 TOTAL MASS~ SUMMED OVER ALL SPIN COMPONENTS, OF EFFECTIVELY 
STABLE NEUTRINOS II. E. THOSE WITH ~EAN liVES ROUGHlV EQUAL TO OR 
GREATER THAN THE AGE OF THE UNIVERSEI (UNITS EVI 

(132. I OR LESS COWSIK 72 COSM 
180.1 CRLESS LEE 77COSM 

1100.1 OR LESS OLIVE 81 COSM 
CDWSIK 72 AND LEE 11 HAVE BEEN GENERALIZED TO APPLY TO M(TOTI AS 
DEFINED ABOVE, WHERE ONE ALLOWS EITHER DIRAC OR MAJORANA NEUTRINOS. 
THESE PAPERS ASSUMED DIRAC NEUTRINOS. 

FOR OTHER liMITS, SEE SATO 11, VYSOTSKY 77 1 DICUS 78, HUT 7q, 
AND ZELOOVICH 80~ 

ML ANALYSES Of HASS/L IGHT RATIOS AND DYNAMICS OF GALAXIES AND 
ML CLUSTERS. ARE CONSISTENT WITH PRESENCE OF DARK MATTER WHICH, 
ML If ASCRIBED TO NEUTRINOS, WOULD IMPLY A NON-ZERO VALUE OF THE SUM 
ML OF THE MASSES OF NEUTRINOS WITH LIFETIMES SUFFICIENTLY LCNG TO 
ML AFFECT THESE GALAXIES AND CLUSTERS. DIFFERENT ANALYSES FAVOR 
ML SOMEWHAT DIFFERENT VALUES OF THE SUM OF MASSES. THIS IS ALSO 
ML CONSISTENT WITH "''DOELS OF GALAXY FORMATION. ACCORDING TO O.SCHRAMH 
Ml (PRIV. COMM.I IF ONE AllOWS EITHER ADIABATIC OR ISOTHERMAL GALAXY 
ML FORMATION. THE RANGE OF MASSES IS PROBABLY FROM 4 TO 10D EV. 
Ml HOWEVER ADIABATIC NOW FAVORED FOR MASSIVE NEUTRINOS. (UNITS EVI 
ML TREMAINE 79 COSH ISOTHERMAL 
ML ORDER 30 BOND B1 COSH ADIABATIC 
ML 5D-100 DAVIS 81 COSH ACIA.+DECAYING NUS 
Ml 4-20 SCHRAMM B1 COSH ISOTHERMAL 
ML TREMAINE 19 STATES THAT THE DARK MATTER CANNOT BE MUON OR ELECTRON 
ML NEUTRINOS OF NONZERO REST MASS OR ANY NEUTRAL lEPTON LESS MASSIVE 
ML A THAN 1 MEV. 

6 NU RADIATIVE MEAN LIFE I MASS (UNITS SEC/EVI 

STRONGLY CORRELATED 
LIMITS; SEE REFERENCES 

COWSIK 
DICUS 
GOLDMAN 
FALK 
COWSIK 
GOLDMAN 
DERUJULA 
STECKER 
HENRY 
KIMBLE 
TURNER 

11 COSH 
17 COSM 
17 COSH 
1B COSM 
19 COSM 
19 COSH 
BO COSH 
BO COSH 
81 COSH 
81 COSM 
81 COSM 

6 POSSIBLE LIMITS ON NUMBER OF LIGHT (< ABOUT 1 MEVI 
TWO-COMPONENT NU TYPES 

NUMBER COUPLING WITH FULL WEAK STRENGTH 
SHVARTSMA 69 COSH 

(71 OR LESS STEIGMAN 11 COSM 
(41 OR LESS VANG 79 COSM 

CRITIC ISM OF BOUND STECKER2 80 COSM 
MAVBE NO FIRM BOUND OLIVE 81 COSM 

(41 OR LESS TURNER 81 COSM 
CRITICISM OF BOUND RANA 82 COSM 

141 OR LESS YANG 82 COSH 
S SEE. HOWEVER OLIVE2 B1 CRlTIQUE AND STECKER 81 REPLY. 

UNCERTAINTIES AND CRITICISMS COME FROM DIFFERING ESTIMATES OF LGWER 
liMIT ON BARYON DENSITY OF THE UNIVERSE AND UPPER liMit ON THE 
PRt ~ORDI AL 1-!ELIUM-4 ABUNDANCE. . 

NSW NUMBER COUPLif..G WITH LESS THAN FUll WEAK STRENGTH 
NSW (201. OR LESS STEIGMAN 19 COSM 
NSW LIMIT VARIES WITH STRENGTH OF COUPLING, 

MM 
MM 

"" 

6 MAGNETIC MOMENT OF SUFFICIENTLY LIGHT NU 
(UNITS EV/GAUSSI 

(4.9E-19IOR LESS SUTHERLAN 76 COSM FOR MtNUI<10 KEV. 
USES SUTHERLAND 76 EQ.3 WITH F<1/3 FROM THEIR TABLE AS MODIFIED TO 
APPLY AS A LIMIT ON ANY ONE NEUTRINO SPECIES INDIVIDUAllY. 

•••••••*• ............................. ********* ********* ........ . 

9/81* 
1/82* 
4/82• 
4/82• 
4/82* 
2/82* 
2/82* 

1/82* 
2/82* 
1/82* 
1/82* 
1/82* 
1/B2* 
1/82* 

1/82* 
1/82* 
4/82* 
1/82* 
l/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 

1/82* 
1/82* 
1/82* 
1/82* 
1/82• 
1/82* 
1/82* 
4/82* 
1/82* 
4/82* 
4/82* 
4/82* 

1/82* 
4/82* 

1/82* 
1182* 
1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

SHVARTSM 69 JETPL 9 184 
COWS IK 72 PRL zq 669 
SUTHERLA 16 PR DL3 2100 

COWSIK 77 PRL 39 H4 
ALSO 79 COWS t K 

DICUS 17 PRL 39 1E:B 
GOLDMAN 71 PR 016 2256 
LEE 77 PPL 3q 165 
SATO 77 PTP 58 1715 
STEIGMAN 71 Pl b6B 202 
VYSOTSKY 17 JETPL 26 1B8 

DICUS 18 PR 017 1529 
FALK 78 PL 798 511 

ALSO 78 APJ 223 1015 

COWS IK 79 PR Q1<; 2219 
GOLDMAN 79 PR D19 2215 
HUT 79 PL 878 144 
STEIGMAN 79 PRL 43 23<l 
TREMAINE 19 PRL 42 407 
YANG 79 APJ 227 697 

ALSO 19 STEIGMAN 

DEIWJULA 80 PRL 45 942 
STECKER 80 PRL 45 1460 

ALSO Bl NU B1 CONF HAWAII 
STECKER2 80 PRL 44 1237 
ZELOOVIC 80 SJNP 31 il64 

REFERENCES FOR NU BOUNDS FROM ASTPO. AND COSM. 

V. F. SHVARTSMAN 
R.COWSIK,J.MC CLELLAND 
SUTHER LANDo NG, FLOWERS,+ 

R. COWSIK 

IMOSUI 
(UCBI 

I PE NN+COLU+NYUI 

IMPIM+TIFRJ 

D. A. 0 I CUS, E. W. KOLB, V .L. TEPLITZ 
T .GOLDMAN, G. J. STEPHENSCN 

( TEXA+VPII 
ILASU 

CFNAL+STANI 
(KYOTI 

IYALE,CHIC.CITI 
( ITEPJ 

B. W. LEE, S. WEINBERG 
K. SATO, M. KOf\AYASHl 
G. S T E I GMAN, D. SCHRAMM, J. GUNN 
VYSOTSKY ,DOLGOV, ZELOOV I CH 

+KOLB, TEPl IT Z, WAGONER ITEXA+VPI +STAN I 
S. FALK, Q. SCHRAMM (CHIC) 
GUNN,LE E+ I C I T+CAMB+FNAL +CHJC+YAL E I 

R. COWSIK (TIFRI 
T.GOLDMAN,G.J.STEPHENSON (LASLI 
P.HUT.K.A.OLIVE CAMSTEROAM+EFII 
G. S TE I GMAN • K .OLIVE, O. SCHRAMM (BART +EF I I 
S. TREMAINE, J. E. GUNN (CIT+CAMB+CAIWI 
YANG, SCHRAMM, S TEIGMAN. ROOD (CHI C+YALE+V IRG) 
FOOTNOTE 4 

A.OE RUJULAtS.L.GLASHOW 
F.W.STECKER . 
F.W.STECKER CPROC. V.1, P. 124) 
F.W.STECKER 

( MIT+HARVJ 
(NASAl 
(NASAl 
(NASA) 

Z E L OOV I CH, KL Y PIN ,KHLO POV, CH EC HETK IN 

BOND 
DAVIS 
HENRY 
KIHBLE 

81 NU 81 CONF HAWAII J.R.BOND. A.S.SZALAY (UCB+CHICJ 
B1 APJ 250 423 M.DAIJ1S.M.LECAR 1 C.PRYQR,E.WITTEN(HARV+PRINI 
81 PRL 41 618 R.C.HENRY, P.O.FELOMAN (JHUI 
81 PRL 46 BO R.KtMBLE,S.BOWYER,P.JAKOBSEN IUCBJ 

OLIVE 81 APJ 246 557 
0UVE2 81 PRL 4b 516 
SCHRAMM 81 APJ 243 1 
STECKER 81 PRL 46 517 
TURNER 81 NU 81 CONF HAWAII 

RANA 
YANG 

82 PF<L 48 zoe; 
82 EFI PREPRINT 

+SCHRAMM, S TE IGMAN, TURNER, YANG+ 
K. A.OUVE,M. S. TURNER 
D. N. SCHRAMM, G. STEIGMAN 
F.W.STECKER 
M.S. TURNER 

(CHIC+BARTI 
(EFIJ 

(CHIC+BARTJ 
(NASAl 

CUCSB+CHICJ 

N.C.RANA ITIFRI 
+TURNER, STEt GMAN, SCHRAMM,Ol IV E (CH IC+BART I 

***"*** ••••••*** ............................. •••*••••• ••••••••••••••••• 
****** ................................. *****•••• ****"**"*** ********* ***••••• 

IHEAVY LEPTON SEARCHES! 

+ 
Data on the T-(1785) heavy lepton are listed 

in a separate section above, following the e and 

):1 listings. 

The following section contains information on 

searches for heavy leptons" of other types and 

searches for the T± in collisions other than e+e-. 

Several types of heavy leptons (that is, 

non-strongly-interacting fermions other than e 

and ):1) have been proposed. In the Data Card List­

ings we distinguish four types.
1

'
2 

Each has a 

corresponding antiparticle with opposite charge 

and lepton number. For convenience we omit writing 

the antiparticles in the following descriptions. 

The four types are: 

Sequential Leptons (L-,\!L)~ Such a pair 

is assumed to have its own separately strictly 

conserved lepton number nL = +1. This means that 

the radiative decays 

L 
are forbidden 

L 

while the weak decays (assuming mL_ sufficiently 

massive) 
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Data Card Listings 
For notation, see key at front of Listings. 

L _,. v e v 

J 

L e 
-

L _,. 
VL ]1-V are allowed . 

]1 

L _,. 
VL hadrons 

There could be an increasing mass sequence of such 

pairs. It is frequently assumed that the neutrinos 

are massless. 

Decay rates are assumed calculable from conven­

tional weak interactions theory. For L mass 

between 1 and 3 GeV, the branching fraction to each 

of the two leptonic modes should be roughly 10% to 

20%. For L mass above 1 GeV, the mean life should 

be ~ lo-12 sec, too short to be observed in a track 

chamber.
1 

Paraleptons (E+,E 0
) and(M+,M 0

). These pairs 

have the same lepton numbers as the opposite-charge 

ordinary leptons, i.e., e- and ]1-, respectively. 

Radiative decays are again forbidden and decays 

similar to those allowed for L- are allowed here, 

e.g.' 

or 

However, the lightest member is not stable as is 

the case for sequential leptons, so that bizarre 

decay schemes such as (assuming mE 0 < mE+) 

are allowed. 

Heavy leptons of this type (and/or a neutral 

intermediate boson z 0
) are desired in unified gauge 

theories of weak and electromagnetic interactions 

to cancel unphysical high energy behavior in such 
+ - + - 3 processes as e e + W W . 

Ortholeptons (F and N-). These have the same 

lepton numbers as e and ]1-, respectively. They 

may or may not have associated neutral leptons. 

Radiative decays are allowed in addition to weak 

modes similar to those of sequential leptons. The 

radiative mode can dominate or can be relatively 

unimportant depending on the model. 4 Decays such 

as 
F + e + hadrons 

are also allowed. 

Stable Particles 
HEAVY LEPTON SEARCHES 

Long-Lived Penetrating Particles. Heavy 

leptons could have long mean lives under certain 

circumstances. For example, if m > m _, then L-, 
Vr, L I 

the sequential lepton, is completely stable since 

its lepton number is conserved. 

Experimental results. The results are sum­

marized in the Data Card Listings below. Mass 

limits for sequential leptons are listed in 

subsection MS, while all other types are listed 

together in subsection M. 

The Listings also contain cross-section upper 

limits reported as results of unsuccessful searches. 

We no longer list cross sections for anomalous e]J 

events in e+e- collisions. These cross sections 

are consistent with coming from e+e- + T+T~ where 
+ 

the T-(1785) is assumed to be a spin-1/2 Dirac 

point particle with a mass about 1785 MeV. 

1. 

2. 

References 

M. L. Perl and P. Rapidis, SLAC-PUB-1496 

(October 1974). 

C. H. Llewellyn Smith, Invited paper presented 

at the Royal Society Meeting on New Particles 

and New Quantum Numbers, 11 March 1976, Oxford 

Ref. 33/76. 

3. J.D. Bjorken and C. H. Llewellyn Smith, 

Phys. Rev. D7, 887 (1973). 

4. F. Wilczek and A. Zee, Nucl. Phys. Bl06, 

461 (1976). 

SEE PERL 81 FOR A REVIEW 

PROPERTIES OF THE TAU+-11785) HEAVY LEPTON ANO ITS ASSOCIATED 
NEUTRINO ARE LISTED SEPARATELY ABOVE FOLLOWING THE E AND MU 
liSTINGS. THE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES 
FOR HEAVY LEPTGNS OF OTHER TYPES AND SEARCHES FOR TAU+- IN 
COlliSIONS OTHER THAN E+E-. WE LIST MASS LIMITS AND CROSS SECTION 
UPPER LIMITS REPORTED AS NEGATIVE SEARCH RESULTS. WE NO LONGER 
LIST CROSS SECTIONS FOR THE ESTABLISHED PROCESS E+ E- --> TAU+ TAu­
AS WAS DONE IN OUR 1977 SUPPLEMENT .. 

25 HEAVY LEPTON ,_.ASS LIMITS 

LIMITS APPLY CNLY TO HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON 
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES. 
IN COMMENTS eElOW; All BEAMS ARE MU TYPE NEUTRINO OR ANTINEUTRINO. 
L.E."'',F.N STAND FOR SEQUENTIAL LEPTQN,PARA-HECTRON 9 PA.RA-MUON 9 

ORTHO-El ECTRCN, ORTHG-MUON RESPECT I Vl y. 

MS SEQUENTIAL HEAVY LEPTON MASS LIMITS tGEVI 
MS (13.1 (R MORE AZIMOV 80 +-SEQUENTIAL (L) 

MS lb. CR MORE CL==.95 BARBER 80 CNTR +- SEQUENTIAl (LJ 
~S NONE 4GEV TO 14.5GEV CL"'.95 BERGER 81 PLUT +- SEQUENTIAl tU 
MS NONE BELOW 15·5 GEV CL=.95 BRA.NOELIK 81 TASS +- SEQUENTIAL (lJ 
MS 
MS A AZIMOV 80 ESliMATED PROBABILITIES FOR M+N TYPE EVENTS IN E+ E- --> 
MS L+ L- DEDUCING SEMI-HA.ORONIC DECAY MULTIPLICITIES OF l FROM E+ E-
MS A.NNlHILA.TtON DATA AT WCM=(Z/31*Ml.. OBTAINED ABOVE LIMIT COMPARING 
MS THESE \.liTH E+E- DATA IBRANDEliK BO,Pl 92B 1991. 
MS 
MS BARBER 80 LOCKED FORE+ E- --> L+ L-, L-->NEU(li+X WITH "1ARK-J AT 
MS OESY-PETRA. 
MS 
MS C BERGER 81 IS DESY DORIS AND PETRA EXPT. LOOKING FOR E+E- --> L+L-. 
MS 
MS 0 BRA NOEll K 8 l IS 0 ESY PETRA. EXPT. lOOKING FOR E+E- --> t+l-. 

3/77 
'3/77 
3/77 
3/77 
3/17 

2/62* 
9/81• 
1/82* 
l/82* 

2/82* 
2/82* 
2/82* 
2182* 

9/810" 
9/81* 

l/82• 
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Stable Particles 
HEAVY LEPTON SEARCHES 

" " " " 

" " " " M 

" 'M 

" " " " M 

" " M 
M 

" " " " " " " " " M 

" M 

" " M 

" " M 
M 
M 
M 
M 

" " " " " M 

" " " M 

" " " " M 

" " M 

HEAVY LEPTON MASS LIMITS tGEVI 
A 0 1.0 OR MORE BEHREND 65 SPEC - ORTHOELECTftONIFI 
B NONE BET~trjfEN 0.12 AND 0.57 BETOURNE 65 SPEC - ORTHOELECTRONIF I 
C NONE BETWEEN 0,3 AND 0.7 BUONITZ 66 SPEC - ORTHOELECTRONtFI 
0 NONE BETWEEN 0.2 AND 0.92 BARNA 68 CNTR- LONG-LIVED 
D NONE BETWEEN 0.97 AND 1.03 BARNA 68 CNTR- LONG-LIVED 
E NONE BETWEEN O. 1 AND 1.3 BOLEY 68 SPEC - ORTHOELECTRONIF I 
F NONE BETWEEN 0.2 AND 0.6 LIBERMAN 69 OSPK- ORTHOMUONtNI 
G O. 490 OR MORE ROTHE 69 RVUE 
H NONE BETWEEN 0.26 AND 1.32 llCHTENST 10 SPEC - ORTHOELECTRONIFJ 
I 20 10,4241 10.0131 I0.0021RAMM 70 HLBC 0 
l 22 10.4311 10.0041 RAMfoll 71 HLBC- ORTHOMUONCNI 
J 0 0.1 OR MORE ANSORGE 73 HBC - LONG-LIVED 
K 0 0.6 CR MORE BACCI 73 ELEC +- ORTHOELECTRONtFJ 
K 0 2.2 OR MORE BACCI 73 ELEC +- ORTHOELECTRON(FJ 
L 0 Z.O OR MORE CLc.90 BARISH 73 ASPK + PARAMUON (MI 
M 0 1.4 OR MORE CV=.95 BERNARDIN 13 ASPK +- ANY NON-RAD TYPE 
M 0 1.0 OR MORE CL=.95 BERNARDIN 73 ASPK +- ANY NDIII-RAD TVPE 
N NONE BETWEEN 0.55 AND 4.5 BUSHNIN 73 CNTR- LONG-LIVED 
0 0 2.4 GR MORE CL=.90 EICHTEN 73 HLBC + PARAMUON (MI 
P 7.8 (R MORE CL=.95 HANSON 73 WIRE ORTHOELECTRONtFI 
Q 1.8 OR MORE CL=.90 ASRATYAN 74 HLBC +- ORTHOMUON (NJ 
R 8.4 CR MORE CL:.90 BARISH 74 SPEC + PARAMUON IMI 
S NONE BETWEEN 0 AND 2 .. 0 GITTLESON 74 SPEC ORTHOMUON CNJ 
T 0 1.15 OR MORE CL:.,95 ORITO 74 ASPK +- ANY NON-IUD TYPE 
U NONE BETWEEN 0 .. 25 AND Z.3 BACCI 11 SPEC +- ORTHOELECTRONtFI 
V 1.2 OR MORE MEYER 17 SHAG 0 NEUTRAL 
W 10.3 CR MORE CL:.98 ASRATYAN 78 - ORTHOMUON tNI 

7.5 (R MORE CNOPS 7B HLBC-, ORTHOMUON CNJ 
9.0 (R MORE CNOPS 78 HLBC + PARAMUON fMI 

10.0 OR MORE ERPIQUEZ 78 BEBC 
12. OR MORE CLc.90 HOLDER 78 CNTR + PARAMUON IMI 

NONE 1 GEV TO 9 GEV CL:.90 CLARK 81 SPEC 0 PARAMUONIMOBARI 
NONE 1 GEV TO 9 GEV CL=.90 CLARK 81 SPEC ++ 
NONE BETWEEN 0.6 AND 3.3 HAYES 82 SMKZ +- ORTHOMUON IN) 
NONE BETWEEN 0.5 AND 3.3 HAYES 8Z SMK2 +- ORTHOELECTRONCFI 

BEHREND 65 IS OESY EXPT., LOOKS FOR E P->F P, F--> E GAMMA. 
THIS MASS LIMlT C,ORRESPONDS TO A LIMIT ON LAMBDA**2 OF 6 .. 25*10**-4. 

BETOURNE 65 IS ORSAY EXPT. LOOKS FOR E P -->F P. MASS OF .12 
CORRESPONDS TO COUPLING CONSTANT lAMBOA**2 GT .0016. MASS OF .57 
TO UMBOA**2 GT • Z2. 

C BUONITZ 6t;, IS CEA EXPT .. LOOKS FOR E P-->F P. 

D BARNA 68 IS SLAC PHOTOPRODUCTION EXPT. 

BOLEY 68 IS CEA EXPT. LOOKS FORE P-->F P. MASS OF .1 CORRESPONDS 
TO COUPLING CONSTANT lAMBDA**2 GT 3*10 .. -4. MASS LIM11 OF 1.3 TO 
LAMSDA**2 GT .. 0 1 .. 

F LIBERMAN 69 IS A BNL EXPT MEASURING MUON BREMSSTRAHlUNG. 

G ROTHE 69 EXAJIIINES PREVIOUS DATA ON MU PAIR PROD ANO PI AND K DECAYS 

H LICHTENSTEIN 70 IS CORNELL EXPT MEASURING E BREMSSTRAHlUNG. 
MASS LIMIT DEPENDS ON COUPLING CONSTANT. FIRST VAlUE ABOVE IS FOR 
LAMBOA**2 GT .11, SECOND IS FOR LAMBDA**2 GT .4Z. 

RAMM 70 FINDS PEAK IN MU PI COMBINED MASS PRODUCED BY NEUTRINO 
INTER-ACTIONS. HE ALSO CLAIMS EVIDENCE FOR THIS IN KOMU3 DECAYS IN 
HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION. CLARK 72 FINDS 
NO EVIDENCE FOR PI MU PEAK IN HIGH STATISTICS KOL3 EXPT. 
RAMM 11 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS. 

6/77 
6/77 
6/77 
6/77 
6/77 
6/77 
6/77 
6177 
6/77 
6/77 
6/77 
6/77 
1/76 
1/76 
2/74 
2/74 
2/74 
2174 
3/74 
6/77 

11/75 
7/74 

12171 
11/75 
12177 
12177 
1/79 
8/78 
8/78 
1179 
6/78 
1/B2* 
1/82* 
4/82* 
4/82* 

6/77 
6/77 

6/71 
6177 
6/77 

6/77 

6177 

6/77 
6/77 
6/77 

6/77 

6/77 

6177 
6/71 
6/77 

6/77 
6/77 
6/77 
6/77 
6/77 

J ANSORGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRGJ'+-ltKE BREMSS. 6177 

K BACCI 73 IS FRASCATI E+E- EXPT • LOOKS FOR F --> E GAMMA. 1/76 
K MASS LHtlT DEPENDS ON COUPLING CONSTANT LAMBDA FOR THIS DECAY. 1/76 
K FIRST VALUE ABOVE IS FOR LAMBOA**2 GT q*10**-5, 2ND IS FOR l/76 
K LAMBDA**2 GT lQn-3. 1/76 

BARISH 73 IS FNAL 50,145 GEV NEU EXPT. LOOKS FOR lNEU NUCLEON-> 3/77 
M+ ANYTHINGI .. ASSUMES (M+ --> MU+ NEU NEUI WITH BR=.3. 3177 

BERNARDINI 73 IS FRASCATI E+E-· EXPT. FIRST VALUE ASSUMES UNIVERSAL 2/74 
COUPLING TO CROlNARY LEPTONS. SECOND VALUE ALSO ASSUMES COUPLING 2/74 
TO HAORONS. 2/74 

BUSI-f.IIN 73 IS SERPUKOV 70 GEV P EXPT. MASSES ASSUME MEAN LIFE ABOVE 2/74 
7E-10 AND 3E-8 RESPECTIVELY. CALCULATED FROM CROSS SEC(OC BELOW) 2/74 
AND 30 GEV MUON PAIR PRODUCTION DATA. 2/74 

EICHTEN 73 IS CERN 1-10GEV NEU EXPT. LOOKS FOR M+ PRODUCED IN 
NEU NUCL -> M+ HADRONS ASSUMING 15 PERCENT DECAY TO E+ NEU NEU. 

HANSON 73 LOOK FOR DEVIATIONS FROM QED IN E+ E- -->2 GAMMA. THEY 
MEASURE THE PRODUCT OF THE F MASS • THE COUPLING CONSTANT LAMBDA, 
WHICH IS THE \'ALUE QUOTED ABOVE. 

ASRATYAN 74 USES EICHTEN 73 DATA ON NEU NUCL -> E- HAORONS AND 
ANTINEU NUCL -> E+ HAORONS TO SET LIMITS ON ORTHOMUON PRODUCTION. 

BARISH 74 IS fNAL 50,135 GEV NEU EXPT. LOOKS FOR (NEU NUCLEON-> 
M+ ANYTHINGI. ASSUMES CM+ -->MU+ NEU NEUI WtTH BR:c.,3., 

GITTLESON 74 IS MU P --> P ORTHOMUON SEARCH. COUPLING CONSTANT 
LAMBDA**2 IS <.D1 FOR MASS UP TO .1 GEV, LIMIT ON LA"'BOA**2 RISES 
TO <.1 FOR MASS OF 2.0 GEV .. 

ORITO 74 lOCKED FOR H+H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS 
TO ANY NON-UDIATIVE TYPE HEAVY LEPTON; L .. Et Mt F. N. 
COUPliNG TO .. ADRON ASSUMED FROM THEORETICAL MODELS. 

U BACCI 11 1S SAME TYPE AS BACCI 73. LOWER MASS liMIT CORRESPONDS TO 
U LAMBDA**2 Ltl"tl OF 4*1D**-5, UPPER VALUE IS FOR LAMBDA**2 LIMIT OF 
u t.5•1o••-3. 

MEV ER 11 LOOKS FOR NARROW NEUTRAL RESONANCE INC E PI lANDI MU PI J 
CHANNELS PRODUCED BY E+E- AT 6.8 GEV fECMJ. ASSUMED TO BE DECAY 

V PRODUCT OF THE TAU. SEE SECTION NE BELOW. 

W ASRATYAN 78 ANALYZES DEPENDENCE OF N.C./C .. C. ON ENERGY OF ASSOC. 
W HADRON$. USES DATA OF HOLDER 71 (PL 72B, 2541-NUMU INTERACTIONS 
W AT CERN-SPS. 

CNOPS 78 IS FNAL EXPT LOOKING FOR NEUMU NE --> L+t-1. FOLLOWD BY 
L+(-1 --> E+C-1 NEU NEU. 

Y ERR IQUEZ 78 IS CERN SPS EXPT. LOOKS FOR NUMU NUCLEON-->MU- E+ X. 
Y FINDS CS FOR PRODUCING HVY LEPT--> E+ <.7*10*._3 *C.C. CS. 

HOLDER 78 IS A CERN NEU EXPT LOOKING FOO. NEUMU NUCLEON --> MU+ ANY 
THING. ASSUMES M+ -> MU+ 2NEUMU WITH 8R~~:Q.2 • 

2116 
2/76 

6/77 
6111 
6/77 

2/76 
2/76 

7/74 
7174 

12/77 
12177 
12177 

3/74 
3/74 
3/74 

12177 
12/77 
12/77 

12/77 
lZ/77 

1/79 
1179 
1/79 

8/78 
B/18 

1/79 
I/79 

6/78 
6/78 

Data Card Listings 
For notation, see key at front of Listings. 

CLARK 8I IS FNAl EX!' WITH 209 GEV MUONS. E!OUNCS APPLY TO MO WHICH 1/82* 
COUPlES WITH fULL WEAK STRENGTH TO HUON. SEE ALSO SECTION f'IU.. 1/82Co 

HAYES 82 IS SLAC SPEAR EXPT. THEIR TBL.5t6 GIVES CROSS SEC. LIMITS 4/82* 
FOR ORTHOMUON AND ORTHOELECTRON FOR MASSES IN Af\OVE RANGE. 4/82* 

NEU HEAVY LEPTON LIMITS !NEUTRINO NUCLEONI 
NEU SEE ALSO SECTION 'Y' IN 'CHARMED HADRON SEARCHES' AND 
NEU SECTION 'l' IN •OTHER NEW PARTICLE SEARCHES'. 
NEU 6 TRIMUON EVENTS BENVENUl 11 NEUL 5/6NEU,l/6NEUBAR 1178 
NEU 10 MU+ MU-. 3 MU- MU- EVENTS BENVENU2 11 NEUL 1178 
NEU BOSETTI 78 HY8R 6/78 
NEU 
NEU BENVENUTI 17 IS FNAL EXPT.ANO CLAIMS TRIMUON EVTS. INDICATE BY PROD 7/77 
NEU OF A NEW HEAVY LEPTON -->MU- NEUBAR NEW LIGHTER LEPTON--> MU+ MU- 1117 
NEU NEUTRINO .. SEE ALSO BENVENUT2 77, ALBRIGHT 11 AND BARGER 77 FOR 7111 
NEU FURTHER ANALYSIS. THIS CLAIM WAS REFUTED BY LATER EXPS. AT CERN 7/77 
NBJ !HOLDER 781 AND FNAL ICNOPS 78J, AND BY THEORETICAL ANALYSIS OF 7177 
NEU OF C0"48INED CATA- SEE SMITH 78. 1117 
NEU 
NEU BOSETTJ 78 ANALYSES MOMENTA OF "1UONS FROM DIMUON EVENTS USING 6/78 
NEU 200 GEV NARROW BAND NEU BEAM AT CERN. FINDS INEUMU P --> HVY-LEPTI/ 6/78 
NEU CNEUMU P --> MUI < D.06 190 PCNT CLI WHERE HVY-LEPT --> E- NUIEI 6/78 
NEU NU( HVY-LEPTI 15 PCNT OF THE TtME. 6/78 

MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 

HEAVY LEPTON P~OOUCTION CROSS SECTION CMU NUCLEON) CCM**21 
SEE AlSO SECT 'MU' IN CHARM SEARCHES AND OTHER NEW PARTICLE SEARCHES 

t.22E-34 OR LESS LEBRJTTON 80 SPEC MO-->MU+ MU- NU 
0 4. E-38 CR LESS CLARK 81 SPEC 0 PARAMUONI MOBARI 
0 6. E-38 GR LESS CLARK 81 SPEC ++ 

10/81* 
10/81* 
12181* 
1/82* 
I/82* 

LEBRITTON 80 IS BNL EXP WITH 10.5GEV MUONS .. T~IMUONS ARE CONSISTENT 12/81* 
WITH QED TRICENT AND OtFFRACTIVELY PRODUCED RHO DECAY. 12/81* 

CLARK 81 IS FNAL EXP WITH 209 GEV MUON .. LOOKED FOR MU+ N-->MOBAR x, l/82* 
MOBAR-->MU+ Mu- ANTINEUtMUI AND MU+ N-->M++ XtM++-->2MU+ NEU(MUI. I/82* 
ABOVE LIMITS ARE FOR CS*SR TAKEN FROM THEIR MASS-DEP PlOT FtG.2. 1/82* 

DC HEAVY LEPTON PRODUCTION DIFF. CROSS SEC .. CP NUCLEON) (CM**ZISR-GEVI 
DC D 1.6E-37 OR LESS CL=.90 GOLOVKIN 12 CNTR- 7DGEV P, SEHUKHOV 1/76 
OC 0 4. E-38 CR LESS CL=.90 BUSHNlN 73 CNTR- 70GEV P, SERPUKHOV 2/74 
DC 
DC A MASS RANGE I TO 4.5 GEV,THETA=O,P=Z5 GEV/C. 1/76 
DC 
DC BUSHNIN 73 1-'EAVY LEPTON PATH TRAVERSES 6800 GM/CMU2 ABSOR-BER. 2/74 
DC DIFFERENTIAL CROSS-SECTION MEASURED AT P:c30 GEV/C THETA= Z MRAD. 3/74 

TBD 
TBO A 
TBD 
TBO 
TBO 
TBO 
TBO 

IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 

RPI 
RPI 
RPI 
RPI 
RPI 
RPI 
RPI 

TAU LEPTON PRCOUCTtON CROSS SECTIONS IN HADRONIC COLLISIONS fCM**21 
1. 8E-3D C R LESS CL= .. 90 AGAK I SHI E 8D SPRK 70GEV P FE BM DUMP 

AGAKISHIEV BO REANALVZEO BEAM DUMP DATA lASRATVAN 78 PL 79B 4971. 
FOUND NIJ EXCESS OF MOONlESS EVENT IN NEUTRINO DETECTOR. ABOVE LIMIT 
IS FOR CSIP t-.UC->F XI*SRIF-->TAU NUT AU XJ ASSUMING LINEAR A DEP 
AND THAT SOLE SOURCE OF TAU LEPTON IS DECAY OF F-MESON. 

INVARIANT HEAVY LEPTON PROD. CROSS SEC. IP NUClEON) CCM**2/GEV**21 

2/82* 
2/82* 

2/82* 
2/82* 
2/82* 
2182* 

0 5.4E-39 OR LESS CL=.90 CRONIN 74 SPEC- M:l-6.8 GEV 1/76 
0 6.4E-35 OR LESS CL=.90 BINTtNGER 75 SPEC +- M:1-5 GEV 2176 
0 1.8E-33 OR LESS CL=.90 ARMITAGE 79 SPEC r-1=1.87 GEV 7179 

CRONIN 74 IS AN FNAL 3DO GEV P CU EXPT. LOOKED FOR LONG LIVED 2/76 
PENETRATING PARTICLES. ABOVE liMIT ASSUMES STABLE. MULTIPLY IT BY 2/76 
EXPU.22E-8*MITAUI FOR MASS MCGEVJ AND LIFETIME TAUtSECJ. liMIT 2/76 
OBTAINED AT THETACLABI "'77 MRAD, PT = 2.38 GEV/C. 4/77 

SJNTtNGER 75 IS A 30-30D GEV PC EXPT. LOOKEC FOR LONG LIVED 2/76 
PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABlE. MULTIPLY IT 6Y Z/76 
EXPC3.5E-8*M/TAU/PI FOR MASS MlGEVJ. LIFETIME TAUCSECJ, MOM.PtGEVJ. 2176 
OBTAINED .a.T THETACLABI :: 191 MRAD, PT "' 1-2.25 GEV/C. 4/77 

ARMITAGE 79 IS CERN-ISR EXPT AT ECM=53 GEV. VALUE IS FOR X=0.1 AND 7/79 
PT=.l5. 7/79 

HEAVY LEPTCN PROD. CROSS SECTION ( CS(HVY LEPI I CSCPIONJ I 12/81* 
0 7. E-12 OR LESS CL=.95 BUSSIERE 8D CNTR Q: -1 Mc4-4.5 GEV 1Z/81* 
D Z.5E-12 OR LESS CL=.95 BUSSIERE 80 CNTR Q:c -2 M:5-7.5 GEV 12181• 

BUSSIERE 80 IS CERN-SPS EXPT WITH 20D-240 GEV PROTONS ON BE AND AL 
TARGET SEARCHING FOR LONG-LIVED PARTlCLES. FOR liMtTS AT OTHER 
MASS RANGES SEE THEIR FIG. 1. 

12/81* 
IZ/81* 
12/81* 

CN NEUTRAL HEAVY LEPTON PRODUCTION CROSS SECTION {CJIII .. 21 
CN 5 U. E-37 OR MOREl KR ISHNASW 75 CNTR +D-- M::2-5 GEV 2176 
GN 0 BENVENUT1 75 SPEC D 2/76 
CN 
CN KRISHNASWAMY 75 IS KOLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT 2/76 
CN HAS VERTEX IN AIR 70 CM FROM WAll WITH THREE OBSERVED CHARGED 2/76 
CN TRACKS. AUTJ10RS SUGGEST NEU+ROCK GIVES NEW PARTICLE WITH /o1EAN LIFE 2/76 
CN 10E-9 SEC OR l'JNGER. DE RUJULA 75 GIVES ANOTHR INTERPRETATION.. 2/76 
CN SEE ALSO RAJASEKARAN 75. 8/76 
CN 
CN BEN\'ENUTl 75 IS AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES THE 2/76 
C N KR I SHNAS WAMY 75 EXPT. BUT APPARENTLY CONTRADICTS IT, F tNDI NG NO 2/16 
CN EVENTS. SENSITIVE TO DECAYS OF NEUTRAL PENETRATING PARTICLES 3/77 
CN PRODUCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO 3/77 
CN INTERACTIONS IN THE 1 KM. NEUTRINO BEAM EARTH SHIELD. 3/77 

NEUTR'-L HEAVY LEPTON PRODUCED IN NEUTRINO INTERACTIONS 
1 POSSIBlY SEEN BARANOV 77 HLBC 0 SERPUKHOV 
Z POSSIBLY SEEN BARANOV 79 HLBC 0 SERPUKHOV 

A SARANOV HEAVY LEPTON CLAIM REFUTED BY BALTAY 78. 

"4M UNEXPLAINEC ~ISSING NEUTRAL (HEAVY LEPTON?I MOMENTU~ /TOTAL MOMENTUM 

12/77 
1/82* 

1/82* 

'4M 0.05 0.03 Ell tOT 11 CALC 1/78 

"" MM A ELLIOT 77 IS SLAC 10.5 GEV PI+ P -> P NPI+- NEUTRALS. FINDS THAT I/78 
MM "A NEUTRAL SPECTRUM CAN BE EXPLAINED BV GAMMA, KO, LAMBDA, NEUTRON. 1/78 
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Data Card Listings Stable Particles 
For notation, see key at front of Listings. WEAK GAUGE BOSON, FREE QUARK SEARCHES 

CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 

NEUTRAL HEAVY LEPTON PROD. CROSS SEC. (PROTON NUCLECNJ 1CM**21 
0 1. E-29 OR LESS FAISSNER 76 HLBC 0 
0 Z.SE-35 OR LESS CL=.90 BECHIS 78 SPEC 0 
0 S.ZE-40 OR LESS CL:o90 AGAI<.ISHIE 80 SPRK 0 M=4GEV,TAU=E-7 S 

FAISSNER 76 liMIT ASSUMES STABLE NEUTRAL WEAKLY INTERACTING LEPTON. 
ALSO RULES OUT DE RUJULA 75 INTERP. OF 5 KRISHNASWAHY 75 EVENTS AS 
IP NUCLEON--> L+ X, L+ --> LO XI UNLESS L+ MASS IS ABOVE 3 GEV. 

BECHIS 78 IS 400 GEV FNAL EXPT. LOOKS FOR P NUCLEON--> L+, 
l+ ->LOx, LO --> MU PI ORE Pl. RESULT IS CL=.90 FOR MASS OF LD 
< 1 GEV, LIFETIME BETW 10-*-10 AND 10**-8 SEC.IVALID ONLY FOR CASES 
WHEN LO UNACCOMPANIED BY MUON OF P>lO GEV. I 

AGAKISHIEV 80 REANALYZED SEAM DUMP DATA FROM 70 GE\1 PROTON ON IRON 
(ASRA.TYAN 78 Pl 798.4971. ASSUMED DRELL-YAN PROD OF CHGD HVY LEPTON 
PAIR FOLLOWED BY DECAY INTO NEUTRAL HVY LEPTON. ABOVE VALUE IS WHEN 
LIMIT IS MOST STRINGENT. FOR OTHER MASS AND LIFE.SEE THEIR TABLE 1 9 

AND FOR LIMIT DEDUCED FOR PI NUCLEON INTERACTION, SEE THEIR TABLE 2. 

I/77 
8/78 
2/82• 

1/71 
1/77 
1/77 

8/7B 
8178 
8/7B 
8/78 

2/82* 
2/82* 
2/82* 
2/82• 
2/82* 

NE 
NE 
NE 
NE 
NE 
NE 
NE 

NEUTRAL HEAVY LEPTON PROD. CROSS SECTION IE+ E-1 ICMU21 12/77 
4.5E-36 OR lESS CL=.90 MEYER 77 SHAG E+E- 6.8 GEV IECMI 12/77 

MEYER 77 EXPT LOOKS FOR NARROW NEUTRAL RESONANCE IN E-PI AND MU-PI 12/77 
CHANNELS. \IALUE Gl\IEN IS FOR MASS OF .5 GEV, AND IS PRODUCT OF CS* 12/77 
BRITAU--> NEW NEUTRAL LEPTONI*BRINEUTRAL LEPTON--> E OR 14U PI I. IF 12/77 
MASS OF NEUTRAL LEPTON IS 1.5 GEV 9 LIMIT BECOfiiES 2.5E-36. SEE S25M. 12/77 

TNU LIMIT ON NLITAU1 PRODUCTION IN BEAM DUMP EXPERIMENT 
TNIJ A FRITZE 80 HYBR 
TNU 
TNU FRITZE 80 1 S CERN SPS EXP WITH BEBC. NC/CC RATIO CORRESPONDS TO 
TNU R=IPROMPT-NUITAUI-INOUCEO EVENTSI/IALL PROMPT-NU EVENTS) <O.t. 
TNU MIXING PROBABILITY PINUIEI-->NUITAUII < 0.35 AT CL=.90. ........ ................ .......... ......... .......... ........... ......... ....... . 
BEHREND 
BETOURNE 
BUON ITZ 
BARNA 
BOLEY 

65 PRL 15 '!100 
65 Pl 11 10 
66 PR 141 1313 
6B PR 173 1391 
6B PR 167 1275 

LIBERMAN 69 PRL 22 663 
ROTHE 69 NP 810 241 
LIGHTENS 70 PR 01 825 

REFERENCES FOR HEAVY lEPTON SEARCHES 

+BRASSEt ENGLER, GANSSAUGE+ f OESY+KARL J 
+NGUYEN NGOC,PEREZ Y JORBA+ fORSAJ 
+DUNN lNG, GOITE IN .RAMSEY ,WALKER, WI L SONC HARVI 
+C:DX1 MAR TJ N, PERL 1 TAN 1 TONER 9 ZI PF+C SLAC+STAN I 
+ELIAS • FRIEDMAN .HAR TMANN,KENOALL+ f MIT+CEAI 

+HOFFMAN, ENGELS, I HRI E+ CHAR V+CASE+MCGI +SLACI 
K. W .ROTHE, A.M. WOLSKY C PENNI 
liCHTENSTEIN. ASH. BERKEL MAN, HART Ill+ I CORN I 

RAHM 70 NATURE 227 1323 C.A.RAMM fCERNI 
ALSO 12 NATURE 237 388 

RAMM 11 NAT.PH.SC.230 
GOLOVKJ N 72 Pl 42B 136 
ANSORGE 73 PR 07 26 
BAC:C I 73 PL 448 530 
BARISH 73 PRL 31 4IO 

BERNARDI 13 NC 11A 3B3 
ALSO 70 LNC 4 1156 

BUSHNIN 73 NP 858 476 
ALSO 12 Pl 42B 136 

E ICHTEN 13 Pl 46B 281 
HANSON 73 NCL 7 5e1 

ASRATYAN 74 PL 498 488 
BAR ISH 74 PRL 32 1387 
CRONIN 74 PR 010 30<>'3 
GJTTLESO 74 PR D10 1379 
ORI TO 74 PL 48B 165 

BENVENUT 75 PRL 3!:: lltB6 
8 INT INGE 75 PRL 34 Cj82 
BACCI 77 Pl 1lB 227 
KRISHNA$ 75 Pl 578 1C5 

ALSO 75 PRL 35 628 
ALSO 75 PRA.MANA 5 78 

FAISSNER 76 Pl 608 4CI 
BARANOV 11 PL 708 269 

ALSO 77 SJNP 26 57 
BEN\IENUl 11 PRL 38 1110 

ALSO 11 PRL 38 1187 
ALSO 17 PRL 38 I190 

BENVENU2 11 PRL 38 1183 

ELLIOT 11 PR 015 1851 
MEYER 17 PL 708 469 
ASRATYAN 78 Pl 76E! 237 
BALTAY 78 TOKVC CONF. 

BECHIS 7B PRL 40 602 
BOSETTI 78 PL 13B 380 
CNOPS 78 PRL 40 144 
ERRIQUEZ 78 Pl 77B 227 
HOLDER 78 Pl 748 217 
SMlTH 78 NU 78 CONF 

ARMITAGE 79 NP B150 B7 
BARANOV 79 PL BIB 261 

ALSO 79 SJNP 29 ~22 

AGAK ISH I 80 SJNP 32 345 
AZIMOV 80 JETPL 32 665 
BARBER 80 PRL 45 1'104 
BUSSIERE 80 NP 8114 I 
FRITZE 80 PL 96B 427 
LEBRITTO 80 PL 898 211 

BERGER 81 PL 998 489 
BRANDEL I 81 PL 998 163 
CLARK 81 PRL 46 2<:l9 
HAYES 82 PR I SUBMITTED) 

PERL BI SLAC-PUB-2752 

CLARK • EL IOFF. F l ElDt FRISCH. J DHNSON+ f LBLI 

145 C .A .RAMI4 ( CERNI 
+GRACHEV oKHODYll EVt KUBARDVSK Y+ I SERPI 
+BAKER, KRZE S 1 NSK I, NEALE 1RUSHBROOKE+ I CAVE I 
+PAR IS l• PEN SO • S AlVINl, STEll A1> CII.OMA+FRAS J 
+BARTLETT, 8UCHHOLZ.HUMPHREY+ I C IT+FNAL I 

BERNARDI Nl, BOll I NJ • BRUN IN I+ f CERN+BGNA+FRAS I 
ALLES-BORELl It BERNARDINI, BOLL INI + I CERN I 
+DUNAYTZEV.GOLOVKIN.KUSAROVSKY + C SERPI 
GOLOVKIN,GRACHEV,SHODYREV + ( SERPJ 
+DEOE N+l AACH+BELG+CERN+EPOL +M Jl A+LALO+LOUC J 
+LEONG, NEWMAN ,LAW, liTKE+C MIT +HARV+CEA+HA t F J 

+GERS HTEIN • KAFT ANDY • KUBANT ZEV oL API N+ C SERP I 
+BARTLETT.BUCHHOLZ.MERRITT + CCJT+FNALI 
+FRISCH,SHOCHET,BOYMONO,MERMOD + fEFI+PRINI 
G ITTLE SON, KIRK+ I HARV +ROCH+COLU+FNALI 
+VISENTIN,CERADINI ,CONVERSI + fFRAS+ROMAI 

BENVENUTI • CLINE • FORO+ I HARV+PENN+W I SC+FNALJ 
B INTI NGER, CURRY+ I EF I +HARV+PENN+W I SCI 
+DEZORZI.PENSO. STELLA+ CROHA+FRASI 
KR I SHNASWAMY,MENON+ IBOMBAY+OSAKU 
DE RUJULA,GEORGI,GLASHOW IHAR\11 
RAJASEKARAN.SARMA CTIFRJ 

+HASERT +fA ACH+BELG+C ERN+EPO L+MILA+OXF+LOUC I 
+VOLKO\I,GERSHTEIN,IVANILOV + ISERPI 
BAR A NOV, VOl KOV, GERSHTE IN, I VAN tlOV + ( SERP J 
BENVENUTI • CLINE+ { FNAL+HARV +P ENN+RUTG+WI SC) 
ALBRIGHT, SMITH, VERHASER EN ( FNAL+STON I 
BARGER, GOTTSCHALK+ (WI SC+ZARAGOZA+RHEU 
BENVENUTI, CLINE+ C FNAl+HARV+PENN+RUTG+W JSC J 

+FORTNEY .Gci"SHAW, LA MSA olOOS + I DUKE+ ALBA J 
+NGUYEN, ABRAMS, ALAM+ I SLAC+LSL +NWES+HAWAJ 
ASRATYAN,KUSANTSEV ( JTEPI 
C.BALTAY I 19TH INTL. CONF. ON HE PI fCOLUJ 

+CHANG, COMB ECK, Ell SWORTH.Gl A SSER, lAU+ ( UMD I 
+DEDEN + IAACH+BONN+CERN+LOIC+OXF+SACU 
+CONNOLLV.KAHN.KIRK.MURTAGH + (BNL+COLUI 

BAR I +81 RM+SRUX+ EPOL +RHEL+SACL +L OUC 
+KNOBLOCH 1 MAY + I CERN+OOR T +HEIO+SACL +BGNA I 
J.SMITH ICOLUJ 

+BENZ t BOBS INK+ I CERN+DARE+FOM+MCHS+UTR ECHT I 
+ IVANILOV, KONVUSHKO,KORABL EV+ { SERP I 
BARANOV, +\IOLKOV, IVANILOV, KONYUSHKO, + I SERP I 

AGAK t SHI EV • VOVENKO, GORY ACHEY • MUKHJ N IS ERP J 
VA. 1. AZ I MDV • V. A .KHOZE IKONS I 
+BECKER, BE I+ { AACH+OES Y+MIT+A I KO+BHEP J 
+G t AC OMELL I, lE SQUOV+ f BGNA+SACL +lAPP J 
AACH+BONN+CERN+LOI C+OXF+SACL COLLABORATION 
lEBR I TTON • MCC AL • MEL ISS I NOS+ (ROCH+BNL +NSF) 

+GENZEL +I A ACH+BERG+OESY+HAMB+UMO+S I EG+WUPP I 
BRANDEl IK+ ( AACH+BONN+OESV+HAMS+L OIC+OXF+J 
+JOHN SON,KERTH, LOKEN+ I UCB+LBL +FNAL +PR IN I 
+PERt. ALAM, BOVARSK I, BREI OENB ACH+ ( S LAC+lBLI 

REVIEWS 

M.L.PERL. PHYS. IN COLL. CONF1 V.P.I.CSLACJ ..... ,. .............................................................. . ........ ............ .......... ......... ......... ......... ......... ....... . 

1/82• 
1/82• 

1/82• 
l/B2• 
1/82* 

!WEAK GAUGE BOSON SEARCHES! 

W BOSON MASS LIMITS fGEVI 
0 I. 7 CR MORE CL=.99 BERNARDIN 65 HYBR + NEU N. CER~ 
0 2.0 GR MORE Clc.90 BURNS 65 OSPK + NEU N, BNL 
0 3.8 OR MORE CL=.90 BARISH 73 ASPK + W+ TO LEP+NEU:.2 
0 4.5 CR MORE CL=.90 BARISH 73 ASPK + W+ TO lEP+NEU=.5 
0 4.7 (R MORE Cl=.90 BARISH 73 ASPK + W+ TO LEP+NEU=.8 
0 5.0 OR MORE Cl=.95 BERGESON 73 ELEC 
0 NONE WITH HAS$ 10-20 GEV BUSSER 74 WIRE +-0 P-P, 52.7 GEV CM 
0 NONE WITH MASS 5.5-B.5 GEV ABRAMOV 11 CNTR +-

A LOOKED FOR fNEU Nl TO (W+ MU- NJ. W+ TO IMU+ NEU. E+ NEU, OR HORNS! 

2174 
2/74 
2/74 
2174 
2174 
1/76 
8176 

I2/77 

2/74 

BARISH 73 LOGKEO FOR INEU NJ TO fW+ Mu- Nit W+ TO IMU+ NEUJ AT NAL. 2/74 
RESULT GIVEN FOR THREE ASSUMED BR.FRACS. W+ TO I LEPTON NEUI/ALL. 2174 

BERGESON 73 LOOKED AT ENERGY OISTR OF NEU-INGUCED !'1.UON FLUX UNDER- 1176 
GROUND. SCALE INVARIANCE OF THE INELASTIC STRUCT FN ASSUMED. I/76 

BUSSER 74 IS CERN ISR EXPT. LOOKED FOR ELECTRONS OF LARGE 8/76 
TRANSVERSE MOMENTUM. RESULT QUOTED ABOVE IS MODEL DEPENDENT. 8176 

ABRAH0\1 11 IS 70 GEV P-CU EXPT AT SERP LOOKING AT DIRECT MUONS OF 
HIGH TRANSVERSE MOM. RESULT IS MODEL DEPENDENT. 

W BOSON PRODUCTION CROSS SECTION 110**-36 CM**21 
0 6.0 OR LESS ANKENBRAN 11 CNTR +- W TOIMU NEU1=1.0 

ANKENBRANDT 11 LOOKED FOR IP NITOtW HAORONSJ, W TO IMU NEU) AT BNL • 
THIS ASSW4ES BR OF W TO MU NEU IS I. IN GENERAL THIS VALUE IS 
6.0/BR. WHERE BR:(W TO MU NEUJ/(W TO ALL I. 

ZOH ZO BOSON MASS liMITS IN E+ E- ANNIHILATION CGEVI 
ZOH 0 51. OR. MORE CL=.95 BARTEL 8I JADE 
ZOM 0 40. OR MORE CL=.95 BERGER Bl PLUT 
lOM 
ZOM ABOVE LIMITS ARE IN STANDARD SUI2JXUill MODEl. FOR BOUND-PLOTS IN 
ZOM EXTENDED "'IODElS WITH TWO OR MORE ZO' S. SEE INDIVIDUAL PAPERS. 
lOM 
ZOM A BARTEL B1 AT DESY-PETRA STUDIED E+E- -->E+E-,MU+MU- UP TO WCt.II='36GEV 
ZOM IN STANDARD MODEL WITH FREE ZO MASS AND WITH COUPLINGS FIXED AT LJW 
ZOM Q2 VALUE Sf S INCTHETA/WI**2:c.231. 
lOM 
ZOM BERGER 8I AT DESY-PETRA ANALYZED E+E- -->E+E-,MU+MU-.TAU+TA,U- DATA 
ZOM AT WCM=27.5-31.6 GEV IN STANDARD MODEL. CL=.q5 CONTOUR IN GV**2 AND 
~OM B GA**2 PLANE IS INCONSISTENT w. NU E RESULT IF Ml BELOW ABOVE LIMIT. 

SCALAR BOSON MASS LIMITS C GEVJ 

12/77 
I2/77 

2/74 

2174 
2/74 
2174 

2/82* 
2/82• 
2/82* 

2/82* 
2182• 

2182* 
2/82* 
2182• 

2/82* 
2/82• 
2/82* 

0 10.0 CR. MORE CL=.90 CONVERSI 13 ASPK 0 E+E- FRi\SCATI 3/74 

CON\IERSI 73 LOOKED FOR QED VIOLATION IN E+E- SCATTERING AT 2.8 GEV 3/74 
AND ASSUMED W BOSON MAS$=10 GEV. FOR HW:c15 GEV. MS LIMIT"' 6.5 GE\1 3174 

BERNARDI 65 NC 38 608 
BURNS 65 PRL 15 42 
ANKENBRA 71 PR 03 2582 

BARISH 73 PRL 31 ISO 
B ER GESDN 73 PRL 31 66 
CONVERSI 73 PL 468 269 
BUSSER 74 PL 48B '311 
A BR AMOV 77 SJNP 25 41 

BARTEl 
BERGER 

B1 Pl 998 281 
81 ZPHY C7 289 

REFERENCES FOR WEAK GAUGE BOSON SEARCHES 

BERNARDI Nl, B I ENLE I Nt BOHMt DARDEL. + I CERN I 
+GOUL IANQS, HYMAN.LEDERMAN. LEE + I COLU+BNL) 
ANK EN BRANDT .LARSEN .LEI PUNER+ I BNL+VALE I 

+BARTLETT, BUCHHOLZ • HUMPHREY+ I CIT +FNA L) 
+CASSIDAY,HENDRICKS (UTAHJ 
+D'ANGELO,GATTO,PAOLUZI CROMAJ 
+CAMILLERioOI LELLA + ICERN+COLU+MCKI 
+ANISIMOVA,SONDARENK0 9 GRIDASO\I + (SERPJ 

JADE C.l DESY+HAMB+HEIO+LANC+~CHS+RHEL+TOKYJ 
PLUTO C. I AACH+BERG+DESY+HAMB+UMO+S I EG+WUPP I 

•••••••••••••••••• ········* ********* ................... . 
..................................... ********* *******• 

!FREE QUARK SEARCHES! 

SEARCHES FOR lt\TEGRALlY CHARGED QUARKS APPEAR ALONG WITH OTHER 
SIMILAR SEARCH$ IN 'OTHER NEW PARTICLE SEARCHES' SECTION BELOW. 

Note on Free Quark Searches 

Five and nine instances of charge -1/3 and 

+1/3 respectively have been reported by Fairbank's 

group at Stanford (LARUE 77, 79, and 81) using 

magnetic levitation of superconducting niobium 

balls. These events are shown in Fig. 1. There 

has as yet been no independent confirmation of 

the existence of free quarks • 

The best searches for quarks in cosmic rays 

yield upper limits on the flux of quarks of about 
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Fig. 1. Residual charge measurements in chrono­
logical order from LARUE 77 (a) , 79 (b) , and 81 (c) . 
Ball radius 140 (open circles), 116 (solid squares), 
and 98 ~ (solid circles). Figure adapted from 
LARUE 81: La Rue, Phillips, and Fairbank, Phys. 
Rev. Lett. 46, 967 (1981). 

Cross-section upper 

limits established from proton accelerator exper­

iments and calculations based on production models1 

imply that free quarks, if they exist, have a mass 

greater than about 5 GeV. Mass limits from photon 

and electron beam searches are slightly lower, but 

more reliable, depending only on the QED calcula­

tions for quark pair production. Limits on free 

quark concentrations in stable matter vary enorm­

ously depending on the source of matter and the 

technique. 

The largely negative result of quark searches 

does not prove that free quarks do not exist, but 

indicates that they are hard to find. De Rujula, 

Giles, and Jaffe2 have considered the question of 
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unconfined quarks in a framework of a renorm­

alizable, spontaneously broken version of QCD, 

and conclude that: (1) production cross sections 

are small, (2) interaction cross sections with 

nucleons are very large, and (3) the physical 

masses of quarks are probably very large. On 

this basis, primordial quarks would be expected 

to be nonintegrally charged, superheavy nucleon 

complexes. 

We group quark searches by experimental tech­

nique - proton beams, photon beams, neutrino 

beams, electron beams, e+e- ~nnihilations, cosmic 

rays, and stable matter. .Proton beam experiments 

generally measure quark production cross sections 

(we quote these in section C), differential cross­

section ratios (sections AF and RPI) , or differ­

ential cross sections (sections IC and D) • The 

photon beam experiment measures cross section per 

equivalent quanta (section DG) , and the neutrino 

experiment measures the ratio of quark events over 

total events (section NEU). Searches with elec­

tron beams may measure differential cross sections 

(section G) and set limits on the quark mass 

(section M). Searches in e+e- annihilation pres­

ent the ratio to the ~-pair cross section (sec­

tion EE). Cosmic ray experiments measure quark 

flux (section F) , and searches in stable matter 

measure quark concentration (section RHO). Most 

of the accelerator and cosmic ray experiments 

have searched for fractionally charged particles, 

but some have searched for massive stable parti­

cles which would have low velocity. The latter 

searches are usually sensitive to a range of 

charges and may appear in the section below on 

Other New Particle Searches. 

~e have relied heavily on the review of L. W. 

Jones3 for data prior to April 1977. 

References 

1. T. K. Gaisser and F. Halzen, Phys. Rev. Dll, 

3157 (1975). 

2. A. de Rujula, R. C. Giles, and R. L. Jaffe, 

Phys. Rev. Dl7, 285 (197 8) • 

3. L. W. Jones, Rev. Mod. Phys. 69, 717 (1977). 
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Stable Particles 
FREE QUARK SEARCHES 

c 
c 

B 
c 
c 
c 
c 
0 
0 
0 
E 
F 
F 
G 
G 
H 
H 

QUARK PROOUCTlCN 
0 Z.OE-34 OR 
0 l.OE-34 OR 
0 z.oE-35 co 
0 9.5E-36 OR 
0 l.OE-34 OR 
0 4 .. 0E-34 CR 
0 l.OE-33 OR 
0 Z.OE-35 OR 
0 3.ZE-39 OR 
0 s.sE-38 OR 
0 t.SE-35 OR 
0 l.OE-35 OR 
0 4.0E-37 OR 
0 3.0E-3<) OR 
0 3.0E-'?.7 OR 
0 1.0E-36 OR 
0 3.0E-34 OR 
0 6. OE-34 GR 
0 l.OE-32 OR 
0 l.OE-32 OR 
0 1.0E-35 CR 
0 l.OE-35 OR 
0 5.0E-31 OR 
0 5.0E-39 GO 
0 5.0E-38 OR 
0 4. OE-35 CR 
0 8.0E-35 OR 
0 l.OE-35 OR 
0 l.OE-33 OR 

CROSS SECT .. FROM PROTON 
LESS CL=-90 BINGHAM 
LESS CL=.90 BINGHA"' 
LESS BLUM 
LESS H.AGOP l AN 
LESS LEIPUNER 
LESS MORRISON 
LESS MORRISON 
LESS FRANZJNI 
LESS CL::.9Q ALLABY 
LESS CL=.90 ALLABY 
LESS CL=.90 ALLABY 
LESS CL:.9Q ALLABY 
lESS CL=.90 ANTJPOVl 
LESS (L:.90 ANH POV2 
LESS CL=-.<)0 ANTIPOV2 
lESS CL=.90 A"'TIPOV 
LESS BOlT-BODE 
LESS BOlT-BODE 
LESS CL,..90 ALPER 
LESS CL=.90 ALPER 
LESS LEIPUNER 
LESS LEIPUNER 
LESS lEIPUNER 
LESS CL=.90 NASH 
LESS CL:.90 NASH 
LESS CL=.90 FABJAN 
LESS CL=.90 FA8JAN 
LESS Cl=.90 BASILE! 
LESS Cl=.90 BASILE! 

BEAM EXPTS. ( CM**ZI 
64 HBC Q= -1/'3 M==.5-2.0GEI/ 
64 HLBC Q= -2/3 M=. 5-2. SGEV 
64 HBC Q= -113 M=0-2 .. 5GEI/ 
64 hBC Q= +1/3 M'=.S-Z.SGEV 
64 CNTR. Q= -113 M=O-Z.OGEV 
64 HBC Q= -1/3 M:.S-Z.SGEV 
64 HBC Q= -213 M=.S-Z.SGEV 
65 CNTR 0= -213 M::0-2. SGEV 
69 CNTR 0• -1/3 M=ZGEV 
69 CNTR Q:: -2/3 M=ZGEV 
69 CNTR Q= +1/3 M=2GEV 
69 CNTR Q= +2/3 M=2GEV 
69 CNTR Q: -213 M=O-SGEV 
&9 CNTR Q= -113 11=4.5-SGEV 
69 CNlR Q= -213 "'1=2-SGEV 
71 CNTR Q= -4/3 "'1=4GEV 
72 CNTR Q=+-1/3 M:0-22GEV 
72 CNlR Q::+-2/3 M=0-13GEV 
73 SPEC Q= 213 M=4-24 GEV 
73 SPEC Q= 4/3 M:4-24 GEV 
73 CNlR Q• 1/3 M=O-l2GEV 
73 CNlR Q= 2/3 "1"'0-12GEV 
73 CNTR Q= 4/3 "''=0-12GEV 
74 CNTR Q• -1/3 M;4- 9GEV 
74 CNTR Q::: -213 /1:::4-llGEV 
75 CNTR Q= 1/3 M:0-20 GEV 
15 CNTR Q= 2/3 M=0-20 GEV 
78 SPEC Q=+-1/3 M-=0-20 GEV 
78 SPEC Q=+-l/3 )111:0-26 GEV 

C A HAGOPIAN 64 CROSS SECTION INFERRED FROM FLUX DATA. 
c 
C B FRANZINI 65 CROSS SECTION INFERRED FR0"1 FLUX DATA. 
c 
C ALLABV 69 IS A CERN 27 GEV P+BE EXPT. STUDIES MASSES o-2.7GEV 
C ASSUMING NN:NNQQ. CROSS SECTIONS ASSUME ISOTROPIC PROD. IN CM. 
C CROSS SECTIO"'S AT 2GEV ARE GIVEN HERE. SEE FIG.9 FOR MASS DEPEN. 
c 
C ANTJPOVl 69 IS A SERPUKHOV 70 GEV P EXPT. MASS LIMIT FROM NN-="'NQQ. 
C ANT IPOVl 69 AND ANTIPOV2 69 ARE SERPUKHOV 70GEV P EXPTS. ANTIPOV2 
C GIVES RESULTS FOR M=2-5GEV ASSUMING NN-->NNOQ, HAORONIC OR LEPTONIC 
C QUARKS. hE I;UOTE TYPICAL VALUES. 
c 
C ANTIPOV 71 I~ A SERPUKHOV 70 GEV P+Al EXPT. STUDIES OIOUARK MASSES 
C 1.9-4.4GEV. WE SHOW 4GEV VALUE. SEE THEIR FIG.2 FOR MASS OEPEN. 
c 
C F BOTT-BODENHAUSEN 72 IS A CERN ISR 26+26 GEV P+P EXPERIMENT. 
c 
C .UPE~ 73 IS CERN ISR 26+26 GEV P+P EXPT. ASSUMES ISOTROPIC C .. M. 
C PRODUCTION. SENSITIVE TO ANV Q>213. 
c 
C H LEI PUNER 73 IS AN NAL 300 GEV P EXPERIMENT. 
c 
C NASH 74 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. SEE FIG 2,PG86l 
C FOR OTHER MASS VALUES AND VARIOUS PRODUCTION MECHANISMS. 

.. 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF .. 
AF 
AF 
AF 
AF 
AF 

J FABJAN 75 IS CERN ISR P+P EXPT. INCLUDES RESULTS CF BOTT-BOOE 72 
J EXPT. RESUlTS ARE FOR ECM=-53 GEV. 

K BASJLE1 78 IS CERN-ISR EXPT WITH ECM:52 .. 5 GEV. 

L THE ABOVE RESULT IS FOR ECM=62 GEV, FROM AN EARLIER EXP !BASILE 771 

QUARK PRODUCTION FLUX (FLUX QUARKS I FlUX CHARGED PARTICLES) 
0 6.2E-10 DR lESS FABJAN 75 CNTR M:0-20 GfV 
0 t.78E-9 OR LESS CL=.90 BASILE 77 SPEC Q= +1/3 M:0-26GEV 
0 l.05E-9 OR lESS CL==.90 BASILE 17 SPEC Q= -113 M=0-26GEV 
0 5.llE-llDR LESS CL= .. 90 BASILE! 78 SPEC Q=+-1/3 M:0-21 GEV 
0 4.E-ll OR LESS eozzou 79 CNTR Q=-213. 1<M<3 
0 2.E-ll OR LESS BOZ20LI 79 CNTR Q=-4/3. 2<M<6 
0 3.E-ll CR LESS BOZZOLI 79 CNTR Q=+2/3t l<M<3 
0 3.E-10 GR LESS BOZZOL I 79 CNTR 0=+4/3• 2<M<6 

A FABJAN 75 REPORTS BOTH FLUX AND CROSS SECHON IABOVEI 

BASILE 77 IS A CERN-ISR PP EXP AT ECM:62.2 GEV COVERING PT UP TO 1 
GEV BASllE 71 FINO ONE QUARK CANDIDATE WITH M .LT •• 169 GEV. 
THEY DO NOT ClAIM THIS AS A OUARK. 

C BASILE 78 IS CERN-ISR EXPT WITH ECM=52.5 GEV. 

AF BOZZOll 79 SEARCHED FOR QUARKS WITH LIFETIME > 1 .. E-8 SEC IN 200 
AF GEV/C P BE INTERACTIONS USING RF SEPERATOR AS MASS SPECTOMETER. 

RPI QUARK PRODUCTICN CROSS SECTION { CSIQUARKJ I CSIPICNI ) 
RPI 0 8. E-ll OR LESS CL=.95 BUSSIERE 80 CNTR Q= +4/3 M:4-6 GEV 
RPI 0 1.5E-IO OR lESS CL=.95 BUSSIERE 80 CNTR Q= +2/3 "1=1-3 GEV 
RPI 0 9. E-12 OR LESS (Lc.95 BUSSIERE 80 CNTR Q: -2!3 M=l.S-2.5 
RPI 0 5. E-12 OR LESS Clc.95 BUSSIERE 80 CNTR Q= -4/3 M"'3-6 GEV 
RPI 0 9. E-12 OR LESS CL=.95 BUSSIERE 80 CNlR •Q=-2/3 M=1.5-3 GEV 
RPI 0 5. E-12 OR LESS CL=.95 BUSSIERE 80 CNTR •Q==-4/3 "1=2.5-b GEV 
RPI 
RPI BUSSIERE 80 IS CERN-SPS EXPT WITH 200-240 GEV PROTONS ON BE AND AL 
RPI TARGET. LAST TWO CARDS WITH *Q ARE FOR lEPTON-TYPE QUARKS MEASURED 
RPI A AFTER BEAM DUMP. FOR LHHTS AT OTHER MASS RANGES, SEE THEIR FIG.&. 

IC QUARK INVARIANT PROD. CROSS SECT. FROM PROTON BEAMS ICMU•2/GEV**21 
IC 0 5.LE-39 OR LESS CL=.90 ANTREASYA 77 SPEC Q= +113 M=0-6.3 GEV 
IC 0 8.8E-39 OR LESS CL==.90 ANTREASYA 17 SPEC Q::: -113 M=0-6.3 GEV 
IC 0 1.3E-39 ~R LESS CL=.90 ANTREASYA 71 SPEC Q:c +2!3 M=0-8 GEV 
IC 0 2.2E-39 OR LESS CL=.90 ANTREASYA 17 SPEC Q::: -213 M=0-8 GEV 
IC 0 4. E-39 OR LESS Cl==.90 STEVENSO"' 79 CNTR Q= 2/3 M>5 GEV 
IC 0 5. E-3B OR LESS CL:.9Q STEVENSON 79 CNTR Q: 1/3 M>5 GEV 
IC 
IC ANTREASYAN 77 LOOKS FOR HIGH TRANSVERSE MOM QUARKS IN 400 GEV P-CU 
IC INTERACTIONS AT FNAL. 
IC 
IC STEVENSON 79 IS 300 GEV P-CU EXPT AT FNAL, SENSITIVE TO PARTIClES 
IC WITH LIFETIMES BETWEEN 2.5E-5 AND l.E-3 SEC. 

3/77 
3/77 
3177 
3/77 
3/77 
3/77 
3/77 
3/77 
l/76 
1/76 
l/76 
l/76 
2174 
1/7& 
1/76 
1/76 
2/74 
2/74 
1/76 
1/76 
2174 
2/74 
2/74 
2/77 
2/77 
1/77 
1/77 
2179 
2/79 

3/77 

3/77 

1/76 
1176 
l/76 

2/74 
1/76 
1/76 
1/76 

1/76 
1/76 

2174 

1/76 
1/76 

2/74 

2171 
2171 

1177 
1177 

2/79 

2179 

2/80 
1/78 
1/78 
2179 

12179 
12/79 
12/79 
12119 

2178 
2178 
2178 

2/79 

12/79 
12/79 

12/81* 
12/81• 
12/81• 
12/81• 
12/81• 
12/81• 
12/81• 

12181• 
12/Bl• 
12/81• 

11/77 
11/77 
11/77 
11/77 
12/79 
12/79 

11177 
11/77 

12/79 
12179 

, QUARK PROD. OIFF. CROSS SEC. FROM PROTON BEAM EXPTS. IC~**2/SR-GEVI 

0 A 0 1.5E-36 OR LESS OORFAN 65 CNTR BE TARG M=3-7GEV 2/74 
0 A 0 3.0E-36 OR LESS DDRFAN b5 CNTR FE TARG M=3-7GEV 2174 
0 B 0 7.2E-39 CR LESS (Lc.qo ALLABY 69 CNTR Q=:-1/3 THETA= 0 MR 1176 
0 B 0 5.2E-3B OR LESS CL=.90 ALLABY 69 CNTR Q==-213 THET A=b. 5MR 1/76 
0 B 0 2.6E-35 OR LESS CL=.90 ALLABY 69 CNTR Q:::+l/3 THETA=44 MR 1170 
0 ' 0 1.3E-35 OR LESS CL=. 90 ALLABV 69 CNlR Q:::+213 THETA=44 MR 1170 
0 c 0 7.0E-38 OR LESS CL-=.90 ANTIPOV2 69 CNTR Q=-1/3 M:0-5GEV 1176 
0 c 0 4.0E-38 DR LESS CL=. 90 ANTIPOV2 69 CNTR Q=- 213 M::0-2. 5GEV 1176 
0 0 0 l.6E-36 OR LESS CL=.90 ANTIPOV 71 CNTR Q:::-4/3 THETA=47 MR 1176 
0 0 0 3.8E-36 OR LESS Cl=.90 ANliPOV 71 CNTR Q:::-4/3 THETA=47 MR 1/76 
0 E 0 5.bE-36 OR LESS Cl=. 90 NASH 74 CNTR Q:c-1/3 2171 
0 E 0 S.OE-35 OR LESS CL=.90 NASH 74 CNTR Qz:::-213 M GT 1. 7b 2171 
0 E 0 B.SE-35 CR lESS CL=.90 NASH 74 CNTR Q:c:-2/3 M L T 1.76 2/77 
0 F 0 t.6E-33 OR lESS CL=.90 ALBROW 75 SPEC Q::+-4/3 M==5-20 GEV 1/77 
0 G 0 5.0E-34 OR LESS CL=-.90 JOVANOVIC 75 CNTR Q=l/3 M:7-15 GEV 2/76 
0 G 0 2.0E-34 OR LESS Ct=.90 JOVANOVIC 75 CNTR Q=l/3 M=lS-26 GEV 11/75 
0 G 0 1.3E-34 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=2/3 M=l0-26 GEV 11/75 
0 G 0 8.0E-35 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=4/3 M=l0-26 GEV 11175 
0 H 0 3.9E-3b OR LESS CL=.90 BALDI N 76 CNTR Q=-213 M=1.4-6 GEV 1/77 
0 0 2.0E-3b OR LESS CL=.90 BALOIN 76 CNTR Q=-4/3 M=2. 7-12GEV 1177 
0 

A OORFAN 65 IS A 30 GEV/C P EXPERIMENT AT BNL. V::.l&-.995 2/74 

B SEE FOOTNOTE C IN SUBSECTION C ABOVE. 2/76 

C SEE FOOTNOTE D IN SUBSECTION C ABOVE. 2/76 

FIRST ANTIPOV 71 VALUE IS FOR M=t.9-2.3~2.7-4.4GEV. SECOND IS FOR 1/76 
M:2.3-2 .. 7GEV. SEE ALSO NOTE E IN SECTION C ABOVE. 1/76 

NASH 74 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. VALUES ARE FOR 2/77 
A 1MRAO LAB PROD. ANGLE AND OUTGOING MOMENTUM AT MAX OF FOUR BOOY 2/77 
PHASE SPACE FOR QUARK-PAIR PROD. SEE TABLE 1 PG. 860 FOR OTHER 2177 
LIMITS. 2171 

ALBROW 75 IS A CERN ISR EXPT WITH ECM=53 GEV. THETA"'40 MR. SEE 1/77 
FIG. 5 FOR MASS RANGES UP TO 25 GEV. 1/77 

G JOVANOVIC~ 75 FIG.4 COVERS RANGES Q==l/3 TO 2 AND M::3 TO 26 GEV. 11175 
G THIS IS A CERN ISR 26+26, 22+22 GEV P+P EXPERIMENT. 2/76 

H BALOIN 76 IS A 70 GEV SERP EXP. VALUES ARE PER Al NUCLEUS AT 1/77 
H THETA:::Q. ASSUMES STABLE PARTICLE INTERACTING WITH MATTER IN SAME 1/77 
H IIIIANNER AS ANTIPROTON. 1/77 

OG QUARK PROD. OIFF. CROSS SEC. FROM PHOTOPROD. (CM••21SR-EQUtV.QUANTAJ 
OG 5.0E-35 OR LESS CLc.90 GALIK 74 CNTR THETA:t.2, 7 DEG. 11/76 
OG 
OG A GALIK 74 IS 20 GEVIMAXI GAMMA CU EXPT. USING SLAC 20 GEV SPTRMETER. 11176 

"'" NEU 
NEU 
NEU 
NEU 
NEU 
NEU 

QUARK PROOI.lCTICN IN NEUTRINO BEAMS (QUARK FLUX/NU EVENT) 
*LEP QUARK INDICATES LEPTONIC QUARK 
*STR QUARK INDICATES STRONG QUARK 

0 5.0E-3 OR LESS Cl=.90 SASILE2 78 CNTR NUMU BEAM AT SPS 
0 l.SE-5 OR lESS CL=.90 BASILE 80 CNTR Q:cl/3 •STR QUARK. 
0 1.7E-5 CR LESS CL==.90 BASILE 80 CNTR Q: 213 *STR QUARK 
0 9.6E-6 OR LESS CL=.90 BASILE 80 CNTR Q:l/3 *LEP QUARK 

NEU A 0 l.lE-5 CR lESS CL=.90 BASILE 80 CNTR Q:2/3 *lEP QUARK 
NEU 
NEU 
NEU 

EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 
EE 

BASILE 80 ASSUMES A STRONG QUARK ABSORPTION LENGTH THREE TIMES THE 
NORMAL HAORQNIC ABSORPTION LENGTH IN LEAD. 

liMIT ON QUARK MASS FROM ELECTRON BEAMS IGEV/CU21 
*LEP QUARK INDICATES LEPTONIC QUARK 
•sH QUARK INDICATES STRONG QUARK 

O. 85 OR MORE CL:.99 BATHDW 
0.90 OR MORE CL=.99 BATHDW 
0.10 OR MORE CL=.90 FOSS 
0.84 OR MORE CL:.90 FOSS 
1.0 CR MORE BELLAMY 
1. 5 CR MORE BELU.MY 
o. 5 OR MORE BELLAMY 
O. 75 OR MORE BELLAMY 
3.6 OR MORE CL:.90 GALIK 
4. 5 CR MORE CLc.90 GALIK 
1.4 OR MORE CLc.90 GALIK 
1. 8 OR MORE CL=.90 GALIK 

67 CNTR Q;lf3 
67 CNTR Q:2/3 
b1 CNlR Q::l/3 
67 CNTR Q=2/3 
b8 CNTR Q=l/3 
b8 CNTR Q=2/3 
68 CNTR Qz:l/3 
68 CNTR Q=2/3 
74 CNTR Q=lf3 
74 CNTR Qc2/3 
74 CNTR Q=l/3 
74 CNTR Q=2/3 

*LEP QUARK 
*LEP QUARK 
*LEP QUARK 
*LEP QUARK 
*LEP QUARK 
*LEP QUARK 
*STR QUARK 
*STR QUARK 
*STR QUARK 
*STR QUARK 
•LEP QUARK 
•LEP QUARK 

FIRST TWO MASS LIMITS ARE FOR STRONGLY INTERACTING QUARKS,INFERRED 
FROM CROSS-SEC LIMITS USING DRELL MODEL. lAST TWO ARE FOR LEPTONIC 
QUARKS. EXPT USES PHOTOPROOUCTION ON COPPER. 

QUARK PROOUCTICN CROSS SEC .. IN E+ E-. 
0 1.0 E-2 OR LESS CL=.90 BARTEL 
0 5.0 E-2 OR LESS CL ... 90 BARTEL 
0 2.3 E-4 OR LESS CL=.90 WEISS 
0 0.8 E-4 OR LESS CL=.90 WEISS 

tRATIO TO CStE+E- -->MU+'1U-JJ 
80 JADE Q:213 M=2-12 GEV 
80 JADE Q==1.4/3,5/3 M=2-12 
81 SMK2 Q=-213 M=l.9-2.6GEV 
81 SMK2 Q= 213 M"'1.8-2 .. GEV 

A BARTEL 80 IS OESV PETRA EXPT WITH WCM,..27-35 GEV. FIRST LIMIT IS FOR 
BOTH E+E- -->Q QBAR AND Q QBAR X, SECOND FOR Q QBAR X. FOR MASS­
DEPENDENCE, SEE THEIR FIGS 8.9t10tl1. 

WEISS 81 IS SLAC SPEAR EXPT. FIRST VALUE IS FOR E+E- -->Q QBAR X 
ANO SECOND FOR E+E- -->Q QBAR. SEE THEIR TABLES FOR LIMITS IN 
SURROUNDING MASS REGIONS 1 TO 3 GEV AND 1 TO 2.,8 GEV RESPECTIVELY. 

7/79 
12/81• 
12/81* 
7/79 

12/81* 
12/81• 
12/81• 
12/81• 

12/81* 
12181• 

3/71 
3/77 
3171 
3/77 
3/77 
3117 
3/77 
3171 
7116 
1/76 
7/76 
7/76 

117b 
7176 
117b 

1/82* 
2182* 
2/82* 
1/82• 
l/82• 

2/82• 
2/82* 
2/82* 



Stable Particles 
FREE QUARK SEARCHES 

I 

G 
H 
H 

QUARK FLUX FRGM COSMIC RAV EXPERIMENTS (NUMBER/CM**Z-SR-SEC1 
•TD IN THE RIGHT HAND COLUMNS INDICATES A SEARCH FOR MASSIVE 

QUARKS USING TIME DELAY AFTER AIR SHOWERS, SENSITIVE TO A RANGE 
OF CHARGES 

0:11,5 IN THE RIGHT HAND COLUMNS INDICATES A SEARCH tN AIR SHOWERS 
ALL SEARCHES ARE AT SEA LEVEL UNLESS OTHERWISE INDICATED 

0 t.6E-8 OR LESS CL:c.9Q BOWEN 64 CNTR Q=-1/3 ALT:Z750M 
o z.oe-1 CR lESS CLe.9Q SUNYAR 64 CNTR Q= 113 
0 8.7E-9 OR LESS CL=.90 DELISE 65 CNl"R Q= 1/3 Al T=2750M 
0 t.BE-8 OR LESS CL=. 90 DEll SE 65 CNTR Qc2f3 AL T=2750M 
0 5. OE-8 OR LESS CL=.90 MASS AM 65 CNTR Q= 213 
0 1.4E-10 OR lESS BARTON 66 CNTR Q=2/3 
0 t.SE-9 OR LESS CL=.90 BUHLER-BR 66 CNTR Q=l/3 AL T= 450M 
0 l.4E-9 OR LESS Cl::.9Q BUHLER-BR 66 CNTR Q::2f3 AL T= 450M 
0 2.6E-9 OR LESS KASHA 66 CNTR Q=l/3 
0 2.\E-9 OR lESS KASHA 66 CNTR 0=213 
0 4.5E-1C OR LESS CL=. 90 lAMB 66 CNTR Q=l/3 
0 t.6E-CJ OR LESS CL=.90 LAMB 66 CNTR 0=2/3 
0 t.4E-10 CR LESS BARTON 67 CNTR Q=213 
0 t.6E-7 OR LESS BUHLER-\ 61 CNTR Q:4/3 Al T= 450M 
0 4.5E-10 OR LESS CL:::.90 BU ... LER-2 67 CNTR Q:1/3 Al T= 450M 
0 t.7E-10 OR LESS BUHLER-2 67 CNTR 0=213 AL T=- 450M 
0 1. 7E-10 OR LESS Cl=.90 GOMH 67 CNTR Q::l/3 
0 3.4E-10 OR LESS CL= .. 90 GOMEZ 67 CNTR Q=2/3 
0 2.0E-9 OR LESS CL=.90 KASHA 67 CNTR 0=2/3 
0 3.0E-10 OR LESS BJORNSOE 68 CNTR M=5GEV OR MORE *TO 
0 1.8E-10 OR LESS CLc.90 BR I AT ORE 68 CNTR Q= 1/3 
0 t.8E-10 OR LESS CL=.90 BRUTORE 68 CNTR C1=2/3 
0 3. 7E- 8 OR LESS CL::.90 BRUTORE 68 CNTR 0=4/3 
0 2.2E-8 OR LESS FRANZINI 68 CNTR V=.5-.9C M=2GEV UP 
0 6.6E-ll OR LESS CL=.95 GARMIRE 68 CNTR Q=1/3 
0 8.8E-11 OR LESS CL::.95 GARMt RE 68 CNTR 0=2/3 
0 3.1E-10 OR LESS CL=.90 HANAYAMA 68 CNTR Q=l/3 
0 2.4E-8 OR LESS CL:c.95 KASHAl 68 OSPK V::.5-. 75C M=5-15GEV 
0 \.2E-10 OR LESS CL::.90 KASHA2 68 CNTR Q=213 
0 1.3E-10 OR LESS CL=.90 KASHA3 68 C NTR Q=4/3 
o s.oe-11 OR lESS CAIRNS 69 cc 0=2/3 
o s.oE-11 OR LESS CL=.90 FUKUSHIMA 69 CNTR Q==1/3 
0 7.5E-10 OR LESS CL=.90 FUKUSHIMA 69 CNTR Q=2/3 
1 EVENT CLAIMED MCCUSKER 69 cc Q=2/3 ••s 
0 S.OE-10 OR LESS BOSIA 70 CNTR Q=l/3 ALT=3500M 
0 2.5E-10 OR LESS BOSIA 70 CNTR Q:::2/3 ALTc3500M 
1 EVENT CLAIMED CHU 70 HLSC ••s 
0 1.9E-9 OR LESS Cl=.90 FUSSNER 70 CNTR Q=l/3 
0 CJ.SE-11 OR LESS Cl::.90 KR I OER 70 CNTR Q;1/3 ALT=750M 
0 t.6E-10 OR LESS Cl=.90 KRIDER 70 CNTR Q:::2/3 ALT=750M 
0 1.3E-10 OR lESS CL=. 90 CHIN 11 CNTR 0=1/3 
0 5.7E-ll OR LESS Cl=. 90 CHIN 71 CNTR Q=1/3 ALT=2770M 
0 3.0E-10 OR LESS CL=.90 CLARK 71 cc Q=l/3 ••s 
0 3.0E-11 OR LESS CL=.90 CLARK 71 cc Q=2/3 ••s 
0 t.OE-10 OR LESS CL=.90 HAZEN 11 cc Q=t/3~2/3 ••s 
0 4.\E-10 OR lESS BEUCHAMP 72 CNTR Q:::4/3 Al T::2750M 
0 t.oE-10 OR lESS Cl::.90 BOHM 72 CNTR Q::: t/3 ••s 
0 l.DE-10 OR LESS CL:.90 BOHM 72 CNTR Q=213 ••s 
0 8.3E-11 OR LESS CL::.90 cox 72 ELEC Q::t/3 Al T=2750M 
0 9.6E-11 OR LESS CL==.90 cox 72 ELEC Q::2/3 Al T==2750H 
0 2.2E-10 OR lESS CL=. 90 CROUCH 72 CNTR Q==2/3 
0 3.0E-8 OR lESS OAR DO 72 •ro 
0 4.DE-9 OR LESS CL=.95 EVANS 72 cc Q=1/3 ••s 
0 1. 5E-9 OR LESS TON WAR 72 CNTR M~GT .. lOGEV oro 
0 8 .. 0E-11 OR LESS ASHTON 73 UHR Q=1/3 ••s 
0 1 .. lE-8 OR lESS CL=.90 HICKS 73 CNTR Q::l/3 
0 1. 7E-8 CR LESS CL:.90 HICKS 73 CNTR Q:2/3 
0 t.DE-7 OR LESS Cl=.90 CLARK 74 cc Q=l/6 ••s 
0 l .. OE-10 OR LESS CL::,.90 ClARK 74 cc Q::1/4 ••s 
o a.oE-11 OR LESS CL= .. 90 CLARK 74 cc Q==l/3 ••s 
0 2.DE-ll OR LESS CL=.90 CLARK 74 cc Q=2/3 ••s 
0 3.0E-1D OR LESS Cl=.95 K1FUNE 74 CNTR Q:: 1/3 
0 1.2E-11 OR LESS CL==.9D HAZEN 75 cc Q:clf3 ••s 
0 7.0E-11 OR LESS CL=.90 KRI SOR 75 CNTR Q= 1/3 
0 5.0E-11 OR LESS CL=.90 KRISOR 75 CNTR Q=2/3 GAMMA = 10 
0 1.5E-10 OR LESS CL=.90 KRI SOR 75 CNTR Q=2/3 GAMMA GTlOOO 
0 1oOE-9 OR LESS BR I A TORE 76 ELEC •ro 
3 EVENTS CLAIMED YOCK 78 CNTR 

3/77 
3/77 
3/77 
3/77 
3/77 
3/77 
3/77 
3/77 
3/77 
3177 
3171 
3177 
3/77 
3171 
3177 
3/77 
3177 
3/77 
3/77 
2174 
5/76 
5176 
5176 
2/74 
3/77 
3177 
3/77 
2174 
3/17 
3/77 
3/77 
2/74 
2/H 
2174 
1178 
1178 
5/76 
3/77 
3/77 
3/77 
3177 
3/77 
3171 
3/77 
2117 
3/77 
2/74 
2174 
3/77 
3/77 
3/77 
3/77 
1/77 
3/77 
3/77 
1/76 
1/76 
1177 
1/77 
1/77 
1/77 
1/1b 
7/76 
3/77 
3/77 
3/77 
1/77 
2/79 

A BARTON 66 HAD 220000 G/CM**2 EXTRA SHIELDING 3117 

B BARTON 67 HAD 6000 G/CM**2 EXTRA SHIElDING 

C BUHLER-I 67 AND BUHLER-2 67 HAD 760 G/CM**2 EXTRA SHIELDING 

0 BJORNBOE 68 -TWO EXPERIMENTS HAVING 1650 AND 3600 G/CIII**2 SHIELDING 

BRUTORE 68 SEARCHES FOR LEPTONIC QUARKS WITH 6300 G/CM2 SHIELDING 
BRIATORE 68 GIVES (l.l+-1.81E-10 FOR Q=4/3 • WE CONV. TO Cl=o90 

F FRANZINI 68 MEASURES VELOCITY DIRECTLY BY TOF 

G CAIRNS 69 065ERVED 4 POSSIBLE QUARK CANDIDATES 

H FUKUSHIMA 69 DOES NOT RULE OUT QUARKS HEAVIER THAN 10 GEV. 

MC CUSKER 6<;1 CLAIMS 1 CANDIDATE. LATER SIMILAR EXPTS. SEE NONE. 

3/77 

3/77 

3/77 

3177 
3/77 

3117 

3171 

7176 

2/74 

Q=2/3 IF MASS L T 6.5 GEV~ Q==l/3 IF MASS "' 8 GEV.. 517b 
COULD SE AN EARLY-TIME NORMAlLY CHARGED COSf<IIIC RAY. SEE ALLISON 70. 2177 

K DAR 00 72 t-AO 7000 G/CI1**2 EXTRA SHt ELOING 3171 

HICKS 73 LOOKED AT lARGE ZENITH ANGLES. THUS USING THE ATMOSPHERE 1176 
AS AN EXTENDED FILTER FOR HAORONIC QUARKS. THEIR SEARCH PUTS AN 1176 

L UPPER LIMIT CN LEPTONIC QUARK FLUX IN COSMIC RAYS. 1/76 

KIFUNE 74 LOCKED AT LARGE ZENITH ANGLES. FROM THEIR FLUX LlMlT,THEY 7176 
GET A LOWER LIMIT ON QUARK MASS OF 20 GEV. 7/76 

YOCK 78 EVENTS HAVE TAU > 10**-B SEC, CHARGES OF +-.70~+-.68,+-.42, 2179 
AND MASSES >4.4~ 4.8. AND 20 GEV RESPECTIVELY. MEASURES BETA AND 217CJ 
DE/OX IN OSPK-SCINTILATOR COSMIC RAY TELESCOPE. IF TAKEN AS QUARK, 2/79 

N THE OBSERVEO FLUX WOULD BE Z.4E-9. 7179 

110 

Data Card Listings 
For notation, see key at front of Listings. 

RHO 
Rt<l 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHJ 
Rt<l 
Rt{) 
Rt-0 H 
RHO 
RHO 
RKJ 
RHO 
RHO 
RHO 
RHO 
Rt<l 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 

QUARK CONCENTRATION IN MATTER 
0 l .. OE-22 OR LESS 
0 l.OE-10 OR LESS 
0 1 .. OE-1 7 OR lESS 
0 l.OE-16 OR LESS 
0 4.0E-19 OR LESS 
D t.OE-17 OR LESS 
0 l.OE-20 CCI. LESS 
0 l.OE-18 OR LESS 
D t .. OE-17 OR LESS 
0 t.OE-18 OR LESS 
0 t.OE-24 OR LESS 
0 l.OE-23 OR lESS 
0 1.0E-23 OR LESS 
0 S.OE-23 GR LESS 
0 l.OE-15 OR LESS 
0 S .. OE-19 CR LESS 
0 1.0E-21 OR LESS 
0 1.0E-22 GR LESS 
0 S.OE-15 OR LESS 
0 3.0E-21 CR LESS 
2 EVENTS Q=+O. 324+-.0D9 
1 EVENT Q=-0.33\+-.07D 
0 2 .. E-19 OR LESS 
0 1. E-13 OR LESS 
0 9. E-15 OR LESS 
0 S.OE-28 OR LESS 
0 S .. OE-27 OR LESS 
0 S.OE-15 OR LESS 
0 S.OE-16 GR LESS CL=.67 
D l.E-21 OR LESS 
0 1. E-23 OR LESS 
0 5.6E-15 OR LESS 
0 l.OE-22 GR LESS 
0 6.4E-16 OR LESS CL=.67 
3 EVENTS "Q:+Q. 330+-.024 

4. 7E-21 QUARKS/NUCLEON 
0 S.OE-29 OR LESS 
0 4oOE-28 OR LESS 
0 1. E-21 OR LESS 
0 2 .. E-20 OR LESS CL:::.95 
4 EVENTS Qc-.343+-.011 15) 
4 EvEr·ns Q:::+.328+-.oo7 191 

(QUARKS PER NUCLEON) 
HlllAS 59 
BENNETT 66 SOLAR SPECTRUM 
CHUPKA 66 METORITES 
GALLINARO 66 GRAPHITE LEVITOMETER 
STOVER 67 IRON LEVITOMETER 
BRAGINSKt 68 GRAPHITE LEVITOMETER 
RANK 68 OIL DROPS 
RANK 68 SEA WATER 
RANK 68 SEA SALT, ETC. 
RANK 68 LAKE WATER 
COOK 69 SEAWATER 
COOK 69 ROCK SAMPLES 
COOK 69 LAVA 
COOK 69 ll ~ESTONE 
ElBERT 70 ION SPECTROMETER 
MORPURGO 70 GRAPHITE LEVITOMETER 
STEVENS 76 DEEP OCEAN SEDIMENT 
STEVENS 76 LUNAR SOIL 
BlAND 17 TUNGSTEN-OXIDE DUST 
GAllJNARO 17 IRON lEVITOMETER 
LARUE 17 NIOBIUM-TUNGSTEN LEVITCH 
LARUE 71 NIOBIUM-TUNGSTEN LEVITOM 
MUllER 17 CNTR 2 .. 5<M<7. 7 GEV /C2 
MULLER 17 CNTR FOR H<.3 
MULLER 71 CNTR .3<M<2.5 GEV/C2 
OGORODNIK 17 SEAWATER 
OGORODNtK 71 SEOtMENT.LAVA 
BOYD 78 TUNGSTEN tONS 
BQY02 78 HYDROGEN 
LUND 78 SEA WATER Q:+-Z/3 
LUND 78 FRESH WATER Q:c+-213 
PUTT 78 TUNGSTEN BEADS 
SCHIFFER 78 NIOBIUM~ TUNGSTEN+tRON 
BOYD 79 HELIUM 
LARUE 79 NIOBIUM BAll LEVITATION 
lARUE 79 NIOBIUM BALL LEVITATION 
D:;OROONtK 79 SEA WATER 
OGORDONtK 79 CLAYS. SILTS~CONCRETIONS 
MARINElLI 80 STEEL SPHERE LEVITATION 
HODGES 81 MERCURYINATIVE.REFINEOJ 
LARUE 81 NIOBIUM BAll LEVITATION 
LARUE 81 NIOBIUM BALL LEVITATION 

RHO A HILUS 59 WAS INSENSITIVE TO QUARKS ACCORDING TO SUNYAR 64. 
RHO 
RHO B SENNETT 66 LIMIT INFERRED BY JONES 76. 
RHO 
RHO C RANK 68 USES Uo V. SPECTROSCOPY. 
RHO 
RHO D COOK 69 USES MOLECULAR BEAMS. 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHJ 
RHO 
RHO 

E STEVENS 76 USES AN ION SPECTROMETER. 

BLAND 71 IS A MilliKAN OIL-DROP TYPE EXPT USING TUNSTEN PARTICLES. 
NO FRACTIONAL CHARGE WAS FOUND ON A TOTAL SAMPLE OF 3.E-10 GRAMS 

LARUE 77 SEES RESIDUAL CHARGE LISTED ABOVE TRANSFERRED TO A 
NIOBIUM BAll FROM A TUNGSTEN SUBSTRATE~ CORRESPONDING TO A DENSITY 
Of 1. E-23. 

RHJ H MULLER 77 SEARCHES FOR CHARGE 1 QUARKS IN HYDROGEN USING A 
Rt«J H CYCLOTRON AS A MASS SPECTOGRAPH. 
RHO 
RHO I BOYD 78 USES VAN-DE-GRAFF AS MASS SPECTOHETER TO SEARCH FOR Q::1f3 
RHO 
Rt<l 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 

BOY02 78 LSES VAN-DE-GRAFF AS MASS SPECTOMETER TO SEARCH FOR Q=l 
WITH MASS < 1.75 GEV. 
STAE!LE CHARGE 1 QUARKS WITH MASS < 1.75 GEV .. 

LUND 78 FRESt- WATER RESULT IS FROM ANALYStS OF ELECTRODES. SEE 
THEIR TABLE 1 FOR TEMPERATURE DEPENDENCES AND Q-=+-413 RESULTS. 

RHO l PUTT 78 tS A MILIKAN OIL-DROP TYPE EXPT .. RESULT APPLIES TO Q>.2. 
RHO 
RHO 
RHO 
RHO 

SCHIFFER 78 LOOKS FOR QUARKS ACCELERATED BY A 1 MEV ELECTROSTATIC 
FIELD ONTO A Sl DETECTOR FROM HEATED w~ FE AND NB FILAMENTS. 

RHO N BOYD 79 USES HE BEAM WITH A VAN-DE-GRAFF AS MASS SPECTROMETER. 
RHO 

3/77 
3/77 
3177 
3177 
2/74 
3/77 
3/77 
3/77 
3/77 
3177 
2174 
2174 
3/77 
3/77 
3/77 
3/77 
3/77 
3/77 
8/77 
7177 
7/77 
7177 

12179 
12179 
12/79 
12179 
12/79 

8178 
1179 

12/81* 
12/81* 
2/79 
2/79 

12179 
7179 
7179 

10/81* 
10/81* 
12/81* 
2/82* 
1/82• 
1/82* 

3/77 

3/77. 

3177 

3117 

3/77 

8/77 
8177 

7/71 
7177 
1177 

12/79 
12/79 

8/78 

1/79 
1179 
1179 

12181• 
12/81* 

217CJ 

2179 
2179 

12179 

RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 

0 OGORODNIKOV 79 IMPROVED 77 LIMITS. ELECTRIC FIELD GATE WAS USED IN 10/81• 
0 DESORPTION TO REMOVE NEUTERIZEO BKGO PARTICLES FROM ADSORBED QUARKS 10/81• 
0 WITH UNCOMPENSATED FRACTIONAl CHARGE. VALUES ARE FOR NEGATIVE CHGS 10/81* 
0 AND AT SOURCE TEMP 25 CENTI-DEG. FOR OTHER CASES, SEE THEIR TABLE. 10/81* 

HODGES 81 IS A MILLIKAN Oil-DROP TYPE EXPT USING MERCURY OPOPS. 2/82* 
FOUND NO Q==+-113 IN TOTAL t.8E-4GRAMS. SET AlSO LH4ITS FOR Q==+-.1b. 2/82* 

LARUE 61 SAW 4 Q=-1/3 AND 4 Q=1/3 EVENTS OUT OF 21 NEW MEASUREMENTS 1/82* 
THESE AND EARllER EVS GIVE ABOVE AVERAGE CHARGE WITH NUMBER OF EYS 1/82* 
IN BRACKETS. 1/82* 

****** ********* ********* ********* •••o••••• ••••••••• ••••••••• •••••••• 

H(LLAS 59 NATURE !Elf B92 

BINGHAM 64 Pl 9 201 
SLUM 64 PRL 13 353A 
BOWEN 6lt PRL 13 728 
HAGOPIAN 64 PRl 13 28D 
LEIPUNER 64 PRL 12 423 
MORRISON 64 Pl 9 199 
SUNYAR 64 PR 1368 1157 

DELISE 65 PR 1408 458 
DORFAN 65 PRL 14 99q 
FFI.ANZINt 65 PRL 14 196 
MASSAM 65 ~C 40A seq 

BARTON 66 Pl 21 360 
BENNETT 66 PRL 17 1196 
BUHLER-a 66 NC 45A 520 
CHUPKA 66 PRl 17 60 
GALLINAR 66 Pl 23 609 
KASHA 66 PR 150 1140 
LAMB 66 PRL 17 1068 

REFERENCES FOR QUARK SEARCHES 

HILLA S ,CRANSHAW ( AEREI 

+DICKINSON, 01 ESOLO, KOCH ,LEITH+ tcERN+EPOL I 
+BRANDT 9COCCDN I~ CZVZEWSKI • DANYS Z+ I CERN I 
BOW EN. DEl IS E ~KALBACH 9 MORTAR A ( A.R I Z J 
+SHOVE, EHRLICH, LEBOY, LANZA 9 R AH"f+ I ~ENN+BNL I 
lEt PUNER• C HU~ LARSEN~ ADAIR { BNl+YALE) 
MORRISON ICERNI 
SUNYAR, SCHWARZSCHIL09CONNORS I BNLI 

DEL I SE, BOWEN 
+EADES~ LEDERMAN~ LEE 9 T I NG 
+LEONT I C. R A HM, SAMI OS, SCHWARTZ 
MASSAM, MULLER, Z lCH I CHI 

BARTON~STOCKEL 

W .. R.BENNETT 
SUHLER-BROGL IN~ FOR TUNATO,MASS AM+ 
CHUPKA, SCHIFFER~ STEVE~:S 
GALL I NARC, MORPURGO 
KASHA, lEI PUNER, ADAIR 
LAMB, LUNDY~ NOVEY, YOVANOVITC H 

fARIZI 
ICDLUI 

( BNL+COLUJ 
ICERNI 

(NPOLI 
I YALE I 
ICE~NI 

( ANL) 
IGENGJ 

(8NL+"YALEI 
I ANL} 
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Data Card Listings Stable Particles 
For notation, see key at front of Listings. FREE QUARK, MAGNETIC MONOPOLE SEARCHES 

BARTDN 67 PRSL ~0 e1 
BATHOW 67 PL 25f! 163 
BUHLER-1 67 NC 49A 209 
BUHLER-2 67 NC 51A e~7 
FOSS 67 PL 258 166 
GOMEZ 67 PRL 18 1022 
KASHA 67 PR 154 1263 
STOVER 67 PR 164 15'19 

BELLAMY 68 PR 16f: 1391 
BJORNBDE 68 NC 853 Zio 1 
BRAGINSK 68 JETP 27 51 
SRI A TORE 68 NC 57 A E50 
FRANZ IN I 68 PRL 21 1013 
GARMIRE 68 PR 166 1280 

HANAYAMA 68 CJP 4t 5734 
KASHAl 68 PR 172 1297 
KASHAZ 68 PRL 20 211 
KASHA3 68 CJP 46 5730 
RANK 68 PR 176 163'5 

ALLABY 69 NC 64A 75 
ANTIPOVl 69 PL 298 245 
ANT IPOVZ 69 PL 308 576 
CAIRNS 69 PR 186 1394 
COOK 69 PR 188 20"'2 
FUKUSHIM 69 PR 178 2058 
MCCUSKER 69 PRL 23 658 

BOSIA 70 NC 66A 167 
CHU 70 PRL 24 <n 1 

ALSO 70 PRL 25 550 
ELBERT 70 NP 820 217 
F AI SSNER 70 PRL 24 1357 
KRIDER 70 PR 01 835 
MORPURGO 70 Nl"'' 79 <;'5 

ANT IPOV 
CHIN 
CLARK 
HAZEN 

11 NP 827 374 
71 NC 2A 419 
71 PRL 27 51 
11 PRL 26 582 

BEUCHAMP 72 PR 06 1211 
BOHH 72 PRL 28 326 
BOTT-BOD 12 PL 408 693 
COX 72 PR 06 1203 
CROUCH 72 PR 05 2667 
DARCO 72 NC 911 319 
EVANS 72 PRSE A70 143 
TONWAR 72 JPA 5 56'1 

ALPER 73 PL 46B 2(:5 
ASHTON 73 JPA 6 577 
HICKS 73 "lC 14A 65 
LEIPUNER 73 PRL 31 1226 

CLARK 
GALIK 
KJFUNE 
NASH 

ALB ROW 
FABJAN 
HAZEN 
JOVANOVI 
KRI SOR 

74 PR 010 2121 
74 PR 09 1856 
74 JPSJ 36 t29 
74 PRL 32 858 

75 NP B97 189 
75 NP B101 34q 
75 NP 895 189 
75 Pl 56B 105 
75 ~c zn. 132 

BALOIN 76 SJNP 22 264 
SRI A TORE 76 NC 31 A 553 
STEVENS 76 PR 014 716 

ANTREASY 11 PRL 39 513 
BASILE 17 NC 40A 41 
BLAND 17 PRL 39 369 
GALLINAR 71 PRL 38 1255 
LARUE 71 PRL 38 1011 

ALSO 79 LARUE 
MULLER 77 SCIENCE 196 521 
OGORODNI 77 JETP 45 fl57 

BASILEl 
BASILE2 
BOVO 
BOYD2 
LUND 
PUTT 
SCHIFFER 
YOCK 

78 NC 45.11 111 
78 NC 45A 281 
78 PRL 40 216 
78 PL 728 484 
78 RAO. ACTA 25 75 
78 PR 011 1466 
78 PR 017 2241 
78 PR, 018 641 

BOYD 79 PRL 43 1288 
BOZ ZOLI 79 NP B 159 363 
LMUE 79 PRL 42 142 

ALSO 79 Pll.L 42 1019 
OGOROON I 79 JETP 4q <;53 
STEVENSO 79 PR 020 82 

~ARTEL 80 ZPHY C6 295 
BASILE 80 LNC 29 2'51 
BUSSIERE 80 NP B 174 1 
MARINELL 80 PL 948 433 

ALSO 80 PL 948 427 

HODGES 81 PRL 47 1651 
ALSO 81 PRIVATE COMM. 

LARUE 81 PRL 46 967 
WEISS 81 PL 101B 439 · 

ZAITSEV 
JONES 
l YQNS 

72 SJNP 15 656 
76 IPIP 6G 717 
80 OXFOFlO-f'IP-38/80 

BAR TON I NPOL) 
BATHOW, FREYTAG, SCHULZ, TESCH ( OESYJ 
BUHl ER-BROGL IN, FOR TUNA TO, MASS AH+ ( CERIIIJ 
BUHL ER-BR.OGl IN, OAL P JAZ, !<lASS AM, Z ICH I CHI CERN I 
+GARELICK, HOM/II A oLOBAR o OSBORNE ,UGLUM I MIT J 
+KOBRA K, MOliNE, HULL INS, ORTH, VANPUTTEN+ (CIT I 
+LEI PUNER, WANGLER, ALSPE CTOR, ADA JR( BNL +YALE I 
+MORAN,TRISCHKA ISYRAJ 

+HOF S TAOTER, LAKIN, PERL, TONER 
+DAMGARO, HANS EN, CHATTERJEE+ 
BR. AG I NSK II, ZELOOVI CH, MARTYNOV 
+CAST AGNOL I, BOLLIN I, MAS SAM+ 
FRANZINt,SHULMAN 
GARM IRE, LEONG, SR EEKANT AN 

+HARA, HIGASHI ,KITAMURA, P'-IONO+ 
+STEFANSKI 
KA.SHA, LARSEN, LEI PUNER, ACA I R 
KASHA, LARSEN, LEI PUNE R, A OA I R 
Q .. M.RANK 

ISTAN+SLACJ 
IBOHR+BERNJ 

( HOSUJ 
CTORI+CERNI 

ICOLUI 
t MIT) 

I OSAKI 
tBNL+YALEI 
IBNL+YALEJ 
IBNL+YALEI 

PHCHJ 

+B I ANCHt NT, 01 DO ENS. 008 I NSON ,1--'AR TUNG+ I C. ERN I 
+KARPOV, KHROMOV oLANOSeERG, LAPSH IN+ I SERP I 
+BOLOTOV, DEV I SHEV, OEV I SHE VA, 1 SAKOV+ I SERP J 
+HC.CKUSKER, PEAK, WOOL COT T I SYDNEY I 
+OEPASQUALI ,FRAUENFELOER,PEACOCK + I ILLI 
FUKUSHIMA, K t FUNE ,KQNOO, KOSHI SA+ I TOICYl 
MCCUSKER,CAIRNS ISYONEVI 

G.BOSJA,L.BRJATORE ITORI) 
CHU, KIM, BE AM, KWAK I QSU+ROS E+K &.NS I 
ALLISON, DERRICK, HUNT, S I foiPSON, VOYVOOI C I ANLI 
+Eil;WINoHERB.Nt ELSEN, PETRILAK.WE INHRGI WI SCI 
+HOLDER, KR I SOR, MASON, SA WAF, UMBACH I AACH I 
KRIDERoBOWEN,KALBACH IARIZI 
HORPURGO, GALl I NARD, PALl" IER I I GENO I 

+KACHANOV,KUTJIN,LANOSBERG,LEBEOEV + ISERPI 
CHIN,HANAYAPU,HARA,HIGASHI,TSUJI (OSAKI 
+ERNST, FINN, GR I FFJ N, HAN SEN, SM TTH+ ILLL+LBU 
W.E.HAZEN (MICHl 

BEUCHAMP, BOWEN, COX o KALBACH (ARIZ I 
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I MAGNETIC MONOPOLE SEARCHES I 

NOte on Magnetic Monopole Searches 

(by W. P. Trower, Virginia Polytechnic Institute 
and State University) 

Although the idea that magnetic monopoles 

might exist is suggested by the usual formulation 

of Maxwell's equations, no observed phenomenon 

requires them for its explanation. 1 Monopoles 

first became interesting with the assertion that 

a single monopole anywhere in the universe would 

result in electric charge quantization every­

where.2 The sole predicted property of this 

monopole was the magnitude of its least magnetic 

charge e/2a, the Dirac charge. A monopole of two 

Dirac charges has been suggested, 3 and an elec­

trically charged monopole, a dyon, proposed. 4 

Observed pure multi-photon showers were attrib­

uted to virtual monopole pair-production/-anni­

hilation.5 Monopoles have become indispens-

able to many gauge theories, and most grand un­

ification theories require a monopole of mass 

> 5 x 1015 Gev. Estimates of the monopole 

number density at the earth have been made. 6 

EXperiments to detect monopoles have essen­

tially been based on either ionization or magnet-

ic induction. Ionization experiments have relied 

on the fact that an elementary relativistic mag­

netic charge would produce more ionization than 

a relativistic electrical charge. Massive mono­

poles would have, however, lower velocities, 

S ~ 10-3, and would thus reduce the prospects 

for ionization measurements. The theory of mono­

pole energy loss at these velocities is currently 

confused, but progress is being made. 7 It is 

however likely that prospects for ionization 

identification of massive monopoles will remain 

diminished. 

Induction experiments measure the value of 

the monopole magnetic charge by detecting changes 

in magnetic flux induced when a monopole passes 

through a superconductor (CABRERA 75). These 

measurements are independent of monopole electric 

charge, mass, and velocity. 
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With the recent attribution of large mass to 

the monopole, searches in matter are less appeal­

ing as the ferromagnetic trapping energies become 

comparable to terrestrial gravitational binding. 

Accelerators do not possess sufficient energy to 

produce real monopoles. Cosmic ray searches hold 

increased promise. Possibly monopole evidence 

will be obtained from direct astrophysical obser­

vation. 

The following compilation with the indicative 

experimental limits should be used as a directory 

to the literature. 
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A 
B 
c 
0 
E 
F 
G 
H 
I 
J 

------ ------ ------- -------- ------- ------ -------

MONOPOLE X-SECT ION ACCELERATOR EXPTS 
(EVENTS I 1Cfl**21 

0 < 2 E-35 BRADNER 
0 < 1 E-35 FIOECARO 
0 < 1 E-40 AMALOI 
0 2 E-40 PURCELl 
0 1 E-41 GUREVICH 
0 < 6 E-42 CARRIGAN 
0 < 5 E-42 CARRIGAN 
0 < 2 E-30 BURKE 
0 < 1 E-38 CARRIGAN 
0 < 5 E-43 EBERHARD 
0 < 2 E-36 GIACOMELL 
0 DELL 
0 4 E-33 STEVENS 
0 1 E-40 ZRElOV 
0 < 1 E-37 CARRIGAN 
0 < 1 E-37 HOFFMANN 
0 < 9 E-37 KINOSHITA 

BRAD"'ER 59-- 6 GEV PROT AT BEVATRON. 
FIOECARO 61 -- 28 GEV PROT AT CERN-PS. 

59 EMUL 
61 CNTR 
63 EMUL 
63 CNTR 
72 EMUL 
1'3 CNTR 
74 CNTR 
75 OSPK 
75 HU~C 
75 INOU 
75 PLAS 
76 SPRK 
76 SPRK 
76 CNTR 
78 CNTR 
78 PLAS 
82 PLAS 

MASS 
IGEVI 
< 1 
< 3 
< 3 
< 3 
< 5 

< 12 
< 13 

< 12 
< 30 

< 5 
< 20 
< 30 
< 30 

AMALOI 63 -- 28 GEV PROT AT CERN-PS. PROT AND NUCL TARGETS. 
PURCELL 63 -- 30 GEV PROT AT AGSa 
GUREVICH 12 -- 70 GEV PROT AT SERPUKHOV .. 
CARRIGAN 13 -- 300 GEV PROT AT FNAL. 
CARRIGAN 74 -- 400 GEV PROT AT FNAL. 
BURKE 75 - 300 GEV NEUT AT FNAL. MULTIPHOTON EVENTS. 

CHARGE 
IGI 

1 
< 4 
< 2 
< 2 

< 24 
< 24 

< 10 
< 3 

< 2 
< 24 
< 3 
< 3 

CARRIGAN 7') -- REEXAMINES CERN NEUTRINO EXPTS .. NEUT ENERGY <B GEV. 
EBERHARD 75 -- 300.400 GEV PROT ON AL AT FNAL. ROSS 73 DETECTOR. 
GUCOMEll I 75 -- ECM=60 GEV AT CEFIN-ISR. 
DELL 76 -- 22<ECM<62 GEV PROT AT CERN-ISR. MULTlPHOTON EVENTS. 
STEVENS 76 -- 300 GEV PROT AT FNAL. MULTJPI-IOTON EVENTS. 
ZRELOV 70 -- 70 GEV PROT AT IHEP. CERENKOV RADIATION POLARIZATION. 
CARRIGAN 7B -- 23<ECM<03 GEV AT CERN-JSR. 
HOFFMANN 7B -- ECM:56 GEV AT CERN-I SR. 
KINOSHITA B2 - ECM==29 GEV IN E+E- AT SLAC-PEP. PLASTIC SHEETS. 

4/82* 
4/B2* 

12175 
12175 

3174 
3/74 

12/75 
1178 
1/70 
1/75 
2/76 
4/B2* 
4/B2* 
1/80 
2/19 
2/79 
2182* 

4/82* 
4/82* 

12/75 
12/75 

3174 
3/74 

12/75 
1/78 
1170 
2/76 
2/70 
4/82• 
4/82• 
1/BO 
2/79 
2/79 
2/B2• 
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Data Card Listings 
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MONOPOLE FLUX COSMIC RAYS MASS CHARGE 
I EVENTS I (/CM .. 2/SEC/SRI IGEVI IGJ 

• 0 < 2 E-ll MALKUS 51 EMUl < 1-3 
B 0 < 5 E-15 CARITHERS 00 ELEC < 15 < 3 
c 0 < 1 E-19 FLEISCH3 69 PLAS > 2 
0 1 1 E-13 PRICE 75 PLAS > 200 2 
E 0 < 2 E-15 BARTLETT 81 PLAS 
F 0 < 2 E-40 BONNARDEA 81 CCSM 
G 0 < 1 E-13 KINOSHITA 81 PLAS > 1 
H 0 < 5 E-ll ULLMAN Bl CNTR < E+l7 
I 1 6.1 E-10 CABRERA 82 INDU 1+-.06 

A MA.LKUS 51 -- SEA LEVEL ACCELERATOR/CONCENTRATOR. 
B CARITHERS 66 -- SEA lEVEL CONCENTRATOR. 
C FLE ISCHER3 69 -- OBSIDIAN AND MICA. 
D PRICE 75 - ANNOUNCES EVENT. 
D ALVAREZ 75, FlEISCHER 75, FRIEDLANDER 75, ROSS 76 
0 EXPLAIN IT AS A FRAGMENTING NUCLEUS. 
0 EBERHARD 75 DISCUSSES CONFLICT WITH OTHER EXPERIMENTS. 
0 HAGSTROM 71 REINTERPRETS AS ANTINLCLEUS. 
0 PRICE 78 REASSESSES. 
E BARTLETT 81 -- FNAL BC MAGNET. LEXAN. 
F BONNAROEAU Bl -- INTERSTELLAR FLUX INFERRED FROM NEUTRON STARS. 
G KINOSHITA 81 -- CR-39 ON WHITE MOUNTAIN CA. BETA > 0.02. 

ULLMAN 81 - SENSITIVE TO VERTICAL VELOCITIES 100-350 KM/SEC. 
CABRERA B2 -- SENSITIVE ONLY TO MAGNETIC CHARGE. 

MONOPOLE DENSITY MASS CHARGE 
I EVENTS I I GEVI IGI 

A 0 < 2 E-3/GRAM GOTO 63 EMUl < 1-3 
B 0 < 2 E-2/GRAM PETUKHOV 63 CNTR 
c 0 < 1 E-2/GRAM FLEISCH! 69 PLAS < 1-120 
0 0 < I E-4/GRAM FLEISCH2 bq PLAS > 0 
E 0 < 2 E-13/M**3 SCHATTEN 70 ELEC 
F 0 < 6 E-7/GRAM KOLM 71 CNTR < 140 
G 0 < 2 E-4/GRAM ROSS 73 INOU > o05 

0 < 5 E-1/GRAM CABRERA 75 INDU > • 04 
0 < 6 E-4/GRAM CARRIGAN 76 CNTR 
0 < 2 E-4/PROT BRODERICK 79 COSH 

GOTO 63 -- ADIRONDACK MOUNTAIN MAGNETITE AND TWO METEPOITES. 
PETLI<HOV 63 -- SIKHUTE-ALIN METEORITE. 
FLEISCHER! 69 -- MN NODULES OCEAN SEDIMENTS LAST 16 E+6 YEARS. 
FLEISCHER2 6C1 -- HN EARTH CRUST. 
SCHATTEN 70 -- LUNAR MAGNETIC WAKE. 
KOLM 71 -- DEEP SEAWATER. 
ROSS 73 -- LUNAR DUST. 
CABRERA 75 --·ELEVEN TERRESTRIAL ·MATERIALS. 
CARRIGAN 76 -- AIR AND SEAWATER. 
BRODERICK 79 - 42-CM ABSORPTION IN NEUTRAL GALACTIC HYDROGEN. 

• ................ ***•••••• ............................................. . 

MALKUS 51 PR 83 899 
BRADNER 59 PR 114 603 
F I DECARO 61 NC 22 651 
AMALOI 63 NC 2 B 773 
GOTO 63 PR 132 387 
PETUKHOV 63 NP 49 B7 
PURCELL 03 PR 129 2326 
CAR ITHER 66 PR 149 1070 

FLEISCH! 69 PR 171 2C29 
FLE I SCH2 69 PR 184 1"393 
FLEISCH3 69 PR 184 1398 

ALSO 70 JAP 41 'i58 

SCHATTEN 70 PR 01 2245 
KOLM 71 PR 04 1285 
GUREVICH 72 etL 38B 54C1 

ALSO 70 PL 31e 3~4 
ALSO 72 JETP 34 911 

CARRIGAN 73 PR 08 3717 
ROSS 73 PR DB 698 

ALSO 70 SCI 167 701 
ALSO 71 PR D4 3260 

CARRIGAN 74 PR D10 3867 

BURKE 75 PL 608 113 
CABRERA 75 PH 0 THESIS 
CARRIGAN 75 NP 891 279 

ALSO 71 PR 03 56 
EBERHARD 75 PR 011 3099 
GJACOMEL 75 NC 28A 21 

PRICE 75 PRL 35 4f7 
ALSO 75 LBL-4260 
ALSO 75 LBL-4289 
ALSO 75 PRl 35 1412 
ALSO 75 PRL 35 1167 
ALSO 76 LBL-4665 
ALSO 77 PRL 38 729 
ALSO 78 PR 018 1382 

CARRIGAN 76 PR DU 1e23 
DELL 76 LNC 15 269 
STEVENS 76 PR 014 2207 
ZRELOV 76 CZJP e26 1306 

CARRIGAN 78 PR 017 1154 
HOFFMANN 78 LNC 23 357 
SROOERIC 79 PR D19 1046 

BARTLETT 81 PR D24 612 
BONNAROE 81 PR 023 323 
KINOSHIT 81 PR D24 11C7 
ULLMAN 81 PRL 47 289 

CABRERA 82 PRL 47 137B 
K tr~OSHI T 82 PRL 4 B 71 

STEVENS 13 VPI-EPP-73-S 
CARRIGAN 77 FERMIL.t.B-"77/42 
CRAVEN 81 FERMILAB-81/37 

REFERENCES FOR MAGNETIC MONOPOLE SEARCHES 

MALKUS ICHICI 
+ISBELL C LBU 
+F JNOCCHIARO+G 1 ACOMELL I I CERN I 
+BARON I, MANFREDI Nl, BRADNER+ C ROMA+UCSD+CERN I 
+KOL"', FORD I TOKY+Mt T+BRANI 
+YAKIMENKO ILEBOI 
+COLliNS, FUJI I, HORNS OS TEL, TURKOT C HARV+BNL I 
CAR ITI-!ERSo STEFANSKI, ADAIR (YALE +BNLI 

FLE t SCHERr JACOBS, SCHWAR Tl+ I GESC+FSUI 
FlEISCHER, HART, JACOBS+ I GESC+UNCS+GSCOI 
FLEISCHER,PRICE,WOOOS IGESCI 
FlEISCHER, HART, JACOBS, PRICE, SCHWARTZ+ I GESC I 

SCHATTEN 
+VILLA,OOI AN 
+KHAKI MDV, MARTEM lA NOV+ 
GUREV ICH,KHAK I MDV+ 
BARKOV, GUREVICH+ 

+NE ZR I CK, STRAUSS 
+EBERHARDt ALVAREZ, WATT 
ALVAREZ, Ef\ERHARO,ROSS, WATT 
EBERHAR Q.ROSS. AlVAREZ, WATT 
+NE ZR I CK, STRAUSS 

CNASAI 
( MI T+SLACI 

I K lA E+NOVO+SERP I 
( K lA E+NOVO+SERP I 
I K IAE+NOVO+ SERP I 

IFill AU 
CL8L+SLACI 
( LBL+SLACI 
(LBL+SlACI 

( FNAU 

+GUSTAFSON,JONES.LONGO IMICHJ 
CABRERA I STAN) 
+NE ZR I CK ( FNAL I 
CARRIGAN,NEZRICK IFNALJ 
+ROSS, TAYLOR, ALVAREZ • OBERLACI< ( LBL+MPI Ml 
GIACOMELLI, ROSS t+ I BGNA+CERN+SACL+ROMAI 

+SHIRK, OSBORNE, PIN SKY I UCB+HOUSTON I 
LUIS ALVAREZ ClBll 
PHILIPPE EBERHARD ILBLI 
R.L. FlEISCHER,R.M.WALKER (GESC+WUSLI 
M.W .. FRIEDLANDER IWUSLI 
RONALD ROSS (l8l) 
~A'f HAGSTROM ILBLI 
PRICE, SHIRK, OSBORNE, PINSKY ( LBL, UCB, HOUSTON I 

+NEZRICK,STRAUSS IFNAL) 
+UTQ, YUAN, AMALO I+ ICERN+BNL+ROMA+AOELI 
+CDLL INS, F I CENEC, TROWER ,FISCHER+ ( VPI +8NL I 
+KOLLAROVA, KOLLAR, LUPJ L TSEV, PAVLOV IC+I J INRI 

+STRAUSS,GI ACOMELLI (FNAL+BGNAJ 
+KA NTARDJ JAN, Dl LIBERTO, MEOO I+ IC ERN+ROMA I 
BRODERICK, F I CEN EC, TEPL I TZ, TEPLI TZ ( VP I I 

+SOD. Fl EI SCHER, HART, MOGROCA MPERO ICOLO+GESC J 
M.BONNARDEAU (MPIMI 
K.K INOSHI TA, P. 8. PRICE lUCBI 
J.O.ULLMAN (LEHM+BNLI 

CABRERA 
KINOSHITA, PR t CE • FRYBERGER 
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2/B2• 
2/82• 
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12/75 
12/75 
11176 
11/76 
11/76 
11/76 
3/77 
7/79 
2/82* 
2/82* 
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2/82* 
4/82* 

12/75 
12/75 
4/82* 

12175 
4177 

12175 
2/76 
5/82* 
1/77 

12/81* 

12/75 
12/75 
4/82* 

12/75 
4/77 
2176 
2176 
4/82* 
1/77 

12/81* 
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I CHARM SEARCHES AND EVIDENCE I 
Data on specific charmed states are listed in 

separate sections in the appropriate places in 

the Data Card Listings: D, F, and /\c -Stable 

* * Particles; D , F -Mesons; l:c -Baryons. 

Evidence for charm not directly relatable to a 

given state is listed in this section. Neutrino­

induced dilepton events are summarized. Short-lived 

tracks in emulsions are also dealt with. 

Tri-muon production in neutrino interactions is 

summarized in the Other New Particle Searches sec­

tion. 

Neutrino-induced Dilepton Events 

Many neutrino experiments have now observed 

dilepton events. These data are summarized in 

subsections Y, VO, VOA, and VAP. Bubble chamber 

experiments have observed neutrino-induced 

~-e+ events associated with strange particle pro­

duction in the reaction 

vN->- ~-e+Ko (or/\) +anything. 

Production of charmed particles (C) in neutrino 

interactions would be expected to give rise to 

such events via the mechanism 

v N ->- ~-c + hadrons 

I' L '+ "' + h•d<ono 

where the Cabibbo-favored transition would predict 

a strange particle among the hadrons. Thus the 

appearance of neutrino-induced opposite-sign di­

muon events, ~-e+ events, and associated strange 

particles can be understood via the charm mechan­

ism. (For another potential explanation see the 

Heavy Lepton Searches section above.) 

Recent experiments show that like-sign dilep­

tons, on the other hand, are produced much in ex-

cess of theoretical expectations. 

below. 

See section Y 

Short-Lived Tracks in Emulsions 

The mean life of a weakly decaying charmed 

meson or baryon of mass M (in GeV) is expected to 

be in the range1 

T = (10-ll to 10-13 sec) x l/M5 

with a corresponding mean path length for lab mo-

Stable Particles 
CHARM SEARCHES 

mentum p (in GeV/c) of 

Q. = E2I = (30~ to 3000~) x p/M6 
M 

Thus even at Fermilab energies, the decays of such 

particles are hard to observe directly in most 

bubble, streamer, or other chambers, so emulsion 

is often used. We list data for these experi­

ments in subsections CC and EM below. 

Recent experiments using special bubble cham­

bers, emulsions, and silicon detectors have been 

able to identify the particular charm state with 

some degree of confidence and to estimate the mean 

life. These measurements are listed in the sep­

arate sections associated with the particular 

states. 

Charm Searches 

EXperimental evidence for charm production 

has now been accumulated in various reactions. 

Sections CP and CPI include several types of 

evidence for associated charm production in pN 

and nN collisions: the prompt 1~ and le signals; 

low-mass~+~- pairs with missing energy; opposite­

sign ~ e events; observations of D and /\c in the 

hadronic final states; as well as hadronic charm 

decay in association with a lepton trigger. Ob­

servations of prompt muons in beam dump experi­

ments ·are listed in section BD. 

Sections CG, MU, and D include evidence in 

photon, muon, and neutrino beam experiments. 

Charmed baryon production in e+e- reactions is 

listed in section CE; further information can be 

obtained from the Listings. 
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PROPERTIES OF THE CHARMED Q, D*t F, F*, LAMBOA/C+, AND SIGMA/C+ 
STATES ARE L ISTEO IN SEPARATE SECTIONS. 
THE FOlLOWING SECTION CONTAINS lNFORMATtON ON SEARCHES FOR 
OTHER CHARfo'ED PARTICLE STATES AND SEARCHES FOR THE ABOVE STATES 
IN NEW COLLISICN PROCESSES. 

CHARMED BARYON PRODUCTION IN (E~~~~~lgou~~~~~;G ICMU2) 

(5.6E-3510R LESS Cl=.90 FERGUSON 78 SMAG 

PICCOLO 11 LOOK AT INCLUSIVE PBAR AND LAMBDA PROD IN 3.7-7.6 GEVECM 
E+E- AT SLAG. FINDS SHARP RISE IN CS BETW 4.4 AND 5 GEV. EVIDENCE 
FOR PROD OF CHARMED BARYON IN THAT REGION. 

1178 
2179 

1/78 
1/78 
1178 

CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 

FERGUSON 78 FIND INCREASE IN ANTISIGMA.- PROD BV E+ E- ISLACl 2/79 
BETWEEN 4 ANC 7 GEV IECMJ OF DELTA-R IASIG+-)=0.12+-0.05 CONSISTENT 2/79 

i~~~.~~i~~~~B~:~~O~-~R~~~g~~D~I~~D~~-=j.LIMIT IS ON g~~: 
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CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 

MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 
MU 

CPI 
CPJ 
CPJ 
CPI 
CPI 
CPJ 
CPI 
CPI 
CPI 
CPJ 
CPI 
CPJ 
CPI 
CPI 
CPI 
CPI 
CPJ 
CPJ 
CPJ 
CPI 
CPJ 
CPJ 
CPJ 
CPI 
CPJ 
CPI 
CPI 
CP! 
CPI 
CPJ 
CPJ 
CPI 
CPJ 
CPJ 
CPJ 
CPI 
CPI 
CPJ 
CPJ 
CPI 
CPJ 
CPI 
CPI 
CPJ 
CPI 
CPI 
CPI 
CP! 
CPJ 
CPJ 
CPI 
CPI 
CPI 
CPI 
CPI 
CPI 
CPJ 
CPI 
CPI 
CPI 

CHARMED HADRON PRODUCTION CROSS SECTIONS (GAMMA NUCLEON) ICM~~~*2J 

60 EVENTS KNAPP 76 SPEC LAMSOABAR PI-PI-PI+ 
0 l.LE-31 OR LESS CL=.95 QUINN 76 HBC B++ M-
0 1.2E-31 OR LESS CL:.95 QUINN 76 HBC 8+ MO 

q4 (1.2+-2.9JE-31 ATIYA 79 SPEC 00-->K+- PI-+ 
1 EVENT AOAMOVICH 80 SPEC OOBAR-->K+31PIJ-

15.25+-1.40IE-31 ASTON SO SPEC OOBAR-->K+ PI-

KNAPP 76 SEES A PEAK AT M:::2.26+-0.0l GEV/( .. 2. WIDTH IS 40+-20 MEV, 
CONSISTENl WITH ZERO WIDTH STATE IRESOLUTIQN::3Q MEVI. NO PEAK SEEN 
IN LAMBDABAR PI+ PI+ Pt-. THEY ALSO SEE A lAMBDABAR 14PIJO PEAK AT 
2.5 GEV CASCADING DOWN TO THE PEAK AT 2.26. EXPT USED WIDE-BAND 
PHOTON BEAM ~T FNAL. 

QUINN 76 USED A 9 .. 3 GEV PHOTON BEAM U SLAC. SEE TABLES l AND 3 FOR 
INDIVIDUAL CHANNELS. ABOVE LIMITS ARE FOR All CHANNELS WITH ONE OR 
NO MISSING NEUTRALS. 

ATIYA 79 IS FNAL EXPT USING SQ-200 GEV PHOTONS. C.S. ASSU"'ES 
BRANCHING RATIO OF DO-->K-P-+ =.018. 

AOAMOVICH 80 SEES THE PRODUCTION AND DECAY OF A DOBAR IN EMULSION 
EXPOSED TO SPS GAMMA BEAM IN CONJUNCTION WITH OMEGA SPECTROMETER. 

2171 
9/77 
9/77 

12179 
1/80 

12181• 

2171 
2117 
2177 
2177 
2117 

2177 
2/77 
2171 

12179 
12/79 

1/ao 
1/80 

ASTON 80 IS CERN-SPS OMEGA-SPECTROMETER EXP WITH 20-70 GEV PHOTONS. 12181• 
ABOVE INCLUSIVE DOBAR CS ASSUMES BR OF DOBAR-->K+ Pt- = .026+-.004. 121a1• 
FOR CS VALUES AND LIMITS FOR OTHER CHANNELS, SEE THEIR TABLE 1-2. 121a1• 
DBAR-PROD. SEEMS MAINL V V lA !CHARMED-BARYON DBAR I ASSOC. PRODUCTION. 121B1• 

CHARMED HADRON C.S. OR EVIDENCE IN MU NUCLEON INTERACTIONS ICM .. 21 
FOR PHOTON-GlUON FUSION MOO'El REFERRED TO BELOW SEE LEVEILLE AND 
WEILER NP 8147. 147 (19791 AND REFERENCES CITED THEREIN. 

(3. E-331APPROX BAUER 79 SPEC 270 GEV MU+ BEAM 
AUBERTl ao CALO 2a0 GEV MU+ BEAM 
AUBERT2 80 CALO 2a0 GEV MU+ BEAM 

16.9 +1.9 -1.41 E-33 CLARK 80 SPEC 209GEV MU+- BEAM 
AUBERT 81 SPEC 250GEV MU+ ON FE 

A BAUER 79 SEES 449 DIMUONS, 64 TRIMUONS. THE MAJORITY OF OIMUONS 
APPEARS TO COME FROM ASSOCIATED PRODUCTION AND SEMILEPTONIC DECAY 
OF CHARMEC MESONS. SEE ALSO LISTINGS UNDER SECTION MU OF OTHER 

A STABLE PARTICLE SEARCHES. 

AUBERT! 80 SEE 745 DIMUON EVENTS. DIFFERENTIAL CRCSS SECTION IS 
CONSISTENT WITH THE PHOTON GLUON FUSION MODEL FOR C CBAR PRODUCTION 

12179 
4/82• 
4/82* 

12179 
4/82• 

12181• 
9/81* 
2182* 

12179 
12/19 
12119 
12179 

4/82* 
4/82• 

AUBERT2 80 SEE 5260 TRIMUON EVENTS 04U+ N-->MU+ MU+ MU- XI. EVENTS 12/81* 
WITH ENERGY DEPOSITED IN CALORIMETER GT 20GEV ARE IN EXCESS OF QED. 12/81* 
DIFFERENTIAL CS WITH CUTS ARE GIVEN IN THEIR FIG.3-4. SYSTEMATICS 121a1• 
IN OCS AND LARGE MISSING ENERGY SUPPORT PHOTON-GLUON FUSION MODEL. 12/81* 

0 CLARK 80 ANALYZED 20072 DIMUONS AT FNAL. 0.81+-0 .. 1 OF THEM ARE 9/81* 
D ATTRIBUTED TO ASSOC. PROD OF CHARM DECAYING TO MUONS. VALUE ABOVE 9/81* 
0 IS OIFFRACTIVE CHARM MUOPROO C.S .. EXTRAPOLATED PHOTON C.S.tQ .. 2=01 9/81* 
D IS 1750 +180 -1301NB ( (560 +200 -1201NBJ FOR 118-(100-IGEV PHOTON. 9/Bl* 
0 FOR F21CCBAR1 AND COMPARISON OF DATA WITH MODELS, SEE CLARK2 ao. 9/81* 

AUBERT 81 AT CERN-SPS ANALYZE WRONG-SIGN TRIMUONS,2 EVS CMU+MU+MU+I 2182* 
AND 1 EVENT 04U+Mu-MU-J. tFOR CORRECT-SIGN TRIMUONS,SEE AUBERT 80 .. 1 21a2• 
SET Cl= .. 90 LIMIT FOR DO OOBAR TRA'NS.-PROBABILITY < 0.20. 2182* 

CHARMED HACRON PRODUCTION CROSS SECTION CPI NUCLEON) ICM .. 21 
0 1.5 TO 3.7 E-30 OR lESS 8ALTAY 75 H8C 15 GEV PI+P 
0 0.2 TO 35 E-30 OR LESS SAl TAY 75 HBC 15 GEV PI+P 

a. E-33 OR LESS (Lc.9Q APEL 76 ASPK 40 GEV/C PI-
o:5 TO 15 E-30 OR LESS BUNNELL 76 STRC Cl ... 97 
1. TO 8. E-31 OR LESS CESTER 16 SPEC 15 GEV/C Pl-
4. TO a. E-32 OR LESS GHIDINI 76 SPEC 19 GEV/C PI P 
4. E-30 OR LESS CL<=.95 HAGOPIAN 76 OBC SHORT LlVED 2-5GEV 
7. E-31 OR LESS Cl=.95 HAGOPIAN 16 OBC LONG LIVED 1.9-2GEV 
3. E-31 OR LESS CL:o:.95 HAGOPIAN 76 OBC LONG LIVE01-1.9.2-5 
3. E-28 CR LESS KLEMS 76 HYBR 200 GEV/C PI- DEUT 
3.8E-31 OR LESS Cl ... 95 BLANAR 77 SPEC 200 GEV/C PI+ 

0.028 OR LESS CL:.90 BRANSON 77 SPEC PI+ SEE NOTE 1 
Q. 041 OR LESS CL=.90 BRANSON 77 SPEC PI- SEE NOTE I 

2.6E-30 OR LESS CL:c:.95 GODDARD 77 HBC DOBAR C++ 
5. 7E-34 OR LESS JONCKHEER 77 STRC 225 GEV/C Pt-
9. E-30 OR LESS CL:c:.90 ANTIPOV 7a SPEC 55 GEV/C PI- BE 
2. E-29 OR LESS CL=.95 ANTIPOV2 78 SPEC 55 GEV/C PI- BE 
2.4E-30 OR LESS CL=.90 BAllAM 78 HBC 18 GEV/C PI+P,PI-P 
1.3E-29 OR LESS CL=.90 BALLAM 78 HBC ASSOC.PROD OF O+D-

N a. 7E-32 OR LESS CL=.9999 CESTER 7a SPEC 10.5 GEV/C PI- N 
0 5. E-30 OR LESS CL=.95 ANTIPOV 79 SPEC 55 GEV/C PI- U 
P 12 40. E-30 ALLISON 80 HBC ASSOC.PROO OF CHARM 
P 6 35. E-30 ALLISON 80 HBC INCL. CHGO 0 PROD. 
Q ANDERSON BO SPEC J/PSI+IC CBARI+X 
R 5 (l.9+-1.LJE-29 BARLOUTAU ao BEBC 70 GEV/C PI-N 
S 5. E-32 ISEMI-INCL CS*BRI BROMBERG ao SPEC 00 -> KO PHI 
T 1 EVENT ADEVA a1 HYBR PI- P-->DO DOBAR X 

BALTAY 75 SENSITIVE TO CHARMED PARTICLES WITH M=1.5 TO 4.0 GEV AND 
TAU LT 10**-11 WHICH THEN DECAY INTO STRANGE PARTICLES. 
THE FIRST VALUE ABOVE IS FOR ASSOC PROD OF CHARMED PARTICLES. 
SEE THEIR TABLE 1 FOR SPECIFIC DECAY MODES. THE SECOND RANGE OF 
VALUES IS FOP INCLUSIVE PROD OF Cl-tARMED MESONS AND BARYONS WITH 
CHARGES -2 TO +2. SEE HIS TABLE 2 FOR SPECIFIC DECAY MODES. 

B APEL 76 IS SERP EXPT. LOOKS FOR PI-P-> 00 ADO N, DO--> KO PIO. 

BUNNELL 76 IS A SLAC 15.5 GEV PI+P EXPT. All POSSIBLE 2 TO 5-BODV 
MASS COMBINATIONS WERE STUDIED FOR NARROW RESONANCES PRODUCED IN 
COINCIDENCE WITH SINGLE MUONS. MASS RANGE STUDIED WAS UP TO 3.1GEV. 
SEE TABLE 1 ON PG 87 FOR DETAILED RESULTS OF INDIVIDUAl CHANNELS. 

tESTER 76 LCOKS AT MASS RANGE 1. 8 TO 2.5 GEV .. SEE TABLE l FOR 
INDIVIDUAL CHANNELS. VALUES GIVEN ARE CROSS-SEC/NUCLEON ON CARBON. 

GHIDtNI 76 LOOKED FOR CHARMED MESONS OF MASS GT 1.5 GEV AND BARYONS 
OF MASS GT 2.0 GEV. LIMITS ARE CL=.9'5. LIMITS FOR MOST CHANNELS LIE 
IN THE ABOVE RANGE. SEE TABLE 2 FOR INDIVIDUAL CHANNELS. 

HAGOPIAN 76 t S A SLAC 15GEV PI+ D EXPT • All POSSIBLE TWO AND THREE 
BODY MASS COMBINATIONS WERE STUDIED FOR NARROW RESONANCES WITH MASS 
1.5-SGEV FOR MESONS AND 2-5GEV FOR BARYONS. INDIVIDUAL LIMITS FOR 
TWO AND ThREE BODY DECAY FROM MANY REACTIONS ARE GIVEN. 
VEES WERE STUDIED FOR THE POSSIBILITY OF A NEW LONG LIVED (MEAN 
LIFE 1E-11 SEC. OR MOREl NEUTRAL PARTICLE. ONE CANDIDATE WITH MASS 

F 1.9-2 GEV WAS FOUND. SECOND LONG LIVED LIMIT FOR M=1-1.9, 2-5 GEV. 

KLEMS 76 LOOKS FOR ASSOCIATED PROD OF CHARMED MESON IN SEMILEPTONIC 
DECAY MODE. SEE THEIR FtG.2 AND 3 FOR C.S. UPPER LIMIT VS MASS. 

7176 
7176 
1/78 
1171 
2177 
2171 
2/76 
2176 
2/76 
1/80 
4/71 
7/77 
7/77 
1178 
1178 
1/ao 
1/80 
1/79 
1179 
1/7a 
9/a1• 
9/a1• 
9/81* 
9/a1• 
1/a2• 
9/81* 
1/82* 

7/76 
7176 
7176 
7176 
7/76 
7176 

1/7a 

1/77 
1177 
1/77 
1/77 

2177 
2/77 

2177 
2/77 
2177 

2176 
2176 
2/76 
2/76 
2/76 
2/76 
2/76 

1/80 
1/80 
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For notation, see key at front of Listings. 

CPI BLANAR 77 IS FNAL EXPT. LIMIT IS FOR CS*8R TO MUONS. ASSUMES 
CPI OIFFRACTIVE CHARMED 2GEV MESON PAIR PRODUCTION. OTHER LIMITS FOR 
CPI H PI AND P BEAMS GIVEN IN TABLE 1. 
CPJ 
CPI BRANSON 77 MEASURES (PI NUC -->J C CBARI/(PI NUC -->J ANYTHING) 
CPI WITH J.C, ANC CBAR All DECAYING TO MUONS. FNAL EXPT. FIRST VALUE 
CPI ABOVE IS FOR 225 GEV/C PI+ BEAM, SECOND IS FOR 225 GEV/C PI- BEAM. 
CPJ 
CPI J GCODARD 77 IS A SLAC PI+ P EXPT AT 4.51 GEV ECM. 
CPJ 
CPI JONCKHEERE 77 LOOKS FOR CORRELATION BETW VOS AND PROMPT MUONS TO 
CPI SIGNAL DECAY OF CHARMED PARTICLE. 
CPI 
CPI ANTIPOV 78 SEARCHED FOR PI- BE --> DO DOBAR X WHERE DO--> K+ Pl-. 
CPI ANTIPOV2 78 SEARCHED FOR 00 C X WHERE 00-> K PI, C IS ANY 
CPI CHARMED PARTICLE WITH SEMIMUONIC DECAY. BOTH ARE SERPUKHDV EXPTS. 
CPJ 
CPI BALLAM 7a IS SLAC EXPT SEARCHING FOR SEMIELECTRONIC DECAY MODE OF 
CPI ASSOC. PRODUCED CHARMED PARTICLES. FIRST VALUE ABOVE IS FOR C.S.* 
CPI SUM OF BRANCHING RATIOS INTO ELECTRON ANYTHING. SECOND VALUE USES 
CPI M KNOWN BR FOR D+-->E X TO YIELD CS. 
CPI 
CPI CESTER 78 IS BNL EXPT, LOOKS FOR PI- N->0•- X, D:t:- --> OOBAR PI-, 
CPI OOBAR-->K+ Pl-. VALUE CORRESPO"'OS TO A ROUGH LIMIT OF 2*10**-31 
CPI CM**2 FOR OOBAR PROD AND DECAY TO KPI. 
CPJ 
C PI ANTJPOV 79 lGOK ED FOR PI- U --> DO DO BAR X, DO --> K- PI+ I DDBAR--> 
CPI K+ PI-I AND SENSITIVE TO TAU(D01>1.E-12S. ABOVE LIMIT IS FOR TAU 
CPI AROUND 1.E-ll SEC. FOR OTHER TAUIDOJ, SEE THEIR FIG. 3. 
CPI 
CPI ALLISON 80 IS 340 GEV PI- P SPS EXP USING HIGh RESOLUTION OPTICS .. 
CPI FIRST VALUE ABOVE CORRESPONDS TO CHARM LIFE S.E-13 S. SECOND VALUE 
CPI COMES FROM OBSERVED 8 CHGD 3 PRONG EVENTS (WITH 2 8KGDI AND ASSUMES 
CPI MEAN LIFETIME 1.E-12 SEC AND 3 PRONti B.R. 0.4 FOR CHGD D DECAYS. 
CPJ 
CPI ANDERSON 80 IS AN FNAL 225 GEV PI- EXP. LOOKED FOR MULTI-MUONS IN 
CPI PI- c,cu,w --> J/PSI (D OBARI X WITH J/PSI --> MU+ MU-, OIOBo\RI --> 
CPI MU NUE X. ASSUMING BRIO--> MU NUE XI=0.1, SET CL=.90 LIMITS 
CPI CSIJ/PSI 0 DBARI/CSIJ/PSIJ < ,.016 AND CS(2 J/PSIIICSIJ/PSII < .005. 
CPI FOR LIMITS IN OTHER PROD AND DECAY MODELS. SEE THEIR TABLE 2. 
CPI 
CPI BARLOUTAUD 80 IS CERN SPS EXPT. OBSERVED SIGNAL OF 10.9+-5.8 SINGLE 
CPI DIRECT ELECTRON CORRESPONDING TOE/PI RATIO OF 13.1+-1.7JE-5. ABOVE 
CPI CS IS FOR PI- N->0 DBAR X ASSUMING All SINGLE ES COME FROM D-DECAV 
CPJ 
CPI BROMBERG 80 IS AN FNAL 50 AND 100 GEV PI- P SEMI- INCL EXP. OBSERVED 
CPI A PEAK IN FINAL (KO K+ K-1 CONSISTENT WITH PI-P --> 00 Xt 
CPI DO-> KO PHI. PHI--> K+ K-. ABOVE VALUE IS SEMI-INCL CS*BR I I.E. 
CPI LOWER BOUND FOR INCLUSIVE CS*BRI. 
CPJ 
CPI AOEVA 81 IS CERN SPS EXPT WITH 360 GEV/C PI- ON LEBC. SEEN ONE EV. 
CPI OF ASSOC. PROD. OF DO DOBAR, 00-->K- PI+ 2PIO, DOBAR->K+ PI+ 2PI-. 
CPI SEE LISTING FCR DO LIFE TIME. 

CP CHARMED HAOROt-. PRODUCTION CROSS SECTION IP NUCLEONI (Cf.4U21 

4/77 
4/77 
4/77 

7171 
1177 
1117 

1178 

1/78 
1/78 

1/80 
1/80 
1/80 

1179 
1/79 
1/79 
1179 

1178 
1/78 
1/78 

9/a1• 
9/81* 
9/Bl* 

9/81* 
9/81• 
9/BU 
9/81• 

9/81• 
9/81• 
9/81• 
9/81* 
9/81* 

1/82* 
1/82• 
1/82* 

9/a1• 
9/Bl* 
9/81* 
9/81• 

1/82• 
1/82* 
1182• 

CP 0 1. E-33 OR LESS AUBERT 75 SPEC PI+ K- 2176 
CP 0 4. E-33 OR LESS AUBERT 75 SPEC K+ PI- 2176 
CP 0 1. E-33 CR LESS AUBERT 75 SPEC K+ K- 2/76 
CP 0 8. E-33 OR LESS AUBERT 75 SPEC PI+ PI- 2176 
CP 0 7. E-33 OR LESS AUBERT 75 SPEC P K- 2176 
CP 0 2. E-33 OR LESS AUBERT 75 SPEC K+ PBAR 2/76 
CP 0 4. E-32 CR LESS AUBERT 75 SPEC P PI- 2/76 
CP 0 2. E-33 OR LESS AUBERT 75 SPEC PI+ PBAR 2176 
CP 0 5. TO 20. E-30 OR LESS AAHLIN 76 HBC BARYON•"' lT 2GEV 2177 
CP 0 15. TO 100.E-30 OR LESS AAHLIN 76 HBC BARYON,M 2-3 GEV 2/77 
CP 0 10. TO 35. E-30 OR LESS AAHLIN 76 HBC MESON, M 1-2 GEV 2/77 
CP 0 0.05 TO 1.35E-27 OR lESS ALBROW 76 SPEC K PI, K P 1/78 
CP 0 2. E-30 OR LESS BINTINGER 76 SPEC M=2 GEV/C .. 2 1/77 
CP 0 5. E-32 CR LESS BINTINGER 76 SPEC M=4 GEV/C**2 1/77 
CP 0 9. E-30 OR lESS CL:c.95 ALDER 77 SPEC DO--> K- PI+ 12177 
CP 0 B. E-30 OR LESS CL=.95 ALDER 77 SPEC DOBAR--> K+ PI- 12177 
CP 0.04 OR LESS CL=.90 BRANSON 77 SPEC SEE NOTE F BELJW 7177 
CP 0 3.6E-31 OR LESS CL=.95 DITZLER 77 SPEC 00 --> K- PI+ 1178 
CP 0 2.9E-31 OR LESS CL=.95 DITZLER 77 SPEC OOBAR --'> K+ PI- 1178 
CP 0 J.6E-29 CR LESS CL=.95 BAUM 7a SPEC PP-->0 OBAR ANYTHNG 2179 
CP 32 (7.0+-3.61E-29 CLARK 78 SPEC PP-->0 DBAR ANYTH,._G 2179 
CP 0 l.OE-31 OR LESS LAUTERBAC 78 SPEC D+,OO TO K MU NU 12179 
CP 2.6E-29 OR LESS CL=.95 BRANSON 79 PP-->DODOBAR + O+D- 12/79 
CP 5.9E-29 OR LESS CL=.95 BRANSON 79 PP-->OODOBAR + 0+0- 12179 
CP (1.3 TO 6.01 E-29 BROWN 79 SPEC 12179 
CP (1.01+-0.231£-29 CHILINGAR 79 SPEC D DBAR INCLUSIVE 12179 
CP (7 TO 201E-30 OIAMANTBE 79 CNTR O.OBAR -->MUONS 12179 
CP 6. 7E-za OR LESS CL=.95 DISHAW 79 CALO 400 GEV PP -->008AR 12/79 
CP 9211.5-20JE-28 DRIJARD 79 SFM 0+ -->K-PI+Pl+ 12179 
CP C3.Q TO 6.2JE-30 ORIJARD2 79 SFM LAM/C+ TO KOSAR* P 12179 
CP (3.3 TO 6.7JE-30 ORIJARD2 79 SFM LAM/C+ TO K- DEL++ 12179 
CP 10.7 TO 1.81E-30 GtBONI 79 SPEC LA,../C+ -->K- PI+ P 12179 
CP 10.7 TO 1.31E-30 tiiBONI 79 SPEC LAM/C+-->lAM C3PIJ+ 12/79 
CP f2.3+-0.3)E-30 LOCKMAN 79 SPEC LAM/C+-->K- ?I+ P 12/19 
CP f2.8+-1.01E-30 LOCKMAN 79 SPEC lAM/C+->LAM (3PII+ 12179 
CP f2.2+-0.91E-29 RITCHIE 80 CNTR 9/81* 
CP 8 12.0 TO 5.01 E-29 SANOWEISS 80 STRC 9/81* 
CP U.8+-.71E-2a BASILE 81 SFM ASSOC.DBAR LAM/C+ 1/82* 
CP 47 15.a+-2.91E-28 BASILE2 81 SFM ASSOC. DO 08AR PRCD 2/82* 
CP 53 (0.84+-.321E-27 IRION 81 SPEC E-TRIGG.LAM/C+OECAY 1/82* 
CP X 21 {0.45+-.32JE-27 IRION 81 SPEC E+TRIGG.LAMIC-DECAY 1/82• 
CP 
CP AUBERT 75 IS A BNL 30 GEV EXPT. LOOKS FOR P BE --> JPRIME ANYTHING 
CP WHERE JPR IME DECAYED VIA THE CHANNEl SHOWN. ABOVE VALUES ARE 
CP FOR M=2.25GEV AND ASSUME A WIDTH SMALL COMPARED TO THE RESOLUTION. 
CP UPPER LIMITS ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PBAR FOR 
CP M=3.1 AND 3.7 GEV. THOSE LIMITS RANGE FROM 1E-36 TO 4E-33. 
CP A MA 77 SAYS AUBERT 75 LIMITS SHOULD BE AN DROH OF MAG. LARGER. 
CP 
CP AAHLIN 76 IS A 19 GEV/C P-P EXPT AT CERN. VALUES GIVEN ARE CL:.975. 
CP SEE TABLE 2Bt PG 479 FOR INDIVIDUAL LAMBDA (OR KSI +PIONS CHANNELS. 
CP 
CP ALBROW 76 IS ISR EXPT. ECM=53GEV. SEE THEIR TABLE 2B,PG 377 FOR 
CP INDIVIDUAL MESON AND BARYON CHANNELS. EXAMINES MASS RANGE 2-4 GEV. 
CP 
CP B INTJNGER 76 IS CROSS-SEC TIMES BR INTO K- Pt+.. WE SHOW TWO VALUES 
CP FROM THEIR FIG.4 WHICH COVERS MASS RANGE 1.7-4 GEV. SIMILAR LIMITS 
CP ARE GIVEN FOR K+ PI- AND PI+ PI- CHANNELS. liMITS ARE PROPORTIONAL 
CP TO CS*BR FOR J/PSJ INTO MU+ MU-, TAKEN=10NB FOR ABOVE VALUES. 
CP 
CP E ALDER 77 IS CERN-tSR EXPT AT ECM=53 GEV. 
CP 
CP BRANSON 77 MEASURES (P NUC -->J C C8ARI/IP NUC -->J ANYTHING) WITH 
CP J.C, AND CBAR ALL DECAYING TO MUONS.FNAL EXPT USING 225 GEV/C BEAM. 
CP 
C P 0 IT ZLER 77 IS F NAl 400GEV P EXPT. ABOVE liM ITS ARE FOR 
CP BRIK PII*OSIGMA/DY AT YfCMI=-0.4. 

2176 
2176 
2176 
2176 
2176 
2171 

2/77 
2/77 

1178 
1178 

1/77 
1171 
1/71 
1177 

12171 

1171 
1171 

1/78 
1/78 
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CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 

. CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 
CP 

CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 

BAUM 78 IS ISR EXPT AT ECM=55 GEV. MEASURES CS*BR (D->EI*BIHO-->MUI 2179 
<.92 MICROBNS A.T THIS ENERGY. 2/79 

CLARK 78 IS CERN-ISR EXPT LOOKING FOR E+- MU-+ EVENTS. ERROR IS 2/79 
STATISTICAL ONLY. ASSUMES THE SEM1LEPTONIC BRANCHING FRACTIONS OF 2179 
THE D INTO ELECTRONS AND MUONS AS 10 PERCENT EACH. 2179 

LAUTERBACH 78 RESUlT BASED ON POLARIZATION OF PROMPT MUONS IN 400 12/79 
GEV P-NUCLEON INTERACTIONS. IF B.R. OF 0-->MU =.07, CS<7 E-31. 12/79 

K FIRST BRANSON 79 VALUE IS AT ECH=l9.4 GEV, SECOND AT ECM=27.4 GEV. 12/79 

BROHN 79 SEES PROMPT 1 MUON SIGNAL IN 400 GEV PROTONS ON STEEL. 12179 
UNCERTAINTY IN C.S. IS DUE TO MODEL DEPENDENCE. 12179 

CHILINGAROV 79 ANALYZE CERN ISR EXPT AT 53 AND 63 GEV ECM FOR LOW 12179 
MASS LEPTON PAIR PRODUCTION. VALUE ABOVE IS C.S. PER UNIT OF 12179 
RAPIDITY NEAR Y=O. 12/79 

DIAMANTBERGER 79 USES 400 GEV PROTONS ON FE AND LOOKS FOR MISSING 12/79 
ENERGY IN MU+MU- PRODUCTION INDICATIVE OF FINAl STATE NEUTRINOS. 12179 

0 DISHAW 79 IS A CALORIMETRIC EXPT AND LOOKS FOR LOW ENERGY TAIL OF 12/79 
0 ENERGY DISTRIBUTUIONS DUE TO ENERGY LOST TO WEAKLY INTERACTING 12179 
0 PARTICLES. ASSUMES SEMILEPTONIC B.R.=O.ll. 12/79 

DRIJARD-79 IS CERN-ISR EXPERIMENT AT ECM=53 GEV. FOUND A PEAK AT 12/79 
DMASS IN K- PI+ PI+ MASS DISTRIBUTION WHEN MASS OF AT LEAST ONE OF 12179 
TWO tK-PI+I PAIRS IS REQUIRED INSIDE THE K*t8921 REGION. CORRECTED 12179 
FOR BRANCHING RATtO. SEE TABLE 3 FOR C.S. ESTIMATION. 12179 

DRIJARD2 79 IS CERN ISR EXPT AT 53 GEV ECM .. SEES MASS ENHANCEMENT 12/79 
AT 2.26 GEV IN BOTH CHANNELS .. RANGE IN VALUES DUE TO MODEL 12/79 
DEPENDENCE. VALUES ARE SIGMA*BR FOR MODES SHOWN. 12/79 

GIBONI 19 IS CERN ISR EXPT AT 63 GEV ECM.SEES MASS ENHANCEMENT NEAR 12/19 
2.255 GEV IN BOTH CHANNELS. VALUES ARE SIGMA*BR FOR MODES SHOWN. 12179 
SIGMA*BR FOR LAMt3Pt1+ MODE CHANGED BY AUTHOR. SEE DJeiTONO 79. 4/82* 

LOCKMAN 79 IS A CERN ISR EXPT AT 53 AND 62 GEV ECM. SEES A MASS 
ENHANCEMENT .AT 2. 29 GEV IN BOTH CHANNELS. VALUES ARE SIGMA*BR FOR 
MODES SHOWN AND FOR 0.75<X<0.90 IN ONE HEHISPI-'ERE. 

RITCHIE 80 IS AN FNAL 350 GEV PROTON FE EXP. MEASURED PROMPT MUONS 
IN lOW PT SMAll XF REGION. ICF BROWN 791. CS VALUE IS FROM PROMPT 
1 MUON RATE ASSUMING liNEAR A OEP AND SEMILEPTONIC BR OF 0.08. 

SANOWEISS 80 IS AN FNAl EXP WITH 350 GEV PROTONS ON NE STRC. 
OBSERVED SHORT LIVED PARTICLES ASSOC. WITH MUONS. ABOVE CHARM C.S. 
VALUES ARE OBTAINED IN TWO MODELS ASSUMING THESE EVENTS AS CHGD O. 

BASILE 81 IS CERN-ISR EXPT AT WCM:c62 GEV. LOOKED FOR P P-->OBAR LAH 
IC+ WITH OBAR->E- X AND lAH/C+ -->P K- PI+. ABOVE CS ASSUMES BR'S 
.085 AND .022 FOR. RESPECTIVE DECAYS AND PR.OO.MOOEL WITH LAM/C+ FOR­
WARD AND OBAR CENTRAL, WHICH GIVES MOST REASONABLE E-/PI- RATIO. 

W BASILE2 81 IS CERN ISR EXPT AT WCM=62 GEV. STUDIED P P-->00 DBAR X 
WITH OBSERVED 00-->K- PI+ AND TR JGGERED ORAR-->E- K+ X. ABOVE CS 
ASSUMES BRtOO->K-PI+I=.03+-.006. BRIOBAR->E- K+ XJc.043+-.012 AND 
IN A MODEL GIVING lOWEST CS,I.E. CENTRAl PROD. OF BOTH 00 AND DSAR. 

X IRION 81 IS CERN-ISR EXPT AT WCM:c63 GEV. FIRST VALUE IS FOR P P--> 
OBAR lAM/C X FROM E- TRIGGERED LAM/C+ ->K- P PI+ EVENTS ASSUMING 
ARtD-->E XI=.OB AND BRILAM/C+ -->K-P PI+I:c.022. SECCJ-.10 IS FOR P P 
--> lAH/C- lAM/C+ FROM E+ TRIGG. LAM/C- -->K+ PBAR PI- EVENTS. 
ESTIMATES DEPENDS ON MODELS. SEE THEIR TABLE! FOR VALUES IN OTHER 
MODELS AND C.S. UPPER LIMITS FOR DBAR {)to,Q OBAR+,LAM/C oeAR+ PRODS. 

CHARMED HADRON PRODUCTION CROSS SECTION IN NUCLEON) (CM**21 
0 1.9E-31 CR LESS BLESER 75 SPEC K+PI-, M:1.8 GEV 
0 1.0E-31 OR lESS BlESER 75 SPEC K+PI-, M=2.5 GEV 
0 1.0E-31 OR LESS BLESER 75 SPEC K- P • M=2.5 GEV 
0 2.5E-29 OR lESS Cl=.975 WARD 75 HBC KS PI+ Pl-
0 6. E-32 OR lESS ABOLINS 76 SPEC PI+ PI-
0 7. E-32 OR LESS ABOLINS 76 SPEC PBAR P 
0 4. E-32 OR LESS ABOLINS 76 SPEC K- PI+ 

C 0 6. E-32 OR lESS ABOltNS 76 SPEC K- P 
0 0-2 SEE COMMENT 0 BElOW BINKLEY 76 SPEC 
E 0 1.-lO.E-31 OR lESS ABOLINS 78 SPEC 
F 0 2. E-31 OR LESS Cl=.90 BBOMPST 78 SPEC C+ TO LAMBDA Plt-
F 0 2.5E-31 OR lESS CL=.90 BBOMPST 78 SPEC Dt-- TO KO PI+-
G 0 3.4E-31 OR LESS CL:.95 LIPTON 78 SPEC 

0 2-0E-31 OR LESS CL:c.95 SPELBRING 78 SPEC K+- Pt-+, M=l.86GEV 
0 3.8E-3l GR LESS Cl=.90 BBDMPSST 79 SPEC DO -> K- PI+ 
0 3.ZE-3l OR LESS Cl=.90 BBDMPSST 79 SPEC OOBAR --> K+ Pl-
0 1.3E-30 OR lESS Cl:.90 BBDMPSST 79 SPEC 0+ -> K- PI+ PI+ 
0 l.LE-30 CR LESS CL=.90 SeOMPSST 79 SPEC D- -> K+ PI- PI-
a 5.9E-31 OR LESS CL:.9Q BBOMPSST 79 SPEC F+ -> K+ K- PI+ 
0 4.8E-31 OR LESS CL=.90 eSOHPSST 79 SPEC F- -> K+ K- Pt-
0 1.3E-30 OR LESS Cl:.90 BBOMPSST 79 SPEC LAM/C+ -->P K- PI+ 
0 2.3E-31 OR LESS CL=.90 BBOMPSST 79 SPEC lAM/C+ -->P KOBAR 

BLESER 75 USES NEUTRONS UP TO 300 GEV/C, BE TARGET. EXAMINES MASS 
RANGE UP TO 3.5 FOR KPiw UP TO 4.0 FOR KP .. 

B WARD 75 IS N-P EXPT WITH MOM UP TO 24 GEV/C. THIS VALUE IS FOR MASS 
RANGE 1.5-2.5 GEV. SEE TABLE 1 PG 31 FOR UPPER LIMITS ON C++,C+, 
CO,Ot-,OO.D- DECAYS INTO VARIOUS FINALSTATES IN MASS RANGE 1.5-SGEV. 
UPPER LIMIT FOR SEEING DECAY OF CHGO CHARMED PARTICLE INTO VO FO~ 

TAU GT 10**-11 SEC GIVEN AS 1.5*EXP(TJ FOR VO :LAMBDA OR SIGMA, AND 
B 3.0*EXP(T1 FOR VO:KO. HERE, T=10*-ll!TAU, CS GIVEN TN MICROBARNS. 

ABOUNS 76 IS FNAL EXPT. USES NEUTRONS UP TO 300 GEV/C ON BE TARG. 
TYPICAL VALUES ABOVE ARE FOR M:3.0 GEV. SEE FIG 4 FOR MASS RANGE 
2-4 GEV. OBSERVES POSSIBLE K- PI+ ENHANCEMENT AT 2.29+-.03 GEV. 

D BINKLEY 76 MEASURES BR(C TO MU + OTHERSI*R WHERE R IS THE RATIO OF 
0 THE CROSS-SEC FOR PRODUCING THE J/PSI TOGETHER WITH A C-CBAR PAIR 
0 TO THE TOTAL CROSS-SEC FOR PRODUCING THE J/PSI AT THIS ENERGY. THE 
0 EXPT WAS A 300 GEV/C FNAL RUN, AND SAW 2 TRI-MUON EVENTS. THIS GAVE 
0 A • 90 Cl UPPER L1 HIT OF • 003 FOR THE MEASURED QUANT lTV OESCR I BED 
0 ABOVE. 

ABOLJNS 78 IS A 250 GEV/C N-BE EXPT LOOKING FOR NARROW ENHANCEMENTS 
IN RANGE 1 .. 7-3.5 GEV. CHANNELS EXAMINED ARE PI+Pt-, K+-PI-+. K P, 
PSAR P. POSSIBLE K-PI+ PEAK AT 2.29 SEEN IN ABOLINS 76 NOT SEEN 
HERE. STATISTICS HERE ARE 5 TIMES ABOLINS 76 STATISTICS. 
IF SAME PSI PRODUCTION MODEL WERE ASSUMED HERE AS WAS USED IN 
ABOllNS 76, THE 78 LIMITS WOULD BE SMALLER BY A FACTOR OF 3. 

eSOMPST 78 IS A SERP EXPT USING 45 GEV NEUTRONS. VALUES ARE 
SIGMA*BR FOR MODES SHOWN AND FOR XF>O~S. 
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Stable Particles 
CHARM SEARCHES 

CN LIPTON 78 IS 300 GEV N-BE EXPT AT FNAL. VALUE QUOTED IS FOR 
CN ASSOC CHUM PROD WITH ONE CHARMED PARTICLE --> ELECTRON AND THE 
CN OTHER --> MUON. 
CN 
CN SPELBRING 78 IS 300 GEV N-BE EXPT AT FNAL. VALUE QUOTED IS FOR 
CN PROD OF 00 AND ANOTHER CHARMED PARTIClE WITH 00 --> K PI AND 
CN H SECOND CHARMED PARTICLE DECAYING TO PROMPT MUON. 
CN 
CN 1 BBOMPSST 79 IS SAME EXPERIMENT AS BBOMSST 78. 

CAP CHARfo1EO HAORO~ PRODUCTION CROSS SECTION IPBAR NUCLEON1 (CM**21 
CAP 0 5. E-29 OR LESS Cl=.95 CARLSSON 75 HBC PBAR P ANYTHING 
CAP 0 3. E-29 OR LESS CL== .. 95 CARLSSON 75 HBC PBAR P PI+ PI-
CAP 0 0.8 TO 4.4 E-30 OR LESS CESTER 76 SPEC 12.4 TO 15 GE'I/C 
CAP 0 0.15 TO J,. E-29 OR lESS JACHOLKOW 78 BE8C 12GEV/C PBAR P 
CAP 
CAP CARLSSON 75 IS A 9GEV PBAR P CERN EXPT. LIMITS ARE FOR P PBAR PEAK 
CAP IN CHANNELS INDICATED. K KBAR CHANNELS CHECKED BUT NO liMITS GIVE:N. 
CAP 
CAP CESTER 76 LOOKS AT MASS RANGE 1. 8 TO 2.5 GEV. SEE TABLE 1 FOR 
CAP INOIVIOUAL C~ANNELS. VALUES GIVEN ARE CROSS-SEC/NUCLEON ON CARBOf\'. 
CAP 
CAP JACHOLKOWSKA 78 IS CERN EXPT LOOK lNG FOR NARROW PEAKS IN KO+PIONS 
CAP AND LAMBOA+PIONS SPECTRA. SEE TABLES 1 AND 2 FOR JNOIVIO CHANNELS. 

SO BEAM DUMP EXPlS SEARCHING FOR NEUTRAl PENETRATING PARTICLES AND 
eo PROMPT NEUTRINOS FROM UNKNOWN SOURCES 
BD AliBRAN 78 HYBR 400 GEV PROTONS 
BD All BRAN 78 IS CERN SPS EXPT. SEE EXCESS PROD OF PROMPT ENEU AND 
SO ENEUBAR EVENTS. COULD BE EXPLAINED BY (CHARMED D PRODUCTION C.S.I 
SO *BRflr->E+ NEU Xl==32+15/-10 MICROBARNS. 
BD 
SO ASR ATYAN 78 CAlO 
BO ASRATYAN 78 ESTI~.ATE {0 OBAR PROD. C.S.I*BRID->E X1 AS I 1.9+-1.51 
SO OR {0.5+-0.41 MICROBARN FOR A**1.5 OR A**l RESPECTIVELY. 
BD 
80 BOSETTI2 78 HYeR 400 GEV PROTONS 
SO BOSETTI2 78 IS CERN SPS EXPT. OBSERVES PROMPT NEUTRINOS, WITH EQUAL 
SO FlUXES OF NEU AND NEUBAR OF BOTH E AND MU TYPES. COULD COJOIE FROM 
BD DECAY OF SHORT-liVED LIGHT PARTICLES OF NEW TYPE. TAU LEPTONS AND 
SO AXIONS EXCLUDED. CHARM {Q DBARJ PRODUCTION WOULD HAVE TO HAVE 
80 100-400 MtCROeARN CROSS SECTION TO EXPLAIN RESULTS. 
BD 
SO HANSL 78 \<liRE 400 GEV PROTONS 
SO HANSL 78 IS CERN SPS EXPT. SEES PROMPT NEUTRINO FlUX CONSISTENT 
BO WITH EQUAL AMOUNTS OF ENEU,ENEUBAR.MUNEU,MUNEUBAR. COULD BE 
BO EXPLAINED AS CHARMIO OBARI PRODUCTION WITH ABOUT 30 MICROBARN 
SO CROSS SECTION. 
BD 
80 COTEUS 79 OSPK 
SO COTEUS 79 IS BNL EXPT. SEES NO EXCESS N.C. RATE IN BEAM DUMP. SETS 
SO LIMIT FOR CStPR.OOJ*CS{INTJ OF PENETRATING PARTICLES < SE-68 Cf01**4 
SO ICL==.90l. 
BD 
80 FRITZE 80 HY8R 
BO FRITZE 80 IS CERN SPS EXPT. RATIO OF PROMPT (E+ + E-1 TO IMUt- +MU-1 
BO RATES IS 0.59+0.85-0.29/(TON E+l1 PROTONS) AT CL==.90. IF PROMPT 
BO NEUTRINOS ARE FROM 0 DECAYS CSIP NUC -> 0 DBAR XI IS ABOUT 
80 20 MICROBARN/NUCLEON FOR LINEAR A DEP. 
BD 
80 0 JACQUES eo HLBC 28 GEV PROTONS 
SO JACQUES 80 IS BNL EXP. SET liMIT CS(P NUCLEON-> 0 OSAR XI < 
SO 1.5 E-28 CMU2 ASSUMING BR(O-->NUE XJ:0.1 FROM NON-OBSERVATION OF 
80 NUE-INOUCEO EVENTS. 
BD 
60 SOUKAS 80 CALO 28 GEV PROTONS 
BD SOUKAS 80 1 S BNL EXP. OBSERVED EXCESS OF 48 NU EVENTS { NCt-CC I. 
SO NUE AND NUMU EVENTS ARE NOT SEPARATEDIIF CHARM,NUE APPROX.EQ.NUMUI. 
BO VI~IBLE ENERGY DISTRIBUTION IS SIMILAR TO NON-BEAM DUMP RUN. NOT 
SO H CONCLUDED TO BE CHARM. 

CHARMED HAORCN EVIDENCE IN NEUTRINO NUCLEON --> 2 LEPTONS ANYTHING 
SEE ALSO SECliON 'NEU' IN 'HEAVY LEPTON SEARCHES' AND 
SECTION 1 T' IN 'OTHER NEW PARTICLE SEARCHES' liND VO AND VOA BELOW. 
14MU+MU- OMU-MlJ- OMU+MUt- BENVENU1 75 SPEC PREOOM. NEU BEAr4 
51MU+MU- 7MU-MlJ- 3MU+MU+ BENVENU3 75 SPEC b/1 NEU BEAM 

5MU+MU- OMU-Mu- 2MU+MU+ BENVENU5 75 SPEC 9/10ANTINEU BEAM 
4MU+MU- 4 CHtER MU PAIRS BARISH 76 SPEC NEU BEAM 
32 DIMUON EVENTS ASRATYAN 77 SPEC NEU BEAM 

4MU+E- 6MU-E+ BAllAGH 77 HLBC .55 NEUBAR, .45 NEU 
81 EVENTS MU-E+ SAL TAY 17 HLBC PREOOM. NEU SEAM 

1 EVENT MU-E+ BARISH 11 OBC NEU BEAM 
67 MU MU 8ARISH2 11 SPEC FNAL 45-205GEV NEU 
28 MU MU BARISH2 71 SPEC FNAL 45-205 ANTJNEU 

17 EVENTS MU-E+ 
11 HU-E+ 
15 MU-E+ 

257MUt-MU-
5 SMU+MlJ-
47 MU-MU-

9 MUt-MU+ 
46 MlJ-MU- 199 MU+ MU-

2 MU+HU+ 49 MU+ MU-
10MlJ-MUt- 3MU-Mtr SMU-E+ 

2MU+MU- lMU+E-
0 15 HU- E+ 
P 94 MU+MU-
Q MU- E+ 
R 12 MU+E-
S 67 MU-MU-
S 19 MU+MU+ 
T 21 MU+MU­
T 11 MU+MU-

34 MU+MU- 3 5 MU E 
54MU•MU- BMl..-MlJ- OMU+MU+ 

3 MU+E+ 
49 HU-E+ 14 MU+E-

X 2 E-MU+ 2 E- E+ 1 E+E-
y 495 MlJ-MU+ 74 MU-MU-
y 285 MU+MU- 52 MU+HU+ 
Z 11 MU-MU- 100 MlJ-MU+ 
1 81 MU-MU- 525 MlJ-MU+ 
1 11 MU+MU+ 104 "'U+MU-

BLETZACKE 17 RVUE 
BOSETTI 17 HYBR 
OEOEN 77 HLBC 
HAIDT 77 HLBC 
HOLDER 71 SPEC INC I DENT NEU 
HOLDER 11 SPEC INCIDENT ANEU 
HOLOER2 17 SPEC NEU BEAM 
HOLOER2 17 SPEC NEUBIIR BEAM 
BENVENUTI 78 SPEC PREDOM .. NEU BEAM 
BENVENUTI 78 SPEC PREDOM. NEUBAR BEAM 
BOSETTI 1 78 HYBR NEU BEA'"I 
BOSETTI 1 78 HYBR NEUBAR BEAM 
ERRIQUEZ 78 f\EBC NEU BEAM 
ARMENISE 79 HYBR NEU BEAM 
BARANOV2 79 HLBC NEU BEAM 
BERGE 79 HLBC NEUBAR BEAM 
DEGROOT 79 SPEC NEU BEAM 
DEGROOT 79 SPEC NEUBAR BEAM 
ARMENJSE RO HLBC NEUBAR INDUCED 
ARMENISE 80 HLBC NEU INDUCED 
BALLAGH 80 HYSR NEU BEAM 
BALLAGH2 80 HYBR NEU AND NEUSAR 
AMMOSOV2 81 HYBR NEUBAR INDUCED 
BALLAGH 81 HYBR NUMU, NUMUBAR I NO. 
BALLAGH 81 HYBR NUE.NUERAR INDUCED 
JONKER 81 CALO NEU INDUCED 
JONKER 81 CALO NEUBAR INDUCED 
NISHIKAWA 81 SPEC NEU BEAM PIMUI>9GEV 
TRINKO 81 SPEC NEU PIMUI>10 GEV 
TRlNKO 81 SPEC NEUBAR P(MUI>10 &EV 

BENVENUTI 75 ARE FNAl NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED fOR 
TWO OR MORE "'UONS IN THE FINAL STATE. NO TRIMUON EVENTS WERE SEEN. 
AUTHORS STATE THAT THESE OIMUON EVENTS REQUIRE THE EXISTENCE OF ONE 
OR MORE NEW PARTICLES WITH M:2-4GEV AND TAU=10"'*-LOSEC. OR LESS. 
BENVENUTI4 75 SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS 
00 NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INTERMEDt ATE VEc.TOR 

A BOSGN. THEY SUGGEST A HADRON {YI WITH A NEW CIUANTU!ol NUMBER. 

8/78 
Bl78 
8178 

8/78 
8178 
8/78 

12179 

2111 
2177 
2171 
7/79 

2117 
2177 

2111 
2/11 

7/79 
7/79 

6178 
b/18 
6178 
6178 
6/78 
6178 

1/80 
1180 
1/80 

6/78 
6/78 
6/78 
6/78 
6/78 
6/78 

6/78 
6/7B 
6/78 
6/78 
6/78 

7/79 
1179 
1179 
1179 

1/82* 
1/82* 
1182• 
1/82* 
1182* 

9/81• 
9/81• 
9/81* 
9/81* 

9/8 1* 
~/81* 

9/81* 
9/8110: 
9/61* 

2/76 
2/76 
2176 
7176 
1178 

12111 
8177 
3/77 
1178 
1178 
1/78 
1117 

12/77 
1178 

12177 
12/77 
12177 
12/77 
1/79 
1/H 
6178 
6/78 
1/79 
1/80 
9/81* 
7179 
1180 
1/80 

12181• 
12/81* 
2180 
9/81* 
2182* 
2/82* 
2/82• 
2182• 
2/82* 
1182• 
1182* 
1/82* 

2/76 
2176 
2/76 
2176 
2176 
2/76 
2/76 



Stable Particles 
CHARM SEARCHES 

ASRATYAN 77 IS SERPUKHOV EXPT. FINDS R=IOIMUONS/SINGLE MUON EVENTSJ 1/78 
GT (6,.2+-1.71E-3 FOR NEU BEAM AND LT .011 FOR NEUBAR BEAM. 1/78 

C BALLAGH 11 IS AN FNAL EXPT .. MEASURES INEUMU N->MU- E+ XIIIALL NUMU 12/77 
C C .. C..I=d.34+.23- .. 131*1Q.*•-2 AND (NEUHUBAR N-->MU+ E- XI/CALL NUMUSAR 12/77 
C C.C.I,.,I.l5+,.14-.0BI*l0;.,*_2. RAHn OF ANTINEU TO NEU FRACTIONS IS 12177 
C 10.45..-0.6-0.31 .. 

0 SAL lAY 77 IS FNAL EXPT IN NEON-HZ MIXTURE. B/71 

BARISH 71 EVENT COULD BE NEU P TO MU+ B++. SEE CHARMED BARYON NOTE 3/77 
AND LAMBDA/(+ SECTION ABOVE. 3/77 

F BARISH2 11 FINDS OIMUON TO SINGLE MUON RATE CONSISTENT WITH CHARM. 1178 

BLETHCKER 77 EXPLAINS TRJHUON AND LIKE SIGN OIHUON PROD AS ASSOC 12/77 
PROD OF CHARM. 12177 

H BOSETTI 11 IS FNAL 15-FT CHAMBER EXPT. 7/77 

OEDEN 11 IS CERN WIDE BAND EXPT, EMAXc2 GEV.ll+-5 EVENTS ABOVE A 12/77 
BACKGROUND OF 6 EVENTS. 12/77 

HAl DT 77 IS ~AME EXPT AS VONKROGH 76 LISTED UNDER S29VO. MEASURES 1/78 
INEUMU N-->MU-E+XI/INEUMU N-->MU-XJ:c(.63+-.2IJE-2 FOR HE+J>.8 GEV. 1178 
THESE EVENTS HAVE AN AVERAGE OF 2.0+-0.6 KOPER EVENT. 1/78 

HOLDER 77 IS CERN NARROW-BAND BEAM EXPT IN WHICH All MCMENTA ARE 12/77 
MEASURED.ENERGY SPECTRA,ANG.CORRElATIONS,PT DISTRIBUTIONS All IN 12177 

K AGREEMENT WllH PROD AND DECAY OF CHARMED PARTICLE. 12177 

HDLOER2 77 IS 200GEV NARROW BAND EXPT. AFTER BACKGROUND SUBTRACTION 12177 
THE RATE OF LIKE-SIGN DIMUON EVENTS TO CHARGEC CURRENT EVENTS IS 12/77 
(3+-21*10**-4. MAY COME FROM ASSOC PROD OF CHARM-ANTICHARM PAIR. 12./77 

BENVENUTI 78 IS FNAL EXPT. MEASURE PROMPT OIMUON RATtO 
IMU-MU17/IMU-MUt-J=.06+-.05 FOR PIMUJ>5 GEV/C AND =.12+-.05 FOR 
PIMUJ>10 GEVIC. I MU-MU-J MAY COME FROM ASSOCIATED CHARM PRODUCTION. 
ABOVE 80 GEV, THE RATIO OF OIMUON TO SINGLE-MUON EVENTS IS 
(0.65+-0.131*10**-2 FOR NEU AND 10.70+-0.25)*10**-2 FOR NEUBAR, 

M FOR PMU > 5 GEV/C. 

BOSETTil 78 IS A CERN NE-HBC EXPT USING 200 GEV NARROW BAND BEAM. 
RATE FOR (MU-E+ + MU-MU+J/MU- IN NEU BEAM IS 0.013+-0.004. 
RATE FOR IMU+E- + MU+MU-1/MU+ IN NEUBAR BEAM IS 0.012+-0.005. 

0 ERR(QUEZ 78 IS CERN SPS EXPT. FINDS (NUMU N-->MU- E+ Xl/tALL NUMU 
0 C.C.I=f..41+-.t51*10**-2 fTE+>.3GEV1. DIRECT E+ PROD. VIA N.C. IS 
0 <0. 2 TIMES C.C. LIFETIME OF POSSILE E+ PARENT PARTICLE IS LESS 
0 THAN 3*10**-12 SEC. 

P ARHENISE 79 IS A CERN SPS EXPT. FINDS R=tHU+Htr-1/fSINGLE MU- EVTSJ 
P =t0.72+-0.l4JE-2. UPPER LIMIT FOR 0 LIFETIME IS Q.S E-12SECfCL:0.9J 

BARANOV2 79 REPORTS 3 HU-E+ EVENTS AT SKATISERPUKHOV1. ONE WITH VO 
MAY BE LAMBOAIC+ TO E+ NEU LAMBDA. ANOTHER COULD BE D+ OR LAMBDA/ 
C+l++1 DECAY, BUT THIS AND THE THIRD CAN BE DUE TO HEAVY LEPTON. 

BERGE 79 IS FNAL EXPT IN 15FT CHAMBER USING H-NE MIXTURE. RATE FOR 
IMU+E- XI/IMU+ X1=0.36+-Q.ll. 

DEGROOT 79 IS CERN WIDE BAND EXPT. RATES ARE fHU-HU-J/UHu-1= 
I 3. 4+-1. 8 IE-5 1 I MlJ-MU- I I 04U-MU+ I= t • 041+- .022 I , ( MU+HU+ 1/ I lMU+l= 
( 4. 3+-2. 3 JE-5, ( MU+HU+) /I MU-MU+ I= {. 042+- .023 J. 
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7179 
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1/80 
1/80 
1/80 

T ARHENISE 80 IS CERN-SPS EXP WITH BEBC EXPOSED TO WIDE-BAND NEUSAR 12181* 
BEAM. 21 DlMUONS BY NEUBAR INCLUDE 6 BKGDS AND CORRESPOND TO 1.0+- 12/81* 
0.5 VOS PER DIMUON EVENT IN AGREEMENT WITH GIH MODEL. SEE ALSO 12/81* 
SECTION Y IN BOTTOM SEARCHES. 12/81* 

U BALLAGH 80 EVENTS INCLUDE DIRECT OBSERVATION OF PROD. AND VISIBLE 1/80 
U SEMI-LEPTONIC DECAY OF SHORT-LIVED PARTICLES 11 CHGQ, 2 NEUTRAL, 1180 
U AND 1 UNOETERMINDED CHARGE!. 1/80 

BALLAGH2 80 AT FNAL GIVE (HU+MU-I/(lHUI=(Q.39+-0.lJE-2 FOR Pt"'UI> 4 9/81* 
GEV/C. Hu-HU- ARE CONSISTENT WITH BKGO. ESTIMATE 30.3 HU-MU+(NEU- 9/81* 
INDUCED1 AND 5.7 MU+"'U- (NEU-INOUCEOJ CORRESPONDING TO IMu-HU+JI 9/81* 
f1Mu-J .. I.37+-.1JE-2 AND (MU+HU-I/llHU+J:(.,5+-.3JE-2 FOR P(MUI>4GEV. 9/81* 

AMMOSOV2 81 AT FNAL FOUND 4 HU+E+ EVENTS WITH ESTIMATED 1 BKGD. 2/82* 
3 EVS HAVE ASSOC.VO. RATEfMU+E+IIfHU+J:ci4.8+5.3-3.21E-4 FOR EfNU8AR 2/82* 
1>10GEVoPIMUI>4GEV,PtE+I>.4GEV IS MUCH HIGHER THAN QCO ESTIMATION. 2/82* 

BALLAGH 81 AT FNAL GIVE IHU-E+I/11MUJ:::(.73+-.UIE-2o (MU+E-)/IlMUJ:: 2/82* 
11.1+-0.3JE-2 FOR PIEI>.3GEV. EVENTS ARE CONSISTENT WITH CHARM PROD 2/82* 
HODEL EXCEPT FOR EXCESS AROUND RECOIL MASS:6 GEV IN HU+E-IANO MU+ 2182* 

X Mu- I EVENTS. NUE .6NO NUEBAR INDUCED OILEPTON RATE IS APPROX. 0.01. 2182* 

JONKER 81 IS CERN-SPS EXP. OPPOSITE SIGN OIMUONS ARE CONSISTENT 2182* 
WITH CHARM PROD AND DECAY. SAME-SIGN YIELD IS MUCH HIGHER THAN QCD. 2182* 
RATIO( SAME/OPP.J::: 1.14+-.04+-.031 I I .18+-.06+-.03)) FOR NEUINEUBARI. 2/82* 

NISHIKAWA 81 IS FNAL EXPT. RATIO IMU-MlJ-I/1Hu- RISES TO (2.5+-1.01 1/82* 
E-3 AT EIVISI=250 GEV. LIKE-SIGN MUONS SEEM N(jT FROM HEAVY LEPTON 1/82* 
OR QUARKS HEAVIER THAN CHARM. THEY HAY COME FROM ASSOC.PROO OF 1/82* 
CHARM ANTI-CHARM THOUGH 1ST ORDER QCO LIES 10**-2 BELOW DATA. 1/82* 

TRINKO 81 IS FNAL EXPT. IPROMPT MlJ-MU-I/1MU- :c(Q.34+-0.091E-3 AND 
(PR.HU-MU+II1HU- :c(0.27+-0.03JE-2 BOTH FOR PtMUJ>10 GEV. HU-Mu- EVS 
ARE TWO DflDERS OF MAG LARGER THAN LEADING OCO CHARM-ANTICHARM PROD. 

COMMENT 
A SYSTEMATIC DESCRIPTION OF OPPOSITE-SIGN OILEPTONS AND ASSOCIATED 
VOS IS GIVEN BY A CHARM PRODUCTION MODEL. ON THE CTHER HAND, THE 
LIKE-SIGN DILEPTON RATE IN NEUTRlND ANO ANTINEUTRINO REACTIONS HAS 
BEEN MEASURED TO BE MUCH HIGHER THAN THEORETICAL EXPECTATION. 
I SEE AMMOSOV2 81, JONKER 81. NISHIKAWA 81, AND TRINKO 81 ABOVE.J 
FOR THEORY STATUS SEE EG. BARGER, KEUNG, PHILLIPS, PR 024 244( 19811 

1/82* 
1/82* 
1/82* 

4/82* 
4/82* 
4/82* 
4/82* 
4/82• 
4/82* 
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vo 
vo 
vo 
vo 
-VO 
VO 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
vo 
VO 
vo 
vo 
vo 
vo 
vo 
VO 
vo 
vo 
VO 
vo 
VO 
vo 
vo 
vo 
vo 

NUMBER OF VOS PER EVENT IN NEUTRINO NUCLEON--> MU- E+ VO ANYTHING 
WHERE THE VO IS A KOS OR A LAMBDA fSEE ALSO SECTION Y AND VOAI 

1 OEDEN 75 HLBC 
1 BLI ETSCHA 76 HLBC 
4 VONKROGH 76 HLBC 

15 0.6 0.2 BALTAY 77HLBC 
ll 1.84 0.63 0.53 BDSETTI 77 HYBR 

3 DEDEN 77 HLBC 
8 1. 7 0. 7 BOSETTil 78 HYBR 
5 1.2 0.5 ERRIQUEZ 78 BEBC 
9 Q. 53 O. 25 0.20 ARHENISE 79 HYBR 
3 0.03 0.06 0.04 ARMENISE 79 HYBR 
1 BARANOV 79 HLBC 

13 1.1 0.3 BALlAGH 81 HYBR 
2 0.07 0.07 0.03 BALLAGH IH HY8R 

THE OEDEN 75 AND BltETSCHAU 76 EVENTS ARE FROM CERN 

KOS/1 MU-E+I EVENT 

KO S/1 MU-L+ I EVENT 

K0/1 MU+MU- I EVENT 
LAMOAif MU+ ... U-1 EV 

KO/ I MlrE+ J EVENT 
LAMDA/ I MU-E+I EV. 

GARGAMELLE NEUTRINO EXPOSURES. THE MASSES OF THE E+ VO SYSTEI"' FOR 
THE TWO EVENTS ARE l.Z4t 1.91 GEV FOR LAMBDA OR 0.65, 1.57 FOR KD. 

THE VON KROGH 76 EVENTS ARE FROM AN FNAl 15 FT NEON BUBBLE CHAMBER 
EXPOSURE.. ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KOS. 

C OED fill 11 EVENTS INCLUDE THOSE OF DE DEN 75 A.ND BLE IT SCHAU 76. 

0 ARMENISE 79 IS A CERN SPS EXPT. 

BARANOV 79 EVENT FROM SKAHSERPUKHOVJ. MAY BE LAMBOA/C+ TO E+NEU 
LAMBDA. 

BALLAGH 81 IS FNAL EXPT. HOST VO'S ARE KO'S SUGGESTING THAT EVS ARE 
PREOOM.O-MESON PROD AND DECAY AND THAT BRIL/C+->LAM E+ XIIS SMALL. 

11/79 
11179 
2176 
2/76 
2176 

11179 
11/79 
12171 
11/79 
1/79 
1/80 
1/80 
7179 
2/82* 
2/82* 

2/76 
2/76 
2/76 

2/16 
2/76 

12/77 

l/80 

7/79 
7/79 

VO AVG 0.106 o. 069 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2·01 

VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 

NUMBER OF 
WHERE VO 

0 
a t.a 
3 0.6 

VOS PER EVENT IN ANTINEUTRINO NUCLEON->MU+E-VO ANYTHING 
IS A KOS,LAMBDA OR LAMBOABARfSEE AlSO SECTION Y AND VOl 

BERGE 77 HLBC 
O. 1 BERGE 79 HLBC 
0.6 0.3 BALLAGH 81 HYBR IKO+t.AMSOAI/(MU+E-1 

BERGE 11 USED FNAL 15 FT CHAMBER FILLED WITH H-NEON. SAW TWO 
POSSIBLE MU E EVENTS, COMMENSURATE WITH PREDICTED BACKG~OUND, 
NEITHER WITH ASSOCIATED VQ. 

BERGE79 QUOTES 21+-B NEUTRAL STRANGE PARTICLES FOR 12(MU+E-I. WE 
DIVIDE. 

12/79 
12179 
3/77 

12/79 
2/82• 

3177 
3/71 
3/11 

12179 
12/79 

VOA C BALLAGH 81 IS FNAL EXPT. 
VOA 
VOA AVG 0.95 o.55 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1·41 

VAP 
VAP 

NUMBER OF 'IDS PER EVENT IN ANTI-NEUTRINO NUCLECN-->SAME-SIGN 
OtLEPTON ANYTHING;WHERE THE VO IS A KOS OR~ LAMBDAISEE ALSO SEC.VJ 

VAP A 3 1.0 1.2 1.0 AMMOSOVZ 81 HYBR VO/fMU+E+JEVENT 

2/82* 
2182* 
2/BZ* 

VAP 
VAP A AHHOSOV2 81 IS FNAL EXPT. 2/82* 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 

cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

CHARMED HADRON BRANCHING RATtO INTO fMU NEU ANYTHINGIITOTAL 
A 6 A FEW PERCENT BENVENUZ 75 SPEC FNAL NEUTRINO NU 2/16 
B 315 APPROX 0.15 HOLDER 11 SPEC 12/77 
C 0.19 OR LESS BAUM 77 12/77 
0 0.15 0.18 0.07 DEGEN 77 HLBC 1/78 

SENVENUT 12 75 LOOKS AT ANTI NEUTRINO NUCLEON --> MUON HA.DRONS. SEES 2/76 
EXCESS EVENTS ABOVE INCIDENT ENERGY 30 GEV. COMPARES BENVENUTil 75 2/76 

A DIMUON EVENTS WITH EXCESS EVENTS TO GET BRANCHING RATIO. 2/76 

HOLDER 77 VALUE IS FROM NEU AND ANEU INDUCED CIMUON EVENTS OF 12/77 
OPPOSITE SIGN. SEE SEC. Y LISTING ABOVE. BR CALCULATED USING EFF 12/71 
BASED ON DECAY OF 0+118501 TO KO MU+ NEU. 12/71 

BAUM 11 PUTS UPPER LIMIT ON E+- MU-+ PROD AT ISR. INFERS BR ABOVE 12177 
FROM THIS, ASSUMING THAT ALL DIRECT ELECTRONS COME FROM THE D. 12/71 

DEDEN 17 IS FOR CHARMED BARYON --> LAMBDA LEPTON+ NEU ANYTHING. 1/78 
SEES 3 NEU N -> MU- E+ VO X EVENTS AND EXCESS OF 42+-20 NEU N --> 1/78 
Hu- LAMBDA X EVENTS OVER EXPECTED ASSOC. PROD.. SUGGESTS CHPM.BAR. 1178 

CHARMED HAD ROt-. I ASSOC. VOl BRANCHING RATIO INTO SEMILEPTONICS/ALL 
2 0.1 OR MORE BLIETSCHA 76 HLBC M:c2.5-4 GEV 2/76 

A THIS BR.RATIO AND MASS ARE REQD. BY OBSERVED RATE AND CHARM SCHEME. 2/76 

CHARMED HADRON BRANCHING RATIO INTO IE NEU ANYTHING) 12177 
0.11 0.03 BRANDEL2 11 SPEC E+E- 4-5.2 GEVfECMI 12/77 
0.16 0.06 8RANDEL2 77 SPEC E+E- 4-5.2 GEVIECMJ 12/77 
O.OB2 0.019 FELLER 78 SMAG E+E- 3.9-7.4GEV ECM 11/79 

FIRST BRANDHIK 77 VALUE USES INCLUSIVE ELECTRON EVENTS. SECOND 12/77 
VALUEIERROR STAT ONLY) USES EVENTS WITH A SECGNO ELECTRON. 12177 

CHARMED HAORO" EVIDENCE IN COSMIC RAYS 
SEE ALSO THE REVIEW BY K.NIU, PROC. 19 INTL. CONF. ON HEP, TOKYO, 4/82* 
1978, P.ft47. 4/82* 

1 EVENT NIU 7l EMUL 9/76 
NIU 11 DETECTS CHGD PARTICLE DECAYING INTO HAORON+PIO. MASS:1.78GEV 9/76 
AND TAU=2.2 E-14 IF SECONDARY IS PION. HASS:2.95 GEV AND TAU=3.6 9/76 
E-14 IF IT IS PR_OTON. POSSIBLE EVIDENCE OF PAIR PRODUCTION. 9/76 

8 EVENTS TASAKA 73 EMUL 9/76 
SAME TYPE AS NTU EVENT. TAU BETW 1.5 AND 175 E-13. 9/76 

1 EVENT SUGIMOTO 75 EMUL 1/77 
SAME TYPE AS NIU EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 1177 
TAU1::6.E-13, DECAYS TO CHARGED PRONG + ETA. TAU2:4.E-12o DECAYS TO 1/77 
CHARGED PRONG + PJO. MASSES OF BOTH PARTICLES ARE ABOUT 2.0 GEV IF 1/77 
DECAY PRONG IS PROTON, 1.7 IF DECAY PRONG IS KAON, AND 1.55 IF 1/77 
DECAY PRONG IS Pt. COMBINED MASS OT THE TWO NEW PARTICLES: 4.1 GEV 1/77 
OR 3.8 GEV ASSUMING THE DECAY PRONGS TO BE KAONS OR PIO~S 1/77 
RESPECTIVELY. CONSISTENT WITH LAMBDA/C+ LAMBDABAR/C-.SEE GAISSER 76 1/71 

0 4 EVENTS SAWAYANAG 79 EMUL 1/80 
0 SAWAYANAGI 79 ANALYZE BRAZIL-JAPAN COLLAB DATA AT MT. CHACALTA't'A. 1/80 
D· THE VERY HIGH RATE lt/24 OF X-PARTICLE EVENTS MAY BE DUE TO HIGH 1/80 
D ENERGY OF THE INCIDENT HAORONS (APPROXIMATELY 10**5 GEVI. 1/80 
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Stable Particles 
CHARM SEARCHES 

EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 
EM 

CHARMED HADRON OBSERVATIONS 
2 EVENTS 
1 EVHIT 
2 EVENTS 
1 EVENT 
0 lo5E-30 OR lESS CL=.90 
3 EVENTS (SEMILEPTONICI 
1 EVENT 
0 7.E-30 OR LESS CL:.9Q 
0 0.0018 OR LESS Cl=.90 
9 EVENTS 
1 EVENT PAIR PROD 
3 EVENTS 
l 
2 
1 EVENT I SE,.ILEPTONict 
1 EVENT PAIR PROD 
9 EVENTS 
1 EVENT 
6 EVENTS 
4 EVENTS 
5 EVENTS 

IN MISC. EMUL.EXPTS, WHERE LIFETIME SEEN 
HOSHINO 75 EMUL TAU E-12 TO E-14 
JAIN 75 EMUL TAU APROX. lOE-13 
KOMAR 75 EMUL TAU .LT • E-15 
BURHOP 76 EMUL TAU APPROX E-13 
COREMANS 76 Efii.Ul TAU E-12 TO E-14 
BANNIK 77 EMUL TAU E-13 TO E-15 
BANNIK2 11 EMUL TAU APPROX E-14 
BOZZOL I 71 300,400 GEV P-NUCL 
MUNORA 11 EMUL •- TAU E-12 TO E-14 
KOMAR 76 EMUL TAU::::l.2 E-14 
USHIDA 78 EMUL 400 GEV P-NUCLEUS 
ALl ASIA 79 HYBR TAU APPROX E-13 
ANGELINI 79 HYBR TAU=2 TO 5 E-13 
ANGEL IN2 79 HYBR NEU BEAM 
FUCHI 79 EMUL TAU APPROX E-13 
FUCHI2 79 EMUL 400 GEV P-NUCLEUS 
KOMAR 79 EMUL 400 GEV P NUCLEUS 
KOMAR2 79 EMUL 200 GEV PI- NUCLEUS 
ADAMOVICH 81 SPEC CHARM PAIR PHOTOPRO 
FUCHI 81 EMUL CHARM PAIR PROD. 
TOLSTOY 81 EMUL 70GEV P~ 50GEV PI-

HOSHI NO 75 IS FNAL 205 GEV PROTON EXPT. SEES TWO EVENTS~ ONE 
NEUTRAL DECAY AND ONE CHARGED DECAY WITH SHORT LIFTIMES. 

JAIN 75 IS A FNAL 300 GEV PROTON EXPT. EVENT SHOWS DECAY OF NEUTRAL 
INTO HAORON-E-NEU. TAKING PlACE .019 CM FROM THE PROD VERTEX. MAY 
BE LEPTONIC DECAY OF CHARMED PARTICLE. 

KOMAR 75 IS FNAL 200 GEV/C PROTON EXPT. SEE 2 EVENTS WITH SINGLE 
ELECTRON EMITTED FROM NEAR INTERACTION. 

6URHOP 76 EXPT DONE AT FERMILAB HIGH ENERGY NEUTRINO BEAM. USED A 
COMBINATION OF EMULSION AND SPARK CHAMBERS. THEY SEE A PARTICLE 
WITH TAU::ABOUT 6 E-13 SEC DECAYING TO VO + 3 CHGO TRACKS. DECAY 
MODE APPEARS DIFFERENT FROM PREVIOUSLY OBSERVED MODES OF CHARMED 
HADRON DECAYS. SEE READ 79 FOR FURTHER ANALYSIS AND DISCUSSION. 

D COREMANS 76 USED 300 GEV/C PROTONS. AND LOOKED FOR ABOVE LIFETIMES. 

E BANNIK 77 USES 70 GEV PROTON BEAM AT SERPUKHOV. 

F BANNIK2 77 USES 60 GEV PI- BEAM AT SERPUKHOV. MASS APPROX 2.4 GEV. 

BOZZOU 77 IS FNAL EXPT LOOKING FOR ASSOC PROD OF CHARMED PARTTCLES 
WITH TAU=3E-15 TO 3E-13 SECONDS AND MASS LT 4.5 GEV. 

H MUNDRA 77 IS FNAL 400GEV P EXPT. ABOVE VALUE IS RATIO TO PI+- PRO:>. 

I KOMAR 78 IS 400 GEV/C PROTON EXPT AT FNAL. C.S. APPROX lE-28 CM**2. 

USHIDA 7a SEES TWO NEUTRALS WITH TAUS 3.02E-14 AND 1.18E-12 IF 
MESrns~ 4.21E-14 AND 1 .. 23E-12 IF BARYONS. ASSUMES MESON DECAY MODES 
K-E+NU AND PIO KO, BARYON DECAY MODES Xt-E+NU AND PIO XIO. 

ALLASIA 79 USES WIDE BAND NEU BEAM AT CERN. SEES DECAY OF NEUTRAl 
SHORT-LIVED PARTIClE. 

L ANGELINI 79 IS NEU BEAM EXP AT CERN-SPS. SEE ALSO BURHOP 76. 

M ANGELINI2 79 EVENTS INCLUDE lAM/C+ -->PI+K-P WITH ESTIMATED DECAY 
M TIME (7.3+-0.l)*E-13 SEC. 

N FUCHI 79 IS 400 GEV P NUCLEUS EXPT AT FNAl. 

D FUCHI2 79 EVENT GIVES TAU 2.8-4.4E-13. SEE ALSO USHIOA 78. 

P KOMAR 79 EVENTS GIVE TAU APPROX 1.5E-14 SEC. CS/NUCLEON=1.2E-28. 

Q KOMAR2 79 EVENT MAY BE CHARMED BARYON TO E+E- HAORONS VIA N. C. 

ADAMOVICH 81 IS CERN SPS EXPT WITH 2D-70 GEV TAGGED PHOTONS. SEEN 6 
EVENTS OF CHAP.M PAIR PROD .. IN EMULSION OF WHICH ONE IS ILAMBOA/C• 

R DOBARI. SEE LISTINGS FOR LIFETIMES OF CHGO AND NEUTRAl D'S. 

FUCHI 81 IS EMULSION EXPT EXPOSED TO CERN SPS 340 GEV/C PI- BEAM. 
All NEUTRAL DECAYS ARE CONSISTENT WITH DOCOOBARI LEADING TO TAU(OOJ 
=13.1•2.0-1.6JE-13 SEC. CS(PI N-->C CBAR X1=144+-221E-30 CM**2· 

TOLSTOV 81 OBSERVED 2 SEMilEPTONIC AND 3 HAORONIC CECAY EVENTS OF 
NEUTRAL PARTICLES WITH liFETIMES(0.02o0.05.0.05.0.1,1.51*10**-13 
SEC. PARTICLE IDENTIFICATION IS POOR AND NO DISCUSSION OF 
DETECTION EFFICIENCY IS GIVEN SO NO MEAN LIFE IS OBTAINABLE. 

CHARMED HACRON PRODUCT ION IN NEU NUCLEON INTERACTIONStRATIO TO C.C.I 
64 o. oo1 a. 002 BALTAY 78 HlBC OG--> KO PI+ PI-
11 0.001 0.001 SAL lAY 78 Hl8C D+--> KO PI+ 

0.01 OR LESS BERGE 78 HBC DECAY TO LA"'! BOA PIS 
0.02 OR LESS BERGE 78 HBC DECAY TO 1(0 PIONS 

2 o. 041 o. 024 BLIETSCHA 79 HBC 0*+ PRODUCTION/C.C. 
29 ARMENISE 81 HYBR CHARMED BARYONS 

2 0.0011 0.0010 GRASSLER B1 HBC lAM/C+-->P K- PI+ 

A BALTAY 78 IS FNAl EXPT. NO DO SEEN IN N.C. EVENTS. 

BERGE 79 ALSO SET NEU P -->MU-D(--> KO N(PII) X/C.C. <0.01 AT 
CL= 0.9. 

BLI ETSCHAU 7<;1 IS CERN BEBC EXPT. SEES ONE EVENT NEU P-->MU- P 0*+ 
AND ONE EVENT NEU P-->MU- P D*+ PI+ PI-, WHERE 0*+-->DO PI+ IN BOTH 
CASES. 

ARMENISE 81 /INALYZED CERN-SPS 55000 C.C. NEU EVENTS FOR All CHARMED 
BARYON DECAY MODE WHICH INCLUDE LAMBDAO OR (KOBAR Pl. FOUND EXCESS 
29 EVENTS IN Q:l CHANNEL AROUND M=2.25GEV AND CS*BR=I14.3+-7 .. 41E-40 
CM**2. FOR 0=2 CHANNEL CS*BR < 3.3E-40 CM**2 AT Cl=.<;JO. 

GRASSLER 81 IS CERN BE6C EXPT. SEEN 2 EVENTS INTERPRETED AS 
NEU P --> MU- PI+ CLAMBDA/C• --> P K- Pl+l. ABOVE VALUE IS FOR 
CSINEU P --> "''U- (LAM/C+ -->LAMBDA PI+I XI /C.C. 

AVG 0.0020 0.0013 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.91 

3/77 
4/82* 
2171 
4/77 
3/77 
3/77 

12/79 
12/79' 
1/78 
1/78 
1/80 
2/79 

12/79 
12/79 
1/80 

12/79 
12/79 
I2/79 
12/79 
1/82* 
1/82* 
2/82* 

4/82* 
4/82* 

2111 
2171 
2171 

4/77 
4/77 

3/77 
3/77 
3/77 
3/77 
7/79 

3/77 

12/79 

12/79 

1/78 
1/78 

1/78 

1/80 

2/79 
2/79 
2/79 

12/79 
12/79 

l/80 
1/80 

12/79 

12/79 

12/79 

12/79 

1/B2• 
1/82* 
1/82* 

1/B2• 
l/B2• 
1/B2• 

1/79 
1/79 
1/79 

12/79 
12/79 
1/80 
2/82* 
1/82* 

1/79 

12/79 
12/79 

l/80 
1/80 
1/80 

2182* 
2182• 
2/82* 
2/82* 

l/82* 
l/82* 
1/82* 

DA CHARMED HAOROP.. PRODUCTION IN NEUBAR NUCLEON REACTION (RATIO TO C.C.) 
OA 0 O.OB OR LESS CL:.9Q FANOURAKI BO HBC LOW EN. NEUBAR BEAM 
OA 0 0.002 OR LESS Cl:.90 A.MMOSOV B1 HlBC D- --> KO PI-
DA 0 0.003 OR LESS CL:.9Q AMMOSOV 81 HLBC OOBAR-->KO PI+ Pl-
DA 
OA A FANOURAKtS 80 IS BNL EXPT WITH LOW ENERGY NEUBAR SEAM IE ABOUT 1.3 
OA GEVI. LOOKED FOR DELTACQ1=-0ELTA(S1 EVENTS. ABOVE LIMIT CORRESPONDS 
OA TO CSINEUBAR P -> MU+ CHARM! < 3.8 E-40 CM**2· 
OA 
DA AMMOSOV 81 IS FNAL EXP. QUARK-PARTON MODEl FIT SUGGESTS 0.06+-0.02 
DA OF V0 1 S IS FROM CHARM PROD. NO OBSERVATION OF PEAKS IN tNVAR. MASS 
OA LEADS TO ABOVE L1 MlTS. .................................................................... 
NIU 11 PTP 46 1644 
TASAKA 73 PTP 50 1879 

AUBERT 75 PRL 35 416 
ALSO 11 MA 

BALTAY 75 PRL 34 1118 
BENVENU1 75 PRL 34 419 
BENVENU2 75 PRL 34 5'il7 

AlSO 74 PRL 33 984 

BENVENU3 75 PRL 35 119q 
BENVENU4 75 PRL 35 1203 
BENVENU5 75 PRL 35 1249 
BLESER 75 PRL 35 76 
CARLSSON 75 NP B99 451 
OEDEN 75 PL 588 361 

HOSHINO 75 PTP 53 lf59 
JAIN 75 PRL 34 1238 
KOMAR 75 JETPL 21 239 

AlSO 76 SJNP 24 215 
SUGIMOTO 75 PTP 53 1540 
rtARD 75 NP 6101 29 

A AHLIN 
ABOLINS 
ALB ROW 
APEL 
BARISH 
BINKlEY 

76 NP 8107 476 
76 PRL 37 417 
76 NP 8114 365 
76 SJNP 24 507 
76 PRL 36 93<l 
76 PRL 37 578 

BINTINGE 76 PRL 37 132 
Bll ETSC H 76 Pl 608 201 
BUNNEll 76 PRL 37 85 
BURHOP 76 PL 658 299 
C ESTER 76 PRL 31 1178 

COREMANS 76 Pl 658 480 
GHIOINI 76 NP Blll 189 
HAGOPIAN 76 PRL 36 296 
KLEMS 76 APP B 1 4'il1 
KNAPP 76 PRL 37 882 
QUINN 76 PR 014 2857 
VOOKROGH 76 PRL 36 710 

ALDER 11 Pl 668 401 
ASRATYAN 17 Pl 716 43q 
BALLAGH 77 PRL 39 1650 
BAL lAY 17 PRL 39 62 
BANNIK 11 JETPL 25 550 
BANNIK2 77 JETPL 26 275 
BARISH 77 PR 015 1 
BAR tSH2 77 PRL 39 981 
BAUM 7_7 Pl 688 279 

BERGE 77 PRL 38 266 
BlANAR 71 PRL 38 1'n 
BLETZACK 11 PRl 38 1241 
BOSETTI 17 PRL 38 1248 
BOZ ZOLI 77 LNC 19 32 
BRANDEL2 11 Pl 708 387 

BRANSON 
OED EN 
DITZLER 
GODDARD 
HAl DT 

17 PRL 3B 580 
77 Pl 678 474 
77 PL 718 451 
11 PR 016 2130 
71 JPG 3 1 

HOLDER 71 PL 698 377 
HOLDER2 11 Pl 708 396 
JONCKHEE 77 PR 016 2073 

ALSO 76 PL 648 221 
"''A 77 PRL 38 112 
MUNORA 77 LNC 18 554 
PICCOLO 71 PRL 39 1503 

A80L INS 
All BRAN 
ANT IPOV 
ANTIPOV2 
ASRATYAN 
BALL AM 
BALTAY 
BAUM 
BBOMPST 
BENVENUT 

ALSO 
BERGE 
BOSETTI1 
60SETTI2 

78 Pl 738 355 
78 Pl 748 134 
78 JETPL 28 457 
78 JETPl 28 461 
78 PL 798 497 
78 PRL 40 741 
78 PRl 41 73 
78 PL 17B 337 
78 SJNP 28 340 
78 PRL 41 725 
78 PRL 41 1204 
78 PR 018 1359 
7B PL 738 380 
18 PL 748 143 

CESTER 78 PRL 40 139 
CLARK 7B PL 17B 339 
ERRIQUEZ 78 Pl 778 227 
FELLER 78 PRL 40 1677 
FERGUSON 78 PL 798 161 

ALSO 79 PR 019 1c;35 

HANSL 78 Pl 7413 139 
JACHOLKO 78 NP Bl42 53 
KOMAR 78 JETPL 28 453 
LAUTERBA 78 PR D17 2507 
LIPTON 78 PRL 40 608 
SPHBRIN 78 °RL 40 605 
USHIOA 78 LNC 23 ~77 

REFERENCES FOR CHARMED HADRON SEARCHES 

+MIKUMO~MAEDA 
+YAMAMOTO 

+BECKER • BIGGS~ BURGER~ CHEN+ 

( TOKY+YOKOHAMAI 
(KONAJ 

(MIT•BNLI 

+CAUTIS,COHEN,CSORNA~KALELKA.Fl + CCOLU+BHIGI 
BENVENUTI~ Cl lNE • FORO+ ( HARV, PENN, W t SC~ FNALI 
BENVENUTI~ Cll NE 1 FORD+ ( HARV 1 PENN 1 WI SC ~ FNAll 
AUBERT, BENVENUTI+ ( HARV, PENN ~WI SC ~ FNALI 

BENVENUTI~ CLINE ,FORD+ C HARV, PENN, WI SC~ FNALI 
BENVENUTI~ C L t NE • FORO... ( HARV, PENN ~wt SC~ FNA.ll 
BENVENUTI, Cll NE, FORO+ ( HAR V 1 PENN~ WI SC, FNALI 
+GOB6 I~ KENAH~ KEREN+ ( FNAL +NWES+ROCH+SLAC J 
+EK SPONG, HOLMGREN~ NILS SON+ ( STOH+l I VP I 

( AACH+SRUX ... CERN• EPOL +HILA+ORSA+LOUC J 

+KURAMATA, MAEDA+ ( NAGO+YOKO+TOKY+A ICH 1 
P. l. JAIN, B. GIRARD (BUFF I 
+ORlOVA ~ TR ETYAKOVA .CHERNYA YSK t I C lESOI 
KOMAR~ ORLOVA~ TRETY AKOVA 1 CHERNYAVSK II (lEBO I 
+SATO~SAITO tTWAS+TOKYJ 
+ANSORGE, CARTER, MOUNT, NEALE+ (CAVE I 

+Al PGARQ, ANDERSEN. BERGVATN+ I 0 SLO+STOH+HELSJ 
+CARD I MONA, MATTHEWS~ SIDWEll+ C MSU+OSU+CARL 1 
C ERN+DAR E+FOM+L ANC +l I VP +MC HS •RHEl +UTR +LUND 
+BERTOLUCC I • V IK TOROV. VI NCELLI + t SERP+CERNJ 
+BARTLETT,BODEK~BROWN,BUCHHOll + tCIT+FNAl) 
+GAINES, PEOPLES~ KNAPP+ IFNAL•COLU+HAWA+ I lll 

B INTI NGER~ LUNDY~ AKERLOF+ ( FNAL +M I CH+PURDI 
C AACH+BRUX+CERN+EPOL +M ILA+OR SA+lOUC J 

+CHENG, DEL PAPA, DORFAN, DOUNGVAN+ tuCSC+SU\C I 
(LOU C + FNA L +BEL G+OUUC +CERN +l 0 IC +RO MA • S TRB+) 

+FITCH,KAOEL,WEBB,WHITTAKER • (PRIN+BNLI 

+SAC TON+ C BELG+ DUUC+LOUC+ROM A+STRB+WARSI 
+NAVACH~DOWELL,KENYDN... IOMEGA GROUPS) 
+WILKINS ,wINO~ HAGOPIAN • ALBRIGHT+ ( FSU+BRAN I 
+KO olANDER • PELLETT+ (UCD+CRAC+WASH+WARS 1 
+LEE,LEUNG,SMITH + ICOlU .. HAWA+ILL+FNAU 
D. J. QUINN~ R. H. MILBURN (TUFTS) 
+FRY, (.A MER IN I~ ClINE... IWI SC•lBl +C ERN+HAWAJ 

+BLOCK+ ( AACH+UCR+CERN+HAR V+LAUS+HUNI +NWES I 
+EPSTEIN,GRIGORIEV,KALGANOV • IITEP+SERPJ 
+8 INGHAM. BOSETT I ~FRETTER+ llBL +HAWA+WASHJ 
+HI BBS,HYL TON, KAlELKAR~ORANCE + I COLU+BNLI 
+BOSODZHANOV, SALOMOV, SUNTSZ I NYAN+ I J INRI 
+SO BOO ZHANOV • l ESKIN, MUKHTAR OV+ C J I NRJ 
+DERRICK~DOMBECK,MUSGRAVE + IANL+PUROJ 
+BARTlETT • BOOEKo BROWN + ( CIT+FNAL+ROCKJ 
+BlOCK, BOHM+ I AACH+UCR+CERN+I-'ARV+MUNI +NWES J 

+Ot B JANCA • EMANS + I FNAL +SERP+IT EP+MI CHI 
+BOYER, FA I SSLER~ GARELICK, GETTNER + ( NEAS I 
BL ETZ ACKER~ Nl E H, SON I C S TON+UC 58 J 
+GALTIERI.LYNCH + (lBl+CERN+HAWA+WISC1 
+CA MPANI Nl • CAPILUPPI ~ GE SSAROLI+ I BGNA+F I R l) 
BRANDELIK + (AACH+OESY+I-'AMB+MPIM+TOKY) 

+SANDERS~ SMITH, THALER, ANDER SON+ ( PRI N+EF II 
I AACH+BELG+C ERN+EPOL +M ILA+LALO+LOUC I 

+FINLEY, JOHNSON, LOEFFLER + ( PURD+M ICH+FNALI 
+G I l6 ERT ~KEY~ GORDON~ LA I I TNTO+BNLI 

(BERKEl EY+C ERN+ HAWAII +WISCONSIN I 

+KNOBLOCH~ MAY+ ( CERN+DORT +HEI O+SACL +6GNA J 
+KNOBLOCH, MAY+ C CERN+DOR T +HEt D+SACl +6GNA I 
JONCKHEERE ~COOK ,CSORNA + ( WASH+LALO+UCD I 
COOK~ CSORNA • HOLMGREN+ { WA SH+l ALO+UCOI 
MA~OH (MSUJ 
+PUTT,STUTELEY,YOCK (AUCKI 
+PERUZZI, LUKE, LUTH+ I SlAC+LBl•NWE S+HAWA I 

•MATTHEWS.SIOWEll + (MSU+CARL+FNAL+OSUJ 
( AACH+BAR I +BERG+BRUX+C Ef! N+ EPOl +MI LA+OR SA+) 

+BE ZZUBOV, BUOANOV, BUSHNJN, GORIN+ ( SERPI 
+BEll UBOV~ BUDANOV,GOR IN~ DEN I SENKO+ ( SERP J 
+EPSTEIN. FAKHRUTOI NOV+ IITEP+SERP J 
+BOUCHEZ ~CARROLL ~c HAOW I CK+ C SLAC+OUKE+LOIC I 
+CAROUMBAL IS, FRENCH 1 HI ses~ HYlTON+! COlU+BNL J 
+BlOCK, BOEHM+ ( AACH+UCR+CER N•t'&.RV•MUNI +NWE SJ 
BERL+BUOA+DUBNA+MOSCOW+PRAG+SOF I +TB I LIS 1 
BEN VENUTI+ I FNAL+HAR V +OSU+P ENN+RUTG+WI SC J 
BENVENUTI+ I FN AL +HAR V +OSU+PENN+RUTG+WI SCI 
+BOGERT, CUNDY 10 I BIANCA+ ( FNAl +LJCB+HAWA+M ICH1 
+DE DEN + ( AACH+BON"l+CERN+LOI C+OXF+SACL J 
+DE DEN + I AACH+BONN+CERN+LOIC+OXF+SACLJ 

+FITCH.KAOEL.WEBB~WHITTAKER + IPRIN+BNLJ 
+DARRIULAT,EGGERT + ICERN+SACL+ZURIJ 

BAR I+B I RM+ BRUX+ EPO L +RHE l+SACL +LOUC 
+l I TKE • MADARAS • RONA N• (LBL +SLAC•NWES+HAWA I 
+BUCHANAN~ NOOULMAN~ POSTER + IUC LA ... SLAC I 
FERGUSON+BUCHANAN~NODULMAN • (UCLA+SLACI 

+HOLDER t KNOBLOCH+ I CERN+DOR T +HEID+SACL +BGNA I 
J&.C HOLKOWSK A+ COR SA+ BELG ... CERN+LOI C•MONSI 
+ORLOVA ~ SALMANfJVA, TRETYAKOV+ (lEBO I 
M.J.LAUTERBACH (YALE) 
+GO BB I • KEREN. ROSEN~ RUCHTI+ I NWE S+ROCH+FNALI 
SPELBRING,GOSBI ,KEREN + (NWES•ROCH+FNAL) 
+FUCH 1. HOSHI NO+ I A 1 CHI +NAGOYA+YOKOHAMAJ 

l/B2• 
l/B2• 
1/82* 
1/82* 

1/82* 
1/82• 
1/82• 

1/82* 
l/82* 
1/82• 



Stable Particles 
BOTTOM HADRON, TOP HADRON SEARCHES 

ALL ASIA 
ANGELINI 
ANGELIN2 
ANT I POV 
ARMENJSE 
ATIYA 

BARANOV 
BARANOV2 
BAUER 
BBDMPSST 
BERGE 

79 PL 878 2E7 
79 PL BOB 428 
79 PL 848 150 
79 JETPL 30 343 
79 PL 868 115 
79 PRL 43 414 

19 PL 818 261 
79 SJNP 29 622 
79 PRL 43 1551 
79 SJNP 29 46 
79 Pl 818 B'i 

BLIETSCH 79 Pl 868 108 
BRANSON 79 PR 020 337 
BROWN 79 PRL 43 410 
CHillNGA 79 Pl 838 136 

ALSO 79 NP 8151 29 
COTE US 79 PRL 4 2 llt38 

DEGROOT 
OIAMANTB 
0 I SHAW 
OfU JARD 
DRI JAR02 

79 Pl 868 103 
79 PRL 43 1714 
79 Pl 858 142 
79 Pl 818 250 
79 PL 858 452 

FUCHI 79 NC 51A 18 
FUCHI2 79 Pl 858 135 
GIBONI 79 PL 858 437 

ALSO 79 THESIS-HARVARD 
KOMAR 79 SJNP 29 40 
KOHAR2 79 SJNP zq 50 
LOC KHAN 79 PL 85 B 443 
READ 79 PR 019 1287 
SAWAYANA 79 PR 020 1C37 

AOAMOVIC 
ALL ISDN 
ANDERSON 
ARMENISE 
ASTON 
AUBERTl 
AUBERT2 

80 PL 898 
80 Pl 938 
80 PR 021 
80 PL 948 
80 PL 94B 
80 PL 948 
80 PL 948 

427 
509 
3075 
527 
113 
96 
101 

BALLAGH 80 PL 89B 423 
BALLAGH2 80 PR 021 569 
BARLOUTA 80 NP 8112 25 
BROMBERG 80 PR 02l 1~13 

CLARK 80 PRL 45 682 
CLARK2 80 PRL 45 1465 

ALSO 81 PR 0 l4 559 
FANOURAK 80 PR D21 562 
FRITZE 80 PL 968 427 

JACQUES 80 PR 021 ll06 
RITCHIE 80 PRL 44 230 
SANOWEIS 80 PRL 44 1104 
SOUKAS 80 PRL 44 564 

AOAMOVIC 
AOEVA 
AHMOSOV 
AHMOSOV2 
ARMENISE 
AUBERT 

BALLAGH 
BASILE 
BAS 1LE2 
FUCHI 
GRASSLER 

81 PL 998 271 
81 PL 10l8 285 
81 NP B117 365 
81 PL 1068 151 
81 PL 1048 40CJ 
81 PL 1068 419 

81 PRO l4 1 
81 NC 63A 230 
81 NC 65A 457 
IH LNC 31 199 
81 Pl 998 159 

IRION 81 Pl 998 4S5 
JONKER 81 Pl 107B 241 
NISHJKAW 81 PRL 46 1555 
TCLSTOV 81 JETPl 33 232 
TRINKO 81 PR Dl3 1889 

GAISSER 76 PR 014 3153 

I ANKA+BRUX+CERN+DUUC+LOUC +KEYN+P I SA+RO"'A+ J 
I ANKA+BRUX+CERN+OUUC+LOUC+KEYN+PI SA+ROMA+ J 
( ANKA+SRUX+CERN+OUUC+l OUC +KEYN+PI SA+ROMA+) 

+BEZZUBQV, BUDANOV, GORIN, DEN I SOV+ ( SERP I 
+ERR t QUEZ+ I BAR I +CERN+ EPOL +MILA+ORSA) 
+HOU4ES,KNAPP,LEE+ ICOLU+Ill+FNAU 

+IVANJLOV,KONYUSHKO,KORABLEV+ I SERPJ 
+VOLKOV, IVANILOV.KONYUSHKO,KORABLEV+ I SERPI 
+KI LEY,BALL,CHANG, CHEN, GHODS+ I MSU+FNAU 
BER L+BUDA+OUBNA+MOSC+PR AG+SERP+SOF I A+ TB IL I 
+BOGE".T, ENOORF, HANFT+ I FNAL +SERP+I TEP+MICHI 

Bl I ETSCHAU+ I AACH+BONN+CERN+MPI "4+0XF J 
+MCDONALD, SANDERS, SMITH, THALER+ I PRI N+EF I I 
+BARt SH, BARTLETT 1 BOOEK, SHAEVITZ+ IC tT+STANI 
CHIlI NGAROV, ClARK+ I CERN+ SAC L+ETH J 
CHILI NGAROV, CLARK+ I CERN+SACL +ETH J 
+01 ESBURG, FINE, LEE, SOKOLSKY+ ICOLU+I LL +BNLJ 

+HANSL, HOLDER I CERN+ DOR T +HEI D+SACL +BGNA I 
DIAMANT -BERGER, 01 SHAW, FAESSLER+ I STAN+C IT I 
+OI AMANT-BERGER, FAESSL ER,L I U+ ( SLA.C+C IT J 
+FISCHER ,GEIST+ I CERN+CDEF+HE JD+KARL I 
+FISCHER+ C CERN+CDEF+OORT+HEI O+LAPP+WARS I 

+HOSHI NO.KURAMATA+ I NAGOYA +A ICHI +YOKOHAMA) 
+HDSH I NO.KURAMA TA, NI U+ IN AGOYA+A I CHI +YOKOJ 
AACH+C ERN+HAR V+MUN I +NWE S+UCR COLLABORATION 
O~DIBITONO CHARYl 
+ORLOVA,SALMANOVAtTRETYAKOVA + ILEBOI 
+ORLOVA, TR ETYAKOVA ,CHERNYAVS K 1 I I L ESDI 
+MEYER, RANOER, SCHLEIN, WEBB+ «UCLA+ SACLI 

I FNAL+BELG+DUUC+LOI C+ lOUC+KEYN+MULHOUSE+ I 
K. SAWAYANAGI IWASEDAI 

ADAMOVIC H+ C PHOTON-EMUL, OMEGA-PHOTON COLL S ~I 
BRUX+CERN+OXF+PAOO+ROMA+RHEL +TRST COlt AB. 
+COLE MAN,KARHI, NEWMAN+ I EF I+ Ill +PR I Nl 
+ I BAR I +81 RM+LI BH+ EPOL +RHEl +SACL +LOUC I 
+ { B ONN+C ER N+E POl +G LAS+l ANC +MC HS +LAL O+L PT P+ I 
+BASSOHPIE RRE+ I EUROPEAN MUON COll ABORAl IONJ 
+BASSOMPIERRE+CEUROPEAN MUON COLLASORATIONI 

+BINGHAM+ I UCB olBL • FNAl, HAWA, WASH, WI SC) 
+BINGHAM+ I UCB+LBL+FNAL +HAWA+WASH+W ISC) 
BAR LOUT AUD, BIRD+ I BGNA+GLA S+RHE L +SACL +TOR II 
+DICKEY ,FOX, GOMEZ+ C C IT+FNAL+ I LLC+ 1 NOI 

+JOHNSON,KERTH, LOKEN+ I UCB+LBL +FNAL +PR IN I 
+JOHNSON, KERTH, LOKEN+ IUCB+LBL +FNAL +PR I Nl 
GOlll No SHOE MAKER, SURKO+ CPR IN+LBL +FNAL I 
FANOURAK 1 S. RESVANI S+ I ATHU+ATEN+WI SCI 
AACH+BONN+C ERN+L01 C+OXF+SACL COllABORATION 

+KALELKAR, M ILLER,PLANO+ I RUTG+STEV+COLUI 
+BOOEK, COLEMAN, MARSH+ IROCH+Cl T+FNAL +ST ANI 
SANDWEJSS, CARDELLO,COOPER+ IYALE+FNAU 
+WANDERER• WEN Go BREGMAN+ ( 8Nl +HARV+ORNL +PENN J 

ADAMOV IC H+ ( PHOTON-EMUlo OMEGA-PHOTON COLLS.) 
+AGUILAR-BE·NITEZ+ ILEBC-EHS COLLABDRATIONI 
+DEN I SOV, ERMOLOV+ ( SERP+FNAl +ITEP+M JCH I 
+OENI SOV, ERMOLOV+ I SERP+FNAl+ITEP+MI CHI 
+FOGL J-MUC I ACC I A+ I BAR I +CERN+EPOL +M I LA+LALOI 
+BASSOMPI ERRE+I EUROPEAN HUON COLLABORA TIONI 

+BINGHAM+ I UCB+L Bl +FNAL+H AWA+WASH+W I SCI 
+ROMEO, C IFARELL 1 + I CERN+BGNA+FRAS+PG I AI 
+ROMEO, C IF ARELL I+ I CERN+BGNA+FRAS+PG I A) 
+HOSHI NO,M I VAN I SHI + ( NAGO+A JCH+TOKY+YOKOI 
+LANSKE, SCHULTE+ C AACH+BONN+CERN+MPJM+OXF I 

+SEEBRUNNER+ I AACH+CERN+t'ARV+MUNI+NWESI 
CHARM COLLAB. I ANI K+CERN+HAMB+I TEP+ROMAI 
Nl SHIKAWA+ I NWES+CI T+FNAL +ROCH+ROCKI 
+SHABRATOVA tBOBODZHANOV, TS I N-YAN+ I J INRI 
+BENVENUTI+ IWI SC+P ENN+FNAL +HARV+OHIO+RUTGI 

REVIEWS REFERRED TO IN DATA CARDS 

T .K .GA I SSER, F. HALZ EN I BART+W I Set .................................................................... .......................................................................... 
I BOTTOM HADRON SEARCHES I 

HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HD 
HO 
HO 
HO 
HO 
HO 
HO 
HO 
HD 
HD 

SEE ALSO THE liSTINGS FOR THE Bl52001 AND THE 
lAM BDA/6015500) o 

CROSS SECTION FOR THE PRODUCTION OF A IBt ANTI-BI PAIR IN 
HAORONIC REACTIONS CCM .. 2/NUCLEON 1. 

a. E-33 OR LESS CL=.90 COLEMAN SO SPEC 225 GEV/C PI- NUCL 
50. E-33 OR LESS CL=.9D DJAHANT-8 80 SPEC 400 GEV/C P FE 

30 13.8+-1.21 E-35 BASILE 81 SFM P P --> lAM/80 E+ X 
ORIJARO 82 SFM P P 63 GEV ECM 

COLEMAN BO LOOK FOR PI- NUCLEON --> 8 BBAR ANYTHING, FOLLOWED BY 
B --> J/PSI X. ANTI-S --> 11U X UNO THE CHARGE CONJLGATE DECAYS}. 

DIAMANT-BERGER 80 LOOK FOR P FE --> J/PSI MU X. P FE--> MU MU MU 
X, AND P FE --> MU+ MU+ X. TABLE 2 OF THEIR PAPER GIVES CS LIMITS 
FOR SEVER.Al FINAL STATES. 

BASILE 81 IS P P AT 62 GEV ECM AT THE CERN-ISR~ A 6-STANOb.RD­
DEVIATION PEAK IS SEEN IN THE P K- PI+ PI- MASS SPECTRUM WHEN 
TRIGGERING ON AN E+ AND KEEPING ONLY THE K- Pt+ IN THE DO REGION. 
SEE THE L.AMBCA/BO LISTING FOR THE MASS OF THE PEAK. THE ABOVE 
CROSS SECTION IS AFTER THE ABOVE AND OTHER CUTS ARE MADE. 

ORIJb.RO 82, WITH SAME ACCELERATOR, ENERGY, AND DETECTOR AS BASILE 
Sl, SEE NO LAMBDA/SO PEAK, AND CLAIM THAT NEITHER EXPERIMENT HAS 
THE SENSITIVITY TO SEE SUCH A SIGNAL. 

8/Bl* 
8/81* 
1/82• 
4/82* 

8/81* 
8/81* 

8/Sl* 
8/81* 
8/81* 

4/82* 
4/82• 
4/82* 
4/Sl* 
4/Bl* 

4/Sl* 
4/82* 
4/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

BOTTOM HADRON PRODUCTION IN IE+ E-1 COLLISIONS. SEE ALSO THE 
lIST lNG FOR THE 8152001. 

All 
BARTEL 
BERGER 

79 ECM==9.4-17 GEV 
80 JADE ECM=27-35 GEV 
80 PLUT ECM=12-31.6 GEV 

BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 

A ALI 7CJ ANALYZE SPHERICITY AND THRUST DATA TAKEN BY PLUTO AND Tb.SSO 

MU 
MU 
MU 
MU 
MU 
MU 
MU 

AT DESY-PETRA. SUGGEST ONSET OF A IB-QUARK ANTI-8-QUARKI THRESHOLD 
IN THE ENERGY RANGE 9.4<ECM<l3.0 GEV. 

BARTEL 80 IS JADE COllABORATION AT OESY-PETRA. AN UPPER li~IT OF 
2E-CJ SEC IS GIVEN FOR THE 8-MESON LIFETIME, ASSUMING ITS ~ASS IS 
5 GEV. 

BERGER 80 MEASURE INCLUSIVE MUON PRODUCTION BY PLUTO AT OESY-PETRA. 
BRC e-QUARK-->MU XI IS BETWEEN 0 AND 0.33. 

BOTTOM HADRON PROD~ CROSS SECTION IN MU NUCLEON INTERACTION CCM .. 2J. 
SEE ALSO SECTION MU IN CHARM SEARCHES. 

1~2E-35 CR LESS CL=.90 AUBERT 81 SPEC l50GEV MU+ ON FE 

AUBERT 81 IS MU+ N AT THE CERN SPS. OBSERVE TWO MU+MU+"4U+ AND 
ONE MU+MU-MU- WRONG-SIGN EVENTS. 

BOTTOM HADRON PRODUCTION IN NEUTRINO NUCLEON--> l LEPTONS ANYTHING 
AND .ANTINEUTRINO NUCLEON --> 2 lEPTONS ANYTHING. SEE ALSO SECTIONS 
Y, VO, AND VAP IN CHARM SEARCHES. 

21 MU+MU-
2 MU+E+IW>5.6GEVJ 
6 MU+E-.MU+MU- ( 5<W<6.5GEVI 

ARMENISE 
AMMOSOV 
BALLAGH 

80 HLBC 
81 HYBR 
81 HYBR 

NEUBAR BEA/1 
NEUBAR INDUCED 
NEUBAR INDUCED 

ARMENISE SO IS AT THE CERN-SPS WITH BEBC EXPOSED TO A WIDE-BAND 
ANTINEUTRJNO BEAM. OBSERVED PEAK AT W AROUND 6 GEV IN OP1UON 
EVENTS MAY BE DUE TO BOTTOM BARYON PRODUCTION. 

AMMOSOV 81 AT FNAl OBSERVED 2 MU+E+ EVENTS WITH W>5.6GEV, PERHAPS 
DUE TO B-BARYON PRODUCTION AND DECAY. RATIO TO CHARGED CURRENT IS 
12.+3.3-1.61E-3. 

BALLAGH 81 Al FNAl OBSERVE EXCESS IN SA"tE MASS REGION AS 
ARMENISE 80. 

••••••••••••••• ***•••••• ********* ••••••••••••••••••••••••••••••••••• 

All 
ARMENISE 
BARTEL 
BERGER 
COLEMAN 
DIAMANTB 

79 PL 83B 375 
80 Pl 94B 527 
80 ZPHY C6 l95 
80 PRl 45 1533 
80 PRL 44 1313 
80 PRL 44 507 

REFERENCES FOR BOTTOM HADRON SEARCHES 

ALI. KOERNER, WI LLRODT ,KRAMER I OESY+HAMB t 
I Bb.R I +B 1 RM+L IBH+EPOL +RHEL+S ACL+LOUC) 

JADE C. ( OESY+HAMB+HEI D+LANC+MCHS+RHEL + TOKYI 
PLUTO C.l AACH+BERG+DESY+HAMB+UMO+S I EG+WUPPI 
+ANDER SON, KARHI, NEWMAN,+ I EFt+ t Ll+PR INI 
DIAMANT-BERGER, 01 SHAW,+ C STAN+SLAC+C IT I 

AMMOSOV 81 Pl 106B 151 +DENt SOV, ERMOLOV ,+ C SERP+FNAL +I TEP+M ICHJ 
+BASSOMPIERRE+IEUROPEAN MUON COLLABORATIONI 
+BINGHAM,+ ( UCB+l6l+FNAL+HAWA+WASH+W I SCI 
+BONY IC 1 Nl, CARA ROMEO+ C CERN+BGNA+FRAS+PG I AI 
+FISC HER,+ I CERN+COEF+ OOR T +HE I O+L APP+WARS I 

AUBERT 81 Pl 106B 419 
8AllAGH 81 PRO 24 1 
BAS HE 81 LNC 31 97 
OfH JARD Bl Pl 1088 361 

****** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••• ***•••••• •••••••••••••••••••••••••• 

I TOP HADRON SEARCHES I 

TOP HADRON PRCDUCT ION 
NONE ECM=2l-31.6 GEV 
NONE ECM:::22-31.6 GEV 
NONE 
NONE ECM,..22-31.6 GEV 
NONE ECM=30-36 GEV 
NONE ECM=l2-31~ 6 GEV 
NONE ECM=33-35. 8 GEV 

IN (E+ E-1 COLLISON$ 
BARTEll 19 JADE R 
BII.RTEL2 79 JADE <S> 
BII.RBER 79 MRKJ R,<S>,<T> 
BERGER 79 PLUT R,<S>,<T>,MU 
BARBER 80 MRKJ Rt<T>,MU 
BERGER 80 PlUT MU 
BARTEL 81 JADE MU 

COMMENTS 
ALL ABOVE ME.ASUREMENTS ARE DONE AT DESY-PETRA. THE LAST COlUMN 
SPECIFIES MEASURED QUANTITIES~ 

TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 
TE 

8 BARTEll 7CJ OBSERVE NO SIGNIFICANT ACCUMULATION OF SPHERICAL EVENTS. 

BERGER 79 FIND R=3.88+0.22 WHICH ALONG WITH SPHERICITY AND THRUST 
BEHAVIORS IS AGAINST OPEN TOP ANTI-TOP CHANNEl BELOW 30GEV~ FINAL 
MUONS ARE ALSO CONSISTENT WITH EXPECTATION WITHOUT TOP QUARK STATE. 

BARBER 80 FINO NO EVIDENCE FOR .II.N OPEN TOP ANTI-TOP THRESHOLD IN R, 
THRUST DJST ~ AND INCLUSIVE MUONS. ENERGY SCAN IN THE RANGE l9.9<ECM 
<31.6GEV REVEALS NO HII.ORON RESONANCE CORRESPONDING TO A (TOP-QUARK 
ANTI-TOP-QUARK) BOUND STATE. 

BERGER 80 MEASURES INCLUSIVE MUONS WITH MOMENTUM >2 GEV/C. AGREE 
WITH EXPECTED SEMILEPTONIC DECAYS FROM CHARMEC AND BOTTOM MESONS. 

BARTEL 81 MEASURES INCLUSIVE MUONS WITH MOMENTUM >1.4 GEV/C. AGREE 
WITH EXPECTED SEMILEPTONIC DECAYS FROM CHARMEC AND BOTTOM MESONS. .................................................................... 

BARTEll 
BARTEll 
BARBER 
BERGER 
BARBER 
BERGER 
BARTEL 

79 PL 888 171 
79 Pl 89f 136 
79 Pl 858 463 
79 Pl 86B 413 
80 PRL 44 1122 
80 PRL 45 1533 
81 Pl 99B 271 

REFERENCES FOR TOP HADRON SEARCHES 

JADE C. I OESY+HAMB+HEI O+MCHS+LANC+RHEL+TOKY J 
JADE C. ( OESY+HAMB+HE I D+MCHS+LANC+RHEL+TOKY I 
HARK-J COLLAB. (AACH+OESY+MIT+AIKO+BHEPI 
PLUTO C ~I AACH+BERG+OESY +HAMB+U"'D+S I EG+WUPPJ 
MAR K-J COLL AB. I AACH+OESY+MJT+A I KO+BHEP J 
PLUTO Co IAACH+BERG+OESY+HAMS+UMD+S I EG+WUPPI 
+CORDS+ I DESY+HAMB+HEIO+LANC +MCHS+RHEl +TOKYI 

................................................... ••••***** •••••••• ..................................................................... 
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Data Card Listings 
For notation, see key at front of Listings. 

I OTHER STABLE PARTICLE SEARCHES I 
We collect here those searches which do not 

fit neatly into one of the above search catego­

ries. These include axion searches (section A~, 

supersymmetric partner searches (SYM), trimuon and 

four-lepton production in neutrino and anti-neu­

trino reactions (T, FL), and heavy particle 

searches in accelerator experiments (EE, CH, cs, 
D, ICH, RP"l, BD) and in cosmic rays (F) • 
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AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
AX 
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AXtON (AOI PRODUCTION RAllO TO PJO PROD CROSS-SECa , 
FOR THEORY AND REVIEW SEE WEINBERG PRL 40, 223 (19781; WILCZEK 
PRL 40, 279 (1978); DONNELLY PR 018, 1607 (19781: BARSHAY ET A.L., 
PRL 46, 1361 11981); AND 8ARROSO+MUKHOPAOHYAY Pl 106, 91 (1981). 
FOR INVI SIBLE-AXION THEORY SEE E.G. WISE, GEORGI AND GLASHOW 
PRL 47, 402 09Bllo AND FOR VERY HEAVY AXtON THEORY SEE E.G. TYE 
PRL 47, 1035 11981). FORK--> PI AO SEE ALSO E.G., GOLDMAN 
AND HOFFMAN, PRL 40o 220 ll9781i FRERE ET AL .. , Pl 1038, 129 (19811. 

1. E-8 OR LESS CL:.90 ALIBRAN 78 HYBR BEAM DUMP 
6. E-9 OR LESS CL::.95 ASRATYAN 78 CALC BEAM DUMP 
5.4E-14 OR lESS CL=.90 BEllOTTI 78 HLBC FOR MASS::1,.5 MEV 
4.1E- 9 OR. LESS CL::::,. 90 BELLOTTI 78 HLBC FOR MASS:: 1 MEV 
1.5E- 8 OR LESS CL=.90 BElLOTTI 78 HLBC BEAM DUMP 
1. E-8 OR LESS CL=.90 BOSETTI 78 HYBR BEAM DUMP 

DONNELLY 78 
O .. SE-8 OR LESS CL=.90 HANSll 78 WIRE BEAM DUMP 

MICELMACH 78 
VYSOTSSKI 78 
BECHI S 79 CNTR 
CALAPRICE 79 CARBON 

1. E-8 OR lESS CL.:.9Q COlEUS . 7<) OSPK BEAM DUMP 
1. E-3 OR LESS CLc.95 DISHAW 79 CALO 400 GEV P p 

ZHITNITSK 79 HEAVY AXION 
FAISSNER 80 OSPK BEAM DUMP,AO->E+E-

1.E-B OR LESS CLc.90 JACQUES 80 HLBC 2S GEV PROTONS 
1.E-14 OR LESS CLc.9Q JACQUES SO HLBC BEAM DUMP 

SOUKAS 80 CALC 2SGEV P B.OUMP 
0 ASANO S1 CNTR STOPPED K+-->PI+ AO 

12 FAISSNEl 81 OSPK CERN PS NU WIOEBAND 
15 FAISSNE2 81 OSPK BEAM DUMP,A0-->2GAM 

8 KIM 81 OSPK 26 GEV P NUC-->AO X 
0 ZEHNDER 81 CNTR BA•->l AD-->2GAMIBA 

EDWARDS 82 CBAL J/PSI->GAMMA+AO 

A BELLOTTI 78 FIRST VALUE COMES FROM SEARCH FOR A-->E+E-. SECOND 
VALUE COMES FROM SEARCH FOR A-->2GAMMA, ASSUMING MASS<2*MASS(E-I. 
FOR ANY MASS SATISFYING THJS,LIMIT IS ABOVE VALUE*(MASS .. -4). 
THIRD VALUE USES DATA OF PL 60B 401 AND QUOTES CS( PRODI*CSt INTER­
ACT ION I< 10 .. -67· CM .. 4. 

B BOSETTI 7S QUOTES CS{PROOJ•CSIINTERACTI< 2.E-67 CM**4 

DONNELLY 78 EXAMINES DATA FROM REACTOR NEUTRINO EXPTS OF REINES 76 
AND GURR 74 AS WELL AS SLAC BEAM DUMP EXPT. EVIDENCE IS NEGUIVE. 

MICELMACHER 7B FINDS NO EVIDENCE OF AXtON EXISTENCE IN REACTOR 
EXPTS OF REINES 76 AND GURR 74. (SEE REF UNDER DONNELLY 78 BELOW). 

VYSOTSSKII 78 DERIVED LOWER LIMIT FOR THE AXJON MASS .. 25 KEV FROM 
LUMINOSITY OF THE SUN AND 200 KEV FROM REO SUPERGIANTS. 

8ECHIS 79 LOOKED FOR THE AXION PRODUCTION IN LOW ENERGY ELECTRON 
BREMSSTRAHLUNG AND THE SUBSEQUENT DECAY INTO EITHER 2 GAM"4AS 0~ 
E+ E-. NO SIGNAL FOUND. C.L.=0.90 LIMITS FOR MODEL PARAMETERISI 
ARE GIVEN. 

CALAPRICE 79 SAW NO AX ION EMISSION FROM EXCITED STATES OF CARBON. 
SENSITIVE TO AXION MASS BETWEEN 1 AND 15 MEV. 

H COlEUS 79 IS A BEAM DUMP EXPERIMENT AT BNL. 

DISHAW 79 IS A CALORIMETRIC EXPERIMENT AND LOOKS FOR LOW ENERGY 
TAIL OF ENERGY DISTRIBUTUIONS DUE TO ENERGY LOST TO WEAKLY 
INTERACTING PARTICLES. 

ZHITNITSKII 7q ARGUE THAT A HEAVY AXtON BY YANG I 3<M<40 MEV I 
CONTRADICTS EXPERIMENTAL MUON ANOM. MAGNETIC MOMENTS. 

FAISSNER 80 IS SIN BEAM DUMP EXPT WITH 590 MEV PROTONS LOOKING FOR 
AD-->E+ E- DECAY. ASSUMING AO/PI0=5.5E-7tOBTAtNED DECAY RATE LIMIT 
20/UO MASSI MEV/SEC ICL=.90I.WHICH IS ABOUT 10**-7 BELOW THEORY 
AND INTERPRETED AS UPPER LIMIT TO MASS(AOI < 2* MASSIE-I. 

JACQUES 80 IS A BNL BEAM DUMP EXP. FIRST LIMIT ABOVE COMES FROM 
NON-OBSE R VAll ON 0 F EXCESS NC-TYPE EVENTS ( CS I PROD I •CS (INTERACT I < 
7.E-68 CM••4,CL=0.90). SECOND LIMIT IS FROM NON-OBSERVATION OF 
AXION DECAYS INTO TWO GAMMAS OR E+E-, AND FOR AXION MASS A FEW MEV. 

M SOUKAS 80 AT BNL DBSERIJEO NO EXCESS OF NC-TYPE EVENS IN BEAM DUMP. 

N ASAND B1 IS KEK EXPT. SET BR.IK+ -->PI+ AOJ < 3 .. SE-S AT CL:.9Q. 

0 FAI SSNER1 81 SEE EXCESS MU E EVENTS. SUGGEST AX ION INTERACTIONS. 

FAISSNER2 81 IS SIN 590MEV PROTON BEAM DUMP .. OBSERVED 14.5+-5.0 EVS 
OF 2 GAMMA DECAY OF LONG-LIVED NEUTRAL PENETRATING PARTICLE WITH 
M(2 GAMMAI < APPROX. 1 MEV .. AXJON INTERPR .. WITH ETA-AO MIXING GIVES 
M(A01=1250+-251KEV 1 TAU(2 GAMMAJ=(1,.3+-3.71E-3 SEC FROM ABOVE RATE. 

KIM 81 ANALYZED S CANDIDATES FOR A0-->2 GAMMA OBTAINED BY AACHEN­
PAOOVA EXPT AT CERN WITH 26 GEV PROTONS ON BE. ESTI~ATED AXtON MASS 
IS ABOUT 300 KEV AND liFE IS (0.86 TO 5.6JE-3 S DEPENDING MODELS. 
FAISSNER, PRIV. COMM 1 SAYS AXION PROD. UNDERESTIMAlED AND MASS 
OVERF.STJMATEC. CORRECT VALUE AROUND 200 KEV. 
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Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

ZEHNDER B1 LOOKED FOR BM•-->AO SA TRANSITION WITH AG-->2 GAMMA. 
OBTAINED 2GA~MA COINCIDENCE RATE < 2.2E-5 /SEC(CLz:.95J EXCLUDING 
MASStAOI>160 KEVIOR 200 KEV DEPENDING ON HIGGS MIXING). 
HOWEVER. SEE BARROSO + MUKHOPADHYAY, REF. ABOVE. 

EDWARDS 82 LOOKED FOR J/PSI-->GAMMA+AXION DECAYS BY LOOKING FOR 
EVENTS WITH A SINGLE GAifiiMA (OF ENERGY APPROX. 1/2 THE J/PSI M.ASSI, 
PLUS NOTHING ELSE IN THE DETECTOR. THEY FIND 
8R(J/PSI-->GAMMA+AXIONJ<1.4E-5 AT C.L=.90. THIS RESULT IS 
INCONSISTENT WITH THE AXtON INTERPRETATION OF THE FAISSNER.2 81 
RESI.A.T. 

TRIMUON PRODUCTION IN NEUTRINO NUCLEON INTERACTIONS 
SEE ALSO SECTION 1 NEU' IN 'HEAVY LEPTON SEARCHES' AND 
SEC liON '\" IN 'CHARMED HADRON SEARCHES•. FOR EXTENSIVE DISCUSSION, 
SEE ALBRIGHT 1B CPR D18, 10SJ, HANSL 78 INP B142o 3811, AND KANE 79 
(PR 019, 197BJ. 

2 EVENTS MU- MU HU BARISH 71 SPEC NEU BEAM 
BARISH 77 EVENTS CONTAIN FAST MU- AND 2 ADDITIONAL MUONS WITH LOW 
ENGERY IN OIMUON REST FRAME. SLOW MUONS COULD COME FRO"' EITHER 
VIRTUAl PHOTGN OR VECTOR MESON OR FRO~ ASSOC PROD OF CHARMED 
PARTICLES WHICH DECAY LEPTONICALLY. 

1/82* 
1/82• 
1/82• 
4/B2• 

4/B2• 
4/82• 
4/82* 
4/82* 
4/B2• 
4/82• 

1171 
1/17 
7/77 
1/11 
7/77 

6 SEEN BENVENUTI 11 NEUL 5/6NEUt1/6NEUBAR 12/77 
BENVENUTI 77 IS FNAL EXPT. CAN BE EXPLAINED BY PROD OF NEW HEAVY 12/77 
LEPTON --> MU- NEUBAR NEW LIGHTER LEPTON --> MU+ Mu- NEU. 12/77 

C BLETlACKE 17 RVUE 12/77 
C BLETZACKER 11 EXPLAINS TRIMUON AND LIKE SIGN OIMUON PROD AS ASSOC 12/77 
C PROD OF CI-ARH. 12/77 

3 SEEN HOLDER 77 SPEC 12/77 
HOLDER 77 EVENTS ARE MU-MU-M+ AND MU-MU+MU+ WITH NEU BEAM, AND 12/77 
HU+MU-MU- WITH NEUBAR BEAM. RATE RELATIVE TO CHARGED CURRENT EVENTS 12/77 
IS 4*10••-5. 12177 

ALBRIGHT 78 RVUE 12/79 
ALBRIGHT 78 COMPARES DATA OF TRIHUON AND FOUR-MUON EVENTS LISTED 12/79 
ABOVE WITH SIX MODELS. 12/79 

7 SEEN BENVENUTI 7B NEUL B/78 
BENVENUTI 78 IS FNAL EXPT. 6 OF THE EVENTS ARE SEEN USING A <)5 PCNT 8/78 
NEU BEAM, 1 USING AN 83 PCNT NEUBAR BEAM. SEE MORt 18 FOR LIMITS B/78 
OF THE PROS THAT. THE TRIMUONS ARE PRODUCED BY A NEW SHORT-LIVED 817B 
SOURCE OF NEUTRINOS. 8/78 

76 EVENTS MU- Mu- MU+ HANSL2 7B SPEC NEU BEAM 1179 
HANSL2 7S IS CERN SPS EXPT. RATE RELATIVE TD SINGLE HUON EVENTS IS 1/79 
13.0+-.4)*10•*-5 FOR EINEUI>30 GEV. CAN BE EXPLAINED AS C.C. 1/79 
INTERACTIONS WITH ADDITIONAL LOW MASS MU PAIRS. NO EVIDENCE "FOR NEW 1/79 
HEAVY LEPTON. 1/79 

H 39 Mu-HU-MU+ SEEN BENVENUTI 7<) NEUL NEU BEAM 7/79 
H BENVENUTI 7<) INCLUDES 9 EVENTS FROM BENVENUTI 71 AND 7S. RATE 7/79 
H RELATIVE TO SINGLE MUON EVENTS IS (1.1+-.51*10**-4 FOR ElNEUI>100 7/79 

GEV. CONSISTENT WITH E."4. AND DIRECT PRODUCTION OF MU PAIRS. 7/79 
CHUM ASSOC PROD MAY ACCOUNT FOR 20 PERCENT OF PRODUCTION. NO 7/79 
EVI OENCE fOR NEW HEAVY LEPTONS OR HEAVY QUARKS. 7179 

S MU+MU+HU- DEGROOT 79 SPEC NEUBAR BEA"4 12/79 
DEGROOT 79 IS CERN SPS EXPT. RATE ~ELATIVE TO SINGLE MUON EVENTS 12/79 
IS H.S+-0.61E-5 FOR EtNEUJ>=30 GEV AND P(MUI>=4.5 GEVIC. COULD BE 12/79 
EXPLAINED AS C .. C. INTERACTION ACCOMPANIED BY A MUON PAIR OF EITHER 12/79 
HADRONIC OR E.H,. ORIGIN AS IN NEU CASE. NEGATIVE SIGNAL FOR HEAVY 12/79 
LETPON. 12/79 

FOUR-LEPTON PRODUCTION IN NEUTRINO-\JUCLEON INTERACTIONS 
1 2MU+ 2MU- HOLDER 78 SPEC 
1 2E- E+ MU+ LOVELESS 78 HBC 

HOLDER 78 EVENT IS FROM CERN-SPS EKPT. RATE RELATIVE TO MU+MU­
EVENTS IS I .4E-4. 

LOVELESS 7S EVENT IS FROM FNAL EXPT. EVENT ALSO HAS l KOS AND 7 
GAMMAS. 

AND TRI-MUON PRODUCTION IN MU NUCLEON INTEPACTIONS 

2/79 
2/79 
2/79 

2/79 
2179 

2119 
2/79 

OJ­
SEE 

A 11 
ALSO SECTION 1 HU 1 IN HEAVY LEPTON SEARCHES AND CHARM SEARCHES 10/81• 

A 32 
B 450 
B 158 

TRIMUON E\IENTS CHANG 11 SPEC 12/77 
DIMUDN EVENTS CHANG 77 SPEC 12/77 
MU+MU- 223 HU-MU- EVENTS LEBRITTON 80 SPEC WCfo'IVIRTUAL PHOTON- 12/81* 
MU-MU-MU+ EVENTS LEBRITTON SO SPEC NUCLEON) < 4,.5 GEV 12/B1• 

A CHANG 77 OlMLON RATE IS GT 5•10 .. -4 THAT OF INCLUSIVE MUON RATE. 12/77 
A CROSS SECTIClN UNCORRECTED FOR ACCEPTANCE IS 5*1D••-36 CM•*21NUCLELN 12/77 

B LEBRITION SO IS BNL EXP. LOOKED FOR MUOPRODUCTION OF SHORT- 12/81* 
B LIVED PAP.TJCLES BELOW CHARM THRESHOLD. TRIMUONS ARE CONSISTENT WITH 12/81• 
B QED TRIDENT PLUS RHO DECAY AND OIMUONS ALSO WITH KNOWN SOURCES. AT 12181* 
B CL=.90 CS(MU-N-->M+ Xl•BRPI+ -->MU+ XI < 1 .. 64 E-34 CM••2 AND CStMU- 12181• 
B N->M- XI•BR(M- -->MU- X)<.S1E-34 CM .. 2 WITH M+- SHORT-LIVED MESON .. 12/B1• 

EE HEAVY PARTICLE PRODUCTION CROSS-SECTION IN E+ E- REACTION 
EE (RATIO TO CSlE+E- -->MU+MU-11. SEE ALSO SECTION EE IN QUARK SEARCHES 
EE AND SECTION EE IN MAGNETIC MONOPOLE SEARCHES .. 
EE 0 5.0 E-2 CR LESS CL:.9Q BARTEL 80 JADE Q:(3,4.51/3 2-t2GEV 
EE 0 1.6 E-2 OR LESS Ct:.95 KINOSHITA 82 PLAS Q=3-1BO,M<14.5GEV 
EE 
EE BARTEL BO IS OESY PETRA EXPT WITH WCM=27-35 GEV. ABOVE LI"'IT IS FOR 
EE INCLUSIVE PAIR PROD AND RANGES BETWEEN 1.E-1 - 1.E-2 DEPENDING ON 
EE A MASS AND PROD MOMENTUM DIST. lSEE THEIR FIGS.9,10,1U. 
EE 
EE KINOSHITA 82 IS SLAC PEP EXPT AT WCM=29 GEV USING LEXAN AND CR-39 
EE PLASTIC SHEETS SENSITIVE TO HIGHLY IONIZING PARTICLES. 

CH HEAVY PARTICLE PRODUCTION CROSS SECTION (CM**21 
CH 0 1. E-31 OR LESS LEIPUNER 13 CNTR +- M"'3-ll GEV 
CH Q.3-1.3E-31 OR LESS CARROLL 78 SPEC M:2.-2.5 GEV 
CH 
CH A LEtPUNER 13 IS ANNAL 300 GEV P EXPT. WOULD HAVE DETECTED PARTICLES 
CH A WITH LIFETI"1E GREATER THAN 200 NSEC. 
CH 
CH CARROLL 7S LOOK FOR NEUTRAL, S:-2 DIHYPERON RESONANCE IN 
CH P P --> 2K+ )1,. CS VARIES WITHIN ABOVE LIMITS OVER ~ASS RANGE AND 
CH PLAB='5.1-5.9 HV/C. 

2/B2• 
2/82• 
2/82• 

5/76 
1/79 

4/76 
4/76 

1/79 
1/79 
1/79 



Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

CS HEAVY PARTICLE PRODUCTION CROSS-SECTION ICM**21NUCLEONI 
CS 0 2.SE-35 OR LESS GUSTAFSON 76 CNTR 0 TAU GT LOU-7 
cs 
CS A GUSTAFSON 76 IS A 300 GEV FNAL EXPT LOOKING FOR HEAVY IM GT 2 GEVI 
CS A LONGLIVEO NEUTRAL HADRON$ IN THE M4 NEUTRAL BEAM. THE ABOVE TYPICAL 
CS A VALUE IS FOR M=3 GEV AND ASSUMES AN INTERACTION CROSS SECTION OF 
CS A 1 MS. VALUES AS A FUNCTION OF MASS AND INTERACTiON CROSS SECTION 
C S A ARE GIVEN IN FIG. 2. 

0 HEAVY PARTICLE PRODUCTION DIFFERENTIAL CROSS SECTION CCMU215R-GEVJ 
D 0 l.SE-36 OR LESS OORFAN 65 CNTR BE TARGET M=3-7GEV 
D 0 3.0E-36 OR LESS OORFAN 65 CNTR FE TARGET M=3-7GEV 
0 0 2.4E-35 OR lESS Cl"'.90 SINON 69 CNTR Q:- M:t-1.8 GEV 
D 0 2.4E-35 OR LESS CL=.90 ANTIPOVl 71 CNTR Q=- M=l.Z-1.7.2.1-4 
0 0 l.ZE-35 OR LESS CL=.90 ANTIPOV2 71 CNTR g.,- M=2.2-2.8 
D 0 5.8E-34 OR tESS CL=.90 ALPER 73 SPEC +- M=l.5-Z4 GEV 
0 0 1. E-31 OR LESS CL=.90 APPEL 74 CNTR +- M=3.2-7.2 GEV 
D 0 2.2E-33 OR LESS CL=.90 ALBROW 75 SPEC Q=+-1 11=4--15 GEV 
0 0 1.1E-33 OR LESS CL=.90 ALBROW 75 SPEC Q=+-2 M=6-27 GEV 
0 0 8. E-35 OR LESS CL:::.90 JOVANOVIC 75 CNTR +- M:15-26 GEV 
0 0 1.5E-34 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=+-2. M=3-10 GEV 
0 0 6. E-35 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=+-2, M=10-26 GEV 
0 0 2.6E-36 OR LESS CL=.90 BALDIN 76 CNTR Q=-1, f1:2.1-9.4 GEV 
D 
D A OORFAN 65 IS A 30 GEV/C P EXPT AT BNL. UNITS ARE PER GEV MOMENTUM 
0 A PER NUCLEUS. 
D 
0 B ANT IPOV1 11 LIM IT INFERRED FROM fLUX RATIO. 70 GEV P EXPERIMENT. 
D 
0 C ANTIPOV2 11 IS FROM SAME 70 GEV P EXP. AS ANTIPOV1 11 AND SINON 69. 
D 
0 0 ALPER 13 IS CERN ISR 26+26 GEV P+P EXPT.. P>.9 GEVt .2< BETA <.,65. 
D 
0 APPEL 74 IS t.AL 300 GEV P+W EXPERH•ENT. STUDIES FORWARD PRODUCTION 
0 OF HEAVY IUP TO 24 GEVJ CHARGED PARTICLES WITH MOMENTA 24-200GEVt-J 
0 AND 4D--150GEV C+CHGI. ABOVE TYPICAL VALLiE IS FOR 75 GEV AND IS 
0 PER GEV MOMENTUM PER NUCLEON., 
D 
0 ALBROW 75 IS A CERN ISR EXPT WITH ECM=53 GEV .. THETA=4D MR. SEE 
D FIG .. 5 fOR MASS RANGES UP TO 35 GEV. 
D 
0 JOVANOVICH 75 IS A CERN ISR 26+26 AND 15+15 GEV P+P EXPERIMENT. 
0 FIG.4 COVERS RANGES 0=1/3 TO 2 AND M=3 TO 26 GEV .. 
D VALUE IS PER GEV MOMENTUM. 
D 
0 H BALOIN 76 IS A 7D GEV SERP EXP,. VALUE IS PER AL NUCLEUS AT 
0 THETA=O. FOP: OTHER CHARGES IN RANGE -0.5 TO -3 .. 0, CL=.90 LIMIT IS 
0 12.6E-361/ABSICHARGEJ FOR MASS RANGE 12.1 TO 9.4GEVJ•ABSICHARGEJ .. 
0 ASSUMES STABLE PARTICLE INTERACTING WITH HATTER AS 00 ANTIPROTONS. 

ICH LONGLIVED I-EAVY PARTICLE INVARIANT C.S. I CM•• 2/GEVUZ/NUCLEON I 
78 CNTR MASS=4-l0 GEV 
78 CNTR HASS=4.5-6 GEV 

ICH A 0 1.1E-37 OR LESS CL= .. 90 CUTTS 
ICH 8 0 3.0E-37 OR LESS CL=:.90 VIDAL 
ICH C 0 6. E-33 OR LESS CL=.90 ARMITAGE 79 SPEC ,.,1.87 GEV 
ICH C D 1.5E-33 OR LESS CL= .. 90 ARMITAGE 79 SPEC M=1.5-3.0 GEV 
ICH 0 D BOZZOLI 79 CNTR Q=+-12/3,1,4/3,21 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
ICH 
!CH 
ICH 
ICH 

A CUTTS 78 IS P BE EXPT AT FNAL SENSITIVE TO PARTICLES OF TAU>5E-8SEC 
A VALUE IS FOP: -.3<X<O AND PT=O.l75. 

VIDAL 78 IS FNAL 400 GEV PROTON EXPT .. VALUE IS FOR X:Q AND PT=D. 
PUTS LIFETIME LJ.IUT OF <5•10U-8 SEC ON PARTICLE IN THIS MASS RANGE 

ARMITAGE 79 IS CERN-ISR EXPT AT ECM=53 GEV. VALUE IS FOR X=0.1 AND 
PTo::0.15. OBSERVED PA-RTICLES AT M=1.87 GEV ARE FOUND All CONSISTENT 
WITH BEING ANTIDEUTERONS. 

BOZZOll 79 IS CERN-SPS 20D GEV P N EXPERIMENT. LOOKS FOR PARTICLE 
WITH TAU LARGER. THAN 10**-B SEC. SEE THEIR FIG .. ll-18 FOR PRODUCTION 
CROSS SECTION UPPER LIMITS VS MASS. 
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RPI LONGLIVED HE&.VY PARTICLE PRODUCTION ICSIHEAVY PARTICLEI/CSIPJONI J 12/81• 
RPI A 0 BUSSIERE 80 CNTR Q=+-12/3tlt4/3,21 12/81• 
RP! 
RPI A BUSSIERE 80 IS CERN-SPS EXPT WITH 200-24D GEV PROTONS ON BE AND Al 12/81• 
RPI A TARGET. SEE THEIR FIG.6-7 FOR CS RATIO VS MASS. 12/81• 

CA 
CA 
CA 
CA 
CA 
CA 

CROSS-SEC FOR PROD AND CAPT 
0 O.l-9E-36 OR LESS 
0 t.4-9E-36 OR lESS 
0 2-20E-34 OR LESS 
D 0.2-SE-34 OR LESS 

OF LONG-LIVED MASSIVE PARTICLES ICM••21 
FRANKEl 74 CNTR TAU=1 TO 1000 HRS 
FRANKEL 75 CNTR TAU=50 MS TO 10 HRS 
ALEKSEEl 76 ELEC TAU=100 MS TO 1 DAY 
AL EKSEE2 76 ELEC T AU=5 MS TO 1 DAY 

7/76 
2177 
4/77 
3/77 

CA FRANKEL 74 LOOKS FOR PARTICLES PRODUCED IN THICK Al TARGETS BY 7176 
CA 3D0-4DO GEVIC PROTONS. 7/76 
CA 
CA B FRANKEL 75 IS EXTENSION OF FRANKEL 74. 2/77 
CA 
CA C ALEKSEEVI1.21 76 ARE 61-70 GEV P SERP EXPT .. CS IS PER PB NUCLEUS. 3/77 
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F 
F. 
F 
F 
F 
F 
F 
F 

' F 
F 

HEAVY PARTICLE FLUX IN COSMIC 
0 5.0E-11 OR LESS CL::.90 
0 3.0E-10 OR LESS 
0 3.0E-8 OR LESS 
0 1.5E-9 OR LESS 
5 6. E-9 OR MORE 
0 7; E-1D OR LESS CL=.90 
0 l.OE-Q OR LESS 

1.3E-9 CR LESS CL=.90 
4.3+-1.3 E-ll 
3.0E-c:l 
3.5E-ll CR LESS CL::.90 
7. E-ll OR LESS CL=.c:lO 
2. E-9 

RAYS I NUMBER/CM•*2-S EC-SR I 
JONES 67 ELEC M=5 TO 15 GEV 
BJORNBOE 68 CNTR M ABOVE 5 GEV 
DARCO 72 CNTR 
TONWAP: 72 CNTR M GT 10 GEV 
YDCK 74 CNTR M GT 6 GEV 
YOCK 75 ELEC +- Q GT 1 OR LT -7E 
BRIATORE 76 ELEC 
BHAT 78 CNTR +- "'' GT 1 GEV 
GOODMAN 79 ELEC M>= 5 GEV 
YOCK 80 SPRK M APPROX.=4. 5 MP 
ULL"'AN 81 CNTR PLANCK-MASS E+l9GEV 
ULLMAN 81 CNTR M=1.E-16GEV OR lESS 
YOCK 81 SPRK Q=+-1 M ABOUT 4. 5MP 
YOCK 81 SPRK FRACTIONALLY CHGO 

A YOCK 14 EVENTS COULD" BE TRITONS. 

8 BHAT 78 IS AT KOLAR GOLD FIELDS. LIMIT IS FOR TAU > 10*•-6 SEC. 

C YOCK 80 EVENTS ARE WITH CHARGE EXACTLY OR APPROX. EQUAL TO UNITY. 

ULLMAN 81 IS SENSITIVE FOR HEAVY SLOW SINGLY CHARGE PARTICLE 
REACHING EARTH WITH VERTICAL VELOCITY 10o-35D KM/S. 

YOCK 81 SAW ANOTHER 3 EVENTS WITH Q=+-1 AND M ABOUT 4.5MP AS WELL 
AS 2 EVS WITH M>5.3HP,Q=+- .. 75+-.05 AND M>2.8MP,Q=+-.70+-.05 AND 1 
EVENT WITH ~=19.3+-3.1MP,Q=+-.89+-.D6 AS POSSIBLE HEA.VY CANDIDATES. 

3/77 
4/17 
4/77 
4177 
1/76 
9176 
4177 
1/80 
7/79 

10/81• 
2/82• 
2/82* 
1/82• 
1/82* 

1176 

1/80 

10/81• 

2/82• 
2/82• 

1/82• 
1/82• 
1/82• 

TCH TACHYON FLUX IN COSMIC RAYS INUH8ER/CMU2-SEC-SRI 1D/81* 
TCH A D 2.3E-10 OR LESS CL=:.95 BHAT 79 CNTR 10/81* 
TCH A BHAT 79 IS AT OOTACAMUNDI2200M ABOVE SEA.I. NO SIGNAL IN 3621 HOURS 10/81• 

LIGHT IBET .. EEt. MU AND E MASSESI PARTICLE MASSIUNITS-ELECTRON MASSESI 
0 NONE BETWEEN 6 AND 25 BELOUSOV 60 CNTR SPINQR,TAU>1 E-8 5176 
0 NONE BETWEEN 2 AND 25 GORBUNOV 6D CC SPINOR,TAU>1 E-9 5/76 
0 NONE BETWEEN 5 AND 175 COWARD 63 CNTR SPINOR,TAU>22 E-10 5/76 
0 N'JNE BETWEEN 5 AND 175 COWARD 63 CNTR SCALAR,TAU>68 E-10 5/76 
0 NONE BETWEEN 2 AND 13 BLAGOV 75 CNTR SPINOR,TAU>2E-10SEC 2/76 
0 NONE BETWEEN 2 AND 10.6 BLAGOV 75 CNTR SCALAR,TAU>2E-10SEC 2/76 
0 NONE BETWEEN 110 AND 180. VIERTEL 78 CNTR TAU >2.E-5 SEC 1/80 

BLAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND IMPROVE AS MASS 4/77 
DECREASES. AT 2 GEV THE EXPERIMENT IS SENSITIVE TO TAU>3E-ll SEC 4/77 

A FOR SPINOP, TAU>SE-11 SEC FOR SCALAR. 4/77 

VIERTEL 78 SEARCHES FOR MU+ -->X+ NEU. FINDS BR<8.5E-6 IN MASS 1/80 
RANGE GIVEN ABOVE ICL=.901. BEST liMIT 8R<5.E-7 (CL,. .. 901 IS FOUND 1/80 
AT MASS=BO MEV. 1/80 

SYH SUPERSYMMETR IC PARTNER OF MUON 
SYM A 0 NONE BETWEEN 3 AND 15GEV BARBER 80 MRKJ 

10/81• 
E+E- ->PARTNERS 10/81• 

SYH 
SYH 
SYH 

BARBER 80 SEARCHED FOR SPIN-O PARTNERS OF MUONS. NO INCREASE OF 
ACOPLANAR MUCNS WAS OBSERVED. ABOVE MASS LIMIT IS CL=.95. 

10/81• 
10/81• 

CON CONCENTRATION OF HEAVY (CHARGE+ll STABLE PARTICLES IN MATTER 
CON 2.E-22 TO t.E-21 OR LESS SMITH 79 SPEC WATER,M=6-350 MPROT 7/79 

BD 
BD 
BD 
BD 
BD 
BD 

ION 
ION 

HIGGS BOSON MASS LIMIT IGEVI 1/82• 
0 0.409 CR MORE OZHELYAOI 81 ETAPRIM-->ETA HIGGS 1/82• 

A DZHELYADIN 81 OBTAINED BRCETA PRIM-->ETA HU+Mu-1<1.'jE-5 ICL:.901 1/82• 
A WHICH EXCLUDES A LIGHT HIGGS BOSON IN MU+MU- CHANNEL. 1/82• 

LOSECCO 81 CALO 28 GEV PROTONS 

LOSECCO 81 lS BNl EXPT. SEES NO SLOW NEUTRALS AT TOF. LIMIT FOR CSI 
PROOI*CSUNTJ RATIO OF HVY LEPTONS TO PROMT NEUS IS 2.2E-2(CL=.901. 
NO EXCESS N.C.EVS LEADS TO CSP•CSI•ACCEPTANCE<2 .. 26E-11 CM••~t/NUCU2 
(CL=.901FOR LIGHT NEUTRALS. ACC .. DEPENDS ON MODELS (0.1 TO 4.E-4J. 

HIGHLY IONIZING PARTICLE FLUX !UNITS NUMBER/MU2-YRI 
0 10.41 CR LESS CL=.95 KINOSHITA 81 PLAS Z/8ETA 30-100 ...................................................... "'*······ 

1/82• 

1/82• 
1/82• 
1/82• 
1/82* 
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Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

BELOUSOV 60 JETP 11 1143 
GORBUNOV 60 JETP .11 51 
COWARD 63 PR 131 1182 
OORFAN 65 PRL 14 99<; 
JONES 67 PR 164 1584 

BJORNBOE 68 NC 853 241 
SINON 69 PL 308 510 

ANTIPOVL 7t Pl 348 164 
ANTJPOV2 71 NP 831 235 
DARCO 72 NC 9A 319 
TONWAR 72 JPA 5 56<; 
ALPER 13 Pl 468 2E:5 
LEIPUNER 73 PRL 31 1226 

APPEL 
FRANKEl 
YOCK 

ALB ROW 
BLAGOV 
FRANKEL 
JCVANOVI 
YOCK 

74 PRL 32 it28 
74 PR 09 1932 
74 NP 876 115 

75 NP 897 189 
75 YAO.FIZ. 21,300 
75 PR 012 2561 
75 Pl 568 105 
75 NP 886 216 

AlEKSEEl 76 SJNP 22 531 
ALEKSEEZ 76 SJNP 23 633 
BALOIN 76 SJNP 22 264 
BRJATORE 76 NC 31A 553 
GUSTAFSO 76 PRl 37 4"14 

BARISH 11 PRL 38 577 
BENVENLJT 17 PRL 38 1110 
BLETZACK 71 PRL 38 1241 
CHANG 77 PRL 39 519 
HOLDER 77 PL 708 393 

ALBRIGHT 
All BRAN 
ASRATYAN 
BELL OTT I 
BENVENUT 
BHAT 
BOSETTJ 

78 PR DLB 108 
78 Pl 748 134 
1B Pl 798 497 
78 PL 768 223 
78 PRL 40 488 
78 PRAM 10 115 
78 PL 748 143 

CARROLL 78 PRL ltl 717 
CUTTS 78 PRL 41 '363 
DONNELLY 78 PR 018 1607 

ALSO 76 PRL 37 315 
ALSO 74 PRL 33 179 

HANSLl 78 PL 748 1~9 
HA"JSL2 78 PL 77.8 114 

ALSO 78 NP B 1lt2 381 

REFERENCES FOR OTHER NEW PARTICLE SEARCHES 

+RUSA.KOV, T AHM,CERENKOV I LEBO) 
+SPIRIOONOVoCERENKOV ILEBOI 
+GITTELMA.N,lYNCHoRITSON CSTANI 
+EADES, LEDERMAN rLEEr TI NG I COLUI 

I M 1 CH+W 1 SC+l Bl+UCLA+M1NN+COSU+COLO+MURAJ 

+OAMGARO,HANSENrCHATTERGEE+ . CBOHR+BERNI 
DUTE Il,KAC HANDY, KHROHOV, KUTY 1 N+ I SERP I 

+OENI SOV oDONSKOV,GOR IN, KA.CHANOV+ I SERP) 
+DEN I SOY, OONSKOV ,GORIN, KACHANOV+ ( SERP I 
OAR DO, NAVARRA, PENENGO, S ITTE I TORI I 
TON WAR, NARANAN, SREEKANT AN I Tl FRI 

I CEP:N+LI VP+LUNO+BOHR+P:HEL+STOH+BERG+l OUC I 
+LARSEN, SE SSOMSo SMITH, WIll I AMS+ IBNL+YALE I 

+BOURQUIN, GAINES,LEOERMAN, PAAP:+ I COLU+FNALI 
+FRAT lo P:ESVANI S, YANG, NE ZP: I C K ( PENN+FNALJ 
P.C.M.YOCK IUNIV OF AUCKLAND) 

+BARBER, BENZ +I C ERN+OAR E+FOM+LANC+MCHS+UTR E J 
+KOMAR, MURASHOVA,SYRE t St1CHIKOVA+ I LEBO I 
+FRAT Io RES VAN IS, YANG, NEZR IC K I P ENN+FNALI 
JOVANOVICH+ I MAN I +AACH+CER N+GENO+HARV+ TOR I I 
P.C.M. YOCK IUNIV OF AUCKLAND+SLAC) 

Al EKSEEV, ZA I TSEV ,KALI Nt NAt KRUGL OV+ I J 1 NRI 
Al EKSEEVo ZA I TSEV oKAl IN INA, KRUGLOV+ ( Jl NRI 
+VERTOGRAOOV, VI SHNEVSK I I,GR ISHKEVICH+I J INRI 
+DAR DO, P IAZZOll ,lo1ANNOCCHI+ I L CGT +FRAS+FRE II 
GUSTAFSON, A YR E, JONES, LONGO, MURTHY I MICHl 

+BARTLETT,SOOEK,BROWN + ICIT+FNAL+ROCKI 
BENVENUTI, Cll NE+ ( FNAL+HAR V+PENN+RUTG+W I SCI 
BLETZACKER, Nl EH, SONI ISTON+UCSB I 
+CHEN, VAN G I NNE KEN ( MSU+FNALI 
+KNOBLOCH, MAY+ I CERN+OO!l:T +HE I O+SACL+BGNA I 

+SMITH, VERM ASEREN ( FNAL+STON+PURD J 
AAC H+B AR I+BERG+BRUX+CERN+EPOL+M ILA+ORSA+ 
+EPSTE I N,FAKHRUTDI NOV+ I I TEP+SERP I 
+FIORINJ,ZANOTTI (MILAI 
BENVENUTI+ ( FNAl+HARV+PENN+RUTG+W I SCI 
+RAMANA MURTY CTtFRJ 
+OEOEN+ ( AACH+BONN+CERN+LOIC+OXF+ SACLI 

+CHIANG,JOHNSON,KYCtAoKI + IBNL+PRINI 
+DULUDE + tBROW+FNAl+lll+BARI+MIT+WII.RSI 
+FREEDMAN,l YTEL ,PECCEI, SCHWAP:Tl CST ANI 
REINES, GURR, SOBEL 
GURR, REINES, SOBEl 
+HOLDER, KNOBL DC H+ C CERN +DOR T +HE I D+S ACL+ BGNA I 
+HOLDER, KNOBLOCH+ (CERN+ DOR T +H El O+S AC L + 8GNA I 
HANSLt HOLDER+ ( CERN+OOR T+HEI O+S ACL +BGNA I 

HCLDER 78 Pl 738 105 
LOVELESS 78 Pl 788 505 
MICELMAC 78 LNC 21 4ltl 
MORt 78 PRL 40 lt32 
VIDAL 78 Pl 178 344 
VI ERTEL 78 LNC 22 235 
VYSOTSSK 78 JETPL 27 502 

ARMITAGE 
BHAT 
BECHIS 
BENVENUT 
BOZZOll 
CALAPRIC 
COTEUS 

79 NP B150 87 
79 JPG 5 ll3 
79 PRL lt2 1511 
79 PRL lt2 102lt 
79 NP 8159 '363 
79 PR 020 2108 
79 PRL 42 1lt38 

DEGROOT 79 Pl 85B 131 
DISHAW 79 Pl 85 8 142 
GOODMAN 79 PR 019 2572 
SM(TH 79 NP 8149 525 
ZHITNITS 79 SJNP 29 517 

BARBER 80 PRL lt5 1904 
BARTEL BO ZPHY C6 295 
BUSSIERE 80 NP 8174 1 
FAISSNER SO Pl 968 201 

JACQUES 80 PR 021 1206 
lEBRITTO BO PL 898 271 
SOUKAS BO PRL 4lt 564 
YOCK 80 PR 022 61 

A SA NO 
OZHEL YAO 
FAISSNEl 
FAISSNE2 
KIM 

K INOSHI T 
LOS ECCO 
ULLMAN 
YOCK 
ZEHNDER 

81 Pl 1018 159 
81 Pl 1D58 239 
81 ZPHY ClO 95 
81 Pl 1038 234 
81 PL 1058 55 

81 PR 024 17C7. 
81 PL 102B 209 
81 PRL 47 289 
81 PR 023 1207 
Bl Pl 1048 494 

EDWARDS 82 PRL 48 903 
K INOSHI T 82 PRL 48 77 

+KNOBLOCH, MAY+ I CERN+ OOR T +HEI D+SACl+SGNA I 
+BENADA+ I WI SC+LBL +UC B+FNAL +HAWA+WASH I 
MICELMACHEP:,PONTECORVO (JINRJ 
+BENVENUTI+ I FNAL +HARV+P ENN+RUTG+Wt SCI 
+HERB, LEDERMAN, SNYDER+ lCOlU+FNAl+STON+UCBI 
+HAHN, SCHACHER I BERNI 
VYSOTSSKit +IINST .APPL. HATH. ,USSR ACA. SCI .1 

+BENZ, BOBBI NK+ I CERN+DARE+FOM+MCHS+UTR ECHTI 
BHAT 1 GOPALAKRI SHNAN, GUPTA, TONWAR ( T IFR I 
+DOMBECK+ I UMO+COLU+A.F .R .R. 1.- BETHESDA I 
BENVENUTI+ CFNAL+HARV+OSU +PENN+RUTG+WI SCI 
+BUSS I ERE, G IACOMElll ( BGNA+CERN+LAPP+S AC L1 
CAL APR ICE, DUNFORD, KOUZ E S, MIllER+ ( PR I NJ 
+01 ESBURG, FINE, LEE, SOKOLSK Y + tCOLU+Ill +BNL I 

+HANS Lt HOLDER+ (CERN+ COR T +HEI O+S ACL +BGNA I 
+DIAMANT-BERGER ,FA ESSL ER,l t U+ I SLAC +CIT I 
+ELLSWORTH,ITO,MACFALL.SIOHAN + IUMDI 
+BENNETT f RHELI 
ZHITNITSKIIoSKOVPEN INOVOI 

+BECKER ,BE I+ ( AACH+DES Y+MIT+A I KO+ BHEP J 
JADE C • ( DESY+HAMB+HEI O+lANC+MCHS+RHEl+TOK Y J 
+GIACOMELLI ,LESQUOY+ ( BGNA+SACL +LAPP I 
+FR ENZfl, HE INRI GS, PREUSSGER, SAMM, SAMM( AACHl 

+KAlElKAR, MlllER,Pl AND+ I RUTG+STEV+CDLU I 
LEBRITTON, MCCAL, MEL ISS I NOS+ (ROCH+BNl +NSF I 
+WANDERER, WENG, BREGMAN+IBNL +HARV+DRNL +PENN I 
YOCK ( AUCKJ 

+KIKUTANI 1 KUROKAWA+ IKEK+TOKY+OSAKI 
+GOLOVKIN,KONSTANTINOVoKONSTANTINOV+ I SERPI 
FA l SSNER, FP.ENZEL ,GRIMM, HANSl, HOFFMAN+ ( AACH) 
FA I SSNER, FRENZEL ,H EINR 1 GS, PREUSSGER+ I AACHI 
S.R.KIM,CH.STAMM CAACHI 

K.KINOSHJTA,P.B.PR ICE 
+SULAK, GALl K, HORSTKOTT E+ 
J.O.ULU4AN 
P.C.M.YOCK 
A.ZEHNDER 

IUCBJ 
I Ml CH+PENN+BNL I 

( LEHM+BNL J 
I AUCKI 
· (ETHI 

+PARTR lOGE, PECK+ (CIT +HAR V+PRI N+S TAN+ SLAC I 
KINOSHITA, PRICE, FRYBERGER I UCB+SLAC I 
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B CHARGED PJONI14Q,JPG=o-J I=l 

SEE STABLE PARTICLE DATA CARD LISTINGS 
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...... •••• ....... ********* .......... ********* **"***** ********* ........ . 

q NEUTRAL PION(l35,JPG=Q-J 1=1 

SEE STABLE PARTICLE DATA CARD liSTINGS 
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SEE STABLE PARTICLE DATA CARD LISTINGS 
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Note on the p 0 Mass and Width 

Because of the broadness of the p meson, its 

shape is not very well described by a Breit-wigner 

formula, which is a narrow-resonance approxima­

tion. Although most experimental distributions 

can be well described by a relativistic Breit­

Wigner formula with a P-wave w~dth and an addi­

tional shape parameter (PISUT 68) , the resulting 

resonance parameters will clearly depend on this 

model. A consistent set of such determinations 

(PISUT 68, ESTABROOKS 74, BARTALUCCI 78, WICKLUND 

78, HEYN 80) yields m 0 p 
(769 + 3) MeV, fpo = 

(154 .:!:. 3) MeV. 

Attempts have been made to determine the p 

pole position in a more model-independent way 

(LANG 79, BOHACIK 80) • It is comforting that 

these determinations agree perfectly with the 

above mass average (LANG 79, however, finds a 

somewhat smaller width). 

Independent support comes from an SU(4)-gen­

eralization of the Gell-Mann-Okubo mass formula, 

which in the limit of exactly ideal mixing can be 

written (MONTONEN 75) 

p 
* 2(1/JK * * * ¢D ) + W{D K ) 

* * 2(1/J ¢) - (D K ) 

Since the masses of the vector mesons on the 

right-hand side have all been determined to a much 

better precision than that of the p, they can be 
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used to determine that the mass of the p = (768 + 

2) MeV. The theoretical error due to non-ideal 

mixing is only of the order of .:!:_1.5 MeV. 

Thus we conclude that. the mass of the pis 

(769 .:!:. 3) MeV, somewhat lower than quoted in the 

1976-80 editions • 

q RHO MASS I MEV I 

WE NO LONGER liST S-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH 
COMBINATOP:tAL BACKGROUND. AND INSIGNtFICANT OR DOUBTFUL DATA. 
SEE AlSO THE MINI-REVIEW ABOVE. . 

CHARGED ONLY 
R 176D.OI 
R C768.01 
R C165.01 
R C76D.OJ 
R C765.01 
R 2715 (753.51 
R C758.01 

C149.01 
C768. 01 
(173. OJ 

z 900 767. 
A 9650 766 .. 8 
X 65DD 766. 

AVG 766.8 

MO NEUTRAL ONLY 
MO R 300 C160.01 
"10 500 (770 .. 01 
MO (750 .. 01 
HO R 1775.01 
HO R 1770 .. I 
HO R 4207 (758.0) 
MO R (765.01 
HO R C160.01 
MO P 4DOO (765. I 
MD (768.01 
MD 1761. J 
MO R 1170.01 
MO R 1775.01 
MD R (768 .. 41 
MO P C765 •. 0 I 
MO P _ (775. I 
MO H 
MO H 
MO G 
MO 0 
MO CH 
MO 
MO 2250 
MO A 13300 
MO 1700 
MD l40K 
MD 1 93D 
MD 2430 
MO Z 11200 
MD 6800 
MO C 32000 
MD 4100 
MO 76000 
MO E 
MO X 
MO E 
MD C H 
MD E 8 
MO 
MD AVG 

(778.1 
(770.1 
(775.) 
(776.31 
1769.51 

715.0 
769.2 
174.0 
767.7 
767.0 
77D.O 
773.5 
764.0 
775.0 
767. 
768.-0 
767.6 
769.0 
776.1. 
768.0 
770. 

769.65 

19.01 
( 5.01 
I 5.01 
( 5.DI 
15.01 

110.51 
11D.DI--' 
(3.01 
cs .. Dl 
12.DI .. 

t-.5 
' 7. 

1.4 

110.01 
. no.Dt 

( 5.0) 
( 5.0) 
( 5.) 
( 7.51 
·( 8.01 
13.01 
t 5.ot 
( 2.01 
(3.1 
( 4.01 
12.01 
( 2.4) 

(10.01 
(5.t 
C 2. I 
( 9. I 
12.1 
I 0.41 
(D. 71 

3.0 
I. 5 
3.0 
1.9 
4. 0 
4.0 
1. 7 
3.0 
4.0 
4. 
1.0 
2. 7 
3.0 
lob 
.4.0 

'· 

CARMONY 64 HBC + 3.5 PI+P, TCUT 4 
BLIEDEN 65 MMSP - 3-5 PI- P 
ALFF-STEI 66 HBC + 2-3 PI+ P 
HAGOPI ANl 66 HBC - 3.0 PI- P 
HAGOPIAN2 66 HBC - 2.14 Pl-oTCUT12 
JACOBS 66 HBC - 2-3PI-,T CUT 20 
JAMES 66 HBC + 2.1 PI+,TCUT2.5 
WEST 66 HBC - 2.1 PI- P 
HILLER 67 HBC - 2.1 PI-.T CUT20 
BATON 68 HBC - 2.8 Pt-. T CUT13 

EISNER 
PISUT 
BYERLY 

67 HBC - 4.2 Pt-.T CUTlO 
68 PVUE - 1.7-3.2Pt-.CT10 
73 OSPK - 5. PI- P 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .. 01 

ABOLINS 63 HBC 
GOLOHABER 64 HBC 
ALFF-STEI 66 HBC 
HAGOPUN1 66 HBC 
HAGOPIAN2 66 HBC 
JACOBS 66 HBC 
JAMES 66 HBC 
WEST 66 HBC 
ASBURY 2 67 CNTR 
BACON 67 HBC 
HUWE 67 HBC 
MillER 67 HSC 
ARMENt SE 68 OBC 
MALAMUD 69 RVUE 
ALVENSLEB 70 CNTR 
GLADDING 73 CNTR 
HYAMS 73 ASPK 
ESTABROOK 74 RVUE 
GRAYER 74 ASPK 
RODS 75 RVUE 
LANG 79 RVUE 

HYAMS 68 OSPK 
PI SUT 68 RVUE 
REYNOLDS 69 HBC 
81 GGS 7D CNTR 
8AlLAM 72 HBC 
BA llAM 72 HBC 
JACOBS 72 HBC 
RATCLIFF 12 ASPK 
PROTOPOPE 73 HBC 
ENGLER 74 DBC 
DEUTSCHMA 76 HBC 
BARTALUCC 78 CNTR 
WICKLUND 78 ASPK 
BECKER 79 ASPK 
BOHACIK 80 RVUE 
HEYN 80 RVUE 

0 

0 3.5 PI+P 
D 3.7 PI+P 
D2-3PI+P 
Q3.0Pl-P 
0 2.1 PJ-,TCUT 12 
0 2-3P t-, T CUT 20 
02.1PI+P 
0 2.1 Pt- P 
0 GAMMA + PB 
0 1.7 PI-P 
02.4PJ-P 
0 2.7 PI-.T CUT20 
0 5.1 PI+D 
0 2-4 PI-P 
0 GAMMA AoTCUT.D1 
0 2.9-4. 7 GAMMA P 
0 17.Pt-PoPI+PI-N 
0 17 PI-P.PI+PI-N 
0 17.PI-P,PI+Pl-N 
0 PHASE SHIFTS 

0 11.2 PI- P 
0 t.7-3.2PI-,CT10 
0 2.26 Pt- P 
0 PHOTOPRDD. 
0 2.8 GAMMA P 
0 4.7 GAMMA P 
02.8PI-P 
0 15. PJ-PoTCUT.3 
0 7.1 Pt+PoTCUT.4 
0 6. PI+N,PJ+PI-P 
016.PI+P 
0 BREMS,E+E-P 
0 3o4o6 PI+-PN 
0 l1.Pt-P POLARIZ 

0 
PION FOR"! FACTOR 

0. 74 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.4) 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE= 769.65 ± 0.74 
ERROR SCALED BY 1,4 

--t-· 

·HEYN 
·BOHAC!K 
·BECKER 
·WICKLUND 

80 RVUE 
80 RVUE 
79 ASPK 
78 ASPK 

0.0 
0. 

.2 

.0 
·BARTALUCC 78 CNTR 0 
·DEUTSCHMA 76 HBC 
·ENGLER 74 DBC 
·PROTOPOPE 73 HBC 
·RATCLIFF 72 ASPK 
·JACOBS 72 HBC 

72 HBC 

2.7 
0.4 

1 '8 
3.5 
5' 1 
0.0 ·BALLAM 

·BALL AM 
·BIGGS 
·REYNOLDS 
·PlSUT 
·HYAMS 

72 HBC 0,4 
70CNTR 1.1 
69 HBC 2. 1 
68 RVUE 0. 1 
68 OSPK ~ 

6/66 
6/66 
6/66 
9/67 
6/68 
8/66 

10/66 
9/66 
7/69 

1/73 
6/68 
2/74 

6/66 
6/66 
2/67 
6/68 
6/66 

10/66 
1/73 
9/67 
7/67 
9/66 
6/68 
1/73 
l/73 
2/74 
L/74 

12/75 
2174 

12/75 
1/82* 

9/68 
1/73 

12/78 
1/73 
l/73 
1/73 
1173 
2/74 
2/74 

12175 
4/78 

12/77 
4/78 

12/79 
1/82* 
.9/81* 

755 765 775 785 

NEUTRAL RHO MASS (MEV) 

795 
27.5 

(CONLEV 
=0.025) 



123 

Data Card Listings 
For notation, see key at front of Listings. 

-------NOTES--------

A FROM FIT OF 3-PARAMETER RELATIVISTIC P-WAVE BREIT WIGNER TO TOTAL 
A MASS OISTRIBUTIONa 
8 HEYN 80 INCLUDES All SPACELIKE AND TIMELIKE f(PII 
B VALUES UNTIL 1978. 
C FROM POLE EXTRAPOLATION 
0 ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYAMS 73, 
D PROTOPDPESCU 73 PHASE SHIFTS. 
E PURE P-WAVE SYSTEM. 
G FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT-WIGNER TO 
G HELICITY ZEFI:O PART OF P-WAVE INTENSITY. BECKER 79 
G INCLUDES DATA OF GRAYER 74. 
H FROM PHASE~IFT ANALYSIS OF GRAYER 74 DATA. 
p FROM PHOT0PROOUCT ION. MODEL DEPENDENT • 
R INCLUDED IN PISUT 68 RVUE 

X PHASE SHIFT ANALYStS. SYSTEMATIC ERRORS ADDED CORRESPONDING 
X TO SPREAD OF DIFFERENT FITS. 
Z MASS ERRORS ENLARGED BY US TO WIOTH/SQRTCNI,SEE K* TYPED NOTE 

9 (RHOOI - (RH0+-1 MASS DIFFERENCE (MEVI 

A 3600 
22950 

A 3000 

-5. 5. 
2.1 
4.0 

FOSTER 68 HBC +-0 PBAR P AT R.EST .12178 
2 ... 4 

-4.0 
PI SUT 
REYNOLDS 

68 RVUE PI N TO RHO N 6/68 
69 HBC -0 2.26 PI- P 12/78 

AVG 0.3 2.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

0 A FROM QUOTED MASSES OF CHARGED AND NEUTRAL MODES 

A 
X 

wo 
wo 
wo 
wo 
wo 
WO 
wo 
wo 
wo 
HO 
wo 
wo 
HO 
WO 
wo 
wo 
wo 
wo 
wo 
wo 
wo 
wo 

wo z 
WO A 
wo 
wo 
wo z 
wo z 
wo 
wo c 
wo 
wo 
WO E 
WO X 
WO G 
WO 

9 RHO WIDTH (MEVI 

WE NO LONGER LIST S-HAVE 8REIT-WIGNER FITS. PBAR P DATA WITH HIGH 
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 
SEE fURTHER MINI-REVIEW ABOVE. 

CHARGED ONLY 
R 177.01 (20.01 CARMONY 64 HBC + 3.5 Pt+P,TCUT 4 
R 1100.0, ALFF-STEJ 66 HBC + 2-3 PI+ P 
R (127. 0 I ( 5.01 BL I EDEN 66 HHSP - 3-5 PI- P 
R 1150.0) (20.01 HAGOP1AN1 66 HBC - 3.0 Pt- P 
R IL35.01 (20.01 HAGOPUN2 66 HBC - 2.14 PI-,TCUT12 
R 2775 1137. 11 120.01 JACOBS 66 HBC - 2-3PI-,T CUT 20 
R (llt7. 01 (19.0) JAMES 66 HBC + 2.1 Pt+,TCUT2.5 
R (llt9.0J ( 13.0J WEST 66 HBC - 2.1 PI- P 
R (l53.0J (13.01 MILLER 67 HBC - 2.1 PJ-,T CUT20 
R (150.01 15.01 BATON 68 HBC - 2.8 Pt- P 

900 146. 13. EISNER 67 H8C - 4.2 Pt-.T cuno 
9650 148.2 4.1 PISUT 68 RVUE - 1. 7-3.2PI-,CT10 
6500 146. 12. BYERLY 73 OSPK - 5. PI- p 

AVG 147.8 3.7 AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1 .. 01 

NEUTRAL ONLY 
R 300 190. OJ uo .. ol ABOLINS 63 H8C 0 3.5 PI+P 
R 500 (130.01 GOLOHABER 64 H8C 0 3.7 Pt+P 
R noo. o 1 ALFF-STEI 66 HBC 02-3PI+P 
R 1120.0 I 110.01 HAGOPIAN! 66 HBC Q3.0Pt-P 
R (135.01 (20.01 HAGOPUN2 66 HBC 0 2.llt PJ-P,LOW T 
R 4207 (122. 21 ( 15. OJ JACOBS 66 HBC 0 2-3PI-,T CUT 20 
R 1103.01 113.0t JAMES 66 HBC 0 2.1 PI+ P 
R (173.01 U3.01 WEST 66 HBC 0 2.1 Pt- P 
p 4000 U30. I (5.1 ASBURY 2 67 CNTR 0 GAMMA + •• 
R ll4B. 0 I ( 8.01 SAC ON 67 HBC 0 1.7 Pt-P 
R 1152. I (1·5. I HUWE 67 HBC 0 2.4 PI- P 
R (160.01 H5.01 MILLER 67 HBC 0 2.1 PI-,T CUT20 
R 1167.01 16.01 ARMENISE 68 DBC 0 5.1 Pt+O 

• H60.0J 110.0) LANZEROTT 68 CNTR 0 GAMMA P 
1132. OJ (13.01 MALAMUD 69 PVUE 0 2-4 PI-P 
1140.0 I 15.01 ALVENSLEB 70 CNTR 0 GAMMA A,TCUT.Ol 
1147.1 111.1 GLADDING 73 CNTR 0 BREMS. 
(152. I 12. I HYAMS 73 ASPK 0 17.PI-P,PI+PI-N 
(143. I 03. I ESTABROOK 74 RVUE 0 17 PI-P,PJ+PI-N 
U63.J (4.1 GRAYER 74 ASPK 0 17.PI-P,Pt+PI-N 
(154. 51 ( 1.0) RODS 75 RVUE 0 PHASE SHIFTS 

2250 145 .. 0 12.0 HYAMS 68 OSPK 0 11.2 PI- P 
13300 163.0 15.0 PI sur 6B PVUE 0 1.7-3.2PI-,CT10 
1700 143.0 8.0 REYNOLDS 69 HBC 0 2.26 PI- P 
140K 146.1 2.9 BIGGS 10 CNTR 0 PHOTOPROO. 
2430 155.0 12.0 8ALUM 72 HBC 0 4.7 GAMMA P 
1930 145.0 13.0 BALLAM 12 HBC 0 2.8 GA~MA P 
6800 157.0 a.o RATCLIFF 72 ASPK 0 15. PI-P, TCUT., 3 

32000 160.0 10.0 PROTOPOPE 73 HBC 0 7.1 Pt+P, TCUT .4 
4100 146. 14. ENGLER 74 DBC 0 •• PI+N,PI+PI-P 

76000 154.0 2.0 OEUTSCHMII. 76 HBC 0 16. PI+ P 
150.9 3.0 BART ALUCC 7B CNTR 0 BREMS,E+E-P 
152.0 9.0 WICKLUND 18 ASPK 0 3,4,6 Pt-PN 
161.8 7.6 7.2 BECKER 79 ASPK 0 17.Pt-P POLARIZ 

CH U48.0I ( 1.31 LANG 79 RYUE 0 
WO C H 148.0 •• 0 BOHACIK 80 RVUE 0 
WO E B 
WO 
wo AVG 

155. I. HEYN 80 PVUE 0 PION FORM FACT • 

153.7 1. 0 AVERAGE. (ERROR INCLUDES SCALE FACTOR Of 1.31 
(SEE IDEOGRAM BELOW I 

--------NOTES---------

FROM fiT OF 3-PARAMETER RELATIVISTIC P-WAVE BREIT IHGNER TO TOTAL 
,.ASS DISTRIBUTION. 
HEYN 80 INCLUDES All SPACELIKE AND TtMEltKE F(PI) 
VALUES UNTIL 1978. 
FROM POLE EXTRAPOLATION 
ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYAMS 73, 
PROTOPOPESCU 73 PHASE SHIFTS. 
PURE P-WAVE SYSTEM. 
FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT-WIGNER TO 
HELIC:ITV ZERG PART OF P-WAYE INTENSITY. BECKER 79 
INCLUDES CAH OF GRAYER 74;. 
fROM PHASE SHifT ANALYSIS OF GRAYER 14 DATA. 
FROM PHOTOPROOUCTIONo MODEL DEPENDENT. 
INCLUDED IN PtSUT 68 RYUE 
PHASE SHifT ANALYStS. SYSTEMATIC ERRORS ADDEO CORRESPONDING 
TO SPREAD OF 01 FFERENT FITS. 
WIDTH ERRORS .ENLARGED BY US TO 4*WIDTH/SQRTtNJ,SEE K* TYPED NOTE 

6/66 
6/66 
6/66 
9/67 
6/68 
8/66 

10/66 
9/66 
7/69 

9/67 
6/68 
2/74 

6/66 
6/66 
9167 
6/68 
6/66 

10166 
1173 
9/67 
7/67 
9/66 
6/68 
1/13 
1/73 
1/73 
2/74 
1/74 

12175 
2/74 

12175 

1173 
1/13 

12178 
1/13 
1/13 
1/13 
2/74 
2/74 

12/75 
4/78 

12/77 
4/78 

12/79 
1/82* 
1182* 
9/81* 

Mesons 
p(770) 

WEIGHTED AVERAGE - 153.7 ± I. 0 
ERROR SCALED BY I. 3 

CHISQ 
·HEYN eo RVUE I . 7 
·BOHACIK eo RVUE 0. 9 
·BECKER 79 ASPK I .2 

·WICKLUND 78 ASPK 0 .0 

-8ARTALUCC 7e CNTR 0 . 9 
·DEUTSCHMA 76 HBC .0 

-ENGLER 74 DBC 
·PROTOPOPE 73 HBC 
·RATCLIFF 72 ASPK 0.2 
·BALLAM 72 HBC 
·BALLAM 72 HBC 

. ·BIGGS 70 CNTR .8 
-REYNOLDS 69 HBC I 8 
·PISUT 68 RVUE 
·HYA~S 68 OSPK 

13.5 
(CON LEV 

120 140 160 180 200 =0.094) 

PI 
P2 
P3 

•• P5 

•• P7 

•• 

NEUTRAL RHO WIDTH (~EV) 

q RHO PARTIAL DECAY MODES 

RHO INTO 2PI 
RHO INTO 4PI 
RHO INTO PI GAMMA 
RHO INTO E+ E-
RHO INTO PI ETA (VIOLATES Gl 
RHO INTO MU+ f!lu-
RHO INTO PI+ PI- PtO IVIOLATES GJ 
RHO INTO ETA GAMMA 

q RHO PARTIAL WIDTHS IKEVI 

RHO INTO (PI GAMMA I 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
13q+ 0 

.5+ .5 
139+ 548 
105+ 105 
139+ 139+ 134 
548+ 0 

( G31 WI 
WI 
WI 

(35.01 110.01 
67. 7. 

GOBBI 
BERG 

74 OSPK - 23. PI-A,Pl-PIOA 12175 
80 SPEC- Pt-A,PI- PIO A 1/82* 

9 RHO BRANCHING RATIOS 

Rl RHO INTO 4Pli2PI CP21/(Pll 

R1 RHO+- INTO CPt+- PI+ PI- PIOI I IPI+- PIOJ 
R1 I0.00210R LESS FERBEL 66 HBC +- PI+- P ABOVE 2.5 10/66 
R1 0.0035 0.004 JAMES 66 HBC + 2.1 Pt+P 11166 

Rl 
Rl 
Rl 
Rl 
Rl 

RHOO INTO (PI+ PI- PI+ PI-I I 
(0.00810R LESS 
(0.002tOR LESS 
I0.00210R LESS CL ... 90 
(0.00151R LESS CL=.90 

(PI+ PI-I 
JAMES 
CHUNG 
HUSON 
ERBE 

66 HBC 
68 HBC 
68 HLBC 
69 HBC 

0 2.1 Pt+P 6/66 
0 3.2,4.2 PI-P 7/67 
0 16.0 PI- P 1/71 
0 2.5-5.8 GAMMA P 10/67 

Note on the e+e- and ~+~- Decays 

Extraction of a ratio for p 0 ~ e+e- is compli­

cated by interference with w decay. In photopro­

duction, YA ~ e+e-A, there is substantial interfer~ 

ence between the allowed (p 0 ,w) ~ e+e- decays. The 

interference in the colliding-beam reaction e+e- ~ 

rr+rr- is due to G-parity-violating mixing of the 

overlapping p 0 and w resonances; it alters the 

results for the rate f(p 0 ~ e+e-) only by a small 

amount. Therefore at present we average only the 

values from the e+e- ~ rr+rr- experiments. 

The same comment applies to the decay p 0 ~~+~-. 

R3 RHO INTO( E+ E-JI(Pt+PI-1 tuN ITS 10 .. -41 I P41/1Pll 
R3 
R3 SEE MINI-REVIEW ABOVE. 
R3 
R3 P 
R3 
R3 
R3 
R3 F 
R3 
R3 
R3 AVG 

R3 
R3 
R3 
R3 

94 

33 

(0.651 ( 0.141 ASBURY 1 67 CNTR PHOTOPROOUC TtON 
(0.651 11 .. II 10.51 HERTZBACH 67 OSPK ASSUME SUni+HIXING 
co. 53) ( 0.111 ASTVACATU 68 OSPK ASSUME SUDI+MIXING 
0.50 0.10 AUSLENOER 69 OSPK E+E- COLLIO.BEAM 

(0.49) t 0.121 ( 0.151 BIGGS 10 CNTR PHOTOPRODUCT ION 
0.41 0.05 BENAKSAS 12 OSPK E+E- COLL.BEAMS 

0.428 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 
ASSU~ING RHO WIDTH 140 MEV. ERROR STATISTICAL ONLY. 
NOT SEPARATED FROM O..,EGA DECAY. 
POSSIBLY LARGE RHO-OMEGA INTERfERENCE 

9161 
10/66 
6168 
9/68 
6/70 

12/72 



Mesons 
p(770), r.J(783) 

R4 IP5111PU 
R4 

RHO INTO IPI ETAI/12PlJ 
I0.008JOR LESS FERREL 66 HBC +- PI+- P ABOVE 2. 5 ll/66 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 AVG 

R5 
R5 
R5 
R5 
R5 
R5 
R5 

R6 

RHO INTO IMU+ MU-1/IPI+ PI-I !UNITS 10**-41 IP611(Pll 

SEE MINI-REVIEW ABOVE. 

0.97 
o. 82 
0.56 

0.67 

0 .. 31 
0.16 
0.15 

o. 12 

Q.33 HYAMS 
0.36 ROTHWELL 

WEHMANN 

67 OSPK 
69 CNTR 
69 OSPK 

11 PI- ll H 
PHOTOPRODUC T ION 
12 PI- ON C,FE 

AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

HYAMS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO lNCI:tEASE 
THE MINUS ERROR 
RESULT CONTAINS (11 +- 111 PER CENT CORRECTION USING SUOI 
FOR CENTRAl VALUE. THE EPROR ON THE CORRECTION TAKES ACCOUNT 
OF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES 
WITH THE UPPER LIMIT OF IOMEGA INTO MU+ MU-J FROM THIS EXPT. 

RHO INTO IPI+ PI- PIOJ/IPI+ PI-I IP71!1PlJ 

6/67 
4/70 
7/69 

R6 10.011 CR LESS CL=.84 ABRAMS 71 HBC 0 3.7 PI+ P 11/71 
R6 MODEL DEPENDENT.ASSUMES I :: 1,2,0R 3 FOR THE 3Pl SYSTEM 11/71 

R7 RHO INTO (ETA GAMMAI/TOTAL (UNITS 10**-4) CP81 
R7 (3.61 10.91 ANDREWS 17 CNTR 0 6.7-10 GAMMA CU 12/77 
R7 (5.41 11.1) ANDREWS 77 CNTR 0 6.7-10 GAMMA CU 12/77 
R7 SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
R7 THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO. 
R7 B SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFEP:ENCE 

******"'"'* **"'****** ********0: ********* ••••••••••••••••• 

ANDERSON 61 PRL 6 365 
ERWIN 61 PRL 6 626 

KENNEY 
SAM IOS 
XUONG 

62 PR 126 136 
62 PRL 9 139 
62 PR 128 1849 

ABOLINS 63 PRL ll 3Bl 
ALITTI 63 NC 29 515 
CHADWICK 63 PRL 10 62 
GUIRAGOS 63 PRL 11 85 
SACLAY 63 SIENA CONF 1 239 

BONDAR 64 NC 31 729 
CARMONY 64 DUBNA CONF 1 486 
GOLDHABE 64 PRL 12 336 

ALYEA 
ARMENISE 
Bll EDEN 
CLARK 
GUTAY 
LANZEROT 
ZDANIS 

65Pll582 
65 NC 37 361 
65 Pl 19 444 
65 PR 139 8 1556 
65 NC 39 381 
65 PRL 15 210 
65 PRL 14 721 

ACCENSI 66 Pl 20 557 
ALFF-STE 66 PR 145 1012 
SAL TAY 66 PR 145 1103 
Bll EDEN 66 NC 43 71 
CAMBRIOG 66 PR 146 994 
CASON 66 PR 148 1282 
DEUTSCHM 66 Pl 20 82 
FERSEl 66 Pl 21 111 
F IDECARO 66 PL 23 163 
HAGOPIAN166 PR 145 1128 
HAGOPIAN266 PR 152 1183 
HUSON 66 PL 20 91 
JACOBS 66 UCRL-16877 
JAMES 66 PR 142 896 
WEST 66 PR 149 1089 

ALLES-80 67 NC 50 A 716 
ASBURY 1 67 PRL 19 869 
ASBURY 2 67 PRL 19 865 
BACON 67 PR 157 1263 
BANNER 67 Pl 25 B 300 
BARLOW 67 NC 50A 701 
BATON 67 PL 25 B 419 

ALSO 67 NP B 3 349 
CLEAR 67 NC 49A 399 
OANYSZ 67 NC 51 A 601 
EISNER 67 PR 164 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1461 
HUWE 67 Pl 248 252 
HYAMS 67 Pl 24B 634 
MILLER 67 PR 153 1423 
POIRIER 67 PR 163 1462 

ABC COLL 68 NP 84 501 
ARMENlSE 6B NC 54A 999 
ASTVACAT 68 Pl 27 8 45 
BATON 68 PR 176 1574 
BLECHSCH 68 NC 53 A 1045 

ALSO 67 NC 52 A 1348 
CHUNG 68 PR 165 1491 
DONALD 68 NP 8 6 174 
FOSTER 68 NP B 6 107 
HUSON 68 PL 2BB 208 
HYAMS 68 NP 8 1 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 166 1430 
lAMSA 68 PR 166 131j5 
LANZEROT 68 PR 166 1365 
MARATECK 68 PRL 21 1613 
PISUT 68 NP B 6 325 

REFERENCES FOR RHO 

ANDERSON. BANG. 8URK E, CARMONY • SCHMITZ f lRL J 
A. R., R. MARCH, W.O. WAlKER, E. WEST {WI SCI 

V P KENNEY,W D SHEPHARQ,C 0 GALL (KENTUCKY) 
SA~ I OS, SAC HMAN,LEA+ C 8Nl +CUNY+COLU+KNTYI 
NGUYEN HUU XUONG,GERALO R lYNCH I Utll 

ABOll NS ,LANDER, MEHLHOP, NGUYEN t YAGER f UCSDJ 
Al ITT I, BATON, ARM ENI SE+f SACl+ORSA+BARl+BGNAJ 
CHAOWICK,OAVIES,DERRtCK,CRESTt + IOXF+PAOOJ 
ZAVEN GUJRAGOSSIAN flRLI 
SACLAY+ORSAY+BARI + BCLOGNA- COllABORATION 

BONDAR+ I AACHEN+B t RM+BONN+DESY+LOlC+MPt HI 
CARMONY, HOA, lANDER, NG. H .XUONG, YAGER I UCSO I 
GOl CHASER, BROWN,KAOYK, SHEN+ ( LRL +UC B I 

ALYEA,CRITTENOEN,MARTIN,RHOOE + IINOIANAI 
SAC LA Y+ORS AY+BAR I +BOLOGNA COLLA BORA liON 
CERN MISSING MASS SPECTROMETER GROUP ICERNJ 
A CLARK,CHR I STENSON, CRONIN, TURLAYI PRtNCETOJ 
GUTAYolANNUTTI,TUlt IFSU) 
LANZEROTTI, BLUMENTHAL, EHN, FA tSSLER + IHARVJ 
ZOANJS,MADANSKYoKRAEMER + IJHU+BNLI 

ACCENS I, AllES-BORELL I, FRENCH, FRISK+ I C ERNJ 
ALFF-S TEIN BERGER, BERt EY ,BRUGGER +I COLU+RUTGJ 
+FRANZ I Nt, LUT JENS. SEVER INS • TYCKO+I COLUMBIA) 
CERN MISSING MASS SPECTROMETER GROUP fCERNI 
CAMBR lOGE BUBBLE CHAMBER GROUP IMtT+HARV+I 
N M CASON IWISCONSINJ 
DEUTSCHMANN, STEINBERG + UACH+BERLIN+ CERN I 
FERBEL (ROCHESTER) 
G+M FIOECARO,J POIRlERtP SCHIAVON CCERNJ 
HAGOPIAN, SElOVE, AllTTI, BATON+ ( PENN+SACLAYI 
HAGOPIAN, PAN IPENNSYLVANU,LRL-BERKElEYI 
HUSON, ALLARD, OR IJARD,HENNES SY+ fORSAY+EPOl I 
L.Q.JACOSS (LRU 
F E JAMES,KRAYBill CYALE+BROOKHAVENJ 
WEST, BOYD, ERWIN ,WALKER (WI SCONS 1 N I 

AllES-BORELL I, FRENCH, FRISK,+ f C ERN+BONNJ 
+BECK ER+BERTRAM+JOOS+JORDAN+ C 0 ESY+COLUJ 
+BECKER+BERTRAM+JOOS+JOROAN+ I DESY+COlUJ 
+FJCK INGER ,Ht LLo HOPKINS oROB IN SON+ I BNLI 
+FA YOUX, HAMEL, ZSEMBERY, CHE ZE+ C SACLAY+CAENJ 
+L lllESTOL +MONTANE T+ ( CERN+COEF+ IRAD+L IVP J 
J. BATON,G. LAURENS, J. REI GNI ER ( SACLA YJ 
J. BATON, G. LAURENS, J,.RE I GNI ER f SACl AYI 
+JOHNSTON+COOPER+MANNER + fTNTO+ANL +WI SCI 
OANYSZ +FRENCH+S I~AK (CERN I 
+JOHNSON+KlE I N+PETERS+SAHN I +YEN+ I PURDUE I 
+KINSON+HCOONALO+R l 001 FORD+ fCERN+BIRMI 
HERTZ BACH, KRAEMER, MADAN SKI, ZOANI S+ I JHU+BNl t 
+MARQUIT +OPPENHEIHER+SCHUl TZ +WILSON f COLUJ 
+KOCH+ PEllETT+ POTTER +VONll N CERN+ (CERN+ MP t H J 
MILLER,GUTAY,JOHNSON,lOEFFLER + IPUROUEI 
+B I SWAS. CASON, OERAOO, KENNEY+ f NOAM+PENNJ 

AACHEN+BERll N+CERN COLLABORATION* 
+GHIO 1 NI, FOR I NO+ (BAR l +BGNA+F tRZ+ORSA Yl 
AS TVACATUROV 9 A Z IIIIIOV • BAL DIN+ C J l NR+MOSCOW) 
J.p. BATON, G. lAURENS ISACLAYI 
BlECHSCHMI OT, OOWDt ELSNER,+ ( OESY+MCHS I 

S.U .CHUNG, 0 .t. DAHL ,J. K I RZ, 0 ..... MillER f lRLI 
+EDWARDS, FROOE SEN, BETTI Nl+ C liVP+OSlO+PADOJ 
+GAVI LLET+LABROSSE+MONTANET+ fCERN+CDEF J 
+LU8ATT I, SIX, VE ILLET ,+ { ORSA+Hil A+UCLA J 
+KOCH, POTTER, WI LSONt VGN l I NO ERN+ fC ERN+M PIH J 
+Bl EULERt C ALOWE LL. ElSNER ,HART lNG+ I CERN I 
+PO I R I ER, B I SWAS, GUT AY+ f NOAH+PURO+ SLAC I 
+PR ENT tCE+COOPE R+HANNER+ C TNTO+ANL +W ISC J 
+C ASON+BI SWAS+OERAOO+GROVES+ ( NOTREOAME J 
LANZEROTTI,BLUHENTHAL,EHN,FAlSSLER + IHARVI 
+HAGOP JAN,+ f PENN+LRL +COLO+PURD+TNTO+W I SC J 
J.PISUT,H.ROOS ICERNI 

Al.XiUSTI1 69 Pl 28 B 508 +BIZOT+BUON+HAISSINSKI+LALANNE+ CORSAYJ 
AUGUSTI2 69 LNC 2 214 +LEFRANCOIS,LEHHANN,MARlNt+ tORSAYI 
AUSLENDE 69 SJNP 9 69 AUSLENDERoBUOKER,PANTUSOVA,PESTOV+ fNOVOI 
ERBE 69 PR 188 2060 GERMAN BUBBLE CHAMBER COLL. fOESYJ 
HAISSINS 69 ARGONNE CONF. 373 J.HAISSlNSKI IORSAYJ 
JUHALA 69 PR 184 1461 +LEACOCK.RHOOE,KOPELMAN,LIBBY,+ IISU+COLOJ 
MALAMUD 69 ARGONNE CCNF.P.93 E.MALAMUO, P.SCHLEIN fUCLAJ 
HILLER 69 PR 178 2061 R .. PHLLERoliCHTHAN,WILLHANN fPURDUEI 
HOTT 69 PR 177 1966 +AMMARoDAVJS,KROPAC,SLATEoDAGAN+ fNWES+ANLJ 
REYNOlDS 69 PR 184 1424 +ALBRIGHT,BRADLEY,BRUCKER,HARMS+ fFSUJ 
RODS 69 NP B 10 563 M.ROOS,J.PlSUT ICERN+BRATISLAVAJ 

124 

Data Card Listings 
For-notation, see key at front of Listings. 

ltOTHWEll 69 PRL.23 1521 
SCHAREN 69 ARGONNE CONF.306 
WEHMANN 69 PR 178 2095 

ALVENSLE 70 PRL 24 786 
BATON 70 Pl 33 B 528 
8 IGGS 70 PRL 24 11 q 
BINGHAM 70 PRL 24 955 
GALLOWAY 70 PR 0 1 3077 

ABRAMS 71 PR D 4 653 
BLOOOWOR 71 NP B 35 133 
DEERY 7L PR D 3 635 

BA!LLON 72 Pl 38 8 555 
BALLAM 72 PR D 5 545 
BASDEVAN 72 Pl 41 B 118 
BENAKSAS 72 Pl 39 B 289 
DRIVER 12 NP B 38 1 
EISENBER 72 PR D 5 15 
GRAYER 72 PHIL.CONF.PROC. 
GRAYER 72 NP B 50 29 
JACOBS 72 PR 0 6 1291 
RATCLIFF 72 Pl 38 B 345 
TAKA HASH 72 PR D 6 1266 

BYERLY 73 PR D 7 637 
C HARLESW 73 NP B 65 253 
GLADDING 73 PR 0 8 3721 
HYAMS 73 NP B 64 134 
PROTOPOP 73 PR D 1 1280 

CARROLL 74 PR D 10 1430 
ENGLER 74 PR D 10 2070 
ESTABROO 74 "'P 8 19 301 
GOBS I 74 PRL 33 1450 
GRAYER 74 NP B 75 189 
HABER 74 PR 010 1387 
NORDBERG 74 Pl 51 B 106 
SPITAL 74 PR 0 9 126 

MONTONEN 75 lNC 12 627 
ROOS 75 NP B 97 165 

OEUTSCHM 76 NP 8 103 426 

ANDREWS 11 PRL 38 11j8 

SAL TAY 78 PR D 11 62 
BARTALUC 78 NC 44 A 587 
QUENZER 78 PL 76 8 512 
WICKLUND 78 PRO 11 1H7 

BECKER 79 NP B 151 46 
LANG 79 PR 0 19 956 

BERG 
BOHACIK 
HEYN 

80 PRL 44f 706 
eo PR o 21 1342 
80 ZPHY C 1 169 

+CHASE, EARLES. GETTNER ,GLASS, WEI NSTE I +I NEAS J 
SCHARENGUI VEL I PURDUE I 
+ENGELS, WI l SONo + I HARV+CASE+ SLAC+CORN+MCG I I 

Al V ENSLE BEN, BECKER, BERTRAM ,cHEN ,COHEN I OESY I 
+LAURENS 9 RE IGNI ER I SACLAYI 
+BRAS EN,Cl I FFT • GABATHUl ER, KITCHING+ I DARE I 
+FRETTER ,loiOFFE IT, BALL AM+ ILRL+SLAC+TUFT J 
+MOlT tAL YA t LEE t MART IN, PRICKETT f 1 NOJ 

+BARNHAM, BUllER ,COYNE • GOLDHABER, HAll,+ f LBL I 
BLOODWORTH. JACKSON 1 pqfNT ICE, YGON (TORONTO) 
+BISWAS,CASONoGROVESoJOHNSON,+ tNOTRE OAMEI 

+CARNEGIE, KLUGE ,LE ITHol YNCH, RATCLIFF+ I SLA.CJ 
+CH ADWI CKo BINGHAM, MtlBURNo + ( SL AC+LBL+ TUFT I 
BASOEVANT, FROGG ATT, PETERSEN (CERN I 
+COSME, JEAN-MAR 1 E. JUll I AN,LAPLANCHE ,+lOR SAl 
+HE I NLOTH, HOHNE, HOFMANN, RATHJE,+( DESY+HAMB I 
EISENBERG, BALL AM,OAGAN, + f REHO+SLAC+TELAI 

5 +HYAMS, JONES, SCHLEIN, BlUM, DIETL+ IC ERN+MP IHI 
+HYAMS, JONES, WE IlHAMMER, BLUM,+ C C ERN+MP I HI 
t.O.JACOBS ISACLAY) 
+BULOS, CARNEGIE, KLUGE • LEITH, lYNCH,+ f SLAC I 
TAKAHASHI, BAR l SH,+ (TQHO+PENN+NOAM+ANL J 

+ANTHONY ,COFFIN. MEANLEY .MEYER ,RICE,+ f M I CHI 
C HARLE SWOR THo EMHS, BEll,+ ( RHEL +8 lRM+OURHI 
+RUSSEL, TANNENBAUM, WE ISS, THOP'SON ( HAR VI 
+JONES, WE ILHAMMER. BlUI-1, DIETL,+ t CERN+MPI HJ 
PROTOPOPESCU • GARNJOST • GAlT I ER 1,FLA TTE+ f LBLI 

+MATTHEWS, WALKER+ { SLAC+DUKE+WI SC+ TNTOI 
+KRAEMER, TOAFF • WE ISS ER, 01 A Z+ C CARN+CASE J 
P.ESTABROOKS,A.O.MARTIN tOURHI 
+ROSEN, SCOTT 1 SHAPIRO+ I NWES+ROCH+C ARNI 
G. GRAYER, HYAMS. BLUM, Dl Ell,+ I C ERN+MPI MJ 
+HOOOUS,HUL St Z ER ,K I STI AKOWSKY ,LEVY+ ( Ml T I 
+ABRAMSON, ANDREWS, HAP.VEY, + CCORN+ROCHI 
R.SPITAL,D.R.YENNIE (CORNI 

C. MONTONEN, M. RODS, N. TORNQVIST 
M.ROOS 

IHElSI 
CHELSJ 

+KIRK,+ I AAC H+B E Rl +BONN+ CERN +C RAC+HE I O+WAR S I 

+FUKUSHIMA ,HARVEYo lOBKOWIC Z, MAY,+ CROCHI 

+CAUT IS, COHEN oCSORNA, SH ITH, YEH, +CCOLU+B INGI 
BAR TALUCC It BAS IN It BERTOLUCC I, I DE SY+FRAS J 
+R I BES .RUMPF, BERTRAND, 81 ZOT • CHASE,+ I LALOJ 
+AYRES, Of EBOLD. GREENE, KRAMER, "AWL ICKI ( ANL I 

+BlANAR,BlUM 1 CERRAOA+ ( HPI H+CERN+ZEEM+CRAC I 
C.B.LANG,A.MAS-PARAREOA IGRAZI 

+CHANOLEE, B I EL, HEP PELMANN, +I ROCH+FNAL+MINNJ 
J.BOHAC IK, H.KUHNEl T (BRAT I SLAVA+W lEN I 
M.F.HEYN,C.B.LANG IGRAZI 

....... ......... .......... .......... ••••••••• .......... ••••••o:•• •••••••• ...... ••••••••• ••••••••• ••••••••• ••••••••• ....... ... • •••••••• •••••c.•• 

1 r.J(783) 1 1 OMEGAf783,JPG:1--I J:O 

1 OMEGA MASS I MEVJ 

R 2198 083.41 I o. 71 BALTAY 67 HBC 0.0 PBAR P 
R (784.0) 10.7) ATHERTON 70 HBC 3.6 PBAR P, 7 PI 

SR 4800 (782. 0) ( o. 8) OREN 74 HBC 2.3 PBAR P,5PI 

2400 782.4 0.5 BIZZARRt 69 HBC 0 PBAR P 
750 784.1 1.2 ABRAMOVIC 70 HBC 3.9 PI- P 

783.2 1.6 BIGGS 70 CNTR PHOTO PRODUCT ION 
248 783.4 1. 0 BIZZARRI 71 HBC 0.0 P PBAR K+K-
510 781.0 0.6 BIZZARRI 71 HBC 0.0 P PBAR K1K1 

M 0 783.7 1.0 COYNE 71 HBC 3.7 Pl+ P 
M 418 782.5 0.8 AGUILAR 12 HBC 3.9,4.6 K- P 
M B 7000 782.4 0.5 KEYNE 76 CNTR PI-P, OMEGA N 

2100 783.5 o. 8 GESSAROLI 71 HBC 11 PI-P, OMEGA PI 
535 182.7 o. 9 APELOOORN 78 HBC 1.2 PB P,PB P OM 

1430 781.8 0.6 COOPER 78 HBC .7-.8 PB P,5 PI 
3000 782.6 O. B BENKHEIRI 79 OMEG 9-12 PI+- P 

33260 
783.3 
782.5 

0.4 CORDIER 80 WIRE E+E-,PI+Pt-PlO 
0. B RODS 80 RVUE <r3.6 PBAR P 

AVG 782.62 0.21 AVERAGE I ERROR INCLUDES SCALE fACTOR OF 1.1J 

M B OBSERVED BY THRESHOLI>-CROSSING TECHNIQUE, MASS RESCL.=4.8 MEV FWHM 
FROM BES T-RESOLUTJON SAMPLE OF COYNE 11 

w 
w 
w 
w 
w 
w 
w 
w 

0 
F 
F 
R 

s 

E 

FROM OMEGA-RHO INTERFERENCE IN THE PI+Pt- MASS SPECTRUM 
ASSUMING GMEGA WIDTH 12.6 MEV. 
INClUDED IN RODS 17,79 RVUE 
ERROR INClUDES Q. 5 MEV MASS SCALE ERROR 

1 OMEGA FULL WIDTH CMEVI 

750 a. a 3.0 ABRAMOVl C 70 HBC 3.9 PI- ? 

11.2 2. 7 ATHERTON 70 HBC 3. 6 PBAR '· 7 PI 
510 10.3 1.4 Bl ZZARRI 71 HBC 0.0 P PBAR KlKl 
248 12.8 3. 0 BIZZARRJ 11 HBC 0.0 P PBAR K+K-

4270 9.5 I. 0 COYNE 71 HBC 3.7 Pl+ P ... 13.3 2. AGUILAR 72 HBC 3.9,4.6 K- P 
9.1 0. B BENAKSAS1 72 OSPK E+E- COll.BEAMS 

10.5 1.5 BORENSTEI 12 HBC 2.18 K-P 
940 1.10 1.65 BROWN 12 MMS 2.5 PI- P,N HMS 

B 20000 10.22 0.43 KEYNE 76 CNTR PI-P, OMEGA N 
2100 9.4 2. 5 GESSAROlt 77 HBC 11 PJ-P,O!o1EGA PI 
1430 12.0 2. 0 COOPER 78 HBC .7-.B PB P,5 PI 

9.0 0.8 CORDIER 80 WIRE E+E-,PI+Pl-PIO 

AVG 9.90 "·"' AVERAGE f ERROR INCLUDES SCAlE FACTOR OF 1.0J 

OBS ERVEO eY lHRESI-WJLD-CROSSING TECHNIQUE. MASS RESOL.=4.8 MEV FWHM 
ERROR TAKES ACCOUNT OF SYSTEMATICS ADDED LINEARLY 

----- ------ ------ --------- --------- ----- ------ -------

2174 
2174 

12175 

9/69 
2/Jf. 
2/74 

ll/71 
11171 
11/71 
12/72 
12/75 
12/77 
4/78 
4/78 

12179 
9/81* 

12/79 

6/70 
5/70 

11/71 
11/71 
11/71 
12/72 
2/73 
1/11 

1ZI7Z 
12/75 
12/77 
4/78 
9/81* 
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Mesons 
w(783) 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
Pll 

l OMEGA PARTIAL DECAY MODES 

OMEGA INTO PI+ PI- PIO 
OMEGA INTO PI+ PI- IVIOLATES Gl 
OMEGA INTO PIC GAMMA 
OMEGA INTO Pt+ P t- GAMMA 
OMEGA INTO 2PIO GAMMA 
OMEGA INTO ETA GAMMA 
OMEGA INTO E+ E-
OMEGA INTO MU+ MU-
OMEGA INTO ETA PIO !VIOLATES Cl 
OMEGA INTO 3 GAMMA 
OMEGA INTO PIO MU+ MU-

DECAY MASSES 
l)q+ 139+ 134 
139• 139 
134+ 0 
139+ 139+ 
134+ 134+ 
548+ 0 

.5+ • 5 
105+ 105 
548+ 134 

0+ 0+ 0 
134+ 105+ 105 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, P 1, as follows: The diagonal elements are Pi :i: OP
1

, where 

6P1 = "(&P1&Pi), while the off-diagonal elements are the~ correlation coeffi­

cients (6 P /iPj) /( 6P i · 6P r For the definitions of the individual Pi, see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to t. 

p 1 p 2 p 3 
p 1 .6990+-.0051 
p 2 -.3764 .0140+-.0021 
p 3 -.9106 -.0400 .0670+-.0047 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
Rl AVG 
R 1 FIT 

., 
R2 R 
R2 8 
R2 R 
R2 
R2 R 
R2 S 
R2 
R2 c 
R2 B 
R2 8 
R2 c 
R2 R 
R2 S 
R2 S 
R2 
R2 AVG 
R2 Fll 

R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

R4 

1 OMEGA BRANCHING RATlOS 

OMEGA INTO NEUTRALIIPI+ PI- PIOI I P3+. •• I IIP1 I 
20 O.ll 0.02 BUSCHBECK 63 HBC 1.5 K-P 
35 o.o8 o.o3 KRAEMER 64 OBC 1.2 PI+D 
65 0.10 0.04 AlFF-STEI 66 HBC CORR.BV' SCHULTZICOll 

850 o. 134 o. 026 OIGIUGNO 66 CNTR 1.4 PI-P 
346 o. 097 o. 016 FLATTE 66 HBC 1.8 K-P 

0.06 0.05 0.02 JAMES 66 HBC 2.1 PI+P 
19 0.10 0.03 BARASH 67 HBC 0.0 PBAR P 
46 0.15 0.04 AGUILAR 72 HBC 3.9,4.6 K- P 

0.1033 0.0091 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
0.0968 0.0057 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

OMEGA INTO IPI+ PJ-1/IPI+ PI- PlOt. SEE ALSO R15 
IO.OlliCR MORE CL=.95 ABRA"10V1C 70 HBC 
0.014 0.005 D.004 BIGGS 70 CNTR 

I0.035IOR LESS CL=.95 BIZZARRI 70 OBC 
IO.Ol910R MORE CL=.95 CHAPMAN 70 HBC 

O. 022 O. 009 0.01 RODS 70 RVUE 

I P21/ I Pll 
3.9 PI- P 

PHOTOPRODUCT ION 
PBAR N AT REST 

1.6-2.2 P PBAR 

0.021 0.028 0.009 RATCLIFF 72 ASPK 15.PI- P,N 2PI 
{O.Oll5IOR MORE 6URNS 73 HSC .6-1.1 PSAR P 
(0.041 10.021 LV'ONS 77 HBC 3-4 K-P,lAM OHEG 

RE-EVALUATED UNDER R2 BY BEHREND 71 USING MORE ACCURATE OMEGA 
TO RHO PHOTOPROOUCTION CROSS-SECTlON RATIO. 
ASSUMING COMPlETE RH0-0!1\EGA COHERENCE 
RODS 70 COMBINES ABRAMOVICH 70 AND Bl ZZARRI 70 
SIGNIFJCAfi.T INTERFERENCE EFFECT OBSERVED.NB OF OMEGA INTO 3PI 
COMES FROM AN EXTRAPOLATION. 

0.0157 0.0040 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.0155 0.0024 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

OMEGA INTO IPIO 
0.13 
o. 081 
0.109 
0.084 

0.0898 
o. 0968 

GAMMA I 
0.04 
0.020 
0.025 
0.013 

I I PI+ PI- PIOI 
JACQUET 69 HlBC 
BALOIN 11 HLBC 
BENAKSAS2 72 OSPK 
KEYNE 76 CNTR 

lP31/IPl I 

2.9 PI+ P 
E+E- COLt. BEAMS 
PI-P, OMEGA N 

0.0097 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.0057 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

OMEGA INTO IPI+ PI- GAMMAI/IPI+ PI- PIOI I P41/IP11 

9166 
9166 
9166 
6166 
7167 

12172 

6/70 
12/7B 
11/71 
6170 
6170 

12172 
12/75 
12/77 

10/67 
11/71 
2/13 

12175 

R4 10.051 OR LESS CL=.90 FLATTE 66 HBC 
R4 t.066IOR LESS CL=.90 KALBFLEI 75 HBC 

1.8 K-P 9166 
2.2 K- PoGAMMA + 12/75 

R6 
R6 
R6 
R6 

R7 
R7 
R7 
R7 
R7 

R8 
R8 
R8 

R9 
R9 
R9 
R9 FIT 

R10 
R10 

Rll 
Rll 

R 12 
R 12 

Rl3 
R 13 
Rl3 
R13 
Rl3 
Rl3 
R13 
R 13 AVG 

Rl3 
Rl3 
R13 
R13 

"' 

011\EGA INTO IMU+ MU-1/lPI+ PI- PJOHUNITS 10 .. -31 (PBIIIPll 
(1.21 OR LESS GALTIERI 65 HBC 2.7 K-P 
11.71 OR LESS CL=.74 FLATTE 66 HSC 1.8 K-P 
10.21 OR LESS WILSON 6'9 OSPK 12 PI- ON (,FE 

OMEGA INTO 12PIO GA"'MliiPIO GAMMA! I P5J/ IP3 I 
(0.11 OR LESS BARMIN 64 PXBC 
(0.141 CR LESS BALOIN 71 Hl8C 
10.151 OR lESS Cl=.90 BENAKSAS2 72 OSPK 
10.181 OR LESS CL:0.95 KEYNE 76 CNTR 

1.3-2.8 PI-P 
2.9 PI+ P 
E+E- COLt. SEAMS 
PI-P,OMEGA N 

OMEGA INTO lETA PIO +ETA GAMMAI/IPI+ PI- PIOJ IP9+P611CPll 
(0.0I710R LESS Cl=.90 FlATTE 66 HBC 1.8 K-P 
C0.04510R LESS Cl=.95 JACQUET 69 HlBC 

0"'EGA PHD CNEUTRALSI I CCHARGEDI IP3+ ••• 11tPl+P2 ••• J 
0.124 0.021 FELDMAN 67 OSPK 1.2 PI- P 

0.0953 0.0056 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

OMEGA INTO t2PI0 GAMMAJIIPI+PI-PIOJ I P5 J/(Pll 
(0.081 OR LESS Cl=.95 JACQUET 69 HLBC 

OMEGA INTO I ETA GAMMAI/IPIO GAMMA! I P61/ CP3 I 

OMEGA 

OMEGA 
33 

0.010 0.045 APEl 12 CSPK 4-B PI- P,N 3GAM 

INTO CPIO "'U+ MU-J I TOTAL tUN ITS 10~~<*-31 fPlll 
o. 096 0.023 OZHELYADI 81 CNTR 25-33 PI-P,OME N 

INTO C E+ E-)/TOTAL (UNITS 10**-41 I P71 
I 0.651 I 0.131 ASTVACATU 66 OSPK ASSUME SUI3J+MtXI,.G 
(0.401 I o. 211 BOlli Nil 68 CNTR 1.7 PI-P 
(0.92) ( o. 071 AUGUST 11 69 OSPK E+E-, 2Pl 
o. 83 0.10 BENAKSAS1 12 OSPK E+E-, 3Pl 
0.675 o. 069 CORDIER 60 WIRE E+ E-,3PI 

C.725 0.072 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.3) 

NOT RESOlVED FROM RHO DECAV. ERROP STATISTICAl ONLY. 
RESCALED BY US TO CORRESPOND TO OMEGA WIDTH 10.1 MEV. 
MASS RESOLUTION OF BOLUNI 1 IS +-10 MEV.HIS ERROR IS +-.15 
WITHOUT RHO-m~EGA INTERFERENCE. COMPlETE INTERFERENCE WOULD 
CHANGE VALUE BV +-35 tlfP r:FNT. THEREFORE WE J"'II':PEASEO ERROR. 

9166 
9169 

11/71 
2/73 
1111 

9/66 
4/70 

3167 

4/70 

2173 

1182* 

6/66 
91!JB 
2172 
2173 

12/79 

R14 
R14 
R14 
R14 
R14 
R14 
R 14 AVG 
R 14 FIT 

R15 
R15 
R15 
R15 
Rl5 B 
R15 
R15 
R15 
R15 F 
Rl5 F 
R15 
Rl5 F 
R15 B 
R15 B 
Rl5 F 
R15 
Rl5 AVG 
Rl5 FIT 

OMEGA INTO NEUTRAlS I TOTAl 
0.084 0.015 
0.019 0.019 
0.075 0.025 

42 o. 073 o. 018 

BOLLIN I 
DE I NET 
BJZZARRI 
BASILE 

6B CNTR 
69 OSPK 
71 HBC 
1Z CNTR 

I P3+ ••• 1 
2.1 PI- P 
1.5 PI- P 
0.0 P P8AR 

1.67 PI- P 

0.018B 0.0092 AVERAGE HRROR INCLUDES SCALE FACTOR OF 1.01 
0.0870 0.0047 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

OMEGA INTO IPI PIJIITOTAU. SEE ALSO R2 (P21 
0.032 0.028 0.019 AUGUSTIZ 69 OSPK E+E- COll.BEAHS 

(0.003JOR MORE Cl.,.95 GOLOHABER 69 HBC 3.7-4.0 PI+P 
( 0. 014 I OR MORE Cl=. 95 Alll SON 70 HBC 1. 3-1.1 PSAR P 
(0.00801 10.0026) I0.002211GGS 70 CNTR PHOTOPROOUCTlON 
0.0122 0.0030 ALVENSLES 71 CNTR PHOTOPROOUCTION 
0.013 0.012 0.009 MOFFEtT 71 HSC 2.B,4.7 GAMMA P 
0.036 0.024 0.018 BENAKSAS 12 OSPK E+E- COLL.BEAHS 

10.0351 C 0.0161 BRANDENBU 76 ASPK l3.K-P,PI+PI-
10.04J (0.03) (0.021 HOLMGREN 11 HBC 4.2 K-P,PI+PI-
0.016 0.009 0.001 QUENZER 78 CNTR E+E- COLL.BEAMS 

10.0101 (0.0011 WICKLUND 7B ASPK 3,4,6 PI+-PN 
RE-EVALUATED UNDER R2 BY BEHREND 11 USING MORE ACCURATE OMEGA 
TO RHO PHOTOPRODUCTION CROSS-SECTION RATIO. 
FROM A MODEl DEPENDENT ANALYSIS ASSUMING COMPlETE COHERENCE. 

0.0133 O.OOZ7 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
0.0140 O.OOZ1 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.DI 

OMEGA INTO (2 PIO GAMMAI I IAll NEUTRALS). IP51/IP3+ ••• 1 

6168 
9/69 

11/71 
2113 

8169 
11169 
6/70 

12/76 
11171 
11171 
1217Z 
1Z/79 
1Z/79 

4178 
12/79 

Rl7 
R17 
Rl7 
R17 

C0.191 OR LESS CL:.9Q DEINET 69 OSPK 9/69 
10.22) (0.071 DAKIN 72 OSPK 1.4 PI- P,N HMO 12172 

SEE R18 

R 18 OMEGA INTO I P 10 GAMMA I I (All NEUTRALS I I P31/l P3+ ••• I 
R18 C0.811 GR MORE CL=.90 DEINET 69 OSPK 9169 
R18 (0.781 C0.07l DAKIN 72 OSPK 1.4 PI- P,N MMD 12172 
R18 ERROR STAliSTICAL ONLY.AUTHORS OBTAIN GOOD FIT ALSO ASSUMING 
R 18 PIO GAMMA AS THE ONLY NEUTRAL DECAY. 

R19 OMEGA INTO CETA GAMMAIITOTAL !UNITS 10**-41 IP~I 
R19 A (3.01 12.51 ll.BI ANDREWS 71 CNTR 0 6.7-10 GAMMA CU 
R19 B 129.01 ( 7.01 ANDREWS 17 CNTR 0 6.7-10 GAMMA CU 
Rl9 A SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
R19 A THE QUARK MODEL PREDICTS A RElATIVE DECAY PHASE OF ZERO 
R19 B SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE 

R20 OMEGA INTO IPIO MU+ MU-1 I I HU+ MU-1 1Plli/CP81 
R20 30 11.21 C0.61 OZHELYAOI 79 CNTR 0 25-33 PI- P 
R20 SUPERSEDED BY DZHElYADIN 81 RESULT ABOVE. ..................................................... 
MAGLIC 
PEVSNER 
XUONG 

61 PRl 7 178 
61 PRL 1 421 
61 PRL 1 321 

AlFF 62 PRL 9 325 
ARMENTER 62 CERN CONF 90 
STEVENSO 62 PR 125 667 

ARMENTER 63 SIENA CONF 
BARMIN 63 SIENA COH 
BUSCHBEC 63 SIENA CONF 
GELFAND 63 PRL 11 436 
MURRAY 63 PL 7 356 

BARMIN 64 JETP 1B 1289 
KRAEMER 64 PR 116 8 496 

296 
201 
166 

REFERENCES FOR OMEGA 

B HAGl IC, Al VARE Z,ROSENFELO, STEVENSON ( lRLI 
PEVSNER, KRAEMER, NUSSBAUMoR I CHARD+( JHU+NWES I 
NGUYEN HUU XUONG,GERALO R lYNCH C lRll 

ALFF.BERLEY,COLLEYoGELFANO + ICOLU+RUTGERSJ 
R ARMENTEROS 1 R BUDDE + C CERN+CDEF+EPOLI 
STEVENSON, AL V A.REZ, HAGl lC, ROSENFEtO llRll 

ARMENT EROS, EDWARDS ,JACOBSEN+ ( CERN+CDEF J 
SARMIN,OOLGOLENKO,KRESTNIKOV+ ( ITEPI 
BUS CHBECK, C ZAPP+ C VI ENNA+CER N+AMSTEROAM J 
GELFAND, MillER, NUSSBAUM ,RAT AU+ I C OlU+RUTG) 
MURRAY, FERROLUZ Z lo HUWE, SHAFER ,SOLM IT Z+ ( lRU 

BARMINoDDLGOLENKO,KRESTNIKOV + I ITEPI 
KRAEMER 1 MADANSKY,MEER+ I JHU+NWES+WOOOI 

BINNIE 65 PL 18 348 BINNIEoOUANE,JANEoW JONES+ tlOIC+MCHSI 
GALTIERI 65 PRL 14 279 A BARBARO GAlTIERt,R 0 TRIPP ILRU 
ro1JLLER 0 65 CU-237(NEVIS 1311 DAVID C MillER CTHESISI ICOLUMBIAJ 
ZDANIS 65 PRl 14 721 ZDANIS,MADANSKV',KRAEMEfi,HERTZBACH+(JHU+BNll 

ALFF-STE 66 PR 145 1072 
DIGIUGNO 66 NC 44A 1272 
FLA TTE 66 PR 145 10 50 
JAMES 66 PR 142 8(\l6 

BAL TAY 67 PRL 18 93 
BARASH 67 PR 156 1399 
FELDMAN 67 PR 159 1219 
HERTZBAC 67 PR 155, 1461 

ASTVACAT 66 Pl 27 S 45 
BOLLINI 6B NC 56 A 531 
BOLLINI1 68 "'C 57 A 404 
KE'f 68 PR 166 1430 
PISUT 66 NP 8 6 325 
WEHMANN 68 PRL 20 746 

AUGUSTil 69 Pl 26 8 513 
AUGUSTI 2 69 LNC 2 214 
BIZZARRI 69 NP S 14 169 
DANBURG 69 UCRL-19215 
DEINET 69 Pl 30 B 426 
ERWIN 69 NP B 9 364 
GOU,HABE 69 PRL 23ol351 
JACQUET 69 NC 63 A 743 
MilLER 69 PR 176 2061 
STRUGALS 69 PL 29 B 532 
WILSON 69 PRIVATE CCMM. 

A8RAMOVI 
BJZZARRI 
AlliS ()II 
ATHERTON 
BIGGS 
CASON 
CHAP MAN 
DAN BURG 
FLATTE 
GOLD HAS E 
HAGOPIAN 
RODS 

ABRAMS 
ALVENSLE 
A NGELOW 
BALD IN 
BARDAOJN 
BEHREND 
BIZZARRJ 
BlOODWDR 
CHAPMAN 

70 NP B 20 209 
10 PRl 25 1365 
10 PRL 24 618 
70 NP B 16 221 
10 PRL 24 1201 
70 PR D l 851 
70 NP B 24 445 
70 PR 0 2 2 564 
70 PR 0 1 1 
10 PHILA.CONF.P.59 
10 PRL 25 1050 
70 ONPL I R1 P. 173 

1l PR 0 4 653 
1l PRL 21 8ea 
1l SJtiP 12 427 
7l SJNP 13 75B 
7l PR 04 2711 
7l PRL 27 61 
7l NP 8 27 140 
7l NP B 35 133 
1l PP !) 3 3'! 

ALF F-STE IN BERGER• BERL EY • BRUGGER+ I COLU+RUTGJ 
Dl GIUGNO, PERUZZI, TROt SE+ ( NAPL+FRAS+TRST) 
+HUWE, MURRAY, BUTTOtrSHAFER • SOLMITZ + ( LRLJ 
F E JAMES,KRAVBill (YALE+BROOKHAVENJ 

+FRANZ IN I, SEVER I ENS, Y EH .ZANEllO (COLUMBIA) 
BARASH. Kl R SCH, M t llERt TAN ( CDLUMB I A I 
+FRAT I, GLEESON, HALPERN, NUSSBAUM+ (PENNI 
HERTZ BACHo KRAEMER, "'ADAN SKI, ZOANI S+ I JHU+BNLI 

AS TVACATUROVo A Z I MDV, BALDIN+ I J I NR+MOSCOW) 
+BUHLER, OALPI AZ. MASS AM+ I CERN+BGNA+STRB I 
+BUHLER, DALPIAZ, MASS AM+ ( CERN+BGNA+STRB) 
+PRENT t CE+COOPER+MANNER I TNTO+ANL +'rf t SC J 
J.PISUT,M.ROOS ICERNJ 
+ENGELS+ ( HARVARO+CASE+SLAC+CORNELL+MCG IlL I 

+SENAKSAS, BUON ,GRACCO, HA ISS I NSK I,+ CORSAY I 
+LEFRANCOJ So LEHMANN, MAR IN,+ (ORSAYI 
+FOSTER, GAVlllET, MONT AN ET, + C CERN+CDEF I 
JEROME S. OANBURG, THESIS (lRU 
+MENZ IONE 9 MUllER 9 BUNI ATOV+ (KARl +CERN I 
+WALKER, GOSHAW, WEINBERG (WI SC+PRIN+VANDI 
+BUlLER, COYNE, HAll, MAC NAUGHTON, TRIll NGC lRl I 
+NGUYEN-KHAC ,HAATUFT, HALSTE INSLI I EPOL +BERG I 
R. MILLER, LICHTMAN, WILL "'ANN I PURDUE J 
+CHUV I LOo FENYVE S ,+ I WAR S+J t NR+BUDA 1 
RICHARD WILSON (SEE ALSO PR 118 20951 CHARY') 

ABRAMOVICH, BlUMENFELD, BRUYA NT,+ I CERN) 
+C I APETT I, DDRE, GASP ERO, GUIDON t. +I ROMA+ SYRA I 
+COOPERoFIELOS,RHINES IANLI 
+BLAIR, CELN I KER, DOMINGO, FRENCH+ I CERN+ I PN I 
+Cl IFFT ,GABATHUlER.KtTCHINGo RAND (DUEl 
+ANDREWS, B t SWAS, GROVES • HARR 1 NGTON, + ( NOAMJ 
+DAVIDSON, GREEN ol YS, ROE, VANDER VEL DE ( MtCH I 
+ABOL INS, DAHl, DAVIES • HOCH, K I RZ, MIllER+ ( LRL I 
STANLEY M. FLATTE tLRLJ 
GERSON GOLOHABER,REVIEW llRll 
S. AND V.HAGOPIAN,SOGART,SELOVE IFSU+PENNJ 
PROC. OARESBURV' STUDY WEEKEND NO t. ICERNJ 

+BARNHAM, BUllER ,COV'NE, GOLD HABER, HAll, +ILBL) 
AlVENSLEBEN. BECKER, BUSZA,CHEN,COHEN, +I OESYI 
+GRAMENITSKY,KANASIRSKY ,KERATSCHEW, + I JINRJ 
+V'ERGAKOV, TREBUKHOVSKY • SHI SHOV ( ITEP) 
BAROAO I N-OTWINOWSKA, HOFMOKL, M ICHEJ DA+ (WAR SJ 
+LEE, NO ROBERG, WEHMAN.+ ( ROCH+CORN+FNAL I 
+MONTANET, N ll SSON, D- ANDLAU, + I CERN+C OEF I 
BLOODWORTH, JACKSON, PRENTICE • YOON I TORONTO) 
+FO.RTNEY,FOWlER (DUKE) 

12177 
1Z/77 

12/78 
12179 



Mesons 
GJ(783), 1}'(958) 

COYNE 71 NP B 32 333 
FIELDS 71 PRL 27 1749 
MATTHEWS 71 PRL 26 400 
MOFFEIT 71 NP 8 zg 349 

+BUTLER, FANG-LANOAU,MACNAUGHTON ( lRU 
+COOPER, RHINES, All I SON IANL +OXF I 
+PRENTICE, YOON, CARROLL, WALKER,+ ( TNTO+WI SCI 
+8 INGHAM, FR ETTER ,BALLAM+(LRL +UCB+SLAC+TUFTI 

AGUILAR 72 PR 0 6 29 AGUILAR-BENJTEZoCHUNGoEISNER,SAMIOS (BNU 
APEL 72 Pl 41 8 234 +AUSLANOER,MUllER,BERTOLUCCI,+ (KARL+PISAI 
BASILE 72 PHIL.CONF.PII.OCL53 +BOLLINI,BROGLIN,OALPIAZ,FRABETTJ,+ (CERNJ 
BENAKSAS 72 Pl 39 8 289 +COSME,JEAN-MARIE,JULLIAN,LAPLANCHE,+IORSAl 
BENAKSAS172 Pl 42 8 507 +COSME,JEAN-MARIE 1 JULLlAN1.LAPLANCHE+IORSAYJ 
BENAKSAS272 Pl 42 8 511 +COSME,JEAN-MARJE,JULLIAN 1 LAPLANCHE+IORSAYI 
BROWN 72 Pl 42 8 117 +OOWNING,HDllOWAY,HULOoBERNSTEIN+( Ill+IlLCI 
DAKIN 72 PR 0 6 2321 +HAUSER,KREJSLER.MISCHKE {PRINCETON) 
EISENBER 72 PR 0 5 15 EISENBERG.BULAM.DAGAN,+ fREHO+SlAC+THAJ 
RATCLIFF 72 Pl 38 8 345 +BULOS,CARNEGIE,KLUGE,LEITH 1 LVNCH 1 + fSLACJ 
BORENSTE 72 P'R 0 5 1559 80RE~STEIN,OANBURG 1 KALBFLEISCH,+ fBNL+MICHJ 

BINNIE 73 PR 0 e 2789 
BURNS 73 PR 0 1 1'310 

ESTABROO 74 NP B 81 7D 
GREGORIO 74 NC 20 A 437 
KRAMER 74 PRL 33 505 
OREN 74 NP B 71 189 

EMMS 75 NP 898 1 
KALBFLEI 75 PR D 11 987 
RODS 75 NP B 97 165 

BRANDENB 76 NP B 104 413 
KEYNE 76 PR 0 14 28 

ALSO 73 SINN IE 

ANDREWS 77 PRL 3 8 triA 
BARTKE 77 NP 8 118 360 
GESSAROL 17 NP' B 126 382 
HOLMGREN 77 PL 66 B 191 
LYONS 77 NP B 125 207 
RODS 17 LNC 19 419 

APELOOOR 78 NP B 133 245 
C DOPER 78 NP B 146 1 
QUENZER 78 Pl 76 8 512 
WICKLUND 78 PRO 11 ll'i7 

BENKHEIR 79 NP B 150 268 
OZHELYAO 79 Pl 84 B 143 

CORDIER 80 NP 8 172 13 
RODS SO LNC 27 321 

OZHELYAO 81 Pl 102 8 296 

+CARR, OEBENHAM, DUANE ,GARBUTT"+ f LOIC+SHMP I 
+CONDON, KIM, MANDEL KERN, PRJ C E, SCHULTZ fUC II 

ESTABROOKS, HYAMS,JONES, BLUM, { CERN+MP IHI 
M.A.GREGORIO t ICTP-TRIESTEI 
+AYRES, OJ E BOLD, GREENE, PAWLICKI+ t ANLI 
+COOPER, FI ELOS, RHINES, ALL I SON+ C ANL+OXF I 

+K I NSDNt STACEY, BELL ,DALE+ 
KALBFlEISCH, STRANOoCHAP MAN 
M.ROOS 

( BIRM+DURH+RHELJ 
fBNL+MlCHI 

CHELSI 

BRANDENBURG t CARNEGIE, CASHMORE ,DAVI ER+ C SUCI 
+8 INN I Et CARR, DEBENH AM, GARBUTT,+ CLOIC+SHMP I 

+FUKUSHI HA, HARVEY,LOBKOWIC l, MAY t + f ROCH I 
+ f AACH+BERL+BONN+CERN+CRAC+LOIC+W I EN+WARS I 
GES SAROLI, + ( BGNA+F IRZ +GENO+Mil A+OXF+P AV I J 
+JONGEJANS • ENGEL EN • + f CER N+AMST +Nt JM+OXF I 
+COOPER, CLARK tOXF I 
M.ROOS !HELSINKI) 

VAN APELDOORN,GRUNDEMAN,HART lNG,+ ( ZEEMI 
+GURTU, MONTANET ,+ ( Tt FR+CERN+CDEF+MAOR) 
+R I BES, RUMPF, BERTRAND, B I lOT, CHo\ SE, + ( LALOJ 
+AYRES, 01 EBOLD, GREENE, KRAMER, PAWLICKI I ANLI 

BENKHE I Rl, EISENSTEIN,+ C EPOL +CERN+CDEF 4-l ALGI 
DZHELYAO(N, GOLDVKIN,GRITSUK ,+ f SERP) 

+OELCOURT, E SCHSTRUTH, FULDA,+ 
+PEll INEN 

I LALOJ 
CHELSI 

DZHEL YAD IN, GOLOVKI N, KONSTANT I NOV,+ t SERP I ...................................................... ,.. ........ ,.. .... . 
*"*** ••••**••• ********* ********* ********* ••••••••• ******"'** *"'****** 

17].(958) 1 2 ETA PRIMEC95S.JPG:Q-+I t=O 

Note on the JP Assignment of n' (958) 

From the Dali tz plot analyses of the n' ~ mrn 

and n' ~ ~+~-y decays and from the observation of 

an n' ~ yy decay mode, all assignments except 

JPC = 0-+ and 2-+ are excluded. The Dalitz plot 

analyses favor spin 0, but cannot rule out spin 2. 

The indication of anisotropy in the decay of very 

forward-produced n' (KALBFLEISCH 73) has not been 

confirmed by BALTAY 74, thus again favoring spin 0, 

but still not ruling out spin 2 (LEDNICKY 77). 

Two recent analyses, however, seem to have 

finally established the spin 0 assignment of then'. 

CERRADA 77 perform a partial-wave analysis of 

the n~n system produced in the reaction K-p ~ n'A, 

taking into account the n' and A joint decay angular 

correlations. They conclude that JP is unambigu­

ously 0- (see also DELAGUILA 77) . 

ROUSSARIE 77 analyze a large sample of events 

from the reaction ~-p + n'n at beam momenta just 

above threshold. They verify that the n' is 

produced in a relative S-wave state, and thus the 

Adair condition is satisfied by their total sample 

of some 1800 events. The decay angular distribution 

of the n• is consistent with isotropy, and thus 

ROUSSARIE 77 conclude that the spin cannot be 2. 
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Data Card Listings 
For notation, see key at front of Listings. 

Pl 

P2 

P3 

P4 
P5 
P6 
PlO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 

Pl7 

Pl8 
Pl9 
P20 
P21 
P22 

957. 
3415 956.1 

535 957.4 
1414 958.2 

400 958. 
957.46 

2 ETA PRIME MASS fMEVI 

1. 

'·' ... 
o. 5 .. 
0.33 

RITTENBER 69 HBC 
BASILE! 71 CNTR 
BASllEl Tl CNTR 
OANBURG 73 HBC 
JACOBS 73 HBC 
DUANE 74 MMS 

1.7-2.7 K- P 
1.6 PI- P,N XO 
1.6 PI- P.N XO 
2.2 K-P,LAM XO 
2.9 K-P,LAM XO 
PI- P,N "'t~! 

AVG 957.57 AVERAGE (ERR:OR INCLUDES SCALE FACTOR OF 1.01 

2 ETA PRIME WIDTH (MEVJ 

1000 0.28 BINNIE 79 MHS 0 PJ- P,N MM 

2 ETA PRIME PARTIAL DECAY MODES 

ETA PRIME 

ETA PRIME 

ETA PlUME 

INTO PI+ PI- ETA 
PliNI ETAS DECAY INTO All 
PUCI ETAS DECAY CHARGED 
INTO PIO PIO ETA 
P2CNI ETAS DECAY INTO All 
P2{CJ ETAS DECAY CHARGED 
INTO PI+ PI- GAMMA 
I INCLUDING RHO GAMMA I 
INTO GAMMA GAMMA 
INTO OMEGA GAMMA 
INTO RHOO GAMMA 
INTO PI+ PI- E+ E­
INTC 2 PI 
INTC 3 PI 
INTO 4 P J 
INTO 5 PI 
INTO 6 PI 

NEUTRALS 

NEUTRALS 

ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 

PRIME 
PRIME 
PRIME 
PRIME 
PRIME 
PRIME 
PRIME 
PRIME 
PRIME 
PRIME INTO P.tO E+ E- (VIOLATES C IN 

BORN APPROX.I 
ETA PRI"''E INTC ETA E+ E- CVtOLATES C IN 

BORN APPR"oX. I 
ETA PRIME INTO PtO RHO 0 {VIOLATES Cl 
ETA PRIME INTO PIO OMEGA IVIOLATES CJ 
ETA PRIME INTO MU+ MU- GAMMA 
ETA PRIME INTO ETA MU+ MU-
ETA PRIME INTO PIO MU+ MU-

DECAY MASSES 
139+ 139+ 548 

134+ 134+ 548 

139+ 139+ 

0+ 0 
782+ 0 
769+ 0 
139+ 139+ .5+ .5 
139+ 139 
139+ 139+ 134 
139• 139+ 139+ 139 

,134+ .5+ .5 

548+ .5+ .5 

1'34+ 769 
134+ 782 
105+ 105+ 0 
548-4- 105+ 105 
134+ 105+ 105 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix-below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi, as follows: The diagonal elements are Pi± 6Pi' where 

9/69 
11/71 
11171 
2/74 
1/74 
1/74 

12/79 

6Pi = '\){6Pi6Pi)' while the o!f-diagonal elements are the normalized correlation coeffi­

cients (6P/>Pj) /(6Pi. 6Pj), For the definitions of the individual Pi' see the listings 

above; only those P 1 appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

P1 P2 P3 P4 P5 
p 1 .4267+-.0174 
p 2 -.6471 .2265•-.0206 
p 3 -.2807 -.5018 .3005+-.0160 
p 4 .0334 -.1086 .0042 .0187+-.0016 
p 5 .0674 -.20'i4 -.1438 -.0028 .0276+-.0054 

Note on n• (958) Branching Fractions 

In our calculation of the branching fractions 

of the n• (958), we use the decay modes n~~ 

(including n~ 0 ~ 0 ), p 0y, wy, and yy. It is assumed 

that the rate n ~neutrals is 71.0%. 

In the fit we do not use the constraint 

R 
r<n' _,. n~+~-l 
r<n' ~ n~ 0~ 0 l 

2 

from.I-spin conservation. The result of the fit is 

in agreement with it: R = 1.8 ± 0.2. 

2 ETA PRI"1E PARTIAl WIDTHS (KEVI 

W1 ETA PRI"''E INTO (GAMMA GAM"''AI IG41 
Wl C 23 15.81 12.31 ABRAMS 79 SMAG E-t-E-,E+[- RHO GA 12/79 
oH C THE SYSTEMATIC ERROR HAS BEEN ADDED liNEARLY. 

Rl 
Rl 
Rl 
R 1 FIT 

2 ETA PRIME BRANCHING RATIOS 

SEE MINI-REVIEW ABOVE. 

ETA PRIME INTO tPt+ PI-EH (NEUTRAL OEC.ti/TOTAL (Pl~l 
281 0.314 0.026 RITTENBER 69 HBC 1.7-2.7 K-P 

o. 303 0.012 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

9/69 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
ry'(958) 

R2 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

•• 
R4 
R4 
R4 
R4 FIT 

R5 
R5 
R5 
R5 
RS AVG 
R5 FIT 

R6 
R6 
R6 
R6 
R6 
R6 
R6 AYG 
R6 FIT 

RT 
RT 
RT 
RT 
R7 FIT 

ETA PRIME INTO IPI+ PI- NEUTRALS) I TOTAL I PlN+PZC+PSI 
3.0 K-P 
2.2 K-P 

33 0.35 0.06 SADlER 65 HBC 
39 0.4 0.1 LONDON 66 HBC 

0.363 0.051 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 
0.393 O.Oll FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO tPJ+ PI- ETA ICHRGD.OECAYII/TOTAL IPlCI 
1 0.01 0.04 SADlER 65 HBC 3.0 K-P 

10 0.1 Q. 04 LONDON 66 HBC 2 .. 2 K-P 
107 0.123 0.014 RITTENBER 69 HBC 1.7-2.7 1(-P 

0.116 O. 013 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
0.1237 0.0050 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO I PI+ PI- NEUTRALS I EXCLUDING (P2C+P51 
Plf- PI- ETA (NEUTR.OEC.JII I TOTAL 

42 O. 045 Q. 029 RITTENBER 69 HBC 1. 7-2.7 K-P 

0.0905 0.0069 FROM FIT fERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO (NEUTRALS) I TOTAL f P2N+P41 
123 0.189 0.026 RITTENBER 69 HBC 1.7-2 .• 7 K-P, 

1.6 P·I- P.N XO 535 0.185 0.022 BASilEl 71 CNT1'. 

0.187 0.017 AVERAGE fERROR INCLUDES SCALE FACTOR OF 1.01 
0 • 182 Q. 014 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1. 0) 

ETA PRIME INTO CPt+ PI- GAMMA f INCLUDING RHO GAMMA II /TOTAL 

35 
20 

298 

0.34 
0.2 
o. 329 

0.09 
0.1 
0.033 

BADI ER 65 HBC 
LONDON 66 HBC 
Rt TTENBER 69 HBC 

(P3J 
3.0,K-P 
2.2 K-P 
1.1-2.1 K-P 

0.319 0.030 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 
0.301 0.016 FROM FIT CERROR INCLUDES. SCALE FACTOR OF 1.0) 

ETA PRIME INTO IPI+ PI- GAMMA IJNCLUOJNG RHO GAMMAli!CPt PI ETU 
CP31f{Pl+P2l 

O. 31 0.15 DAVIS 68 HBC 5.5 K- P ......... 
0.460 0.035 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTC CPIO E+ E-1/TDTAL CP161 

10/66 
10/66 

10/66 
10/66 
9/69 

9/69 

9/69 
11/71 

10/66 
10/66 
9/69 

9/6B 

R8 
R8 I0.01310R LESS RJTTENBER 65 HBC· 2. 7 K-P 10/66 

R9 

•• 
RIO 
RIO 

ETA PRIME INTO I ETA E+ E-1/TOTAL IPlll 
IO.OlllOR LESS RITTENBER 65 HBC 

ETA PRIME INTO IPIO RHOOJ/TOTAL , IP181 
(0.04J OR LESS RITTENBER 65 HBC 

ETA PRIME INTOIGAMMA OMEGA )/TOTAL I P51 

2. 7 K-P 10/66 

2. 7 K-P 10/66 

Rll 
Rll 
Rll 
Rll 

I0.08l OR LESS RITTENBER 65 HBC 2.1 K-P 10/66 
INCLUDES PIO OMEGA 

1.051 OR LESS CL:.90 KALBFLEI 75 HBC 2.2 K- P,GAMMA + 12/75 

Rl2 
Rl2 

Rl3 
Rl3 

Rl4 
Rl< 

Rl5 
Rl5 

Rl6 
Rl6 

RlT 
RlT 
RlT 
Rll FIT 

Rl8 
Rl8 
Rl8 
Rl8 
R 18 FIT 

ETA PRIME INTO IPI+ PI-E+ E-1/TOTAL IP101 
f0.00610R LESS RITTENBER 65 HBC 2. 7 1(-p 

ETA PRIME INTO (2 PII/TOTAL 
I0.07l CR LESS 

ETA PRIME INTO 13 Pll/TOTAL 
(0.071 OR LESS 

ETA PRIME INTO (4 Pli/TOTAL 
f0.011 OR LESS 

ETA PRIME INTO (6 PIJ/TOTAL 
(Q. 011 OR LESS 

LONDON 

LONDON 

LONDON 

LONDON 

I Plll 
66 HBC COMPILATH;IN 

C P12l 
66 HBC COMPILATION 

I P131 
66 HBC COMPILATION 

I P151 . 
66 HBC COMPILATION 

ETA PRIME INTO IOMEGA GAMHAI/{PI+Pl-ETAI CP5111Pll 
6B 0.06B 0.013 ZANFINO 77 ASPIC. 8.4 PI-P 

O.D65 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO (PI+ PI- GAMIINCL.RHO GAMIJ!IPt PI ETA +ONEGA GAMJ 
IP31/IP1+P2+P51 

0.25 0.14 DAUBER 64 HBC 1.95 K-P 

0.441 0.034 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01 

R19 ETA PRIME INTO 
0.020 
0.0171 
0.025 
0.018 

(2 GAMMAI/TOTAL IP41 
R19 31 0.008 0.006 HARVEY 
R19 68 0.0033 DALPIAZ 
Rl9 O. 007 DUANE 
R19 6000 0.002 APEL 
Rl9 

71 OSPK 
72 CNTR 
7~ MMS 
79 CNTR 

3.65 PI- P,N XO 
1.6 PI- PoN XO 
Pt-P,N MM 
15-40 PI- P 

R19 AVG 
"R19 FIT 

0.01B3 
a. 0187 

0.0016 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
O. 0016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R20 
R20 
R20 

R21 
R21 
R21 

R22 
R22 
R22 

R23 
R23 

R24 
R24 

R25 
R25 
R25 
R25 
R25 
R25 
R25 

ETA PRIME INTO IPI+PI-IITOTAL 
10.021 OR LESS RITTENBER 69 HBC 
IO.OBI OR LESS CL=.95 OANBURG 73 HBC 

ETA PRIME INTO IPI+PI-PIOJ/TOTAL 
10.051 OR lESS RITTENBER 69 HBC 
C0.091 OR LESS CL=.95 DANBURG 73 HBC 

ETA PRIME INTO IPI+PI+Pl-PI-1/TOTAL 
10.011 OR LESS RITTENBER 69 HBC 
(Q.OlJ OR LESS CL ... 95 DANBURG 73 H"BC 

ETA PRIME INTO I PI+PI+PI-PI-PIOJ/TOTAL 
(0.011 OR LESS RITTEN8ER 69 HBC 

CPlll 
1.1-2.1 K-P 

2.2 K-P,LAM XO 

I Pl21 
1.7-2.7 K-P 

2.2 K-P,LAM XO 

I P131 
1. 7-2.7 K-P 

2.2 K-P,LAM XO 

I P141 
1.7-2.7 K-P 

ETA PRIME INTO IPI+Pt+Pt-PI- NEUTRALSI/TOTAL (P15+ .... 1 

ETA 

E 473 
E 473 
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10.011 OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 

PRIME INTO IRHOO GAHMAI!IALL PI+ PI- GAMMA) 
0.9~ O. 20 AGUILAR 70 HBC 
1.15 0 .. 10 OANBURG 13 HBC 

(O.c;5) OR MORE CL=.95 OANBURG 13 HBC 
1.01 0.15 JACOBS 73 HBC .......... 

fP61/IP31 
3.9-4 .. 6K-P 
2.2 K-P,LAM XO 
2.2 K-P,LAM XO 
2.9 K-P,LAM XO 

AVG 1.082 0.077 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

R25 E EQUIVM.ENT STATEMENTS 

10/66 

10/66 

10/66 

10/66 

10/66 

12177 

10/66 

11171 
12172 
12175 
12179 

9/69 
2/74 

9/69 
2/74 

9/69 
2/H 

9/69 

1/71 
2/H 
2174 
1/74 

ETA PR JME INTO IPIO PIO ETA INTO 3 PIOI/TOTAL IP2NC3PJOI1 
4 0.11 O. 06 BENSINGER 70 OBC 2.2 PI+ D 1/71 

ETA PRIME INTO IPI+ PI- GAMMAl!IPI+ PI- ETAINEUTRAL O'EC.JI 
IP311tP1NI 

R26 
R26 
R2T 
R2T 
R2T 
R2T 
R2T 
R2T 
R2T 

{0.541 10.101 AGUILAR 72 HBC 
NOT AVERAGED DUE TO ·coMPLICATION WITH MC9531. SEE 

473 0 .. 92 0.14 OANBURG 73 HBC 
192 1.11 0.18 JACOBS 13 HBC 

3.9,4.6 K- P 
KALBFLE I. H .. 

2.2 K-P,LAM XO 
2.9 K-P,LAM XO 

12172 

2/74 
1/74 

R27 AVG 
R27 FJT 

0.99 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.992 0.075 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R28 
R28 
R28 
R28 

ETA PRIME INTO (2 GAMMAJ/CPIO PIC ETAINEUTRAL CEC.II 
IP41/CP21NII 

16 0.18B 0.058 APEl 72 OSPK 3.8 PI- p,N XO 

R28 FIT 0.116 0.015 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R29 
R29 

ETA PRIME INTO (GAMMA 2MU1/12GAMHAICUNITS l0••-3IIP20J/IP41 
33 \.9 1.2 VIKTOROV BO CNTR 25,33 PJ-P,2MU G 

R30 
R30 

ETA PRIME INTO CETA MU+ MU-1/TOTAL tuNITS 10••-5JCP2U 
U.51 OR LESS CL.,.90 DZHELYAD Bl CNTR 30 Pl-PtETAP N 

R31 
R31 

ETA PRI"'E INTO IPIO MU+ HU-1/TOTAL {UNITS 10••-511P22J 
16.01 0~ LESS CL=.90 DZHELYAD 81 CNTR 30 PJ-P,ETAP N 

2 ETA PRIIIIIE C-NONCONSERVJNG DECAY PARAMETER 

RELATED TEXT SECTION VI C 

DECAY AS'f'IIIHEUY PARAMETER FOR PI+ PI- GAMMA 
152 .07 .08 RJTTENBE 65 HBC 2.1-2. 7 K-P 

2.2 K-P 103 .00 .10 KALBFLEI 75 HBC 
295 -.069 .078 GRIGORIA 75 STRC 2.1 PI-P 

AVG -0.001 0.049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 . .................................................................... . 
DAUBER 64 PRL 13 4lt9 

ALSO 64 DUBNA CDNF 1 41B 
GOLDBERG 64 PRL 12 546 
GOLDBERG 64 PRL 13 249 
KALBFLEl 64 PRL 12 521 
KALBFLE2 64 PRL 13 31t9 

BADJER 65 PL 17 331 
KIENZLE 65 Pl 19 438 
RITTENBE 65 "PRL 15 556 
TRILLING 65 PL 19 427 

COHN 
LONDON 
MARTIN 

66 PL 21 341 
66 PR 143 1034 
66 PL 22,352 

!URBARO- 6B PRL 20 349 
BARLOUTA 6B PL 26 B 674 
BOLLIN! 68 Nt 58 A 289 
DAVIS 68 PL 27 B 532 

DUFEY 69 PL 29 B E05 
MOTT 69 PR 17 7 1966 
RlfTENBE 69 UCRL-18863 

AGUILAR 70 PRL 25 1635 
BENSINGE 70 PL 33 B 505 

BAROADIN 71 PR 04 2711 
BAS ILEl 71 NC 3 A 371 
BASILE2 71 NP B 33 2CJ 
HARVEY 71 PRL 27 BB5 
OGI EVETS 71 PL 3 5 B 69 

AGUILAR 72 PR D 6 29 
APEL 72 PL 40 8 680 
BINNIE 72 PL 39 B 275 
BLDODWOR 72 NP 8 39 525 
DALPIAZ 72 PL 42 B 377 
RADER 72 PR 0 6 3059 

REFERENCES FOR ETA PRIME 

OAU BER, SLATER t SMITH, STORK, T lOll ( UCLAI JP 
OAUBER,SLATER 1 L T SMtTH,STORK,TICHO IUCLAt 
+GUNDZIK, L ICHTMAN,CONNOLL Y, H~RT ,+ ( SYRA+BNLJ 
+GUNDZ I Ko L EITNER,CONNOLLYo HART,+ ( SVRA+BNLJ 
KALBFLEISCH, ALVAREz, BARBARO-GALT JERI,+( LRL JJ P 
G.R. KALBFLEISCH, O.OAHL, A.R I TTENBERG ( LRLI JP 

BAOI ER, OEMOUL IN, BAR LOUT AUO+ I EPOL +SACL +AHST J 
KJENZLE,MAGlJC,LEVRAToLEFEBVRES + CCERNI 
RITTENBERG,KALBFLEISCH ILRL+BNU 
+BROWN ,GOL OHABERS, KAOYK ,SCAN 10 { LRLI 

COHNt MCCULLOCH,BUGG,CONOO I ORNL+TENN+UCNDI 
LONDON,RAU,SAMIQS,GOLDBERG + IBNL+SYRACUSEIIJP 
HARTJN,CRITTENDEN,SCHROEOER IINDIANA UII 

BARBARD-GAL TIER t oMATJSON,R I TTENBERG+ CLRL II cQ 
BARLOUTAUD+ ( SACLAY+AMST +BGNA+REHO+EPOL JJcO 
+BUHL ERt OALPI AZ, MASS AM+ ICERN+BGNA+ST~BJ 

+AM MARt HOTT ,OAGANt DERFt I CKt FIELDS I NWE S+ANLI 

+GOBB I, POUCHON, CNOPS,+ I ETH+C ERN+SACLII JP 
+AMHAR, OAV IS, KROPAC, SLATE, DAGAN+ I NWES+ANL J 
ALAN RITTENBERG ITHESISI CLRLII•O 

AGUILAR-BENt TEZ, BASSANO,SAM lOSt BARNES+ IBNLI 
BENSINGER, ERWI No THOMPSON,W • Q. WALKER C W ISC I 

B AROADIN-OTWINOWSKA, HOFMOKL, M JCHEJOA+( WARS I 
+BOLL INJ, DALPJ AZtFRABETTI ,+f CERN+BGNA+ STRBI 
+BOLLI Nl, DALPIAZ ,FRABETTI, +I CERN+BGNA+STRBI 
+MARQUIT t PETERSON, RHOAOES, + I Ml NN+MICHI 
OGI EVETSKY, TYBOR,ZASLAVSKY IDUBNAI 

AGU ILAR-BENI TEl ,CHUNG, EISNER, SAM IDS f BNLI 
+AUSLANDER, MULLER, BERTOLUCC It+ I KARL +PI SA I 
+CAMILLERI, DUANE ,GARBUTT .BURTON+ILOIC+ SHMPI 
BLOODWORTH, JACKSON,PRENTICE,YOON (TORONTO I 
+FR ABETT I, MASSAM,NAVARR IA, Z I CHICHI t CERN I 
+ABOL INS,OAHL, DANBURGt OAYI E S, HJCH, + ( LBLI 

1173 

12178 
9/B1• 

1182• 
1/B2• 

1/82• 
1/82• 

12175 
12/75 
12/75 

DANBURG 73 PR D 8 3144 +KALBFLEISCH, BORENSTEIN oCHA PMAN, +( BNL+ MICHJ J P 
JAC08S 73 PR D B 1B 
KALBFLEI 73 PRL 31 333 

BAL TAY 74 PR oc; 29c;9 
DUANE 74 PRL 32 425 
GAULT 74 NC 24 A 259 
KAL8FLEI 74 PR D10 c;16 

GRJGORIA 75 NP B91 232 
KALBFLE I 75 PR 011 9B7 

CERRAOA 77 NP B 126 1B9 
DELAGUIL 77 PR 016 2833 
GESSAROL 17 NP B 126 3B2 
LEONICKY 71 El-10521,22,23 
ROUSSARI 77 PREPIUNT 

ALSO 77 BUDAPEST CONF. 
l ANF INO 77 PRL 3B 930 

ABRAMS 79 SLAt-PUB 2421 
ALSO 79 PRL 43 477 

APEL 79 PL B3 B 131 
BINNIE 79 PL B3 8 141 
DZHEL YAD 79 PL B BB 379 

VIKTOROY BO SJNP 32 520 

OZHELYAO B1 PL 105 8 239 

+CHANGoGAUTHIERo+ IBRAN+UMD+SYRA+TUFTI JP 
KALBFLEISCH,CHAPMANt+ IBNL+MICH+LBU JP 

+COHEN,CSORNA,HABI 8 I, KALELKAR ,+ ICOLU+B lNG I J P 
+81 NNI E,CAMILLER I, CARR, OEBENHAM+ILOIC+SHMP I 
+JONES, SCADRDN, THEWS ( OURH+LOIC+AR I Zl 
G.R.KALBFLEISCH CBNLI 

GR IGOR I AN, LADAGE, MELLEMA, RUON ICK, + f UCLA I 
KALBFlEISCH, STRAND,CHAPMAN I BNL+JrHCHI 

+WAGNER,BLOCKZIJLt+ ICERN+AMST+NIJM+OXFI JP 
F.OEL AGUILA AND M.G.DONCEL CBARCELONAI JP 
GES SAROL t. + I BGNA+FIRZ +GENO+MILA+OXF+P A VII 
R.LEONICKY IJINRI JP 
+ERNWEI No F El TESSE, BORGEAUO, ROUSSAR I E+l SACLJ JP 
HEMINGWAY REVIEW TALK CCERNI 
+BROCKMAN, DANKOWYCH,+ I CARL+MCGI +OH 10+ TNTOJ 

+ALAM, BLOCKER, BOYARSKI, + I SLAC+LBLI 
ABRAMS t ALAH, BLOCKER, BOYARSK I,+ I SLAC+LBLI 
+AUGENSTE I N,BERTOLUCCII KARL +P ISA+SERP+W lEN I 
•CARR t DEBENHAMt JONES,KARAH It KEYNE+ ILOI Cl 
DZHELYAOJN, GOLOYKINtGRITZUK oKACHANOV+I SERPI 

+GOLOYK INtDZHEL YAOINoZA tTSEV ,MUKHJN,+I NOVO I 

DZHEL YAOI N, GOLOVKI NtKONSTANT I NOV,+ I SERP I ..................................................................... ..................................................................... 



Mesons 
s'(975) 

ls'(97s)l 

R (997. J 
A (997. I 
R f 1012. I 
R I 1007.1 
A (986. I 
AD (998.01 
E (988. J 
F (966. J 

AVG 

987. 
969.0 
986. 

(986; J 
(975.) 
974.0 

(985.) 

975.4 

3 S*I975,JPG=O++J 1=0 

UNDER THIS ENTRY WE LIST PARAMETERS OF THE POLE IN THE 
ISOSCAUR S WAVE. FOR A MINI-REVIEW SEE UNDER EPSILON. 

FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS TO THE K KBAR "'ASS 
SPECTRUM., SEE REFERENCE SECTION AND OUR 1972 EDITION. 

3 REAL PART Of THE S* POLE POSITION IMEVI 

(6.1 PROTOPOPE 73 HBC PI+ P 
ESTABROOK 73 ASPK 17 Pt-P,Pt+PI-N 

(b. J GRAVER 73 ASPK 17 PJ-P,PI+Pt-r-. 
(20. J HYAMS 73 ASPK 11 Pt-P,N PI+PI-
(5.1 FUJI I 15 RVUE 17 PI-P,PI+PJ-N 
n.oJ BOHACIK 80 RVUE 

IRVING 81 RVUE 
IRVING 81 RVUE 

1. BINNIE 73 CNTR PI- P,S• N 
5.0 LEEPER 77 ASPK 2-2.4 PI-P 

10. AGUILAR 18 HBC .1 PBAR P, KS KS 
MARTIN 79 RVUE 
ACHASOV 80 RVUE 

•• o GIOAL 81 SMK2 J/PSI DECAY 
TORNQVI S 82 RVUE 

3.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE ~ 975.4 ± 3.8 
ERROR SCALED BY 1 . 4 

12/77 
12/75 
12/77 
12/77 
12175 
9/81• 
3/82• 
3/82• 

12/77 
12/77 
12/11 
9/81* 
9/81* 
1/82• 
1/82* 

CHI SO 
·GIDAL 
·AGUILAR 
·LEEPER 
·BINNIE 

81 
76 
77 
73 

SMK2 
HBC 
ASPK 
CNTR 

0 1 
1.1 

.6 
7 

5.6 

950 990 1010 
(CONLEV 
=0 1 31) 

REAL PART OF S' POLE POSITION (MEV) 

A FROfol SINGLE CHANNEL FIT TO HYAMS 73 DATA. 
8 COUPLED CHANNEl ANALYSIS WITH FINITE WIDTH CORRECTlONS,SEE HINIREV· 
0 POLE POSITIOt.S FROM ALMOST MODEL-INDEPENDENT PARAMETRIZATION 
C FROM COUPLED CHANNEL FIT TO HYAMS 73 AND PROTOPOPESCU 73 DATA. 
C WITH A SIMULTANEOUS FIT TO THE PI PI PHASE-SHIFTS. 
C INELASTICITY AND 10 THE KS KS INVARIANT MASS. 

E FROM COUPLED CHANNEL ANALYSIS OF PI N --> PI PI N OR K KBAR N DATA 
E FROM GRAYER 73 AND COHEN 80 
F SIMILAR TO lEI, BUT OMIT PI N --> PI PI N MOMENTS, ~NO INCLUDE 
F K- P --> PI+ PI- V DATA 
R INCLUDED IN AGUILAR 78 FIT 

3 NEGATIVE IMAG. PART OF THE S• POLE POSHION IMEVI 
CORRESPONDS TO HALF-WIDTH, NOT FUll WIDTH. 

R (27. J 18 .. 1 PROTOPOPE 73 H8C 7. PI+ P 12/77 
A (5. I ESTABROOK 73 ASPK 11 PI-P,Pt+PI-N 12/15 
R (\6.1 (5.1 GRAVER 73 ASPK 11 PI-P,Pt+PI-N 12/77 
R ( 15.) (5.) HYAMS 73 ASPK 17 Pt-P,N PI+PI- 12/77 
A 119.) 13. I FUJII 75 RVUE 17 Pt-P.PI+PI-N 12/75 
AO (19.0) (6.0) BOHAC IK 80 RVUE 9/81* 
E 18. J IRVING 81 RVUE 3/82• 
F f24a I IRVING 81 RVUE 3/82• 

24. 1. BINNIE 73 CNlR PI- P,S• N 12/77 
15.0 4. 0 LEEPER 17 ASPK 2-2.4 PI-P 12177 
50. 40. AGUILAR 78 HBC • 7 PBAR P, KS KS 12177 
(7.) MARTIN 79 RVUE 9/81* 
70 TO 300 ACHASOV BO RVUE 9/Bl• 
14-.0 5.0 GIOAL 81 SHK2 J/PSI DECAY 1/82* 

1260.) ~PPRQX. TORNQVIS 82 RVUE 1/82* 

AVG 16.3 2 •• AVERAGE I ERROR INCLUDES SCALE FACTOR OF t.OJ 

W ACR SEE NOTES UNDER REAL PART 
SEE NOTES UNDER REAL PART 

Pl 
P2 
P3 

EF 

• 0 
COUPLED C .. ANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE MINIREV • 
POLE POSITIONS FROM ALMOST MODEL-INDEPENDENT PARAMETRIZATION 

S* INTO K K8AR 
S* INTO PI PI 

3 S* PARTIAL DECAY MODES 

S• INTO ETA ETA 

DECAY MASSES 
497+ 497 
139+ 139 
548+ 548 
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Data Card Listings 
For notation, see key at front of Listings. 

3 S* BRANCHING RATIOS 

Rl s• INTO IPI PI )/TOTAL I P21 
Rl 10.711 HYAMS 75 ASPK 17.2 PJ-P,PJ+PI-
Rl 0.78 o. 03 WETZEL 76 OSPK 8.9 Pt-P,KS KS N 
Rl o. 81 0.09 0.04 CASON 78 STRC 1. PI- PoKS KS N 
Rl 0.67 0.09 LOVERRE 80 HBC 4. Pt-P,KKN 
Rl 
Rl AVG o. 776 0.026 AVERAGE I ERROR INCLUDES SCALE FACTOR OF L.OJ 

REFERENCES FOR S* 

WANG 6I JETP 13 323 WANG TSu- TSENG 1 VEKSLER t VRANA,+ (JINRI 

BIGI 62 CERN CONF 247 A BIGI,S BRANDT, R CARRARA + fCERNI 
BINGHAM b2 CERN CONF 240 H H BINGHAM,M BLOCH + ( EPOL+CER.NJ 
ERWIN 62 PRL 9 34 ERWIN, HOVER,MARCH 1 WALKER 1 WANGLER fWISC+BNLI 

BALTAY 64 OUBNA CONF l 409 SAL TAY, LAC H. CRENNELL, OR EN. STUMP +I VAL E+BNL I 
BARMIN 64 OUBNA CONF 1 433 BAR HI N, DOLGDLE NKO, VERO F EEV, KR ESTNI + t ITEPI 

CRENNELL 66 PRL 16 1025 CRENNELL, KALBFLE tSCH,l A I, SCARR, SCHU+ IBNLI 
HESS 66 PRL 17 1109 +DAHL +HARDY+K IRZ+Mill ER (LRLI 

BARLOW 67 NC 50A 701 +L IllES TOL +MONTANET+ I CERN+CDEF+tRAOt-UVPJ 
BEUSCH 67 PL 25 8 357 +FISCHER ,GOBS I, ASTBURY+ fETH+CERNI 
DAHL 67 PR 163 1377 +HARDV+HESS+K I R Z+M ILLER fLRU 

AliTTI 68 PRL 21 1105 +BARNES,CRENNHL,FLAI'4INIO,GOLOBERG,+ IBNLI 
LAI 68 PI·IILAD.CONF.P.303 KWAN WU LAI IBNLI 
PHElAN 68 THESIS JAMES J. PHELAN IANL+ST.LOUIS UNJVJ 

ALSO 68 PRL 21 316 HOANG,EARTLV,PHELAN,ROBERTS+IANL+CHIC+NOAMI 

AGUILAR- 69 PL 29 8 241 
ALSO 69 NP 8 14 195 

HOANG 69 NC 61 A 325 
HOANG 69 PR 18ft 1363 

SADlER 70 NP B 22 !::12 
BATON 70 PL 33 8 528 
BEUSCH 70 PHIL A .CCNF. P.185 
HYAMS 70 PHILA.CONF.P.41 

ALSO 70 NP 8 22 189 
QH 70 PR 0 1 2494 

ALSTON-G 71 PL 36 B 152 

BASOEVAN 12 PL 41 B 178 
OAMERI 12 NC 9 A 1 
OUBOC 72 NP 8 46 429 
FLATTE 72 PL 38 B 232 
GRAYER 72 OHIL.CONF.PROC. 
WILLIAMS 72 PR 0 6 317B 

BINNIE 73 PRL 31 1534 
DIAMOND 73 PR 0 1 1917 
ESTABROO 73 TALLAHASSEE 
FUJI I 73 NC 13 A 311 
GRAYER 73 TALLAHASSEE 
HYAMS 73 NP 8 64 134 
OCH S 73 THESIS 
PROTOPOP 73 PR 0 7 1280 

GRAYER 
GRAVER 
MORGAN 

74 NP B 75 189 
74 NP 8 76 375 
74 Pl 518 11 

FUJI I 75 NP 885 179 
HYAMS 75 NP B 100 20 5 
MORGAN 75 ARGONNE CONF. 45 
PAWLICKI 75 PR 012 631 

BRANDES 
BUTTRAM 
CERRADA 
FlATTE 
WETZEL 
WILKINS 

76 NP B 104 413 
76 PR 0 13 1153 
76 PL 62 8 353 
76 PL 63 8 228 
76 NP B 115 208 
76 PR 0 13 1831 

FROGATT 71 NP B 129 89 
LEEPER 77 PR D 16 2054 
MARTIN 77 NP 8 121 514 
PAil LICK I 17 PR 0 15 3196 

AGUILAR 
BALANO 
CASON 

78 NP B 14() 13 
78 NP a 140 220 
78 PRL 41 271 

ACHASOV 79 PL 88 a 367 
APEL 79 NP B 160 42 
BECKER 79 NP B 151 46 
COROEN 79 NP B 157 250 
ESTABROO 79 PR 0 19 2678 
GREENHUT 79 PR 0 20 2326 
MARTIN 79 NP 8 158 520 
POLVCHRO 79 PR 0 19 1311 

ACHASOV 80 SJNP 32 566 
BOHAC IK 80 PR 0 21 1342 
COHEN 80 PR 0 22 2595 
LOVEPRE 80 ZPHY C 6 187 
WICKLUND 80 P~L 45 1469 

ACHASOV 
AGUILAR 
GIOAL 
IRV lNG 
ROUSSAR I 

81 PL 102 B 196 
81 ZPHY .C 10 299 
81 Pl 107 B 153 
81 ZPHY C 10 45 
81 PL 105 1\ 304 

BARBER 82 ZPHV 
TORNQVI S 82 Hu-TFT-82-1 

M.AGU ILAR-E!ENITEZ, J. BARLOW,+ 
M. AGUILAR-SEN IT EZ, J. BARLOW,+ 
T .F .HOANG 
+EARll Y, PHELAN, ROBERTS,+ 

ICERN+COEFI 
I CERN+COEF I 

I ANll 
(ANL+IUCI 

+BONNET ,ORE VILLON, BAUBI LLI ER ,+ ( EPOL + IPNP I 
+LAURENS,REIGNJER ISACLAYJ 
w. BEUSCH I ETH+CERNJ 
+KOCH, BEUSCH, + C CERN+MP I M+ETH+LOIC+HAWA) 
HYAMS,KOCH,POTTER,VON LINOERN,+ ICERN+~PtMI 
+GARF INKElt MORSE t WALKER, PRE NT ICE (WI SC+TNTO) 

AL S TON-GARNJOST, BAR8ARD-GAL TIER I,+ (LBU 

BASDEVANT, FROGGATT, PETERSEN fCERN I 
+BORZATTA,GOUSSU,+ I GENO+MllA+SACLJ 
+GOLDBERG, MAKOWSKI , DONA LO. + I L PNP+l IVP I 
+ALSTON-GARNJOST tBARBARQ-GAL TIER I,+ ( LBLI 

5 +HYAMS, JONES, SCHLEIN, BLUM, 0 I Ell+ IC ERN+MP I Ml 
P.K.WILLIAMS IFSUI 

+CARR, DEBENHAM, DUANE, GARBUTT,+ ( LOI C+SHMPI 
+BINKlEY,+ (WI SC+OUKE+COLO+TNTO+OHI OJ 
EST ABROOKS 1 MART l N,GRAYER, HYAMS+ fCERN+MPI Ml 
V.FUJII,M.KATO (TOKYO) 
+HYAMS, JONES, BLUM, 01 ETL, KOCH+ ICERN+MPIM I 
+JONES • WEILHAMMER • BLUM, 01 ETL. + I C ERN+MP J M) 
W .. OCHS IMPIMI 
PPOTOPOPE SCU, GARNJOS T 1 GALT I ER I. FLATTE+ I LBL I 

+HYAMS 1 JONES, BlUM,DI ET L 1 KOCH+ 
+HYAMS, JONES, BLUM, OI Ell 
Q. MORGAN 

ICERN+MPIMI 
( C ERN+MP I M) 

IRHEU 

YoFUJtt,M.FUKUGITA ITOKYJ 
+JONES, WEILHAMMER, BL~M, OI ETl + ( CERN+~P I M I 
0. MORGAN (RHELI 
+AYRES, 01 EBOLD, GREENE, KRAMER, WICKLUND ( ANLJ 

+CARNEGIE, CASHMORE, DAVI ER ,LAS INSKI ,+ I SLACI 
+CRAWLEY ,DUKE 1 LAMB,LEEP ER, PETERSON I I SUI 
+GONZ ALEZ-ARROVO,RUBIO, YNDURA IN I CERN+MAORJ 
S.M.FLATTE ICERNI 
+FREUOENRE ICH, BEUSCH,+ I ETH+CERN+LOI C I 
+ALBRIGHT,S+V HAGOPIAN,LANNUTTI IFSUI 

+PETERSEN IGLASGOW+COPENHAGENJ 
+BUTTRAM ,CRAWLEY ,DUKE, LAMB, PETERSON t I SUI 
+OZMUTLU,SQUIRES fOURHAMI 
+A VRES, COHEN, 01 EBOLO. KRAMER, M IC KLUND I ANLI I J 

+CERRAOA, + {MAORI O+BOMBAV+CE RN+PAR IS I 
+GRARQ, JOHNSON • + I MONS+BELG+CERN+LO IC+LALOI 
+BAUMSAUGHo 81 SHOP, B I SWA S. KENNEY, +I NOAM+ANL I 

+DEVYANIN,SHESTAKOV INOVOJ 
+AUSLANDER, MULLER, REHAK+ IKARL+PI SA I 
+BLANAR, BL UM,CERRAOA+ IMP I M+CERN+ZEE~+CRAC I 
+OOWE LL, GARVEY • JOBES,+ I BIRM+RHE l+TELA+LOWC I J P 
P.ESTABROOKS ICARU 
+INTEMANN ISETOI 
+OZMUTLU IDURHJioJP 
POL YCHRONAi<OS, CASON, 81 SHOP+ I NOA"'+IINL I 

+OEVYANIN,SHESTAKOV INOVOI 
J.BOHAC IK, H.KUHNEL T I BRAT ISLAVA+WIENI 
+AYRES, 01 EBOLOo KRAMER, PAWLICKI+ ( ANL II ,J P 
+AR MENTEROS ,Q I ONIS I+ I CERN+COE F+MAOR+STOHJ I, J P 
+AVRES, COHEN, OJ EBOLQ, PAWL JC K I I ANL I 

+OEVYANI N, SHE STAKOV f NOVO I 
AGU 1LAR-8EN ITE Z, DONE, MARTIN ( MADR+OURH I 
+GOLOHABERt GUY, MILLIKAN, ABRAMS,+ ( SLAC+LBll 
+M6..R T I N,OONE ( L I VP+OURHI 
ROUSSAR IE, BURKE. ABRAMS, ALAM, + ( SLAC+LBLI 

+OA INTON, BRODBECK o BROOKES,+ I OAR E+LANC+SI-IEF J 
N.A.TORNQVIST IHELSJ 

...... '0: ••-o:•••••• ...................... ***•••••• ............................ . ............................................................................ 

9/81* 
9/81* 
9/81* 
9/81* 
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Data Card Listings 
For notation, see key at front of Listings. 

jo(9BO) I 36 OELTAf9BO.JPG=O+-I 1=1 

The quantum numbers of the o(980) resonance 

are: IG = 1- from its production in 0° +on, from 

its nn decay, and from the absence of a nn decay; 

and JP = o+ from the absence of a 3 n or pn decay 

(LIPKIN 69, GRASSLER 77) and from the decay dis­

tributions of the nn decay. With these quantum 

numbers the o(980) is expected to couple to the 

I=l KK system, too, and to explain the nearby KK 

threshold enhancement (ASTIER 67) • 

In the scalar SU(3) nonet, the o(980) has 

been a cause of problems. The near degeneracy 

* with the s (975) has been difficult to understand: 

if the s* is mainly an sS system and the 0 mainly 

a ud system, naive mass rules predict m(s*) - m(o) 

" 200 MeV. Similarly, naive mass rules predict 

m(K) - m(o) " 100 MeV, whereas the K tends to ap­

pear near 1350 MeV. 

Another problem has been the ratio of the 

widths: f(K)/f(o) is experimentally about 6, 

whereas SU(3) symmetry predicts 1.4. A solution 

to this problem came from coupled-channel analy­

ses of the nn and the KK channels (MORGAN 75, 

FLATTE 76). Above the KK threshold strong absorp­

tion makes the apparent width shrink, whereas be­

low threshold strong analyticity effects reduce 

the apparent width. 

Recent multi-channel analyses (ACHASOV 79,80, 

BRAMON 80, TORNQVIST 82) confirm this picture, 

taking also the n'n channel into account. More­

over the most complete analysis (TORNQVIST 82) 

solves all the above problems at the same time. 

Thus· the picture of the o(980) that emerges 

is a quark-antiquark state with large qqqq compo­

nents in the form of virtual two-meson states. 

The physical masses of all the scalar mesons are 

strongly influenced by the number of nearby 2-mes­

on thresholds. Thus the 0(980) feels strongly the 

nn, KK, and 11' n thresholds, whereas the K(l350) 

is far away from the Kn and Kn'.thresholds and 

couples very weakly to the Kn threshold. This is 

the reason for the observed large K -o mass differ­

ence. The small s*- o mass difference, on the 

other hand, is due to the isoscalar meson feeling 

the KK threshold a factor of 2 times stronger than 

the isovector meson does. 

Mesons 
6(980) 

Thus the conventional qq model is sufficient, 

and no qqqqmultiplet is necessary to explain the 

observed scalar mesons (TORNQVIST 82) • See also 

the mini-reviews under e: (1300) and K(l350) and 

Appendix IIC. 

36 DHTA(9801 MASS (HEVI 

ETA PI FINAL STATE ONl't'. 
10 (960.1 APPROXo 
80 (975.01 
15 (980.01 (10.01 
21 (948. 01 ( 7.0. 

(982.1 

30 980.0 
20 910.0 

980. 
150 972. 

M C 70 989.0 
M 80 981.0 

971.0 
4 7 980. 
50 978.0 

R 145 990.0 
R 500 986. 

AVG 

10.0 
15.0 
10. 
10. 
10.0 

•• 0 
T.O 

ll. 
16.0 

T.O 
3. 

2.1 

CHUNG S 
OEFOIX 
HILLER 
BARDADIN 
ACHASOVl 

68 HBC 
68 HBC 
69 HBC 
71 HBC 
80 RVUE 

- 3.2 PI-P 
1.2 PB P,ETA PI 

- 4.5 K-N,ETA PI 
8 Pt+P,P DO PI 

AMMAR 68 H8C ,5.5K-,ETA PI 
BARNES 69 t48C - 4-5 K-P, PI-ETA 
CAMPBEll 69 DBC +- 2.1 PI+ 0 
QEFOIX 72 HBC +- 0.7 PBAR P,7 PI 
WEllS 75 HBC - 3.1-6 K-P,ETA PI 
GAY 76 HBC - 4.2 K-P,ETA PI 
GRASSLER 11 HBC - 16 PI-+P,ETA PI 
CONFORTO 78 OSPK - 4.5 Pt-P,P X-
CORDEN 78 OHEG +- L2-15PI-PoETA PI 
GURTU 79 HBC +- 4.2 K- P,ETA PI 
EVANGELIS 81 OHEG 12 PI-P,ETA3PIP 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

C SYSTEMATIC ERROR 6 MEV DUE TO ENERGY CALIBRATION ADDED 
8 COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE MtNIREV. 

R FROM 0112851 DECAY 

M K KBAR ONLY, SEE THE TYPED NOTE ABOVE 
M 14311103.31 7.0+SYSTEMATIC ROSENFELD 65 RVUE +-
M A 10011016.1 110.) ASTIER 67 HBC +- 0 PBAR P 
M 316 •H6. 6. DE BILLY 80 HBC +- 1.2-2 PB P,Q OMG 

M A ASTJER 67 INCLUDES DATA OF BARLOW 67,CONFOPTO 67,ARMENTEROS 65. 

36 OELTA(9B01 WIDTH IHEVl 

W ETA PI FINAL STATE ONLY 

5/70 
11/77 
7/69 

11/77 
9/Bl* 

2/73 
9/69 
1/73 
1/73 

11/17 
11/77 
11/71 
4/78 
4/78 

12/79 
1/B2• 

8/66 
12/77 
6/B1* 

80 ( 25.01 OEFOIX 
BARNES 
OEFOIX 
WELLS 

68 HBC 
69 • ..-ac 
72 HBC 
75 HBC 

+- 1.2 PB P,ETA PI 11/77 
20 (50. 01 OR LESS - 4-5 K-P,PI-ETA ll/77 

150 130. J ( 5., +- 0.7 PBAR P,7 PI Z/71t 
70 (16.0) 125.01 

30 

15 
21 

47 
0 50 
R llt5 
B 
R 500 
B 

AVG 

ao.o 3o.o 
40. 15. 
6').0 30.0 
31.0 28.0 
80 TO 300 
55.0 15.0 
44.0 22.0 
60. so. 
86.0 60.0 
60.D 20.0 

103,10 2l:2 
62. 15. 

(500.1 APPROX. 

53.7 6. T 

{ u •• o J 

30. 
50.0 

- 3.1-6 K-P,ETA PI 

AMMAR 68 HBC +- ,5,5K-,ETA PI 
CAMPBEll 69 OBC +- 2. 7 Pl+ 0 
MillER 69 HBC - 4.5 K-N,ETA PI 
BAROAOIN 71 HBC +- B Pl+P,P DO PI 
FLATTE 76 RVUE - 4.2 K-P,ETA PI 
GAY 76 HBC - 4.2 K-P ETA PI 
GRASSLER 77 HBC - 16 Pl-+P,ETA PI 
CONFORTO 7B OSPK - 4.5 Pt-P,P X-
CORDEN 78 OMEG +- 12-15PI-P,ETA PI 
GURTU 79 HBC +- 4.2 K- P,ETA PI 
ACHASOV1 80 P:VUE 
EVANGELIS B1 OMEG 12 Pt-P,ETA3PIP 
TORNQVIS 82 RVUE 

AVERAGE IERROP: INCLUDES SCALE FACTOR OF 1.01 

8 COUPLED CHANNEL ANALYSIS. WITH FINITE WIDTH COP:RECTIONS,SEE MINI REV. 
F USING A. TWO CHANNEl RESONANCE PA.RA.METRIZA.TION OF GAY 76 DATA.. 

N THE ERROR IN THE PAPER IS WRONGLY QUOTED AT ONE POINT 
R FP:OM Dll2B51 DECAY 

K KBA.R ONLY, SEE lHE TYPED NOTE ABOVE 
143 157.01 l3.0+SYSTEMATIC ROSENFELD 65 RVUE +-

A 100 125.1 APPROX. ASTIEP: 67 HBC +- SEE NOTE A ABOVE 
H fl20. J APPRO X. HORGAN 75 P:VUE 1.2 PBA.R P 

W A ASTIER 67 INCLUDES DATA OF BARLOW 67,CONFORTO 67,ARMENTEP:OS 65 .. 
H FROM COUPlED CHANNEl FIT TO OUBOC 72 DATA 

P1 
P2 
P3 
P4 

R1 
R1 

R2 
R2 L 
R2 
R2 L 
R2 B 
R2 B 
R2 L 

DEL TAI9BO I 
DELTAI9BOI 
DELTAI9BOI 
DEL T AI9BO 1 

36 DELTAI9801 PARTIAl DECAY MODES 

INTO ETA PI 
INTO RHO PI 
INTO K KBAR 
INTO PI ETA PRI,ME 

36 OELTAI9801 BP:A.NCHING P:ATIOS 

OELTA(9601 INTO IRHO PUI(ETA PIJ 

DECAY MASSES 
548+ 134 
769+ 134 
497+ 497 
139+ 957 

I P21/{Pll 
10.251 OR LESS CLc.70 AHMAR 70 HBC +- 4 .. It5,5K-,ETA PI 

DELTAI9801 INTO (K KSARI/.IETA Pll 
(0.251 (0.081 OEFOIX 72 HBC 

SEEN GAY 76 HBC 
10.71 10.31 COROEN 78 OMEG 
(0.751TO 4.2 ACHASOVl BO RVUE 

I P31/1Pll 
+- D.7 PBAR P 

- 4.2 K-P ETA PI 
12-15Pl-P 

COUPLED CHANNEl ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE MINIREV. 
FROM THE DECAY OF Dl12851. 

••••••••••••••••••••••••••••••••• **••••••• ••••••••••••••••••••••••••. 
REFERENCES FOP: DELTAI9801 

TUP:KOT 63 SIENNA C(JNF 1 661 +COlllNS,FUJiltKEMP+ I BNL+PITTSBURGHJ 

AP:HENTER 65 Pl 17 H4 
BARASH 65 PP: 139 8 1659 
KIENZLE 65 Pl 19 438 
ROSENFEL 65 OXFOI:I-0 CGNF 58 

ARHENTEROS,fOWAROS, JACOBSEN + ICERN+COEFJ 
+FRANZ I Nl 1 KIRSCH, MILLER, STEINBERGER+ CCOLUJ 
+ HAGliCoLEVP:AT,LEFEBVRES + lCERNI 
A H ROSENFELD ILRL--RVUEJ 

2173 
1/73 
2/74 
2/74 

11/77 
11/77 
11/77 
4/78 
4/7B 

12/79 
9/81• 
1/82* 
l/B2• 

8/66 
9/67 

12/75 

5110 

11/77 
11/77 
lt/78 
9/81• 
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Mesons 
6(980), ~( 1020) 

AllEN 0 
SAL TAY 
FOCACCI 
ODS TENS 

66 Pl 22 543 
66 PR 142 B 932 
66 PRl 11 890 
66 PL 22 708 

ALLISON 67 Pl 258 619 
ASTIER 67 Pl 25 8 294 

ASTIER 67 INCLUDES DATA OF 
BUlLON 67 NC 50A 393 
BANNER 1 67 PL 2 5 8 300 
BANNER 2 67 Pl 25 8 569 
BARLOW 67 NC 50 A 701 
CONFORTO 67 NP 83 469 

AMMAR 68 PRL 21 1832 
CHJNG S 68 PR 165 1491 
OEFOIX 68 PL 28 8 253 
GAL TIER 1 68 PRL 20 349 
JUHALA 68 PL 27 8 257 
SABRE CO 68 Pl 26 B 674 

BARNES 69 PRL 23 610 
CAMPBELL 69 PRL 22 1204 
C RE NNEL L 69 PRL 2 2 1398 
JUHALA 69 PR 184 1461 
KRUSE 69 PR 177 1951 

+GP FISHER,G GOOOEN,L MARSHALL,SEARS fCOLOIG.,+ 
+lACHt SANDWE ISS, TAFT, Y EH, STONEHILL + C YALE I 
+ KIENZLE,LEVRAT,HAGLIC,MARTIN (CERN) 
+CHAVANON, CROZQN, TOCQUEVILL E I SACLAY, COEFJI =1 

+CRUZ+ (QXF+HP IM+B IRM+R HEL+GLAS+LOICJ 
+MONTANET, BAUB tllt ER,OUBOC+I CDEF+CERN+JRADJ 

BARLOW 67,CONFORTO 67,ARMENTEROS 65. 
+EOWARDS+D-ANOLAU+ASTI ER+ t CERN+CDEF+ TRADJ 
+FAYOUX,HAHEL, Z SEMBERY, CHEZ E+ I SACLAY+CAE~I 
+CHEZE, HAMEL, HAREL, TE I G ER+ ICOEF+ SACL I 
+"!ONT ANET, 0-ANQLj\,U+ I CERN+CDE F+ JRj\,D+L IVP I 
CONFORTO,HARECHAL+ I CERN+COEF+IPN~+LJVPJ 

+OAVI S,KROPAC, DERRICK, FIELDS,+ I NWES+ANLI 
+O.OAHL, J. KIRZt O.H.MILLER ILRLI 

+RIVET, S I AUO,CONFORTO+ I COEF+I PNP+CERNJ 
BAR BARD-GALT I ER I ,HATI SQN,R I TTENBERG+ I LRL I 
+LEACOCK, RHODE, KOPELMAN ,Lt B BY+ I I OWA+COLOJ 
BARLOUTAUO+ IS ACL+AMST +BGNA+REHO+EPOLI 

+CHUNG, EISNER, SASSANO, GOLDBERG+ I 8NL+SYRAI 
J • H .CAMP8E Ll, LICHTMAN, LOEF FL ER 1 + I PURDUE I 
+KARSHON,KWAN WU LAI,+ (8NL+NYUI 
+LEACOCK, RHODE, KOPEL "'AN ,U BBY ,+ I ISU+COLOl 
KRUSE,LOOS,GOLDWASSER I ILLINOISJ 

LIPKIN 69 PRL 22 212 +MESHKOV IREHO+NBSJ JP 
MILLER 69 PL 29 8 255 

ALSO 69 pq_ 188 2011 
SCHROEDE 69 PR 188 2081 

ABOLINS 
AMMAR 
COOPER 
YIOU 

70 PRL 25 469 
70 PR 0 2 430 
10 NP 8 23 605 
70 THESIS. A 646 

ANDERSON 11 PRL 26 108 
BAROAOlN 11 PR 04 2711 

D. H. Mt LLER, S. L. KRAMER, 0. D. CARMONY, +I PURDUE I 
YEN, AI'4HANN, CARMONY, ELSNER,+ I PURDUE J 
SCHROEDER, K ERNAN 1 F ISHER ,Lt BBY ,+ II SU+COLD) 

+GRAVEN, MCCARTHY, G. SM ITH,L. SMITH+ I LRL+UCOI 
+KROPAC, DAY IS, OERR ICK, +I KANS+NWES+ANL +WI SCI 
+HANNER, MUSGRAVE, POLLARD, VOYVOOIC I ANLJ 
TCHIU-PUNG YIOU IORSAYI 

+OI X ITt+ ICH IC+ANL+CARL+LASL+CNRC+NAGOYAI 
BARDAO I N-OT WI NOWSKA,HOFMOKLt M ICHEJOA+I WARS J 

BINNIE 72 t:~L 39 8 275 +CAMILLERI,QUANEoGARBUTT,BURTON+ILOIC+SHMPI 
CHESHIRE 12 PRL 28 520 +HOFFMAN,GARFINKEL,+ IIOWA+ANL+PUROI 
OEFOIX 72 NP B 44 125 +NASCIMENTO,BllZARRio+ ICDEF+CERNI 
OUBOC 72 NP 8 46 429 +GOL08ERG,MAKOWSKI,OONALD,+ ILPNP+LIVPJ 
HOLLOWAY 72 ?HIL.CONF.PROC.l33+HUL0 1 KOETZ,KRUSE,8ERNSTEIN,+ ( ILL+ILLCI 

ATHERTON 73 PL 43 B 249 

BINNIE 74· PRL 32 392 
KALBFLE I 74 NP 86'i 279 
"tORGAN 74 PL 518 11 

BUTTRAM 75 PRL 35 'HO 
MORGAN 75 ARGONNE CONF. 
WELLS 75 NP 8 101 333 

45 

+FRANEK, FRENCH, GHIOI NI, HILPERT,+ (CERN) 

+CAMt LLER 1 , CARR, DEBENHA~, + 
KAL SHE I SCH, VANDERBURG,+ 
D.'10RGAN 

ILOIC+SHMPI 
tBNL+RUTG+INDJ 

IRHELJ 

+CRAWLEY, DUKE, LAMB ,LEE PER, PETERSON 
0. MORGAN 

I ISUJ 
IRHEU 

10XFJ +RAOOJ ICIC, ROSCOE, LYONS 

GAY 76 PL 63 B 220 +CHALOUPKA, BLOKZ JJL, HEINEN+ 1CERN+AMST+N IJM I J p 
FLATTE 76 PL 63 B 224 

GRASSLER 17 NP 8 121 189 
IRV lNG 77 PL 70 B 217 
MARTIN 77 NP B 121 514 
MAY 11 PR D 16 1983 

CONFORTO 78 LNC 23 419 
CORD EN 78 NP 8 144 253 
MARTIN 78 ANP 114 1 

ACHASOV 79 PL 88 8 367 
ESTABROO 79 PR 0 19 2678 
GURTU 79 NP B 151 181 
"tART IN 79 NP 8 158 520 

ACHASOV1 80 SJNP 32 566 
ACHASOV 2 80 PL 96 B 168 
BRAMON 80PL93865 
DE BILLY 80 NP 8 176 1 

EVANGEL I 81 NP 8 178 197 

TORNQVI S 82 Hu-TFT-82-1 

S.M.FLATTE ICERNI 

( AACH+BERL+BONN+CERN +CRAC+HE IO+WAR S I 
A.C.JRVING ILIVERPOOLI 
+OZMUTLU, SQUIRES (DURHAM I 
+ABRAMSON, ANDREWS, BUSNELLO, + 1 ROCH+CORN) 

8+G CONFORTO, KEY +I RHEL +TNTO+CHI C+FNAL +WI SCI 
+CORBETT, ALEX ANDER,+ ( 8IRM+RHEL+TElA+LOWC I 
A. 0. MART IN, M. R. PENN I NGTON I CERN I 

+DEVYANJN, SHESTAKOV 1 NOVOI 
P.ESTABROOKS ICARU 
+GAVI LLET, BLOKZ I JL ,+ 1CERN+ZE EM+NIJM+OXF I 
+OZMUTLU I OUR HI 

+OEVYANIN. SHESTAKOV 
+OEVYANJN, SHESTAKOV 
+MASSO 
+BRIAND. DUBOC, LEVY+ 

INOVOJ 
I NOV OJ 
IBARCI 

I CUR I +LAUS+NEUC+GLAS I 

EVANGELIST A+ I SARI +BONN+CERN+OAR E+L I VP+MI LA I 

N.A.TORNQVIST IHELSI 

••• ••• ••••••••• *** ••••••••••••••• ********* ••••••••• • ................ . 

·,··:·(· 1 •• 0 •• 2_0 •• ). ,......... ......... ......... ......... .. .............. . 
. 'fJ • 4 PHI( 1020,JPG=1-- J I-=0 

4 PH1 MASS I "'EVI 

kE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
SYSTEMATIC ERRORS HAVE BEEN EVALUATED. 

410 1019.9 o. 3 STOTTLEMY 71 H8C 2.'9 K-P,Y K KBAR 
120 101'9.6 o. 5 AGUILAR 72 HBC 3.9,4.6 K- P 
100 1019. q 0.5 AGUILAR 72 HBC 3.9,4.6 K- P 
131 1020.4 o. 5 COLLEV 72 HBC 10.K+ P,K+ P PHI 
100 1020.3 0.4 BALL AM 73 HBC 2.8-9.3GP 

1019.4 o. 7 BINNIE 73 CNTR PI-P, PHI N 
AR 50011019.51 10.61 AYRES 74 ASPK 3-6PI /K-P, K+K-

984 1019.4 o. 8 BESCH 74 CNTR 2 GAMMA P, PK+K-
AR 1701 1020. 3) I 0.41 OE GROOT 74 HBC 4.2 K-P,L K+K-

454 1019.7 o. 5 KALSFLEIS 76 HI!C 2. 18 K-P, K KBAI< 
AR1300( 1019.71 10.21 AKERLOF 77 SPEC 400 P+A,K+K-
AR 905( 1020.41 I o. 31 BALDI 77 CNTR 10 K-P ,K-PHI p 

A 3831 1020.0 I 11.01 BALDI 77 CNTR. 10 PJ-P,PI-PHI p 

AR25041 1020.01 (0.21 BALDI 77 CNTR 10 K+P,K+PHI p 
AR 72111022.01 11.01 BALDI 17 CN1"R 10 ~ f',P PHI p 

BOO 1018.9 0.6 COHEN 71 ASPK 6 PI- PN.K+K-PN 
1019. '52 0.13 BUKIN 1 78 OL VA E+E- COLL. BEAMS 

337 1019.4 o. 5 COOPEP 78 HBC .7-.~ P8 P.KS KO 
1100 1019.54 0.12 BARKOV 79 EMUL E+E- COLL.BEAMS 

R 673011019.71 1 o.1t OAUM 81 SPEC P 6E,K+ K- X 
c 766 1019.8 o. 7 IVANOV 81 CLYA 1-1.4 E+E-,K+K-

( 1019.31 ( 0.11 ARENTON 82 SPEC 11.8 POL.P P,KK 
25080 1019.67 O.l7 PELLJNEN 82 RVUE 

AVG 1019.614 o. 069 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

A SYSTE~ATIC ERRORS NOT EVALUATED. 
C SYST!:MATIC ERq,QR ADDEO LINEARLY BY US. 

D MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(NJ,SEE K* TYPED NOTE 
R INCLUDED IN PElLINEN 82 RVUE 

11/71 
12/75 
12175 
12/72 
1/74 
4/78 

12/77 
12/75 
12/71 
7177 

12/77 
12/77 
12177 
12/77 
12177 
12/77 
9/81* 
4/78 
3/82* 
9/81• 
1/82• 
1/82• 
1/82• 

Data Card Listings 
For notation, see key at front of Listings. 

4 PHI WIDTH OIIEVI 

WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
SYSTEMATIC ERORRS HAVE BEEN EVALUATED. 

0 150 4.2 1.4 AUGUSTIN 69 OSPK E+ E- COLL. BEAMS 12172 
4.09 o. 29 Bl ZOT 70 OSPK E+ E- COLL.BEAMS 12/72 

0 681 lt.67 o. 72 SALAK IN 71 OSPK E+ E- COLL.BEAM 12/75 
D 120 4.6 1. 7 AGUILAR 72 HBC 3.9,4.6 K- P 12/75 
D 100 4. 7 1.9 AGUILAR 72 HBC 3.9,4.6 K- P 12175 
D 131 5. 0 1. 8 COLLEY 72 HBC 10.K+ P,K+ P PHI 12/75 
0 454 3o 8 o. 7 BORENSTEI 72 HBC 2.18 K-P, K KBAR 7117 
0 100 3.8 1.5 BAll AM 73 HBC 2.8-'9.3GP 12175 

4.5 1.1 BINNIE 73 CNTR PI-P,PHI N 4/78 
AD 500 (4.51 I o. 81 AYRES 74 ASPK 3-6PJIK-P t K+K- 12175 

0 984 4.4 o. 6 BESCH 74 CNTR 2 GAMMA P, PK+K- 12175 
3.81 o. 37 COSME 2 74 OSPK E+E- COLL .BEAMS 2174 

AD 170 14.2) 11.31 DE GROOT 74 HBC 4"':2 K-P,L K+K- 12/75 
A 01300 4.5 0.50 AKERLOF 77 SPEC 400 P+A,K+K- 12/77 
8 D3681 4.36 0.29 BUKIN 1 78 OLYA E+E- COLL. BEAMS 9/81* 

0 337 3.6 o.' COOPER 78 HBC .7-.8 PB PoKS KO 4/78 
01100 4. 58 o. 55 BARKOV 79 EMUL E+E- COLL.SEAMS 3/82* 
0 4.3 0.6 CORDIER 80 WIRE E+E-,PI+PI-PIO 9/81* 
D 766 4.2 0.6 IVANOV 81 OL VA 1-1.4 E+E-oK+K- 1/82* 

AVG 4.21 o.t3 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

W A SYSTEMATIC ERRORS NOT EVALUATED. 
W B NUMBER OF EVENTS INCLUDES A SMALL BACKGROUND CONTRIBUTION. 
w 0 WIDTH ERRORS ENLARGED BY US TO 4*WIOTH/SQRHN), SEE K• TYPED NOTE 

4 PHI PARTIAL DECAY HODES 

OECAV MASSES 
P1 PH1 INTO K+ K- 4'93+ 493 
P2 PH1 INTO KL KS 4'97+ 497 
P3 PH1 INTO PI+ PI- PIO (INCLUDING RHO PII 139+ 139+ 134 
P4 PH! INTO ETA GAMMA 548+ 0 
P5 PH1 INTO E+ E- .5+ .5 
P6 PH1 INTO MU+ f!lu- 105+ 105 
P7 PH[ INTO PIO GAMMA 134+ 0 
PB PH[ INTO PI+ PI- I VIOLATES Gl 139+ 139 
P9 PH! INTO PI+PI-GAMMA 139+ 139+ 
P\0 PH1 INTO OMEGA GAMMA IVIOLATES Cl 782+ 0 
Pll PH! INTO ETA PIO I VIOLATES C I 548+ 134 
P\2 PH1 INTO RHO GAMMA (VIOLATES Cl 76'9+ 0 
P\3 PH1 INTO ETA NEUTRALS 
P14 PH1 INTO 5Pt 139+ 139+ 13'9+ 139+ 
P15 PH1 INTO PI+ PI- PI+ PI- (VIOLATES Gl 139+ 139+ 139+ 139 
P\6 PH1 INTO RHO PI 769+ 139 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi:t:6Pi' where 

6Pi = ~\6Pi6Pi) 1 ·while the off-diagonal elements are the~ correlation coeffi­

cient!! (6Pi6pj) /(6Pi · liP{ For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

Pl P2 P3 ~4 

p 1 .4908+-.0101 
p 2 -.7157 .3461-+-.009'9 
p 3 -.3787 -.3~17 .1478+-.0073 
P 4 -.1094 -.1038 -.0122 .0154+-.002Z 

4 PHI BRANCHING RATIOS 

R1 PH! INTO t K+ K-1 II K KBAR + PI+ Pt- PtOJ (P11/(P1+P2+P31 
R1 252 0.48 0.04 li NOSEY 66 HBC 2. 7 K-P 
Rl o. 540 0.034 SALAK IN 11 OSPK E+ E- COLL.BEAM 
Rl 0.486 0.044 CHATELUS 71 OSPK E+ E- COL L. BEAMS 
R1 270 0.49 0.06 < DE GROOT 74 HBC 4.2 K-P.L PH! 
R1 321 0.45 0.05 KALBFLEIS 76 HBC 2.18 K-P 
R1 
R1 AVG 0.497 0.019 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
R1 FlT 0.498 0.010 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3J 

R2 PHI INTO f KL KSJ II K KSAR + PI+ PI- PIOJ IP21/IP1+P2+P31 
R2 167 0.40 0.04 liNDSEY 66 HBC 2. 7 K-P 
R2 0.257 0.038 SALAK IN 11 OSPK E+ E- COLL.BEAMS 
R2 133 o. 27 o. 03 KALSFLEIS 76 HBC 2.18 K-P 
R2 270 (0.37) I 0.051 OE GROOT 74 HBC 4.2 K-P,L PHI 
R2 SUPERSE_DEO BY LOSTY 78 UNDER R19. 
R2 
R2 AVG 0.300 0.042 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.1J 
R2 FIT o. 351 0.010 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

R3 PH1 INTO I PI+ PI- PIO IINCL.RHO Pill/TOTAL I P31 
R3 E 0.139 o. 007 PARROUR2 76 OSPK E+E- COLL.8EAMS 
R3 E USING TOTAL ~dOTH 4.t MEV. THE 3 PI MODE IS MORE THAN 80 PER CENT 
R3 E RHO PI AT THE 90 PER CENT C.L. 
R3 .. . . 
R3 FlT 0.1478 0.0073 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

R5 PH1 INTO (Kl KSI/1 K KBARJ tP21/IP1+P21 
R5 10 0.40 0.10 SCHLEIN 63 HBC 2.0 K-P 
R5 52 0.48 o. 07 BAOI ER 65 H8C 3.0 K-P 
R5 0.44 o. 07 LONDON 66 HBC 2.2 K-P 
R5 
R5 AVG 0.448 0.044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
R5 Fll 0.414 o. 011 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.31 

<6 PH! INTO I PI+ PI- PIO IINCL.RHO PJIJ/{K KBAR) C~31/IP1+P2) 

<6 o. 30 0.15 LONDON 66 HBC 2.2 K-P 
R6 o. 237 o. 039 CERRADA 11 HBC ~.2 K-P,LAM 3Pl 
R6 
R6 AVG 0.241 a. 038 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 
R6 FlT 0.177 0.010 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.2) 

R7 PH1 INTO I PI+ PI- PIO IINCL.RHO PI11/IKL KSI C P31/ CP2J 
R7 0.47 0.06 COSME 1 74 OSPK E+E- COLL. BEAMS 
R7 0.56 0.13 BUKIN 1 78 OL VA E+ E- COLL.BEAMS 
R7 
R7 AVG 0.486 0.054 AVERAGE I ERROR INCLUDES SCALE FA.CTOR OF 1.0) 
R7 FlT 0.427 o. 028 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.31 

10/66 
11/71 
11/71 
12175 

1117 

10/66 
1/73 
7/77 

12177 

7177 

10/66 
11/67 
10/66 

10/66 
12/77 

2/74 
9/81* 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
<P(1020), H(1190) 

RIO PHI INTO ( I"U+ MU-1/TOTAL IUNITS 10 .. -41 (Pf:l 
RIO z .. 34 1.01 MOY 69 CNTR PHOTOPROO. 
RIO 2.17 0.60 EARLES 70 CNTR 6.0 BREMSSTR. 
RIO 2.69 0.46 HAYES 7l CNTR PHOTOPROD. 
RIO 
R 10 AVG 2.48 o. 34 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

Rll PHI INTO (ETA GAHMAI/TOTAL ( P41 
RllA 25 0.026 0.007 BENAKSAS 12 OSPK E+E- COLL .BEAMS 
RllA 54 0.015 0.004 COSME 76 OSPK E+E- COLL. BEAMS 
RllB (Q.02410R LESS CL=0.95 COSME 76 OSPK E+E- CDLL.BEAMS 
Rll 0.0135 0.0029 ANDREWS 77 CNTR 6. 7-10 GAMMA CU 
RllA FROM 2 GAMMA DECAY MODE OF ETA 
RUB FROM PI+PI-PIO DECAY MODE OF ETA 
Rll 
Rll AVG 0.0152 0.0026 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.2) 
Rll FIT 0.0154 O. 0022 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

Rl2 PHI INTO I PI+ Pt- GAMMAI/TOTU IP91 
R12 10.041 OR LESS li NOSEY 65 HBC 2. 7 K-P 
R12 t0.00710R LESS Ct::.9Q COSME 1 74 OSPK E+E- COLL. BEAMS 
R12 1.061 OR LESS CL=.90 KALBFLE l 75 HBC 2.2 K- P,GAMMA + 

R13 PHI INTO (ETA NEUTRALSII(K KBARI IP13JIIP1+P21 
R13 10.151 OR LESS Ll NOSEY 66 HBC 2. 7 K-P 

Rl4 PHI INTO (OMEGA GAMMA) I TOTAL I PlOI ... 10.051 OR LESS ll NOSEY 66 HBC 2. 7 K-P 

R15 PHI INTO I RHO GAMMA) I TOTAL C Pl21 
Rl5 (0.021 OR LESS LINDSEY 66 HBC 2.1 K-P 

Rl6 PHI INTO IE+ E-1 /TOTAL !UNITS 10•*-4J I P51 
R16 2. 81 0.25 BALAKIN 71 OSPK E+ E- COLL.BEAMS 
Rl6 3. 50 o. 27 CHATELUS 71 OSPK E+ E- COLL.BEAMS 
R16 3.3 0.3 COSME 1 74 OSPK E+ E- COLL.BEAMS 
Rl6 E 3.10' 0.14 I'ARROUR1 76 OSPK E+ E- COLL.BEAMS 
R16 3.00 a. 21 BUKIN 1 78 Ol VA E+ E- COLL.BEAMS 
R16 
R 16 AVG 3.107 0.096 AVERAGE !"ERROR INCLUDES SCALE FACTOR OF 1.01 

Rl6 USING TOTAL WIDTH 4.2 MEV. THEY DETECT 3 PI MODE AND OBSERVE 
R16 SIGNIFICANT INTERFERENCE WITH OMEGA TAIL. "THIS IS ACCOUNTED FOR 
Rl6 IN THE RESULT QUOTED ABOVE 

Rl7 P.Hl INTO IPIO GAMMAIIITOTAL1 I p7) 
Rl7 7 co. 00251 (D. 00121 BENAKSAS 72 OSPK E+E- CQLL. BEAMS 
R17 32 o. 0014 o. 0005 COSME 76 OSPK E+ E- COLL.BEAMS 

RIB PHI INTO I PI+ PI-1/CTOTALI I UNITS 10**-41 I PBJ 
RlB (2.71 OR LESS Cl=.95 ALVENSLE 72 OSPK GAMMA+( 
Rl8 14.01 OR LESS CL::.95 JULLJAN 76 OSPK E+ E- COLl.BEA~S 
Rl8 (6.61 OR LESS CL=.95 BUKIN 2 18 Ol VA E+ E~ COLL.8EAMS 
R18A 1.94 1.03 0.81 VASSERMAN 81 Ol YA E+ E- COLL.BEAHS 
R18A USING PHI INTO CE+ E-1/TOTAL :: 3.1 

Rl9 PHI INTO I KL KSIIIK+ K-1 IP211CP11 
R19 144 o. 89 O.tD AGUILAR 72 HBC 3.9,4.6 K- P 
Rl9 125 11.151 I 0.151 COLlEY 72 HBC 10.K+ PoK• P PHI 
R19 o. 71 o.os . LAVEN 71 HBC 10 K-P ,K+K-LAMSD 
R19 o. 71 o.oe LYONS 71 HBC 3-4 K-P,LAMB PHI 
R19 o. 70 0.05 BUK.JN I 78 Ol VA E+ E- COLL.BEAJotS 
R19 o. 82 0.08 lOSTY 78 HBC 4. 2 K-P, PHI HYP 
R19 
R 19 AVG o. 736 o. 030 AVERAGE (ERROR INCLUDES SCALE fACtOR OF 1.01 
R19 FIT a. 705 o. 032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3t 

R20 PHI INTO (Pl+ PI- PIOI INCL.RHO PII/(K+ K-1 I P3 lit Pit 
R20 34 a. 28 o. 09 AGUILAR 72 HBC 3.9,4.6 K- P 
R20 .· .. 
R20 FIT 0.301 o. 018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

R21 PH! INTO 12Pl+ 2Pl- PIQIJ(K+ K-1 fP1411fPU 
R21 10.021 OR LESS CL=0.95 AGUILAR 72 HBC 3.9,4.6 K- P 

R22 PHI INTO (PI+ PI- PI+ PI-J /TOTAL (UNITS 10**-4) fP15J 
R22 fa. 11 OR LESS CL=.90 CORDIER 79 WIRE E+ E-,4PI 

R23 PHI INTO (RHO Ptl/fPI+ PI- PlOt IP16IIIP31 
R23 (0.8) OR MORE CL::.90 JULLIAN 76 OSPK E+ E- COLL.8EAM 

•••••• ********• ..................................................... . 

8ERTANZA 62 PRL 9 180 

ARM ENTER 63 S lENA CONF 2 70 
GELFAND 63 PRL 11 438 
SCHLEIN 63 PRL 10 368 

REFERENCES FOR PHI 

BERTANZA,BRISSON,CONNOlLYoHART + IBNL+SYRAI 

ARHENTEROS, EOWARDSt A STIER+ I CERN+CDEF J 
GELFAND, Mt LLER, NUSSBAUM,KIRSCI-l+ CCOLU+RUTGJ 
SCHLEIN, SLATER, SMITH, STORK, T ICHO (UCLA J 

BAOIER 65 Pl 17 337 BADIER,OEMOULIN,BARLOUTAUD+ ( SACL+Afo!STJ 
fBNl+COLUMBIAJ 

ILRU 
(LRLI 

BERLEV 65 PR 139 B 1097 0 BERLEY,N GELFAND 
GAL TIER I 65 PRl 14 2H A BARBARO GALTIERI,R D TRIPP 
LINDSEY 65 PRL 15 221 JAMES S LINDSEY,GERALO A SMITH 

LINDSEY 65 OATA INCLUDED IN LINDSEY 66 BELOW 
MILLER D 65 CU-231fNEVIS 1311 DAVID C MILLER fTHESISI (COLUMBIA) 

GRAY, l 66 PRL 17 501 
LINDSEY 66 PR 147 913 
liNOSEYl 66 Pl 20 93 
LONDON 66 PR 143 1034 

ABRAMS 67 MD TECH REP 720 
BARLOW 67 NC SOA 7C1 
CHASE 67 PRL 18 710 
DAHL 67 PR 163 1377 
HERTZBAC 67 PR 155 1461 
KHACHATU 67 PL 24B 349 

ABRAMS 68 PR 175 16c;7 
ASTVACAT 68 PL 27 B 45 

ALSO 67 PRL 19 869 
BECKER 68 PRL 21 1504 
BINNIE 68 Pl 278 106 
SOl Lt NI 68 NC 56 A 117 1 
MOSTEK 68 PRl 20 1057 
WEHMANN 68 PRL 20 148 

+HAGERTYoBlZZARRI,CIAPETTI + fSYRA+ROMAJJPG 
JAMES S LINDSEY, GERALD A SMITH flRLI 
J.S.LINDSEYo G.A.SMITH ILRU 
LONDON,RAU,SAMIOS,GOLOBERG + fBNL+SYRACUSEI 

GERALD ABRAMS , THESIS I MARYLANOJ 
+lllLESTOL+MONTANET+ f CERN+CDEF+ JRAO+l IVP I 
R .C .CHASE, P .ROTHWEll ,R. ~EINSTEIN ( CEA+NEASI 
+HAROY+HESS+KIRZ+HillER flRU 
HERTZ BACH, KRAEMER, MAOANSK I, ZDANI S+ I JHU+BNL J 
KHACHATURYAN+AZ IMOV+BALOIN+B ELOUSOV+( DUBNAI 

+GLASSER 1 KEHOE, SEC HI -ZORN, WOLSKY I MARYl ANDJ 
ASTVACATUROV, AZ I HOYt BALCIN+ ( J INR+MOSCOW I 
AS8UR Y, BECKER, BERTRAM, liNG+ ( DESY+COLUJIIIIB I A I 
+BERTRAM, BI NKLEY,JORDAN ,KNAS El + I DESY+MI T J 
+DUANE+FARUQI +HORS EV+ llOIC+RHEll 
+BUHLER, DALPIAZ, MASS AM+ I CERN+BGNA+STRB I 
+E I SENHANDLER, MCCL EtlAN tMI STRY+ (COP NEll I 
+ENGELS+ I HARVARO+CASE+SLAC+CORNELL +MCGIll J 

11/70 
11/70 
11/71 

2/73 
12/75 
7/77 

12/77 
7117 
7177 

2/74 
2/74 

12/75 

10/66 

10/66 

10/66 

ll/71 
11/71 

2174 
7/77 
9181* 

2173 
12177 

1172 
9/81* 
9/81* 
9/81* 

12172 
12172 
12177 
12117 
9/81* 
4/78 

12172 

12172 

12179 

AUGUSTIN 69 I'L 28 8 511 +BIZOT • BUON, OELCOURT ,HA ISS INSKI ,+ I ORSA Yl 
MOV 69· THESIS KEN Ml N MOY (NORTHEASTERN UN IVERS ITYI 
SCOTTER 69 NC 62 A 1057 +ERSKINE, PAlER,+ ( 8 tRM+Gl AS +LO IC+MPJ M•OXF I 

BIZOT 70 Pl 32 416 +BUON,CHA TEL US, JEANJEAN,LAlAt\NE, + I ORSAI 
ALSO 69 PEREZ-Y-JORBA, LIVERPOOL SYMP.69 

B JZOT2 7.0 LNC 4· 12'13 
EARLES 70 PRL 25 ·1312 
HYAMS 70 NP 8 22 189 

ALVENSLE 71 PRL 27 441 
BALAKIN 71 Pl 34 8 32B 
CHATELUS 71 LAL 12471THESISJ 

ALSO 70 SIZOT 
OiaiANCA 71 NP B 35 13 
HAYES 71 PR 0 4 813<;1 
STOTTLEM 71 ORO 2504 170 

AGUILAR 72 PR 0 6 2<;1 
ALVENSLE 72 PRL 28 66 
BALAKIN 72 Pl 40 B 431 
BASILE 72 NP a 44 605 
BENAKSAS 72 PL 42 B 511 
BORENSTE 72 PR 0 5 1559 
COLLEY 72 "''P B 50 1 

BALL AM 73 PR 0 7 3150 
B INN(E 73 PR 0 8 2789 

AYRES 74 PRL· 32 1463 
BESCH 74 NP B70 257 
B tlZARR I 74 NC 20A 393 
COSME 1 74 Pl 48 8 155 
COSME 2 74 PL 4 a a 159 
DE GROOT 74 NP 874 71 

KALaFLE I 75 PR 011 987 

COSME 76 Pl 63 B 352 
JUlliAN 76 TBLI S 1 VOL. 2 
KALBFLE I 76 PR 0 13 22 
PARROUR 1 76 PL 63 B 357 
PARROUR2 76 PL 63 B 362 

AKERLOF 77 PRL 39 861 
ANDREWS 77 PRL 38 198 
BALDI 17 PL 68 B 381 
CERRADA 77 NP 8 126 241 
COHEN 77 PRL 38 269 
COURANT 77 PR D 16 1 
EVANGEL 77 NP B 127 384 
LAVEN 17 NP 6 127 43 
LYONS 77 NP 8 125 207 

BARTALUC 78 NC 44 A 587 
BUKIN 1 78 SJNP 27 516 
BUKIN 2 78 SJNP 27 521 
COOPER 78 NP B 146 1 
LOSTY 7e NP 8 1'33 38 

SARKOV 79 tvAF 79-93 
CORDIER 79 Pl B 81 389 

CORDIER 80 NP B172 13 
RODS 80 LNC 27 321 

OAUM 81 Pl 100 B 439 
I \lA NOV 81 PL 107 B 2<;17 

ALSO 82 PRIVATE COMM. 
VASSERMA 81 PL9<;1B62 

Rl9 

+DELCOURT,JEANJEAN,LALANNE, + fORSAYI 
+FA IS SLER o GETTNER,LUTZ, MOY, TANG,+ ( NEA S) 
+KOCH, POTTER, \l.l INOERN, LORENZ ,LUT JENS I CERN I 

ALVENSLEBEN,BECKER, BUSZA,CHEN ,+ (I'll HOESYI 
+BUCKER, PAKHTUSOVA, S I OOROV, S KRINSKY,+( NOVO I 
V. C HATELUS I STRASBOURGJ 

+E I NSCHLAG, ENOORF, ENGLER, FISK,+ 
•I MlAY, JOSEPH, KE tz ERoS T E IN 
i., R. STOHL EMVER, THESIS 

CCORNI 
I CORN) 

C MARYLAND) 

AGUILAR-BENITEZ, CHUNG, E I SNERo SAM lOS ( BNU 
ALV ENSLEBEN, BECKER, BIGGs, BINKLEY+( MIT +DESY I 
+BOKI Nt PAKHTUSOVA, 51 OOROVt + (NOV OS I 8 I R SKI 
+DALPIAZ, FRAB ETT I, l JCHI CHI+ t CERN+BGNA+ STR.B I 
+CO SHE ,JEAN-MAR I Et JUlll AN, LA PLANCHE+ I OR SA. Y J 
BORENSTEIN, DAN BURGo KALBFLE 1 SC H, + I BNl +M I CHI 
+JOBES t Rl 00 I FORO, GRIFF IlHS, + ( 8 IRM+GLA.S I 

+CHADWICK, EISENBERG, 8 I NGHAMo + I SLAC+L BL J 
+CARR, DEBENH.e.M, DUANE ,GARBUTT,+ ILOIC+SH"1P) 

· +OIEBOLO,GREENE,KRAMER,LEVINE,+ IANLI 
+HARTMANN, KOSE, KRAUTSCHNE IOER ,pAUlo+ f BONN I 
+C IAPETTI ,QIDNISJ, OOREtGASPERD+ I ROMAJ 
+JEAN-MARIE, JUll 1 AN, LAPLANt HE,+ C ORSA Y I 
+JEAN-MARl E, JUL l IAN tlAPLANC HE,+ I OR SAY I 
+HOOGLAND, JONGEJANS 1 METZGER+ I A MST•Nt JH I 

KALBFlEISCH, STRANO, CHAPMAN I BNL•MICHI 

+COURAU, DUOElZAK, GRELAUD ,JEAN-MAR IE+ I ORSA Yl 
S.JULLIAN IORSAYI 
KAL BFLE I SC H, STRANO, CHAPMAN I BNL+MICHI 
+GRELAUO ,COSME, COURAUt OUDEl ZAK, + I OR SA. Y I 
•GRELAUO,COSMEi COURAU, OUDELZAK, + I OP SAY I 

+AllEY, BINTINGER oD ITZLE R,+ I FNAL•M ICH+PURO I 
+FUKUSHIMA, HA.RVEY, LOBKOWIC l, MAY,+ I ROCH I 
+BOHR INGER, DORSAl, HUNGERBUHL ERo • C GENEVA I 
+BLOCKZ I JLo HE tNEN, + lAMS T +CERN+N I JM+OXF I 

+AYRES t 0 I EB OLD, KRAMER, PA~ll CKI,W I CKLUNO ( ANLI 
+MAKOI S 1, M ARSHAK,PETER SON, RUDOICKo + I MJ NNJ 
EVANGELIST A,+ I BAR I+ BCNN+C ERN+OARE+GLAS+ J 
+OTTER • KLEIN,+ I A ACH+ BERL +CERN+LO IC+Wt ENI 
+COOPER,ClARK (OXFI 

BARTALUCC I, BAS IN I, BERTOlUCC I+ I OESY+FRAS I 
+KURDADZE, S Eft. EONYAKOV, S IDOROV• I NOVO I 
•KUROAOZE, SIOOROV, SKR I NSKII + I NOVOJ 
+GURTU, MONTANET,+ I li FR+CERN+CDEF+MAORI 
•HOLMGRENt 6LOK Z I JL, + ICER N+A.MST+N I J M+OXf J 

+ZOLOTOREV, MA.KAR INA, Mt SHAKOVA ,+ 
•DELCOURT, E SCHSTRUTH, FULDA,+ 

+DELCOURT, ESCHSTRUTH, FULN + 
+PEll INEN 

I NOVO I 
ILALOJ 

IORSAYI 
IHELSJ 

+BARDSLEY+ I AMST+BR I S+CERN+CRAC+MP I M+RHEll 
+KURDAOZE,L ELCHUK, S IDOROV, S KRINSKY,+ I NOVO I 
S.t.EtDELMAN INOVOI 
VASSER MAN, KUROAOZE t SlOOROV, SKRI NSKY+ I NOVO I 

ARE NTON 82 ANL-HEP-PR 81-22 +AYRES, DIEBOLD, MAY, SAUER, SWALLOW+ I ANL•ElMT I 
PElliNEN 82 HU-TFT-82-3 A.PELLINEN, M.ROOS IHELSI .................................................................... •o:o:••• ....................................................... ****•••• 

I H( 1190) I 30 HI1190.JPG•l+-l 1•0 

30 H(ll901 MASS IMEVJ 

1190. 60. DANKOWYCH 81 SPEC 08 PI P,3 PI N 

USES THE MODEl OF BOWLER 75 

30 H(l1<;101 HIDTH IMEVI 

320. 50. OANKOWYCH 81 SPEC 08 PI P,3 PI N 

USES THE MODEl OF BOWLER 75 

30 Hll1901 PARTIAL DECAY MODES 

P1 Hlll901 INTO RHO PI 
DECAY MASSES 

769+ 134 .................................................................... 
BOWLER 75 NP 8<;17 221 

DANKOWYC 81 PRL 46 560 

REFERENCES FOR Hlll90J 

+GAME, A TTC HI SON ,OAt NTON IOXF+OAREJ 

+BROCKMAN, EDWARDS+ ITNTO+BNL +CARL +MCG I +OHIO) .................................................................... .................................................................... 

6/81* 

6/81* 
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Mesons 
B( 1235), p'( 1250) 

IB(1235)1 11 BI1235,JPG=l++l 1=1 

11 B MASS O"'EVI 

M 376 1200. 20. 
20. 
zo.o 
15.0 
15.0 
( 5.1 

SAL TAY 67 HBC +- 0.0 PBAR P 2/67 
9167 

11170 
2/71 

11/70 
12172 

2.113 
2/73 
2/73 

12175 
12/75 
7/77 

12177 
4/78 
4/78 

12179 
1182* 

M 1220. CHUNG 68 HBC - 3.2,4.2 PI- P 
M 1240.0 ANDERSON 70 CNTR 0 5-18 GAMMA P 
M 1236.0 HOOGLAND 70 OSC - 3.0 K- 0 
M 1200.0 MlYASH1TA 70 HBC - 6.7 Pt-P,4Pl 
M W ( 1228. I FRENKIEL 12 HBC +- O. PSAR PJ,S PI 
M 0 1163 1243. 6. OTT 72 HBC + 1.1 PI+ p,p 8+ 
M 1235. 15. 

16. 
4. 
7. 

11.0 
8.0 

AFZAL 73 HBC + 11.1 PI+ P 
M 1268. AF ZAL 73 HBC - 11.2 PI- P 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

R10 
R10 
R10 
R10 
RIO 
R10 
R10 
R10 

R1 
R1 

1400 1222. 
600 1220. 
890 1245.0 
450 1251.0 
225 1240.0 
360( 1208. OJ 
105 1234.0 

1239. 

15.0 
(18.01 
15.0 

5. 

.CHALOUPKA 74 HBC - 3.9 Pt-P,P 8-
KARSHON 74 HBC + 4.9 PI+P,P 8+ 
FLATTE 76 HBC - 4.2 K-P,PI-OMEGA 
GESSAROLI 17 HBC - 11 Pt-P,PI- OME 
BALTAY 78 HBC + 15 PI+P,P 4PI 
GAVIllET 78 HBC + 4.2 K-P,BACKWARO 
BLOODWORT 80 HBC - 8.2 K- P,Y•+ 8-
EVANGELIS 81 OMEG - 12 PI-P,OME PI P 

AVG 1232; 5 3.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.td 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE~ 1232.5 ± 3.4 
ERROR SCALED BY 1.6 

·EVANGEL IS 81 OMEG 1.7 

1160 1200 1240 1280 

B MASS (MEV) 

·BLOOOWORT 80 HBC 
·BALTAY 78 HBC 
·GESSAROLI 77 HBC 
·FLATTE 76 HBC 
·KARSHON 74 HBC 
·CHALOUPKA 74 HBC 
·AFZAL 73 HBC 
·AFZAL 
·OTT 

73 HBC 
72 HBC 

·MIYASHITA 70 HBC 
·HOOGLAND 70 DBC 
·ANDERSON 70 CNTR 
·CHUNG 68 HBC 
·BALTAY 67 HBC 

1320 1360 

0.0 
0.3 
5.3 
1 . 3 

3.2 
6.9 
4.9 
0.0 
3. 
4. 
0. 1 
0.1 
0.4 
2.6 

34.6 
(CON LEV 
=0.002) 

0 FROM FIT OF THE MASS SPECTRUM 
W FIT REQUIRES AN ADDITIONAL JP=1- RESONANCE 

AT 1256 MEV, WIDTH 129 MEV. 

w 

60 
376 

11 B WIDTH IMEVI 

20.0 
30. 
20. 
20.0 
20.0 
44.0 

I 10.1 

ABOLINS 63 HBC + 3.5 PI+P 
BALTAY 67 HBC +- 0.0 PBAR P 2167 
CHUNG 68 HBC - 3.2.4.2 PI- P 9167 
EROFEEV 70 HBC - 3.25 PI- P 1171 
HOOGLAND 70 OBC - 3.0 K- 0 2/71 
MlYASHITA 70 HBC - 6.7 Pt-P,4PI 11170 
FRENKJEL 72 HBC O. PBAR PJ,S PI 12172 

0 1163 

100.0 
100. 
150. 
100.0 
132.0 
113.0 

{126.1 
134. 
120. 
130. 
135. 
156. 
182.0 
155.0 
170.0 

1163. Ol 
150.0 
170. 

23. 26. OTT 72 HBC 7.1 PI+ P,P 8+ 2173 

1400 
600 
890 
450 
225 
360 
105 

50. 
50. 
20. 
22. 
45.0 
32.0 
50.0 

(SQ. 81 
50.0 
15. 

AFZAL 73 HBC U.7 PI+ P 2173 
AFZAL 73 HBC - ll.2 PI- P 2/73 
CHALOUPKA 14 HBC - 3.9 PI-P,P 8- 12/75 
KARSHON 74 HBC + 4.9 PI+P,P 8+ 12175 
FlATTE 76 HBC - 4.2 K-P,PI-OMEGA 7177 
GESSAROLI 77 HBC - 11 Pt-P,PI- OME 12177 
BALTAY 78 HBC + 15 Pt+PoP 4PI 4/78 
GAVILLET 18 HBC + 4.2 K-P,BACKWARD 4/78 
BLOOOWORT 80 HBC - 8.2 K- P,Y*+ 8- 12179 
EVANGEl IS 81 OMEG - 12 PI-PoOME PI P 1182• 

AVG 137.2 6.6 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.11 

0 FROM FIT Of THE MASS SPECTRUM 
W SEE NOTE UNDER THE 14ASS ABOVE. 

AVG 

11 B PARTIAL DECAY MODES 

INTO OMEGA+Pt 
INTO 2PI+ 2PI­
JNTO K KBAR 
INTO PI PI 
INTO PI PHI 
INTO ETA PI (FORBIDDEN BY G1 
INTO K KBAR PI 

DECAY MASSES 
782+ 139 
139+ 139+ 1'39+ 139 
493+ 493 
139+ 139 
134+1019 
548+ 139 
493+ 493+ 139 

11 B BRANCHING RATIOS 

DIS RATIO FOR Bl 12351 INTO OMEGA PI 

600 
o. 3 
o. 35 
0.21 
0.4 

0.1 
o. 25 
0.08 
0.1 

CHALOUPKA 74 HBC - 3.9-7.5 PI-P 
KARSHON 74 HBC + 4.9 PI+P,P B+ 
CHUNG 75 HBC + 7.1 PI+P 

0.1 GESSAROLI 71 HBC - 11 PI-P,PI- DME 

0. 291 O. 052 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1. 0 I 

B INTO 14PIJitCMEGA PI) C P21/(P11 
10.51 OR LESS ABOLINS 63 HBC + 3.5 PI+P 

1174 
12175 
12/75 
12/17 

Data Card Listings 
For notation, see key at front of Listings. 

IP~IIIPlJ R2 
R2 
R2 
R2 

8 INTO IK K8ARI/COMEGA PI) 
(0.021 GR LESS 
10.101 OR LESS CL•.90 
(0.081 OR LESS CL=.95 

DAHL 
BALTAY 
61 ZZARRI 

67 HBC 
67 HBC 
69 HBC 

- 1.6-4.2 PI- P 
+- Q.O PBAR p 
+- 0 PBAR P 

10166 
2/67 
9169 

8 INTO IPI PI If( PI OMEGA I ., 
R3 
R3 

C0.31 QR LESS 
(0.151 OR LESS CL=.90 

AOERHOLZ 
OTT 

64 HBC 
72 HBC 

IP411CP11 
4.0 PI+P 

+ 7.1 PI+ P 
7166 

12172 

CP5111Pll R4 
R4 
R4 

B INTO CPJ PHI I I CPI OMEGA I 
I0.01510R LESS 
(0.041 OR LESS Clc.95 

DAHL 67 HBC 1.6-4.2 PI- P 
BIZZARRI 69 HBC +- 0 PBAR P 

10166 
9169 

R5 
R5 

B INTO lETA P11 I tPt OMEGAI ( P611tP11 
(0.251 OR LESS CL:=.90 BALTAY 67 HBC 0.0 PBAR P 

R6 
R6 

B+- INTO IlK KBARI+- PIOJ I IPJ OMEGA1 
(0.081 OR LESS CLo::.9Q BALTAY 67 HBC 0.0 PBAR P 

R7 
R7 

B+- INTO IKS KS .PI+-1 I (PI OMEGA) 
(0.021 OR LESS CLc.90 BALTAY 67 HBC 0.0 PBA- P 

R8 
R8 

B+- INTO IKS KL Pt+-1 I IPI OMEGA1 
10.061 OR LESS CL.,.90 BALTAY 67 HBC 0.0 PBAR p . ................................................................... . 

ABOLINS 63 PRL 11 381 
BONDAR 63 Pl 5 209 

AOERHOLZ 64 PL 10 240 
CARMONY 64 PRL 12 254 

GOLOHABE 65 PRL 15 118 

SAL TAY 67 PRL 18 93 
DAHL 67 PR 163 1317 
LEE 67 PR 159 1156 
SLATTERY 67 NC 50A 317 

ASC OLI 68 PRL 20 1411 
BOESE8EC 68 NP 8 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR 165 1491 

BJZZARRI 69 NP 8 14 169 

ANDERSON 70 PR 0 1 27 
CASO 70 LNC 3 707 
CASON 70 PR D 1 851 
EROFEEV 70 SJNP 11 450 
HONES 70 PR 0 2 827 
HOOGLAND 70 PL 33 B 631 
MtYASHIT 10 PR 0 1 7"11 
POLS 70 NP B 25 109 
WERBROUC 70 LNC 4 1267 

DEVONS 71 PRL 27 1614 

FRENKIEL 72 NP B 47 61 
OTT 72 LBL-1547 
SISTERSO 72 NP 8 48 493 

AFZAL 
ARMENISE 
ARMENISE 
ARNOLD 
CASON 
CASON 1 
CHUNG 
COHEN 

73 NCL 15 A 61 
73 NC 17 A 707 
13 LNC 8 425 
73 LNC 6 707 
13 PR 0 7 1971 
73 NP 8 64 14 
73 PL 47 B 526 
73 PR D 8 23 

BALLAM 74 NP B76 375 
CHALOUPK 74 PL 518 401 
KARSHOI 74 PR 010 3608 

CHUNG 75 PR D11 2426 

REFERENCES FOR B 

ABOL INS ,LANDER, MEHLHOP, XUONG, YAGER ( UCSDI 
BONDAR, DODD+ C AACHEN+BIRM+HAMB+LOIC+MPI Ml 

AACHEN+BERL IN+B IRM + BO~+HAMBUR+LOIC+MPIM 
CARMONY,LANDERtRINDFLE ISCHt KU~G,YAGERCUCBI JP 

G GOLOHABER,S GOLDHABER,KADYK,SHEN ILRLI 

+SEVERt ENS+YEH+ZANELLO 
+HARDY+HESS+K I RZ+MI LLER 
+MOEBS ,ROE, SINCLAIR, VANDERVELDE 
+KRAVB I LL+FORMAN+FERBEL 

CCOLU+BNLI 
ILRLJ 

CHICHI 
CYALE+ROCHI 

+CRAWLEY,MORTARA.SHAPIRO I ILL I JP 
80ESE8ECK, DEUTSCHMANN,+ IAACHEN+BERL IN+CERN I 
+CONT E+CORDS+D I AZ+ C GENOVA+HAMB+Mt LA+ SAC L1 
S.U. CHUNGt o. DAHL ,J. KI RZ, 0. H. MILLER C LRLI 

+FOSTER ,GAVI LLET ,MONHNET • + CCERN+COEFI 

+GUST AVSQN, JOHNSON o+ CSLAC+CI T +UCSB+NEAS I 
+CONTE, TOMAS I NI, CORDS+ ( GENO+~AMB+M I L~+SACL I 
+ANDREWS, B 1 SHAS ,GROVES, HARRINGTON,+ (NOAMI 
+VETL IT SKY ,WLAO I MIRSKY, GR t GOREY,+ llTEP J 
+CASON, B I SHAS, HELLAND, KENNEY, MCGAHAN+( NOAMI 
SABRE COLL ABOR. I AMST+ SACL +BGNA+R.EHD+EPOLJ 
MtYASHJTA,VON KROGH,KOPELMAN,UB8Y ICOLOJ 
+BOECKMANN, C I RB A,+ I BONN+OURH+EPOL+TORJ J 
HER BRDUCK, R INAUOO, + (TOR I +Nl JM+BONN+L8UJP 

+KOZLOWSKI ,HORWITZ,+ C COLU+SYRA I 

+GHESQUI ERE,L ILLESTOL, CHUNG,+ I CDEF+CERNIJ P 
R.L.DTT THESIS (LBUJP 
S I STERSON, HAitR I SON, HEY DA,JOHNSON, +I HARVARD I 

+BASSLER,+ COURH+GENO+OESY+MJLA+SACU JP 
+FOR I NOt CART ACC t ,+ I BAR I+BGNA+F tRZ I 
+FOR I NOt CART ACC I,+ {BAR I +BGNA+F IRZ I 
+ENGEL, ESCOUBES tKURTlol LOR ET, PATY, + C STR 81 
+8 1 SWAS, KENNEY, MADDEN, SANDER, SHEPHARD( NOAMI 
+"'ADDEN, 8 t SHOP, B 1 SWAS, KENNEY,+ (NOAMI 
+PROTOPOPESCU, LYNCH, FLA TTE, + IBNL+LBL +UCSC I J P 
+FERBEL, SLATTERY I ROO!ESTERJ 

+CHADWICK, 6 INGHAM, FRETTER+ I SLAC+LBL+MPJ MJ 
CHALOUPKAoFERRANOO,LOSTY,MONTANET CCERNI JP 
+MI KEN BERG, EI SENBERG,P 1 TLUC K, RONAl+ I REH01 JP 

+PROTOPOPESCU, LYNCH, FLA TTE, + IBNL+LBL+UC SCI JP 

2./67 

2/67 

2167 

2/67 

OU80VIKO 75 SJNP 20 229 M.S.OUBOVIKOV,t.A.EROFEEV IITEPJ JP 

FLATTE 76 PL 64 B 225 

GESSAROL 17 NP 6 126 382 

SAL TAY 78 PR 0 17 62 
GAVIllET 78 PL 78 8 158 

BLOODHOR 80 LNC 27 555 

EVANGEL I 81 NP B 178 197 
WONG 81 PltL 46 974 

+GAY, BLOKZ tJL, METZGER,+ ICERN+AMST+N IJM+OKFI J p 

GESSAROLI ,+ IBGNA+FtRZ+GENO+MILA+Q)(f+PAVt I JP 

+CAUT IS ,COHEN, C SORNA, SMITH, YEHo +ICOLU+B ltiGI 
+DIONISt.GURTU,+ tCERN+AMST,NtJM+OXFI JP 

BLOODWORTH,+ C B tRM+CERN+GLAS+MSU+LPNP I 

EVANGELIST A+l BAR I+ BO~N+CERN+OARE+L IVP+M lL AI 
+KEY, FR I SKEN ,CLINE, DE BONTE+ CTNTO+YORK+ PUROI . ..................................................................... . ...................................................................... 

lp'(1250)1 
) 

AVG 

1256. 
1266.0 

t 1250. I 
c 12qo. 1 

1264.0 

l:9 RHO PRIME(l250,JPG=1-+I {:1 

EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 
SEE ALSO THE RHO PRIMEC16001 MINI-REVIEW. 

69 RHO PRIMEU250J MASS IMEVI 

10. 
5.0 

140 .. 1 

FRENKIEl 72 HSC +- O.PBARPoOMEGA PI 12/77 
SARTALUCC 79 MASP 07 GAM P,E+E- P 12/79 
ASTON 80 OMEG 20-70G P,OME PIO 9181• 
BARBER 80 SPEC 3-S G P,OMEG PIO 9181• 

4.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

NOT SEPARHEO FROM Bl12351tNOT PURE JP=l- EFFECT 

AVG 

130. 
uo.o 

1300. I 
1320.1 

6~ RHO PRIME 112501 WIDTH (MEV I 

20. 
35.0 

(100., 

FR ENK I El 72 ~BC 
BARTALUCC 79 fo!ASP 
ASTON 80 OMEG 
BARBER 80 SPEC 

+- Q.PBARP,QMEGA PI 12/77 
07 GAM P, E+E- P 12/79 

20-70G P,CME PIO 9/81• 
3-'5 G P,OMEG PIO 9181• 

125.1 17.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

NOT SEPARATEC FROM BC12351tNOT PURE JP=1- EFFECT ......................................................................... 
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Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR RHO PRIME(12501 

ANDERSON 70 PR 0 1· 27 +GUSTAVSON, JOHN SON,+ I SLAC +CIT+UCSB+NEA SJ 

PODOLSKY 11 UCRL 20128 W,J.POOOLSKY,PH.O. THESIS ILBLJ 

FRENKIEL 12 NP B 47 61 +GHESQUIERE,LJLLESTOL,CHUNG,+ CCOEF•CERNIJP 
WOLF 12 ITHACA N.Y. CONF. G.WOLF,P.2\3 ISLACI 

Ct-n.JNG 73 PL 47 B 526 
BRAMON 73 LNC 8 659 

+PROTOP0PES('U,LYNCH,HATTE,+ IBNL+LBL+UCSCI 
A, BRAMaN I fRASCA TI I 

+CHADWICK, BINGHAM, FRETT ER+ I Sl AC+LAL +MP I M I 
CHALOUPKA, F ERRANOO, LOSTY, MONT ANET · I CERN I 
+PAOLUZ I, C ERAO I Nt oGR Ill I+ I ROMA+'FRAS I 
P.ESTABROOKSoA.O.MARTIN IDURHI 

BALLAM 74 NP 876 375 
CHALOUPK 74 PL 518 407 
CONYERS I 74 PL 528 493 
ESTABROO 74 NP 879 301 
KARSHON 74 PR 010 3608 +MI KENBERG, EISENBERG, PI TLUC K, RONAl+ I REHOJ J P 

AlLES 
CHUNG 
ESTABROO 
FROGGATT 
HYAMS 

75 NC 30A 136 
75 PR 011 2426 
75 NP 895 322 
75 NP 891 454 
75 NP B100 205 

BASSOMPI 76 Pl 65 S 3~7 

BUONE\1 77 Pl 70 B 365 
COSTA 77 PL.67 B 213 
GESSAROL 77 NP B 126 382 

BUKIN 78 PL 73 s 226 

BACCI 79 PL B 86 234 
BARTALUC 79 NC 49 A 207 

ASTON 80 PL 92 B 211 
BARBER 80 ZPHY C 4 169 

ALLES- BORELLI, BERNARDIN t+ I CERN+BGNA+FRAS J 
+PROTO POPE SCUtl YNCH, FLATH,+ I BfiiL+LBl +UC SC J 
P,ESTABROOKS,A.O.MARTIN IOURHJ 
C,O .FROGGA TT, J .L. PETERSEN I GlAS+NOROJ 
+JONE'S, WE I lHAMMER, SlUM, 0 I ETl+ I C ERN+MP I M I 

SASSOMPIERRE, BINDER,+ ( MUL H+STRB+ TOR II 

N. M. BUDNEV, \1. M. BUONE\1, V .\I. S ER EBRYAKOVI NOVO I 
COST A DE BEAUREGARD ,Pt-IAM ,PI RE, TRUONG I EPOL I 
GES SAROLI, + ( BGNA+FI R Z +GENO+MILA+OXF+P AV II 

+VA SSERMAN, KOOP ,KUROAOZE, S I OOROV, + f NOV OJ 

+OE ZORZitPENSOtSTELLAo+ CROMA+BGNA+FRASI 
BART A LUCCI , BAS I NY, BERTOLUCC I+ I OESY+FRAS I 

I BONN+CERN+EPOL +GL AS+L ANC+MCHS+ORSA+PAR I S+l 
+OA I NTON, BRODBECK, BROOKES,+ (DAR E+lANC+ SHEF I 

****** ......... •••*••••• •••••••••••••••••••••••••••••••••••••••••••• 
""***** ••••••••••••••••••••••••••• ********* ********* ••••••••••••••••• 

1 r( 121o) 1 5 F(1270oJPG=2++1 I=O 

5 F MASS IMEVJ 

1276. 11·· RABIN 67 HBC a.5 PI+ P 
T 1960 1-261. 5. ARMENISE 68 DBC 5.1 PI+N,P PI+ -
T 360. 1270. to. ARMENt SE 68 DBC 5.1 PI+NoP PIO 0 

1265. 8· BOESEBECK 68 HBC 8 PI+ P 
1268.0 6.0 JOHNSON 68 ~BC 3.7-4.2 PI- P 
1275.0 13.0 ARMENISE 70 HBC 9PI+N--FP 
1273.0 7-0 ARMENISE 70 HBC 9 PI+ N -- MM P 

600 1275.0 1o.o OH 10 HBC 1.26 PI- PoP F 
11273.01 (boO I STUNTEBEC 70 HBC 8.PI-P,'5.ft PI+D 

5300 1277.0 4.0 FLATTE 11 HBC 1.0 PI+ P 
2000 1261.0 10.0 JACOBS 12 HBC 2 .. 8 PI- P 

600 1258.0 to.o TAKAHASHI 72 HBC 8. PI- P,N 2PI 
4600 1272. 4· ENGLER 74 08C ·b. Pt+NtPI+PI-P 

IH 1126'1.) ( 4.1 ESTABROOK 75 RVUE 17 PI-P,PI+PI-~ 

• IG I 1275. I 14 •. 1 HYAMS 75 ASPK 17 P[-P,PI+PI-N 
16000 1284.0 10.0 DEUTSCHMA 76 HBC 16 PI+P 

1273.8 2. 8 2.1 BECKER .79 ASPK 11 PI- P POLARIZ 
1282.0 s.o COROEN 79 OMEG 12-15PI-P, N 2PI 
1281.0 7.0. GIDAl 81 SMK2 J/PSI DECAY 

AVG 1272.9 1.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 

INCLUDED IN BECKER 79 ANALYSIS 
H USES SAME DATA AS HYAMS 75 

I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
J JOHNSON 68 INCLUDES BONDAR 63t LEE 64t OERAOO 65. EISNER 67. 

M T MASS ERRORS ENLARGED BY US TO WIOTHISQRHNI,SEE K* TYPED NOTE 

5 F WIDTH I MEYJ 

155. 17. RABIN 67 HBC 8.5 PI+ P 
T 1960 216. 20. ARMENJSE 68 OBC 5.1 PJ+NoP PI+ -

128. 23· BOESEBECK 68 HBC 8 PI+ P 
176.0 13.0 JOHNSON 68 HBC 3.7-4.2 PI- P 
131.0 25.0 ARMENISE 70 HBC 9 PI+ N -- MM P 
173.0 25.0 ARMENI SE 70 HBC 9PI+N--FP 

600 120.0 20.0 OH 70 HBC 1.26 PI- P,P F 
196.0 l8o 0 STUNTEBEC 70 HBC 8.PI-P,5.4 Pl+D 

5300 183.0 15.0 FlATTE 71 HBC 7.PI+P,OELTA++F 
2000 130.0 25-0 J.ACOBS 72 HBC 2.8 PI- P 

• T 600 166.0 2e. o TAKAHASHI 72 HBC 8. PI- P,N 2Pt 

• 4600 192. 16· ENGLER 74 OBC 6. PI+NoPI+P+-P 

• IH 1209. I no. J ESTABROOK 75 RVUE 11 PI-P,PI+PI-N 

• lG (188.1 (4., HYAMS 75 ASPK 11 PJ-P,PI+PI-N 
w 16000 225.0 38.0 OEUTSCHMA 76 HBC 16 PI+P 
w T 650 187.0 30.0 ANTIPOV 77 CI BS 0 25 PI-P 1 P 3PI 
w 183.2 8.3 7.9 BECKER 79 ASPK 11 PI- P POLARI Z 

216.0 13.0 CORD EN 79 OMEG 12-15PI-P, N 2PI 
186.0 21.0 GIDAL 81 SMK2 J/PSI DECAY 

AVG 179.4 6.4 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.61 
I SEE IDEOGRAM BELOW J 

G INClUDED IN eECKER 79 ANALYSIS 
H USES SAME DATA AS HYAMS 75 

I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W J JOHNSON 68 INCLUDES BONDAR 63, lEE 64, DERADO 65, EISNER 67. 
W T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(NJ,SEE K* TYPED NOTE 

9/67 
1113 
1/73 
6/68 
71&9 
1/71 
1171 
1171 

1117! 
6111 
1/13 
1113 

12175 
12/75 
12/75 
4/78 

12/79 
12179 
1/82* 

9/67 
1/13 
6/68 
11&9 
1/71 
2174 
2/74 

ll/71 
1/71 
1113 
1/73 

12175 
12175 
12175 
4/78 
1182* 

12179 
12179 
1/82* 

Mesons 
p'(t250), f(1270) 

50 

WEIGHTED AVERAGE= 179.4 ± 6.4 
ERROR SCALED BY 1.6 

·GIDAL 61 
·CORDEN 79 
·BECKER 79 
·ANTIPOV 77 
·OEUTSCHMA 76 
·ENGLER 74 
·TAKAHASHI 72 
·JACOBS 72 
·FLATTE 71 
·STUNTEBEC 70 
·OH 70 
·ARMENISE 70 
·ARMENISE 70 
·JOHNSON 66 
·BOESEBECK 66 
ARt.1ENISE 66 

·RABIN 67 

350 

CHI SO 
St.4K2 0. 1 
Ot.4EG .9 
ASPK 0 .2 
CIBS 0. 1 
HBC 1 .4 
OBC 0. 6 
HBC 0. 2 
HBC 3 .9 
HBC 
HBC 0. 
HBC 6 .6 
HBC 0. 
HBC 3. 
HBC 0. 1 
HBC .0 
DBC 3. 4 

HBC 2. 1 
36.5 

(CON LEV 
F WIDTH (MEV) =0.001) 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 

Wl 
Wl 
Wl 
Wl 
Wl 
W1 OH 
Wl 

F 

5 F PARTIAL DECAY MODES 

INTO PI PI 
INTO 2PI+ 2PI­
INTn PI+ PI- 2PIO 
INTO K KBAR 
INTO K KBAR PI 
INTO ETA PI PI 
INTO ETA EH 
INTO GAMMA GAMMA 

5 F PARTIAl WIDTHS 

INTO GAMMA GAMMA IKEVJ 
2.3 o. 8 BERGER 80 PLUT 
3.2 o.8 BRANOELJK 81 TASS 
3.6 o. 8 ROUSSARIE 81 SMK2 
2.1 o.8 EDWARDS 82 CBAL 

12.91 11.21 11.01 EDWARDS 82 CBAL 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
139+ 139+ 134+ 134 
4~7+ 497 
497+ 497+ 139 
548+ 13'1+ 139 
548+ 548 

0+ 0 

( G81 
E+ E-
GAM GAMo2Pl 
GAM GAM, 2PI 
GAM GAMo2PIO 
GAM GAM,2PIO 

Wl AVG 2.95 0.40 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 

Wl A USING "'ASS, WIDTH AND BRIF TO 2PIJ FROM PDG 1~78 
W1 0 SYSTEMATIC ERROR ADDED LINEARLY BY US. 
W1 H IF HELICITY=2 ASSUMPTION IS NOT MADE 

5 F BRANCHING RATIOS 

Rl F INTO 12Pt+ 2PI-I l(p I PII I P21/CP11 
Rl o. 047 0.013 OH 10 HBC 1.26 PI- p,p F 

Rl 154 0.037 o. 007 ANDERSON 73 DBC 6. PI+N 1 P FO 
Rl 10.033 lOR lESS C.L.=.90 8UGG 73 OBC 8. PI+N,P FO 
Rl 70 0.051 0.025 EISENBERG 74 HBC 4.~ PI+P,DEL++FO 
Rl 285 0.043 0.007 .011 LOUIE 74 HBC 3.9 PI- P,N FO 
Rl 160 0.024 o. 006 EMMS 75 DBC .. PI+N.P FO 
Rl 
Rl AVG 0.0340 o. 0045 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 

R2 F INTO IPI+ PI- 2PIOJIIPI PI I CP31/IPlJ 
R2 SHOULD BE TWICE Rl IF DECAY IS RHO-RHO I SEE ASCOLI 68 J 
R2 600 0.15 o. 06 EI $ENBERG 74 HBC 4.9 PI+P,DEL++FO 
R2 (0.071 EMMS 75 DBC 4. PI+No P FO 

R3 F INTO (K KBAR)fiPl Ptl CP4J/1Pll 
R3 ~E ONLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ACCOUNT F-A2 
R3 INTERFERENCE EXPliCITlY OR DEMONSTRATE THAT A2 PRODUCTION IS 
R3 NEGliGIBlE· 
R3 C0.047J ( 0.012)+ SYST • BEUSCH 67 OSPK 5, 1,12 PI-P 
R3 20 0.031 o. 012 AOERHOLZ 69 HBC 8 PI+ P,K+K-PI-
R3 0.025 D. 015 EMMS 75 OBC 4. PI+N,P FO 
R3 • CO.D291 I 0.006) WETZEl 76 OSPK 8.9 Pt-P,KS KS 
R3 c 0.047 0.005 PAWLICKI 11 SPEC 6. PI N,K+ K- N 
R3 N 0.028 0.005 CASON 78 STRC 1. PI-P,KS KS N 
R3 o. 030 0.005 MARTIN 79 RVUE 
R3 o. 027 o. 009 POl YCHRON 79 STRC 1. PI-P.KS KS N 
R3 0.036 0.003 COSTA 80 OMEG 1-2.2 PI-P,K+K-N 
R3 0.069 o. 023 0.031 GORLICH 80 ASPK 17,18 PI-P POLAR 
R3 o. 039 o.oo8 LOVERRE 80 HBC 4. PJ-P,K K N 
R3 10.031 OR LESS Cl=.95 AGUILAR 81 HBC 4.2 K-P,LAM 2K 
R3 
R3 AVG 0.0352 o. 0023 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.21 

ISEE IDEOGRAM BELOW J 

R3 THIS DETERMINATION HAS QUANTITATIVELY ACCOUNTED FOR BOTH F-PRIME 
R3 AND A2 INTERFERENCE EFFECTS. 
R3 TAKES INTO ACCOUNT THE F-F' INTERFERENCE 
R3 N BY EXTRAPOLATION TO THE PION POLE 
R3 W USING F PRIME WIDTH"' 40 MEV 

12/78 
9/81* 
1/82• 
1/82* 
2182• 
2/82• 

2173 
1/H 
1174 

11175 
11175 
11175 

11175 
11175 

9/67 
12/75 
11175 

7111 
12177 
12178 
12179 
12179 
9/81* 

12179 
12179 
1/82* 



Mesons 
f(1270), A1(1270) 

WEIGHTED AVERAGE ~ 0.0352 ± 0.0023 
ERROR SCALED BY 1 . 2 

CHI SO 
·LOVERRE 80 HBC 0. 
·GORLICH 80 ASPK 
·COSTA 80 OMEG 0. 1 
·POLYCHRON 79 STRC 0 .8 
·MARTIN 79 RVUE 1.1 
·CASON 78 STRC 2. 1 
·PAWLICKI 77 SPEC 5.6 
·EMMS 75 Dec 0.5 
·ADERHOLZ 69 HBC _0_._1_ 

10.4 

0. 12 
(CON LEV 
=0. 1 65) 

R4 
R4 

R5 
R5 

F INTO CKO K- Pt+ AND C.C. 1/tPt PI) 
C .004JOR LESS CL=.95 EftiiMS 

F INTO lETA PI Ptt/tPt Ptl 
1.010JOR LESS CLn,95 EMMS 

F INTO lET- ETAI/IPI PII 

75 DBC 

75 OBC 

t PSI/ tPlJ 
lt. PI+N, P FO 11175 

CP61/(Pll 
4. PI+N,P FO 11/75 

CP71/tPU R6 
R6 
R6 

t. 091 OR LESS CL=. 95 
t.Ol610R LESS CL=.95 
(.051 OR LESS CL=.95 

EISENBERG 74 HBC 4.9 PI+P,OEL++FO 11175 
EMMS 75 DBC 4. PI+N,P FO 11175 

•• EDWARDS 82 CBAL GAM GAMt 4GAMMA 2/82• 

RlO 
RlO 
RlO 
RlOIH 
RlOIG 
RlO 
RlO 
RlO 
R 10 AVG 

R10 G 
R10 H 
R lOt 

F INTO CPI PIIITOTAL 
600 o.a o.o4 
250 o. 85 o. 05 

(0.821 I 0.011 
(0.803) (0.0031 
o. 847 o. 016 
0.15 D.04 

OH 70 HBC 
BeAUPRE 11 HBC 
ESTABROOK 75 PVUE 
HYAMS 75 ASPK 
BECKER 79 ASPK 
CORDEN 7q OMEG 

(Pll 
01.26 PI- P,P F 
OS PI+ P,OELTA++F 

11 PI-P,PI+PI-N 
11 PI-P,Pt+PI-N 

17 PI- P POLARIZ 
12-15PI-P, N 2PI 

0.831 0.019 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.4) 
ISEE IDEOGRAM BELOW I 

INCLUDED IN BECI<.ER 79 ANALYSIS 
USES SAME OA.TA AS HYAMS 75 
ERROR TAKES ACCOUNT OF SPREAD OF OJFFEP'ENT PHASE-SHIFT SOLUTIONS 

WEIGHTED AVERAGE - 0.631 ± 0.019 
ERROR SCALED BY 1.4 

1171 
1171 

12175 
12175 
12179 
12179 

CHISQ 
·GORDEN 79 OMEG 4. 1 
·BECKER 79 ASPK 1 .0 
·BEAUPRE 71 HBC 0. 1 
·OH 70 HBC ~ 

5.8 

0. 65 0. 75 0.85 
(CONLEY 

0.95 1. 05 =0. 1 19) 
F INTO (PI PI )/TOTAL 

..................................................... 
SELOVE 62 PP'l 9 272 
BCI\IOAR 63 PL 5 153 
GUIRAGOS 63 PRl 11 85 
HAGOPIAN 63 PRL 10 533 
VEILLET 63 PRL 10 29 

AOERHtl..Z 6lt PL 10 240 
BRUYANT 64 PL 10 232 
LEE 64 PRl 12 342 
SOOICKSO 64 PRL 12 485 

BARMI N 
BAR MIN 
CHJNG 
DERAQO 
GUI RAGOS 
WANGLER 

ll.CCENSI 
JACOBS 
,AHLIG 

65 SJNP 1 230 
b5 SJ"''P 1 623 
65 PRL 15 325 
65 PP.L 14 872 
65 PRL 11 85 
65 PR 137 8 414 

66 PL 20 557 
66 UCRL-16811 
66 PR 147 Cl41 

REFERENCES FOR F 

SELOVE,HAGOPIAN, BRODY, BAKER,LEBOY I PENNI 
BONDAR+ C AACHEN+BIRfoi+BONN+DESY+LOIC+MPI HJ 
Z.G.T. GUIRAGOSSIAN CLRLJ 
V HAGOPIAN,W SELOVE I PENNI 
VEl Ll ET, HENNESSY tB INGHAM, BLOCH+I EPOL +MILANI 

AAC HEN+BERLI N+BERL I N+P.ONN+HAI'IIBURG+LOI C+MP 1 IJ 
BRUYANT,GOLOBERG,HOLOERIFLEURY+ ICERN+EPOU I 
LEE,ROE, SINCLAI RtVANDERVELOE I MICHl 
SODICKSON,WAHLIG,MA.NNELU,FRISCH+ IMlTI I 

+OOLGOLENKO,ELENSKY,EROFEEV+ I ITEP MOSCOW I JP 
+OOLGOLENKO+EROFEEV+KRESTNIKDV+ I ITEP MOSCI 
CHUNG, DAHL, HARDY ,HESS, JACOBS ,KI RZ C LRL I 
DE~AQO, KENNEY, POIR 1 ER, SHEPHARD I NOTRE DAME I 
Z G T GUIRAGOSSIAN ILRL) 
T P WANGLERtA R ERWIN,W WALKER IWISCONSIN) 

ACCENS 1 ,ALLES-BORELLI, FRENCH, FRISK+ I CERN I 
L.O.JACOBS,THESIS flRLJ 
+SHIBATA 1GOROON,FRISCH,MANNELLI CMIT+PJSA) J 
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BARLOW 
BEUSCH 
DAHL 
EISNER 
POIRIER 
RABIN 

67 NC SOA 701 
67 Pl 25 8 '357 
67 PR 163 1:371 
67 PR 164 1699 
67 PR 163 1462 
67 THESIS 

ARMENISE 68 NC 54 A 999 
ASC.OLI 68 PRL 21 1712 
SOESEBEC 68 NP 8 4 501 
FOSTER 68 NP 8 6 107 
JCtiNS~ 68 PR 176 1651 
LAMSA 68 PR 166 1395 
WHITEHEA 68 NC 53A e11 

AOERHOLZ 69 NP 8 11 259 
AGUILAR 69 PL 29 8 241 
ARMENISE 69 LNC 2 501 
CASD 69 NC. 62 A 155 
DONALD 69 NP 8 11 551 

AGUILAR 70 PRL 25 58 
ARMENISE 10 LNt 4 199 
SADlER 7D 111P 8 22 512 
OH 1D PR 0 1 2494 
STUNTEBE 7D PL 32 8 391 

BAA. QADI N 71 PR 04 2711 
BEAUPRE 71 NP 8 28 11 
FARBER 71 NP 8 29 237 
FLATTE 71 PL 34 B 551 

AGUILAR 72 PR D 6 29 
8JSWAS 72 PR 0 5 1564 
FOGLI 72 NC 8 A 610 
GRAYER 72 PHIL .CONF.PROC. 
JACOBS 72 PR 0 6 1291 
KEMP 72 NC 8 A 611 
SCARROTT 72 LNC 3 211 
TAKAHASH 72 PR 0 6 1266 
WHtTEHEA 72 NP 8 ItS .365 

ANDERSON 73 PRL 31 562 
BUGG 73 PR D 1 3264 
CHARLESW 73 NP 8 65 253 
HYAMS 73 NP B 64 134 
TOET 73 NP B 63 24B 

EISENBER 74 PL 528 239 
ENGLER 71t PR 01D 2070 
GRAYER 74 NP B 75 189 
HOLLOWAY 74 PR D9 1161 
LOJIE 74 PL 488 385 

EMMS 75 NP 896 155 
ESTABROO 75 NP 895 322 
HYAMS 75 NP BlOO 205 
PAWLICKI 75 PR 012 631 

CEUTSCHM 76 NP B 103 lt26 
WETZEL 76 NP 8 115 20B 

ALEXANDE 77 NP 8 131 365 
ANT IPOV 17 NP B 119 45 
PAWLICK l 11 PR 0 15 3196 

~ALTAY 78 PR 0 11 62 
CASON 78 PRL 41 211 

BECKER 79 NP B 151 46 
COROEN 79 NP 8 157 250 
NARTIN 79 NP 8 158 520 
POL YCHRD 79 PR 0 19 1J17 

BERGER 
COSTA 
GORL ICH 
LOVERRE 

80 DES'f 80/34 
80 NP B 175 402 
80 "fP 8 174 16 
80 ZPH'f C 6 187 

AGUILAR 81 ZPHY C 8 313 
BRANDEL I 81 ZPHY C 10 117 
GIDAL 81 PL 107 B 153 
ROUSSARI 81 PL 105 8 304 

EDWARDS 82 PL 110 8 82 

+L I LLESTOL +MONT ANET+ ( CERN+COEF+ IRAO+l tVPJ 
+Ft SCHER ,GOBS I, ASTSURY+ ( ETH+CERNt 
+HARDY+HESS+KIRZ+MJllER fLRU 
+JOHNSON+KLEI N+PETERS+SAHN I +YEN+ . C PURDUE J 
+81 SWAS,t:ASONt CERA QQ,KENNEY+ CNDAM+ PENNI 
M. RABIN IRUTGERSI 

+FORINO+CARTACC I+ I BAR I +BGNA+FI RENZ E+ORSAYJ 
G.ASCOLt,H.S.CRAWLEY,O.W.MORTARA,+ (IlL I 
BOESEBECK, DEUTSCHMANN,+ IAAC HEN+BERll N+CERNI 
+GAVILLET+LABROSSE+MONT ANET+ I CERN+COEF t 
+POIR I ERtB I SWA S,GUT AY+ ( NOAM+PURO+SLAC I 
+CASON+BISWAS+OERAOO+GROVES+ I NOTRE DAME I 
+MCEWEN,OTT, AITKEN+ ( AER E+SHMP+t.OUCI 

+BARTSCH,+ C AACH+BERL +CERN+J AGL+WARSI 
M.AGU I LAR-SEN ITEZ, J. BARLOW,+ ( CERN+CDEF I 
+GH 10 INI, FOR INQ,CARTACC I+ C BAR t+BGN-'+F IRZI 
+CONTE, BENZ,+ ( GENO+OESY+tiAMB+MI LA.+SACL t 
+EDWARDS, BURAN, BETTINI ,+ ( L I~P+OSLO+PADO' 

AGUILAR-SEN ITE Z, BARNES, SASSANO,+ ( BNL +SYRAI 
+GH 10 INI, FOR ING,CARTACC I,+ (BAR I +BGNA.+F IRZJ 
+BONNET ,ORE VI LLON, BAUBI LLI ER, + IE POL+ I PNP) 
+GARFINKEL ,MORSE ,WALKER ,PRE NT ICE fW I SC+TNTOJ I 
STUNTEBECK, KENNEY, DEERY ,81 SWAS, CASON+( NOAMI 

BAROAN I N-OT WI NOWSKA, HOF~OKL, + C WARS I 
+DEUTSCHMANN, GRAESSLER, + C AACH+SERL+CERNI 
+DE PINTO, 81 SWAS,CASON, DEERY ,KENNEY,+ t NOAMI 
+Al STON-GARNJOS T, BAR BARD-GALT IER I,+ I LBL I 

AGUllAR-BENITEZtCHUNG, EISNER, SAMIOS ( BNLI 
+CASON ,HARR lNG TON, KENNEY, SHEPHARD (NOAH I 
FOGLI-MUCIACCJA,PICCIARELLI (BARil 

5 +HYAMS, JONES, SCHLEIN, SLUM, OI ETL+ tC ERN+MPIM I 
L.D.JACOBS tSACLA'fl 
+MAJOR ,CONTR 1, + C DURH+ GENO+M ILA+EPOL+LPNPI 
SCARROTT, KEMP I DURHAM) 
TAKAHASHI, BAR ISH,+ CTOHO+PENN+NOAM+ANL) 
WHITEHEAD, AULD,+ C AERE+RHEL+SHMP+LOUC I 

+ENGLER,KRAEMER, TOAF ,o I AZ, + ICARN+CASE) 
+CONDO, HART, COHN, ENOORF ,+ I TENN+ORNL +C INC I 
CHARLESWORTH, EMMS, BELL,+ t RHEL +8 I RM+DURH) 
+JONES, WE 1 LHAMMER, BLUM, DIETL t + I CERN+MPIM) 
+THUAN, MAJOR, RI NAUOO,+ C NIJ M+BONN+DURH+TORJ I 

EISENBERG, ENGLER ,HABER, KARSHON+ 
+KRAEMER, TOAFFt WEISSER 1 OIAZ + 
G.GRA YER, HYAMS, BLUM, 01 ETL, + 
+HULO,JOROAN, KOETZ, BERNSTEIN+ 
+AL ITTI, GANDOI S ,CHALOUPKA+ 

IREHOJ 
CCARN+CASEI 
C C ERN+MPI HI 

I tll+ILLCI 
CSACL+CERNI 

+KI NSON1 STACEY, VOTRUBA+ I B IRM+OURH+RHEL I 
P .ESTABROOKS 1 A • O.MARTI N tOUR HI 
+JONES. WEI LHAMMER, BLUM, DIETL+ ICERN+MPIMI 
+A'fRE S rOlE BOLO,GREENE, KRAMER, WI CKLUNO C ANL I 

+KIRK,+ I AA.CH+BERL+BONN+CERN+C RAC+HE IO+WARSI 
+FR EUOENRE ICH, BEUSCH, + I ETH+CERN+LOICI 

ALEXANDER,COROEN,+ I TELA+B IRI1+RHEL+lOWC) 
+BUSNELLO, DAMGAARO, Kl ENZLE, + I SERP+GEVA I 
+AYRES ,COHENt 0 I EBOLQ, KRAMER tWICKLUNO C ANLI 

+tAUT IS, COHEN, C SORNA, SM ITHt YEH, +ICOLU+B lNG I 
+BAUMBAUGH1 B 1 SHOP, 81 SWAS,KENNEY 1 +( NOAM+ANL I 

+BLANAR, BLUM, CE RRAOA+ C MPI M+CERN+ZEEM+CRAC I 
+DOWELL, GARVEY, JOBES,+ ( BIRM+RHEL+T ELA+LOWC I 
+OZMUTLU C OUR HI 
POL YCHRONAKO St CASON,B I SHOP+ ( NOAM+ANL I 

+GE NZ ER + ( AAC H+BERG+OESY +HAMS +UMO+S I EG+WUPGI 
+ t BARt +BONN+CERN+ GLAS+L IVP+MILA+Wt ENI 
+N ICZYPORUK, ROZANSKA+ C CRAC+MPIM+CERN+Z EEHI 
+ARMENT EROS .01 ON IS I+ { CERN+CDEF+MAOR+STOHI 

+ALBAJAR, ARMENTEROS ,+ C CERN+COEF+MAOR+STOH) 
BRANOELIK180ERNERt+ C TASSO COLLABORATION I 
+GOLDHABER, GUY, MILL I KAN,ABRA~S~ + C SLAC+LBL I 
ROUSSAR IE, BURKE, ABRAMS, ALAM, + I SlAC+LBl) 

+PARTR lOGE ,PECK,+ CC IT+ .. ARV+PRI N+S TAN+SLAC I ..................................................................... 
o~o•···· ............................................................... . 
IA1{1270) ,,o Al11270,JPG•lH 1•1 

The long-standing question concerning the 

resonance interpretation of the A1 has been con­

siderably clarified since the last edition of this 

Review. The results of the partial-wave analyses 

obtained in two recent high-statistics experiments 

dealing with the diffractive (DAUM 80,81) and 

charge-exchange (DANKOWYCH 81) production of the 

3~ system in ~p interactions, clearly show that 

the behavior of the l+so+ intensity with the 3~ 

mass and the phase variation of the l+so+ (p~) 

amplitude with respect to,other waves [already 

reported in a study of diffractive production 

from nuclei (PERNEGR 78)) require the presence of 
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Mesons 
AI( 1270) 

both Deck background and a resonance. 

The resonance parameters of the ~ resonance 

are obtained by fitting the data (intensity and 

relative phases) to a phenomenological amplitude 

containing direct resonance production and ,a co­

herent Deck background which is rescattered 

through the resonance (BOWLER 75, BASDEVANT 77). 

In the context of this model-dependent analysis, 

the Deck background is responsible for making the 

peak of the l+so+ intensity occur some 110 MeV 

below the most likely resonance mass. 

We take the mass values for the A1 from these 

reactions (1240 ± 80 MeV, DANKOWYCH 81; 1280 ± 30 

MeV, DAUM 81). Note, however, the result reported 

in a study of a backwardly produced 3TI system in 

the reaction K-p ~ L-TI+TI+TI- (1041 + 13 MeV, GAVIL­

LET 77). Based.on a rather small statistical sam­

ple, GAVILLET 77 fitted the l+S partial-wave in­

tensity in terms of a single.Breit~igner function 

disregarding a possible background component ·in 

the l+S wave. 

w 
w 
w 
• w 

.w 
w 

Pl 
P2 
P3 

10 Al MASS I MEV t 

A 1270 .. TO 
I 1382.1 
11041.01 

t3so. 
li3·. OJ 
(30 .. 01 
ao.o 
30.0 

BOWLER 75 RVUE +- 7-40 PI+- P 

• F 
BASDEVANT 11 RVUE - 25,40 PI- P 
GAVILLET 77 HBC + 4.2 K- P, S 3PI 

( 1230.01 AARON 81 RVUE E 
0 
0 

1240.0 
1280.0 

OANKOWYCH ·81 SPEC 08.45 ,PI-P,3PI N 
OA.UH 81 CNTR 63,94 PI- P 

AVG 1275.1 28.1 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1..01 

A USES DATA OF ANTIPOV 73,ASCOLI 74oOTTER .74oTA.BAK 74,THOHPSON 74. 
8 USES ANTIPOV 73 DATA. WE SELECT SOLUTION 8 OF BASOEVANT 71. 
0 USES THE MODEl OF BOWLER 75. 

E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
E USES DATA FROM OAUH 80 AND OANKOWYCH 81. 
f PRODUCED IN K- BACKWARD SCATTERING. 

10 Al WIDTH IMEVI 

A 240. TO 280. BOWLER 75 PVUE +- 7-40 PI+- P 

• (470.1 BASDEVANT 11 RVUE - 25,40 PI- P 
F (230.01 (50.01 GAVIllET 11 HBC + 4.2 K- P,S 3PI 
E 1350.01 160.01 AARON 81 RVUE 

0 380.0 100.0 DANKOWYCH 81 SPEC 08.45 PI-P,3PI N 
0 300.0 50.0 DAUM 81 CNTR 63,94 PI- P 

AVG 316.0 44.7 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

A USES DATA OF ANTIPOV 73,ASCOLI 74,0TTER 74,TABAK 74,THOMPSON 74. 
B USES ANTIPOV 73 DATA. WE SELECT SOLUTION 8 OF BASDEVANT 77. 
0 USES THE MODEL OF BOWLER 75. . 

E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
E USES DATA FROM OAUM 80 AND DANKOWYCH 81. 

PRODUCED IN 1<- BACKWARD SCATTERING. 

10 _A1 PARTIAL DECAY MODES 

A1 INTO RHO PI 
A1 INTO KBAR K 
A1 INTO PI IPI PII S WAVE 

10 A1 BRANCHING RATIOS 

DECAY MASSES 
769+ 139 
493+ 497 
139+ 139+ 139 

R4 A1 INfO IPJ IPJ PII S WAVEli(RHO PJI IP3)f(PlJ 
R4 E 10.0421 AARON 81 RVUE 
R4 E USES Hut TJCHANNEL AITCHISON-BOWLER MODEL. 
R4 E USES DATA FROM OAUM 80 AND OANKOWYCH 81. ........................ ·······~· .................................. . 

REFERENCES FOR A1 

BELLINI 63 NC 29 896 BELLIN I, Fl OR tNt, HERZ ,NEGRI, RATTI I MILANI 

6/81* 
6/81* 

12177 
1182* 
6/81• 

12/79 

6/81• 
6/81• 

12/11 
1/82• 
6/81• 
1182• 

3/82* 

ADERHOLZ 64 PL 10 226 
GOLDHABE 64 PRl 12 336 
LANDER 64 PRL 13 346 A 

AACH+B ERL+B tRM+BONN+DESY+HAMBURG+LO tC+MPI M 
GOL DHABER, BROWN, KA DYK., SHEN+ (LRL +UCBI 
LANDER,A60LINS,CARMONY,HENORICKS + IUCSDI JP 

ABOLINS 65 ATHENSIOHIOICONF. +CARMONY 1 LANOER,XUONG,YAGER llA JOllAU=1 
ISACL+BGNAI ALITTI 65 PL 15 69 ALITTJ,BATQN,DElER,CRUSSARD+ 

ALLARD 66 NC 46A 737 
OEUTSCHM 66 PL 20 82 
HESS 66 UCRL-16832 

ALLISON 67 PL 25B 619 
DAHl 67 PR 163 1377 
OANYSZ 67 NC 51 A 801 
JUHALA 67 PRL 19 1355 
SLATTERY 67 NC 50A 377 

ARMENISE 68 PL 26 8 336 
ASCOLI 68 PRL 21 113 
BALLAM 68 PRL 21 <;34 
BOESEBEC 68 NP B 4 501 
C ASO 68 ~C 54 A . 983 
CHUNG 68 PR 165 1491 
CNOPS 68 PRL 21 1609 
FRIDHAN 6B PR 167 1268 
JUNKMANN 68 NP 88 411 
KEY 68 PR 166 1430 

ALEXANOE 69 PR 183 1168 
AllA8Y 69 PL 296 198 
ANDERSON 69 PRL 22 1390 
BERLINGH 69 PRL 23 42 
DONALD 69 NP 8 11 551 
FAYOllE 69 NP 8 13 40 
JUHALA 69 PR 184 1461 
KENYON 69 PRl 23 146 

+OR I JARO+HENNESSY+ IORSAY+M I LAN+ SACL +UCBI 
DEUTSCHMANNoSTEINBERG + IAACHt-BERLIN+CE~NI 
R I HESS (THESIS, BERKELEY) ILRLI 

+CRUZ+ I OXF+MP I M+BI RM+RHEl+GlAS+LOIC I 
+HARDY+HESS+KIRZ+MILLER ILRU 
DANYSZ+FRENCH+S IMAK I CERN I 
+l EACOCK+RHODE+KOPELMAN+ I I OWA+COLGI 
+KRAY6lll+F0RMAN+FERBEl IYALE+ROCH) JP 

+FORI NO+CA.RTACC I+ I BAR I +BGNA+F I RZ+ORSAY I 
+CRAWLEY,KRUSE,MORTARA,SCHAFER,+ I IlliNOISI 
+BRODY, CHADioiiCK, FRIES, GUIRAGOSS IAN+ I SLACI JP 
BOESE BECK., DEUTSCHMANN,+ I AACHEN+ BERLIN+CERN I 
+CONTE+CORDS+D I AZ+ I GENOVA+HAMA+M I LA+ SACLI 
S. U.CHUNG, Q.DAHL, J. KI RZ, O. H.l'l ILLER I LRl I 
+HOUGH, COHN,BUGG+ IBNl+ORNL +UCND+TENN+PENNJ 
+MAURER, MICHALQN,OUDET + I HE IQ+STRASBOURGI 
+COCCONI + I AACH+BERL +BONN+C ERN+WARS I 
+PRE NT I CE+COOPER+MANNER+ I TNTO+ANl +WI SCI 

G. ALEXANDER ,A. FIRE STONE ,G. GOLDHA8ER ILRLI 
+8 INDN+DI OOENS+DUTEI l+KLOVN I NG+... I CERN I 
+COlliNS,+ I BNL+CARNJ 
BERLINGHIERloFARBER,+ IROCHJ 
+EDWARDS, BURAN, BETTINI , + C LIVP+OSlO+PAOOI 
+OE HDNTAIGNAC,MORAND,STRACHMAN+ (PARISI 
+LEACOCK,RHOQE,KOPEL'4AN,lt8BY,+ IISU+CDLOI 
+Kt NSON, SC ARR, + I BNL+UCND+ORNLI 

ARMENISE 70 LNC 4 199 +GHIOINt,FORING,CARTACCJ,+ IBARI+8GNA+FIRZI 
ASCOLI 10 PRL 25 'i62 +6ROCKWAY,CRAWLEY,EISENSTEIN,HANFT,+ liLLI JP 
BRANDENB 70 NP 816 3l:9 +BRENNER,IQFFREOO,JCHNSONoKIM+ IHARVAROI 
CASO 70 LNC 3 7C7 +CDRQS,COSTA+ IGENO+DESY+HA..,8+MILA+SACll 
CRENNELL 70 PRL Zit 781 +KARSHON,LAitSCARR,SIMS IBNLI 
GARELICK 70 PHILAO.CGNF.P.205 O.A.GARELICK.REVIEW INORTHEASTERNI 
RABIN 70 PRL 24 925 +GALTIERI,OERENZO,FLATTE,FRIEDMAN+ ILRLI 

ASCOLI 71 PRL 26 929 
6EMPORAD 11 NP 8 33 397 

ILL I NOI S+GENO+HAM8 +MIL+ SAC L +1-'ARV+TNTD+Wt SC 
+BEUSCH, MEL IS Sl NOS,+ ICERN+ETH+LO IC+MI LAI 

BERGER 71 PHENOMENOLOGY IN PARTICLE PHYSICS, CALTECH 1971 llRLI 
RINAUDO 71 NC 5 A 239 +BOECKMANN, MAJOR+ I TORI +BONN+ OURH+N I JM+E POL I JP 

BERENYI 72 NP 8 37 621 +PRENTICE,STEEN8ERG,YOON,WALKER (TNTO+WISCI 
BlOODWOR 72 NP 8 46 402 BLOODWORTH ,JACKSON, PRENTICE, YOON (TORONTO I 
DIEBOLD 12 BATAV.CONF.3P.17 R.OIEBOLO RAPPORTEUR TALK IANll 
LAMSA 12 NP 8 41 388 +EZHL,GAIOOS,WILLMANN (PUROUEI 
MORSE 12 NP B 43 71 +OH,WALKER,JOHNSTON,YOON (WISC+TNTOI 

ANTtPOVl 73 NP B 63 153 
ANTIPOVZ 73 NP 6 63 141 
ARNOLD 73 NC 17 A 393 
ASCOLI 1 73 PR D B 3894 
ASCOLJ 2 73 PRL 31 795 
ATHERTON 73 PL 43 8 249 
READ 13 NP B 64 5ll 

74 PR 09 1963 
74 NP B74 lt93 
74 PRL 32 1328 
74 NP 881 31 
74 NP 880 1 

+ASCOlt 1 BUSNELLO,FOCACCit+ ICERN+SERPI JP 
+ASCOL I, BUSNELLQ,FOCACC I,+ (CERN+SERPI JP 
+ENGEL, ESCOUBES t GEMESY, JANOSSY, +I STRB+BUOA I 
+JONESrWEINSTEIN,WYLD IIlLI 
+CHAP I N,CUTLER, HOLLOWAY ,KOESTER, KRUSE+ I Ill) JP 
+FRANEK, FRENCH, GHI OINt, Hll PERT,+ I CERN I 
B.J.READ (OESYJ 

+CUTLER, JONES, KRUSE, ROBERTS, kEI NSTE IN+ ( ILLI 
+OA I NTON ,KADDOURA, A ITCH ISDN I OXF J 
+RDSERTS,EDELSTEJN+ Ull+CARN+NWES+ROCHI JP 
+6 t SWAS,CA SON, KENNEY, MCGAHAN,+ I NDAM I J P 
+RUDOLPH+ (AACH+BERL+BONN+CERN+HEIDI JP 

ASCOlt 
BOWLER 
KRUSE 
LICHTMAN 
OTTER 
TABAK 
THOMPS01 
THOMPS02 

74 BOSTON CONF. 
74 PR 09 56C 

P.46 +RONAT,ROSENFELO,LASINSI<I+ flBL+SlACI JP 
THOHPSDN,GA IOOS, MC llWA I r..,w I LLMANN ( PURDI JP 

74 NP 869 3!!1 THOMPSON,BADEWtTZ,GAIOOS.MC ILWAIN+ IPUROI JP 

ABASHIAN 75 PRL 34 691 +BEAMER,BROSS,EISENSTEIN,+ ( tll+ANL+ISUI 
AITCHISO 75 Pl 59 B 288 J.J.R.AITCHISON, R.J.GDLDING IOXFOROI 
ASCOLI 75 PR 0 12 43 G.ASCOLI, H.W.WYLD I IlLINDISJ 
BEUSCH 75 PL 55B 97 +POLGAR,FREUDENREICH+ (CERN+ETH+LOIC+~ILAJ 

BOSETTI 75 NP B 101 304 +OTTER+IAACH+BERl+BONN+CERN+HEJO+lOIC+WIENI 
BOWlER 75 NP B97 221 +GAME, A lTC HI SON, DA I NTON I OXF+OARE I 
OIAZ 75 PR 12 0 1272 +DIBIANCA.FICKINGER,DADOoENGLER+ICASE+CARNI JP 
EMMS 1 75 NP 893 1 +JONES,KINSON,BELL,DALE+ IBIRM+DURH+RHELJ JP 
EMMS 2 15 PL 60 B 109 +JONES,KINSON,SELL,OALE+ I8IRM+OURH+RHEU JP 
HORNE 75 PR 011 996 +S.HAGOPIAN,V.HAGOPIAN,BENSINGER+CFSU+BRANI 
KANE 75 TENTH RENCONTRE DE MORIONO (MICHl 
WAGNER 75 PL 588 201 +TABAK,CHEW (LBLJ JP 

6AUBILll 76 NP 8 115 237 
BENZ 76 NP 8 US 385 
BRAYSHAW 76 PRL 36 73 

SAL JAY 71 PRl 39 591 
BASDEVAN 71 PR 0 16 657 
CAUTIS 71 THESIS ,._EVIS 221 
CERRADA 71 NP 6 126 241 
FERRER 17 THEStS,LAL 1295 
GAVILLET 17 PL 69 8 119 
HABER 11 NP 8 129 429 
LONGACRE 77 PRL 38 1509 
SCHULT 77 PR 0 16 62 

AlEXANDE 78 PL 73 B 99 
SAL TAY 78 PR 0 11 62 
8ASDEVAN 78 PRL 40 9'i4 
COROEN 78 NP B 136 17 
FERRER 1 78 PL 74 B 287 
FERRER 2 78 NPB 142 11 
JAROS 78, PRL 40 1120 
PERNEGR 78 NP B 134 436 
ROBERTS 7B PR 0 18 59 

CORDIER 79 Pl 6 81 389 
KASPER 79 NP 8 156 207 
MAZZUCAT 79 NP 8 156 532 

OAUM 
WAGNER 

AARON 
BELLINI 
DANKOWYC 
bAUM 
FOSTER 

eo Pl 89 B 281 
80 ZPHY C 3 193 

81 .PR 0 24 120.7 
81 PRL 
e1 PRL 46 sao 
81 NP B 182 269 
81 NP 8 187 231 

6AUBilliER,RIVDAL,ARMENISE + IBARI+l"NPJ JP 
+BRAUN + ( AACHEN+BONN+HAM6URG+HE I DB ERG+MPIM I 
D. BRAY SHAW ( SLACI 

+CAUTI S, KALELKAR 
BASDEVANT, BERGER 
C.V.CAUTIS 
+BLOCKZI JL, HE IN EN+ 
A. FERRER SORIA 
+6LOCKZ I JL, ENGELEN+ 
H. E .HABER, G.L. KANE 
+AARON 
+ WYLO 

(COLUMBIA) JP 
IFNAL+ANU JP 
ICOLUMBIAI JP 

IAMST+CERN+NIJM+OKFI JP 
IORSAYI 

IAMST+CERN+NIJM+OXFI JP 
IUNJV. OF MICHIGAN) 

( NORTH.EASTERN,BOSTON} JP 
I IlliNOIS I JP 

AlEXANDER, KNIES, +I DESY+AACH+HAM8+S I EG+WUPG I 
+CAUl I S,COHEN, C SORNA, KALELKAR+ fCOLU+B lNG I 
BASOEVANT, BERGER ( FNAl+ANll JP 
DOWEll ,GARVEY, JOSE S+ I BIRM+RHE L +T ELA+LOWCI J P 
+TREILLE 1 RIVET + I ORSAY+CERN+COEF+lPNPI 
+TREILLE,RIVET + (ORSAY+CERN+CDEF+LPNPI 
+ABRAMS, ALAM+ I SLAC+LBL +NWES+HAWAJ 
+AEBJSCHER+ IETH+CERN+LOIC+MILAI JP. 
+KRUSE,EOELSTEIN+ llll+CARN+NWES+ROCHJ jp 

+DELCOURT, E SCHSTRUTH, FULDA,+ ( LALOI 
+CHAPHAN,OEROACH.GOLD, KLEIN, MART IN+ ( MELBI 
MAZZUCA TO, PENN 1 NGlON+ I CERN+ZEEM+NIJM+OXF I 

+HERT ZBERGER+ C AMST+CERN+CRAC+MPI M+OXF+RHEll J P 
+ALEXANDER+ I AACH+CESY +1-:AMB+S I EG+WUPPJ 

+LONGACRE I NEAS+BNLI 
+01 CORATO,FRABETTI,+ (MILA+JINR+BGNAI 
+BROCKMAN, EDWARDS+ ( TNTO+BNL +CARL +MCGI +OHIOI 
+HERTZ BERGER+ I AMST+CERN+CRAC+MP I M+OXF+RHEL I 
+BLOKZ I JL, ARMENTEROS ,+ (QXF+ ZEEM+C ERN+Nt JMI ....................................................................... ...................................................................... 
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Mesons 
17( 1275), D( 1285) 

37 ETA( l275,JPG=O-H 1=0 

SEEN IN PHASE SHIFTS ANALYSIS OF THE ETA PI+ PI-
SYSTEM WITH PI+ PI- IN AN S-WAVE (STANTON 791. 
WAtT CONFIRMATION. OMITTED FROM TABLE. 

37 ETAI12751 MASS (MEV) 

( 1275.1 APPRO X. STANTON 79 CNTR 0 8.4PI-P.ETA 2PI 12/79 

37 ETA( 12751 WIDTH (MEV I 

(70. I APPROX. STANTON 79 CNTR 0 8.4Pt-P, ETA 2PI 12/79 

Pl 
P2 

R1 
Rl 

37 ETA(l2751 PARTIAL DECAY MODES 

ETA( 12751 INTO DELTA PI 
ETA I 1275) INTO ETA PI+ PI-

37 ETA(l2751 BRANCHING RATIOS. 

DECAY MASSES 
983+ 139 
548+ 139+ 139 

( Pll ETA( 12751 INTO DELTA PI 
LARGE STANTON 79 CNTR 0 8.4PJ-P,ETA 2PI 

REFERENCES FOR ETA( 12751 

12/79 

STANTON 79 PRL 42 346 +BROCKMAN, OANKOWYCH. + (QSU+CAR l+MCGI +TNTOJ J P 

*'"'*** .................................... ********* ••••••••••••••••• 
• ...... .......... • ........................ **••••••• ............................... .. 

ln(1285)1 8 Dll285.JPG=1++1 1=0 

w u 

8 0 MASS I ME VI 

s 5001 1280. I (3.) THUN 12 MMS 13.4 PI- P 
3411211. OJ HO.OJ COROEN 1'8 OMEG 12-15P I-P • K+K-P I 
46{ 1275.0 I APPROX. STANTON 79 CNTR 8 .. 5PI-P,2GAM 2PI 

1283.0 5.0 DAHL 67 HBC 1.6-4.2 PI- p 
·1290. 7. D-ANDLAU 68 HBC 1.2 PBAR P. 5-6 PFS 
1270.0 10.0 CAMPBELL 69 08C 2.7 PI+ D 
1285. 7. LORSTAD 69 HBC 0.7 PB P, 4, 5-BODY 
1303.0 8.o BAROADIN 71 HBC 8 PI+ Po P+6PJ 
1283.0 6. 0 BOESEBECK 71 HBC 16 .. 0 PI P,S .PI 

150 1292. to. DEFOIX 72 HBC 0.1 PBAR P,1 PI 
180 1286. 3. DUBOC 72 HBC 1.2 PBAR P,2K4PI 
210 1279.0 5.0 GRASSLER 77 HBC 16. PI-+. P 

A5 1295.0 12.0 CORDEN 78 OMEG 12-15PJ-P, N 5PI 
320 1282.0 2.0 NACASCH 78 1-lBC .7+.76 PB P,KKBP 
200 1288.0 9.0 GURTU 79 HBC 4.2 K- P,ETA 2Pl 

31 1275.0 6.0 BROMBERG 80 SPEC 100 Pt-P.2KPIX 
103 1283.0 .3.0 OIONISI 80 HBC 4. PI- P,K KB PI 

1278. 4. EVANGELIS 81 OMEG 12 Pt-P~ETA3PIP 

AVG 1283.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 

FROM PHASE SHIFT ANALYSIS OF ETA Pt+PI- SYSTEM. 
SEEN IN THE MISSING MASS SPECTRUM 

R 150 
R 180 
s 500 

0 34 

210 
0 85 

320 
200 

31 
103 

(35.0) 
160. I 
(44.0) 
(28.1 
146. I 
( 37. I 
155. OJ 
(10.0) 

46. 
30.0 
10.0 
24.0 
70.0 
28.3 
25.0 
22 .. 0 
29.0 
26. 

8 D WIDTH (MEV I 

{10.01 
US. I 
124.01 ( 5., 

( 9. I 
15.1 

(38.01 
APPRO X. 

20. 
15.0 
10.0 
18.0 
30.0 

6. 7 
15.0 
21.0 
10.0 
12. 

DAHL 
LORSTAO 
BARDADIN 
DEFOIX 
OUBOC 
THUN 
CORD EN 
STANTON 

D-ANOLAU 
CAMPBELL 

67 HBC 
69 HBC 
71 HBC 
72 HBC 
72 HBC 
1'2 MMS 
78 OMEG 
79 CNTR 

68 HBC 
69 DBC 

BOESEBECK 71 HBC 
GRASSlER 77 HBC 
CORD EN 78 OMEG 
NACASCH 78 HBC 
GURTU 79 HBC 
BROMBERG 80 SPEC 
DIONISI 80 HBC 
EVANGEL IS Bl OMEG 

1.6-4.2 PI- P 
0.1' P8 P, 4,5-BODY 

8 PI+ P, P+6PI 
O. 7 P~AR P 1 7 P9 
1.2 PBAR P,2K4PI 
13.4 PI- P 
12-15P 1-P • K+K-P I 
8.5Pt-P,2GAM 2PI 

1.2 PBAR Po 5-6 PFS 
2. 7 PI+ D 

16.0 PI p,s PI 
16. PI-+ P 
12-15Pl-Po N 5PI 
.7+.76 PB PoKKBP 
4.2 K- P,ETA 2PI 
100 PI-Po2KPIX 
4. PI- P,K KB PI 
12 PJ-P,ETA3PIP 

AVG 26.3 3.9 AVERAGE I ERROR INCLUDES SCALE FACTOR OF l.OJ 

0 WIDTH ERRORS ENLARGED BY US TO 4*WIOTH/SQRTINI 1 SEE K* TYPED NOTE 
P FROM PHASE SHIFT ANALYSIS OF ETA Pt+PI- SYSTE,... 
R RESOLUTION NOT UNFOLDED 
S SEEN IN THE ,_ISSING MASS SPECTRUM 

W U UNFOLD ED BY DOBRZYNSKI 71 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 

8 0 PARTIAl DECAY MODES 

INTO K KBAR PI 
INTO PI PI RHO 
INTO ETA PI PI 
INTO DELTA Pt 
INTO 2PI+ 2Pl­
IN TO K* KBAR 
INTO 4P I 

DECAY MAS5ES 
497+ 497+ 134 
134+ 134+ 769 
548+ 134+ 134 
983+ 134 
139+ 139+ 139+ 139 
891+ 497 
139+ 139+ 139+ 139 

12/72 
4/78 

12/79 

10/66 
6/68 
8/69 
9/69 
9/69 
6/71 
1/13 

12/72 
11/77 
4/78 
4/78 

12/79 
1/82* 

12179 
1/82* 

11171 
11171 
11171 
1/73 

12/72 
12/72 
4/78 

12/79 

2/72 
8/69 
6/71 

12/77 
4178 
4/78 

12179 
1/82* 

12/79 
1/82• 

Data Card Listings 
For notation, see key at front of Listings. 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as followa: The diagonal elements are Pi± OPi' where 

6Pi = '\) (0Pi6P i), while the off-diagonal elements are the normalized correlation coeffi­

cients (0Pi6Pj) /(OPi. OPj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

P1 P3 P7 
p 1 .1117+-.0266 
p 3 .2931 .4883+-.0586 
p 7 - .. 6152 -.lil341 .4000+-.0711 

8 0 BRANCHING RATIOS 

THE 0 BRANCHING RATIOS FIT IS MADE WITH THE ASSUMPTION THAT 
THE D INTO 4PI DECAY IS AlWAYS VIA DECAY INTO 1=1 PI Pt 
PAIRS IE.G., RHO PI PIJ. 

Rl D INTO IPI PI RHO) I IK KBAR Ptl I P21/IP11 
Rl 12.01 OR LESS DAHL 67 HBC 
Rl 14.0) OR LESS DONALD 69 HBC 

CHARGED Pt C.NLY 10/66 
1.2 PBAR P,5P+ 

R1 

R2 
R2 
R2 K 
R2 
R2 
R2 K 
R2 K 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 

R4 

THIS IS FOR (RHOO PI+ PI-Jf(K KBAR PIOI 

D INTO (K KBAR PIJI(ETA PI Pl1 
0.16 0.08 CAMPBEll 69 OBC 
a. 20 O. 08 OEFOIX 72 HBC 
O. 5 O. 2 COROEN 78 OMEG 
0.42 0.15 GURTU 79 HBC 

K K8fi.R SYSTEM CHARACTERIZED BY THE I=1 THRESHOlD 
ENHANCEMENT ISEE UNDER DELTAI980JJ. 

I P 111 I P31 
2. 7 PI+ 0 
0.7 P8AR P,7 PI 
12-ISPI-P 
4.2 K- P 

0.229 
0.229 

O. D61 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 
0.053 FROM FIT IERROR INCLUDES SCAlE FACTOR OF 1.0) 

0 INTO lOEllA PI )/lETA PI PI I 
SEEN 

1.0 o. 3 
0.6 0 .. 3 0.2 
0.72 0.15 

DEFOIX 
GRASSLER 
COR DEN 
GUPTU 

68 HBC 
77 HBC 
7B OMEG 
79 HBC 

(P41/(P31 
PBAR P 

0 16. PI-+ P 
12-15Pt-P 
4 .. 2 K- P 

0.1'4 o. 12 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

0 INTO 12PI+ 2PI- CINCL. RHO PI PIIIIIETA PI+PI-J(P5J/1213P3J 

1/73 
1/73 
4/78 

12179 

1/80 
11/77 
4/78 

12/79 

R4 0.46 0.15 GRASSLER 77 HBC 16. PI-+ P 11177 
R4 0.32 0.20 GURTU 79HBC 4.2K-P 12/79 
R4 
R4 
R5 
R5 

AVG 0.41 0.12 
0 INTO IK* K8~RI/TOTAL 

NOT SEEN 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
IP61 

NACASCH T1 HBC ."1+.76 PB P,KKBP 12/77 

R6 0 INTO (RHOO PI+ Pt-llt2PI+ 2PI-I ( 1/3P2/P51 
R6 1.0 0.4 GRASSLER 77 HBC 16 GEV PI+- P 11177 

R7 0 INTO (RHO PI Pli/(ETA PI Ptl (P21/(P3) 
R7 C CQ.41 OR lESS CL==.95 CORDEN 78 OMEG 12-15PI-P 4/78 
R7 C NOTE THAT CORDEN 78 AND GRASSLER 77 ARE IN DISAGREEMENT. 

0-ANOLAU 65 PL 11 347 
HILLER 65 PRL 14 1074 

BARLOW 67 NC 50 A 701 
DAHL 61' PR 163 1377 

0-ANOLAU 68 NP B 5 693 
OEFOIX 68 PL 28 8 353 

CA"'PBELL 69 PRL 22 1204 
ODrULO 69 NP B 11 551 
LORSTAO 69 NP B 14 63 
OTWINOWS 69 PL 29 B 529 

AMMAR 70 PR D2 430 

BAROADIN 71 PR 04 2111 
BOESEBEC 71 Pl 34 B 659 
GOLDBERG 71 LNC 1 627 

BERENYI 72 NP B 37 621 
CHAPMAN 72 NP B 42 1 
OEFOIX 72 NP 8 44 125 
ouaoc 72 NP B 46 429 
THUN 72 PRL 28 1133 

VUI LLEM I 75 LNt: 14 1t5 
HELLS 75 NP B 101 333 

HANDLER 76 NP B 110 173 
VUI LlEM t 1'6 NC 33A 133 

GRASSLER 77 NP B 121 189 

CCRDEN 78 NP B 144 253 
IRVING 18 NP B 139 327 
NACASCH 78 NP B 135 203 

GURTU 79 NP B 151 191 
STANTON 79 PRL 42 346 

BROMBERG 80 PR 0 22 1513 
DE BILLY 80 NP B 176 1 
0 IONISI 80 NP 8 169 1 

EVANGEL I 81 NP B 178 197 

REFERENCES FOR 0 

+BARLOW, AD~ MSON, + I CDEF+CERN+ I RAO-+L IV PI 
+CHUNG, DAHL, HESS, HARDY, K lRZ, + I LRL +UCB I 

+MONT ANET, 0-ANOLAU+ I CERN-+COEF+ IQ.AO+L IVP I 
+HAROY+HESS+KIRZ+MILlER (LRLII JP 

+ASTIER.BARLOH+ ICDEF-+CERN+lRAO+ltVPI I JP 
+RIVET, SIAUO,CONFORTO+ ICOEF+IPNP+CERNI 

+LICHTMAN,+ (PUR OJ 
+EDWARDS, BURAN, BETTINI,+ I L IVP+OSLO+PAOOI 
B.lORSTADoD-ANDLAU,ASTIER,+ ICOEF+CERNJ JP 
S.OTWINOWSKI IWARSAWJ 

+KROP AC ~OAV IS, OERR I CK+ I KAN S+NWE S+ANL +WI SCI 

BARDAOl N-OT WI NOWSKAo HOFMOK L, M ICHEJDA-+1 WARS J 
I A ACH+B ERL +B ONN+CERN +C RAC +HE I O+WAR S I 

+MAKOWSKI.TOUCHAP.D,OONALD,+ IIPN+LJVPJ JP 

+PRENTICE, ST EENBERG, YOON,WA LKER I TNTO+WI SCI 
+CHURCH,LYS,MURPHY,RlNG,VANOER VELDE IHICHI 
+NASCIMENTO, B I ZZ ARR I,+ ( CDEF+CERN I 
+GOLDBERG, MAKOWSKI, DONALD,+ ILPNP+L IV PI 
+BL IE DE No F 1 NOCCH I ARO, eO~EN o + ( STON+NEAS I 

VUILLEMIN,+ {LAUS-+NEUC+LPNP+LIVP+GLASJ JP 
+RADOJICIC.ROSCOE.LYONS,+ IOXFJ 

+PL AND. BRUCKER, KOLLER+ I RUTG+S TEV+ SET D) 

VU I LLEMt N+ llAUS+ NEUC+L PNP+l I VP+GLAS I 

+I AACHEN+Bi:RL I N+80NN+CERN+CRACOW+HE I O+WAR S I 

+COR8ETT,ALEXANDER,+ (BIRM+RHEL+TELA+LOWCI JP 
A.C. tRVtNGoH.R. SEPANGI I L tVPI 
+DEFOIX,DOBRZYNS!<I ,+ IPARIS+MAORIO+CERNI 

+GAV I LLET, BLOKZ I.JL ,+ I CERN+ZE EM+NI J M+OXF I 
+BROCKMAN, DANKOWYCHo+ !OSU+CAR L +I"CG 1 +TNT OJ J P 

+HAGGERTY t ABRAMS ,OZ ( ER SAl CIT +FN~L + ILLC+ I NO I 
+BRIANQ,DUBOCoLEVY+ ICURI+lAUS+NEUC+GLASI JP 
+GAVI LLET, A RMENTEROS+ I CERN+MADR+CDEF+STOH I 

EVANGELIST A+( BAR I +BONN+CERN+OAR E+L IVP+ MILA I 

•••**"'**"' ...................... ***"(!<***** "(1····"(1••* "(I"(ICt*"(l*** 
"***** ••••••••• *******'** "*•.e.•••"(l•* .e.•••••"(l•• ****'***** ··-····· ·"(I······ 
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For notation, see key at front of Listings. 

14 EPSllONI1300yJPG=O++) l=O 

s-wave nn and KK Interactions 

In this note we discuss information on the 

non-strange IGJPC = o+o++ partial wave (S wave) 

coupled to the nn and KK systems. 

Near the nn threshold the S wave shows no 

resonant behavior. For a discussion of the rele­

vant scattering lengths and various resonance­

like kinematic effects, see.our 1978 edit~on. 

Up to the p meson mass region, the phase 

shift o~ is (qualitatively) uniquely determined: 

it rises monotonically and reaches 60° to 70° 

near 700 MeV (SONDEREGGER 69, BATON 70, BAILLON 

72, CARROL 72, FRENKIEL 72, GAIDOS 72, PROTO­

POPESCU 73, HYAMS 73, OCHS 73, ENGLER 74, ESTA­

BROOKS 74,75. GRAYER 74). 

In the early phase-shift analyses two 

solutions for og were found (the "up-down ambi­

guity") in the 700 to 900 MeV region. The "up" 

solution corresponds to an £ resonance under the 

p meson with mass and width similar to the p mes­

on, the £(800). The "down" solution is charac­

terized by an approximately energy-independent 

phase shift of almost 90°, showing no resonant 

behavior. This ambiguity was considered resolved 

in favor of the "down" solution by the observa­

tion of a very rapid decrease in the modulus of 

the s-wave amplitude between 900 MeV and the KK 

threshold, followed by a sharp drop in the elas­

ticity. o~ is -90° at about 900 MeV and reaches 

-180° around 990 MeV (FLATTE 72, GAIDOS 72, HYAMS 

73, BINNIE 73, ENGLER 74), However, the region 

is complicated by the simultaneous presence of 

the s* resonance and the opening of the KK chan-

nel, permitting almost discontinuous jumps from 

one solution to another. 

Without polarization information, the reac­

tion nN + nnN cannot be analyzed unambiguously 

due to the fact that there are more helicity am­

plitudes than observables (see, e.g., DONOHUE 75). 

Thus one is obliged to make some supplementary 

assumptions. 

An amplitude analysis (ESTABROOKS 74) of the 

largest n-p (unpolarized) + n+n-n experiment 

(HYAMS 73, GRAYER 74) still finds both the "up" 

Mesons 
€(1300) 

and "down" solutions. This analysis assumes both 

spin coherence (the unnatural-parity-exchange, s­

channel helicity amplitudes are nucleon spin-flip, 

i.e., no A1-like exchange) and phase coherence 

(the S-wave amplitude and the unnatural-parity­

exchange, meson helicity-zero P-wave amplitude 

have the same phase). These assumptions may tend 

to bias the results (MORGAN 74, DONOHUE 75,79). 

The advent of n-p (polarized)+ n+n-n data 

(BECKER 79) has made both the spin coherence and 

phase coherence assumptions unnecessary. Analyz­

ing their data in a model-independent way, BECKER2 

79 also find both the "up" and the "down" solu-

tions. 

The reaction n+p+ n+n-~++ has been analyzed 

in the region 660 to 860 MeV (OWENS 76, DONOHUE 

79) and in the region 600 to 920 MeV (GELFAND 78) , 

using all the information carried by the ~++ de-

cay. The conclusion from both analyses is that 

the £(800) of the "up" solution cannot be ruled 

out. 

The only way to rule out a narrow £ under the 

p meson (the "up" sol·ution) is to ·study the n°n° 

system. With the exception of one experiment 

(BISWAS 81), all the n°n° experiments agree that 

no such narrow resonance is present and that the 

"down" solution describes the data well (DEINET 

69, SONDEREGGER 69, SHIBATA 70, BENSINGER 71, 

APEL 72,79, BRAUN 73, SKUJA 73, RIESTER 75, GRIVAZ 

76, DAVID 77, BORREANI 79,81).. The phase shifts 

of BISWAS 81 lie much lower than all others in the 

300-700 MeV region, thus requiring a sudden phase 

motion in the p region to match the "down" ·solu­

tion above the p. 

The region of elastic nn scattering is known 

to extend to about 990 MeV, near the KK threshold 

(BATON 70, CARROLL 72, PROTOPOPESCU 73, HYAMS 73, 

OCHS 73). Beyond 1 GeV we therefore have to con­

sider the two channels nn and KK, and beyond 1100 

MeV the nn channel also opens up. In addition, 

the solutions have inherent ambiguities related 

to the Barrelet zeros of the amplitudes. Thus 

HYAMS 75 find four solutions in the region 1.0 to 

1.8 GeV, ESTABROOKS 74 find eight solutions, and 

CORDEN 79, extending the nn analysis to 2.08 GeV, 

find another eight solutions. 
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In the past many of these solutions have been 

ruled out by imposing continuity in various ways, 

as well as analyticity and unitarity (FROGGATT 

75,77, COMMON 76, MARTIN 78). 

Unfortunately, the polarization information 

(BECKER 79) has not yet been fully analyzed. One 

notes that a model-independent partial-wave anal­

ysis (BECKER2 79) agrees qualitatively with solu­

tions S and S' (of MARTIN 78). 

The s and s· amplitudes describe the experi­

mental moments in each bin without any explicit 

smoothing; they are analytic in s and approxi­

mately analytic in cos8. They take into account 

all waves up to £ = 4. The S solution has a 

highly elastic S wave, whereas the S wave of 

solution S' is somewhat inelastic (MARTIN 78). 

The unique solution of FROGGATT 77, which has ex­

plicit smoothness built in and which takes account 

only of £ <;;; 3 waves, is rather similar to s. How­

ever, it has problems with unitarity, apparently 

because of the neglected G wave (MARTIN 78). 

The S wave is clearly resonant in the data of 

BECKER2 79. In the 1150 to 1400 MeV region both 

the S-P and S-D phase differences show the pres­

ence of a broad resonance, and the intensity of 

the S wave confirms this by exhibiting a peak at 

about 1300 MeV with a width of about 300 MeV; see 

Fig. l(a). 

The amplitude analysis of the TI-p~ TI+TI-n 

experiment of CORDEN 79 has two preferred solu­

tions which are close to Sand S', giving some 

support for an £(1300). Also the S wave in the 

TI 0TI 0 system tends to confirm the £(1300) by stay­

ing near its unitarity limit around 1200 MeV 

(APEL 79). 

Independent evidence for the £(1300) comes 

from studies of the KK systems. In the reaction 
- 0 0 0 TIP ~ KsKsn, the s wave exhibits a large intens1ty 

in the 1300 MeV region (WETZEL 76, LOVERRE 80), 

with some evidence for a bump. Moreover, the 

Y~ moment shows a large negative excursion indi­

cating S-D interference (CASON 76, WETZEL 76, 

POL YCHRONAKOS 7 9 1 GOTTESMAN 80 , LOVERRE 80) • The 

main problem is the isospin of the bump: if OPE 

were the only mechanism, I=O would be assured. 

However, an I=l non-OPE contribution in the same 

region cannot be excluded. Moreover, the I=l 
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K-Ko system does show some peaking (MARTIN 79), 

so one will possibly have to disentangle two res­

onances in the K~K~ bump. 

In agreement with this, the K+K- system pro­

duced in TI-p, TI+n, and TI-P (polarized) scattering 

clearly shows the s wave peaking at 1300 MeV [see 

Fig. l(b), (c)); again, both I=O and I=l may be 

present (PAWLICKI 77, MARTIN 79, COHEN 80, COSTA 

80, GORLICH 80, WICKLUND 80). 

To get from phase shifts to" resonance parame­

ters and qq-composition one has to make coupled­

channel analyses. It has become evident that it 

is not enough to consider the channels TITI and KK 

only: nn must also be included. Two such fully 

unitarized analyses (ACHASOV 79,80,81, TORNQVIST 

82) finally appear to bring order to the scalar 

SU(3) nonet. TORNQVIST 82 is more general in 

considering simultaneously all the pseudoscalar­

pseudoscalar meson pairs coupling to the full 

scalar multiplet, but confirms well the earlier 

results of ACHASOV 79,80. 

The picture emerging (TORNQVIST 82) is that 

of a dominantly qq-system with large qqqq compo­

nents in the form of virtual two-meson bound 
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Fig. 1. (a) The absolute intensity (in ~b) of the 
TI+TI- s wave in 40 MeV bins (without dividing by the 
bin size), as given by the "down" solution of 
BECKER2 79. (b) Absolute intensity (in ~b/GeV3 ) 
of the K+K- s wave, as given by the favored solution 
of COHEN 80, for ltl < 0.08 Gev2• (c) The absolute 
intensity (in ~b/40 MeV bin) of the K+K- S wave, as 
given by the favored solution of GORLICH 80. 
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states. At the SU(3) level, two isoscalar reso­

nances are needed, a narrow s* superimposed on 

a broad £. The position and width of the s* are 

well determined by its interference with the c, 

visible as a dip in the ~~ ~ ~~ cross section. 

The s* appears particularly clearly as a TI+TI- peak 

in J/~ decay (GIDAL 81) and as a 2-prong peak in 

yy interactions (BRANDELIK 81). 

'!be mass and width of the· c, however, are 

difficult to define in any simple way, its Breit­

Wigner shape being completely distorted by hadron­

ic mass renormalization effects (cusps) from the 

~~, KK, and nn channels (MORGAN 74, ACHASOV 

79,80,81, IRVING 81, TORNQVIST 82). 

'!be long-standing contradiction between the 

* small coupling of the s to ~~ - evidence for a 

pure ss system - and the Gell-Mann-Okubo mass for-

* mula prediction of the,s bein9 an SU(3) singlet, 

is also now resolved. The mixing angle turns out 

to be a very strong function of energy, nearly 

ideal below the KK threshold, but rapidly ap­

proaching the configuration s*-octet/c-singlet at 

about 1400 MeV (TORNQVIST 82). This also lends 

support to the simpler analyses which find an av­

erage KK branching ratio in the 1300-1400 MeV re­

gion of the order of 10% (MARTIN 78, ESTABROOKS 

79, GREENHUT 79, COSTA 80, GORLICH 80, LOVERRE 

80). 

For further discussion of the scalar nonet, 

see the mini-reviews under o(980) and K(l350) and 

Appendix IIC. 

w 
w 
w p 

w 
w p 

P1 
P2 
P3 

( 1256.01 
( 1270. I 
I 1300. I 

1425. 
( 1394. I 
( 1390. I 

(400. I 
(150. I 
160. 

(220.1 
11400. I 

lit EPSILON MASS (MEVI 

FROGGATT 11 RVUE 
APPROX. MARTIN 78 RVUE 
APPROX • POL YCHRON 19 STRC 

15. WICKLUND 80 SPEC 
IRVING 81 RVUE 

APPROX. TORNQVI S 82 RVUE 

14 EPSilON WIDTH CMEVI 

APPROX. 
APPROX. 

30. 

APPRO X. 

FROGGATT 77 RVUE 
POL YCHRON 79 STRC 
WICKLUND 80 SPEC 
IRVING 81 RVUE 
TORNQVIS 82 RVUE 

PI+PI- CHANNEL 
PI+PI- CHANNEL 
1. Pt-P,KS KS N 
6. PI N,K+ K- N 
PI+PJ-,K KBAR CH 

PI+PI- CHANNEL 
1. PJ-P,KS KS N 
6. PI N,K+ K- N 
PI+PI-,K KBAR CH 

E WIDTH DEFINED AS DISTANCE BETWEEN 45 AND 135 DEGREES PHASE SHIFT. 
FROM POLE !lOS IT ION 

14 EPSILON PARTIAL DECAY MODES 

EPSILON INTO PI PI 
EPSILON INTO K KBAR 
EPSILON INTO ETA ETA 

DECAY MASSES 
139+ 139 
497+ 49:'1 
548+ 548 

12177 
12/77 
12/79 
9/81• 
3/82* 
1/82• 

12177 
12/79 
9/81* 
3/82* 
1/82* 

12/77 

Mesons 
€(1300) 

14 EPSILON BRANCHIIIIG RATIOS 

R1 EPSILON INTO IP1 PII/TOTAL IPll 
R1 (0.73) HYAMS 75 ASPK 17.2 PI-P.PI+PI-
R1 0.936 o. 019 0.015 GORLICH 80 ASPK 17•18 PI-P POLAR .. 10. 93) LOVERRE 80 HBC 4. PI- P.K K N 
R1 (0.93) APPRO X .. TORNQVI S 82 RVUE 

R2 EPSILON INTO IK KBAR)/(PI P1 I I P21! I Pll 
R2 o.oa 0.01 COSTA 80 OMEG 0 10 PI-P,K+ K- N 

• ................ ********* ..................... ********* ................. . 

SAMIOS 62 PRL 9 139 

BLOKHINT 63 JETP 17 80 
BOOTH 63 Pet 132 2314 
K IRZ 63 PR 130 2481 

BARISH 64 PR 135 8 416 
CRAWFORD 64 PRL 13 421 
DEL FA8R 64 PRL 12 614 
KALMUS 64 PRL 13 <;19 

BATON 
BIRGE 
BROWN 
DURAND 

65 IIIC 36 1149 
65 PR 139 B 1600 
65 CORAL GABLES 219 
65 PRL 14 129 

BETTINI 66 NC 42.11 6':j5 
JACOBS 66 PRL 16 669 
KOPELMAN 66 PL 22 118 
LOVELACE 66 PL 22 ~32 

ANDERSON 67 PRL 18 8<;1 
BEUSCH 67 PL 2 5 8 357 
CLEGG 67 Pll 163 1664 
CORBETT 67 PR 156 1451 
GUTAY 67 PRL 1B 142 
JOHNSOO 67 PP 163 1491 
MALAMUD 67 PRL 19 1056 
WALKER 61 RMP 39 695 
WALKER 67 PRL 18 630 

BANDER 68 PR 168 1679 
BISWAS 68 PL 27 8 513 
BRAUN 68 PRL 21 1275 
DUTTA-RO 68 PR 169 1357 
E ISENHAN 68 PRL 20 758 
FOSTER 68 NP 8 6 107 
HYAMS 68 IIIP 87 1 
JONES 68 PR 166 1405 
J CJ-1NSOO 68 PR 176 1651 
LOVELACE 68 PL 28 B 264 
HARATECK 68 PRL 21 1613 

REFERENCES FOR EPSILON 

+BACHMAN, LEA+ I BNL +CUNY+COLU+KNTY J 

8LOKHINTSEVA • GREI 8 I NNI K ,ZHUKOV + 
+ ABASHtAN 

I DUBNAJ 
CLRLI 
flRLI +SCHWARTZ + TRIPP 

BARISH, KUR Z t PEREZ-MENDEZ, SOLCMON 
+GROS S"'AN,LLOVD, PRICE, FCWL ER 

(LRLJ 
I LRLJ 

fFRASCATIJ 
ILRL+WISCONSJNI 

DEL FABRO,DE PRETIS,JONES+ 
+KERNAN, PU, POWELL, OOWO 

J.P.BATON, J,.REGNIER 
+EL Y+G IDAL +KALMUS+CAMER INI + 
BROWN+FA I ER 
L. DURAND AND Y.T. CHIU 

(SACLAYI 
I LRL+WI SC) 

(NORTHWESTERN) 
(YALE) 

+CR ES T1 ,LI MENTANt, LORI A ,PERUZZO+ f P ADO+P I SAl 
+SHOVE I LRLI 
+ALLEN,GODDEN,MARSHALL + ICOLORADO+tOWA) 
LOVELACE,HEINZ,OONNACHIE ICERNI 

+FUKUI +KESSLER+ (CHI C+ANL+CNRC+MCG ILL +LOQM I 
+FISCHER ,GOBB I, ASTBUR Y+ ( ETH+CERNJ 
A.B.CLEGG ILANCASTERI 
+OAMERELL+M I DDLEMAS+NEWTON ( OXF+RHELI 
+JOHNSON+L OEFFLER+MC I LWA IN+ C PURDUE +LRL I 
+GUT AY, ElSNER, KLEIN, PETERS • SAHNI, YEN+ ( PURO I 
E.MALAMUD + P.E.SCHLEIN IUCLAI 
W.O.WALKER CWJSCONSINI 
+CARROLL, GARFINKEL 1 OH (WI SCONS 1 N I 

+SHAW,FULCO (UC IRVJNE+S.SARBARAJ 
+CASON, JOHNSON, KENNEY, POIRIER+ ( ~OAMJ 
BRAUN.CLINE,SCHERER IWISCONSINJ 
B. OUTTA-ROY, t.R. LAPIDUS CSTEVI 
EISENHANOLER, MISTRY .MOSTEK + f CORNELLJ 
+GAV I LLET+LABROSSE+MONT ANET + C C ERN+CDEF I 
+KOCH 1 POTTER, •• VON Ll NO ERN, LOREN I CERN+MP I Ml 
+CA LOWELL +ZACHAROV+HART ING+BL EULER+ I CERN) 
+PO I R I ER tB I SWA S, GUT AY+ I NOA~+PURO+ SLAC I 
C.LOVElACE CCERNI 
+HAGOP tAN,+ ( PENN+LRL +COLO+PURD+TNTO+W 1 SCI 

61rZARRI 69 NP 61~ 1691SEE P.190J+FOSTER,GAVILLEf,GHESQUIERE+ ICERN+CDEFI 
DAVISON 69 PR 180 1.333 +BACASTOW,BARKAS,+ IUCR+UCBJ 
OEINET 69 PL 30 B 359 +MENZIONE,MULLER,STAUDENMAIEI<,+ (KARL+CERNJ 
ELY 69 PR 180 1319 +GIDAL,HAGOPIAN,+ (UCB+LOUC+WISCI 
FELDMAN 69 PRL 22 316 +FRATI 1 GLEESON,HALPERN.NUSSBAUM 1 + CPENNJ 
GUTAY 69 NP B 12 31 +CARHONY,CSONKA.LOEFFLER,MEIERE (PURDUE) 
HALL 69 NP B 12 573 +MURRAY,RIOOIFORO IBIRHINGHAMI 
HOPKINSO 69 NC 59 A 181 J.HOPKINSON,R.G.ROBERTS fCERNI 
MALAMUD 69 ARGONNE CONF.P.93 E.MALAMUO. P.SCHLEIN (UCLA) 
MORGAN 69 NP B 10 261 Q.MORGAN,G.SHAW CRHEU 
ROBERTS 69 Pl 29 6 368 R.G .. ROBERTS, F. WAGNER fCERNI 
SCHARENl 69 AC!.GONNE CONF.306 SCHARENGUIVEL (PUROUEI 
SCHAREN2 69 PR 186 1~87 SCHARENGUIVElfPURD+LRL+CERN+COLO+PENN+TNTOJ 
SMITH 69 PRL 23 335 G.A.SMITH, R.J.I~ANNING CMSU+LRLI 
S CNOEREG 69 SEE BASDEVANT 72 SONDEREGGER, BONA MY ( SACL I 
STRUGALS 69 PL 29. B 518 +CHUVILO,FENYVES,+ IWARS+JINR+BUDAI 

ALSO 70 NP B 24 358 STRUGALSKt,CHUVILO,FENYVES 1 GEMESY 1 + COUBNAJ 
WAGNER 69 NC 64 A 189 F.WAGNER ICERNJ 

BARTSCH 70 NP 8 22 1 
BATON 70 PL 33 8 528 
BRODY 70 PRL 24 948 
DIAZ 70 NP B 16 239 
HYAMS 70 PHILAO.CCNF .. P .. 41 
MAUNG 70 Pl 33 B 521 
MORGAN 1 70 SPRINGER TRACTS 
MORGAN 2 70 PR 0 2 520 
NIELSEN 70 NP 8 22 525 
OH 70 PR 0 1 2494 
SCHARENG 70 NP B 22 16 
SHIBATA 70 PRL 25 1227 

ALSTON-G 11 PL 36 B 152 
8ANAIGS 71 NP B 28 509 
BEAUPRE 71 NP 8 28 17 
BENSINGE 71 PL 36 8 134 
OUBAL 71 NP B 32 535 
GUILLOU 11 NC 5 A 659 
GUT AY 71 NP B 27 486 
HAMILTON 71 SPRINGER TRACTS 
K lM 11 PR 0 4 26 5 

+KEPPEL 9 GENSCH• MORRISON,+ t A ACH+BERL +CERN I 
+LAURENS,REIGNJER ISACLAY) 
+GROVES, VAN8ERG, MAGL I C+f PENN+RUTG+UPNJ+ANLI 
+GAVI LLET 9 L ABROSSE, MONT ANET + ( CERN+COEF) 
+SCHLEIN, BE USC H.+ ( C ERN+MP I M+ETH+LOIC+HAWAI 
+MASEK. MILLER, RUDERMAN • VERNON,+ tuCSO+LRL I 

MOO .. PHYS. • VOL .. 55, P. 1. MORGAN • PI SUT I RHEL+C ERNJ 
D. MORGAN,G. SHAW I RHEU 
+LV NG- PETERSEN. PI ET AR IN EN (NORD IT AI 
+GARFINKEL, MORSE • WALKER ,PR ENTICE (WI SC+ TNTO I 
SCHARENGUI VEL, GUTAY, MILLER,+ I PURO+P ENNJ 
+FRISCH.WAHLIG OUT! 

ALS TON-GARNJOST, BARBARO-GALT 1 ER I,+ ( LBU 
+BERGER .ouFLO, GOLD ZAHL, COTT EREA+ IS ACL +CAENI 
+DEUTSCHMANN, GRAES SL ER, + I AACH+B ERL+CERN I 
BENSINGER. ERWIN, THOMPSON• W .. D. WALKER (WI SCI 
L .. DUBAL,D.J .. BROWN ICNRC+CARU 
LE GUILLOU,MOREL.NAVELET CCERN) 
+SCHARENGUI VEL, FUCHS, GA IOOS t MILLER,+ I PUROI 

MOO.PHYS.,VQL. 57,P.41 J,.HAMILTON INOROITAI 
+BANDER fUCI) 

LYNG PET 71 PHYS.REPRTS 2 155 J.LYNG PETERSEN (REVIEW) fCERNI 

APEL 72 PL 41 B 542 
BAlL LON 72 PL 3 8 B 555 
BASDEVAN 72 PL 41 B 178 
BRODY 1 72 PRL 28 1215 
BRODY 2 72 PRL 28 1217 
CARROLL 72 PRL 28 318 
HVEKJAE 72 NP B 43 445 
FLA TTE 72 PL 38 B 232 
FRENKIEL 72 NP B 47 61 
GA I DOS 12 NP B 46 449 
PRASAD 72 PR 0 6 3216 
NIELSEN 12 NP B 49 586 
HHI TEHEA 72 NP B 48 365 
WILLIAMS 72 PR 0 6 3178 
ZYLBERSZ 72 PL 38 B 457 

ANJOS 73 NP B 67 ~7 

BANAl GS 1 73 PL 43 B 535 
BANAIGS2 73 NP B 67 1 
BASOEVAN 13 AIX CONF.P.220 
BEl ER 73 PRL 30 199 
BINNIE 73 PU 31 1534 
BRAUN 73 PR 0 8 3194 
HYAMS 73 NP B 64 134 

+AUSLANDER .MULLER, BERTOLUCC I,+ I KA.RL+P I SAl 
+CARNEGIE, KLUGE, LEI TH,L YNC H, RATCL! FF+( SLAC I 
BASDEVANT 1 FROGGATT • PETERSEN I CERN I 
+GROVES, MAGLI CH .NOREM,+ f PENN+RUTG+UPNJ) 
H.BROOY (PENNSYlVANIA} 
+01 AMONO, F I RE8AUGH• MA TTHEHS 1 + fW I SC+TNTO I 
F.ELVEKJAER (AARHUS) 
+ALSTON-GARNJOST, BAR BARD-GALT IER I, f LBLI 
+GHESQU I ERE, L ILLES TOL.CHUNG, + C CDEF+CERN I 
+MCILWAIN, THOMPSON, WILlMANN ( PURt)UE) 
+BREHM ·CUNJV.OF MASSACHUSETTS! 
H.NIELSEN.G.OADES (NORO+AARHUSI 
WHI TEHEAO, AULD.+ ( AER E+RHEL +S HMP+LOUC I 
P.K.WilLIAMS (FSUI 
ZYL BERSZTEJN, 8 AS ILE, BOURQUIN,+ ( GEVA+SACLJ 

+0. LEVY, A. SANTORO f SAC LA YJ 
+COTTERE AU • FABBRI,+ I SACL +CAEN+FRAS I 
+BERGER, GOLDZAHL.COTTEREAU • + I SACL+C AENI 
J.l.BASOEVANT RAPPORTEUR TALK (PARIS VII 
+BUCHHOLZ. MANN, PARKER, ROBERTS I PENNI 
+CARR, OEBENHAM, DUANE ,GARBUTT • + ( LOI C+SHMP J 
+O.CLINE CWISCJ 
+JONES, WE I LHAMMER, BLUM 9 01 ETL, + CC ERN+"1PI MJ 

FOR OTHER RESULTS ON SAME EXP ER 1 MENT SEE GRAYER 74 

9/81* 
9/81* 
9/81* 
1/82* 

1/82• 



Mesons 
e(1300), 1T(l300), A2(1320) 

OCHS 
PIL KUHN 
PROTOPOP 
RISSER 
SKUJA 

13 THESIS 
73 NP 8 65 460 
73 PR 0 1 1280 
73 Pl 43 8 68 
73 PRL 31 653 

BASDEVAN 74 NP B 72 413 
BONNIER 74 NP 8 83 440 
CARROll 74 PR 0 10 1430 
ENGLER 74 PR 0 10 2070 
ESTABROO 74 NP 8 79 '301 
GRAYER 74 NP 8 76 375 
JONES 74 NP 8 83 93 
MORGAN 74 Pl 51 8 71 
ORI TO 74 Pl 48 B 380 
PASCUAL 74 NP B 83 362 

BAR-NIR 75 NP 6 87 109 
BARRY 75 NP B 85 239 
BASOEVAN 75 NP 8 98 285 
DONOHUE 75 NC 25 A 409 
ESTABROO 75 NP 8 c:l5 322 
FROGGATT 75 NP 8 91 454 
FUJI I 75 NP 8 85 119 
HYAMS 75 NP 8 100 205 
MORGAN 75 ARGONNE CONF. 45 
RIESTER 75 NP 6 96 407 
SHIMAO.t. 75 NP 8 100 225 
SRINIVAS 75 PR D 12 681 

BANAIGS 
CASON 
CERRADA 
COMMON 
flATTE 
GRIVAZ 
OWENS 
PAWLICKI 
WETZEL 

76 NP B 105 52 
76 PRL 36 1485 
76 Pl 6 2 8 353 
76 NP B 103 109 
76 PL 63 8 228 
76 Pl 61 8 400 
76 NP 8 112 514 
76 PRL 37 1666 
76 NP B 115 208 

FROGGATT 11 NP B 129 89 
DAVID 11 PR D 16 2027 
MARTIN 11 NP B 121 514 
PAWLICKI 77 PR 0 15 31q6 
ROSSELET 17 PR D 15 574 

AGUILAR 78 NP B 140 73 
GELFAND 78 NP B 138 365 
HOLMGREN 78 PL 77 B 304 
MARTIN 78 ANP 114 1 

ACHASOV 79 PL 8 88 367 
APEL 79 NP 6 160 42 
BECKER 1 79 NP B 150 301 
BECKER 2 79 NP 8 151 46 
BORREANI 79 NP B 147 28 
CORDEN 79 NP B 157 250 
DONOHUE 79 NP B 158 123 
ESTABROO 79 PR 0 19 2678 
GREENHUT 79 PR D 20 2326 
MARTIN 79 NP B 158 520 
POLVCHRO 79 PR D 19 1317 

ACHASOV 80 SJNP 32 566 
BOHACJK 80 PR D 21 1342 
COHEN 80 PR 0 22 2595 
COSTA 80 NP 8 175 "'02 
DE BILLY 80 NP 6 176 1 
GORLICH 80 NP 6 174 16 
GOTTES"tA 80 PR 0 22 150.3 
LOVERRE 80 ZPHV C 6 187 
WICKLUND 80 PRL 45 1469 

ACHASOV 81 Pl 102 B 196 
AGUILAR 81 ZPHY C 10 299 
AGUILAR2 81 ZPHY C 8 313 
SORE ANI 81 NP 8 187 42 
81SWAS 81 PRL 47 1378 
BRANDEL I 81 ZPHY C 10 117 
GtOAL 81 PL 107 B 153 
IRVING 81 ZPHY C 10 45 

TORNQVI S 82 HU-TFT-82-1 

THESIS IMPIMI 
+SCHMIDT ,MARTIN 1 + (KARL +CERN+LOUC+Nt JMI 
PROTOPOPESCU, GARNJOST, GALT I ER It FLA TTE+ ILBL I 
T~RISSER,M.O.SHUSTER ISACLI 
+WAHL JG,RI SSER t PRJ PSTE t N,NELSON, + I LBU 

BASDEVANT, FROGG ATT, PETERSEN ILPTP+NORDI 
B.BONNIER,N.JOHANNESSON ICERNI 
+MATTHEWS, WALKER+ I SLAC+Q(J{E+WISC+TNTOI 
+KRAEMER, TOAFF, WEISSERt OIAZ+ ICARN+CASEI 
P.ESTABROOKS,A.D.MARTIN IOURHI 
+HYAMS, JONES ,SLUM, 01 Ell I C ERN+MPI Ml 
+ALLISON 1 SAXON IOXFI 
O.MORGAN ( RHELI 
+FERRER, PAOLUZ I, SANTON 1 CO I FRAS+ROMAI 
P. PASCUAL, F .J. YNOURAI N I BARC+MAOU I 

+RISSER, SHUSTER 
G.W.BARRY 

C CERN+UCSB+TELAI 
C PUROI 
ILPTPI 
C SORCI 

BASOEVANT, CHAPEllE ,LOPEZ, S I GElLE 
J. T. DONOHUE 1 Y .LEROYER 
P. ESTABROOKS, A.O.MARTI N 
C. D. FROGGA TT, J .t.PETEP SEN 
Y .FUJI t,M.FUKUGITA 
+JONES, WE I LHAMMERt BLUM, 01 ETL+ 
O. MORGAN 
+ARNOLOtENGElt PATY 
T.SHIMAOA 
SRINIVASAN, HELLANO,LENNOXI KLEM+ 

IDURHI 
I GLAS+NORDI 

CTOKYI 
I C ERN+MPI Ml 

I RHEU 
C STRBI 
tTOKYJ 

I NOAM+ANLJ 

+BERGER, GOLOZAHL,COTTER EAU+ ( SACL +CAEN+FRASII, J P 
+POL YCHRONAKOS, BISHOP, 6 ISWAS, + I NDAM+ANLI I J 
+GONZ AL EZ-ARJI.OYO, RUBIO, YNOURA IN ( C ERN+MADRJ 
A .K .COMMON C KENTJ J P 
S.M.FlATTE CCERNJ 
+OAVI S, HALSTE JNSll D, IRWIN,+« LAL 0+8 ERG+EPOU 
+EISNER, CHUNG, PROTOPOP ESCU I CASE+BNL I 
+AYRES, COHEN, OJ EBOLD, KRAMER 1 WICKLUND C ANLII, J P 
+FR EUOENRE ICH, BEUSCH,+ ( ETH+CERN+LOICI 

+PETERSEN IGLASGOW+COPENHAGENI 
+VILLET, AYED, BAR EYRE, BORGEAUD ,+ ( SACLI 
+OZMUTLU, SQUIRES (DURHAM I 
+AYJI.ES,COHEN 10IEBOLOtKRAMER,WICKLUND UNUJ J 
+EXTERMANN, FISHER, BERG ER,BLOCH, +CGEVA+SACL I 

+CERRADA,+ ( HAOO I O+BOMBAY+CERN+PAR IS I 
+DAGI.Noll SSAUER,OREN ,ABRAMS+ I TELA+UCB I 
+PENNINGTON ISTOH+CERNI 
A.D. MART IN, M.R. PENNINGTON C CERN I 

+DEVYANIN,SHESTAKOV CNOVOJ 
+AU SLANDER 1 MULLER, REHAK+ I KARL+PI SAl 
+BLANAR 1 BLUM, CERRADA+ C MP I M+CERN+ZEEM+CRAC J 
+BLANAR,SL UM ,CERRAOA+ ( MPIM+CERN+ZEEM+CRAC I 
+FISHER, GUY, ElY 1lEUTZ, +(TOR I +RHEL+lBL+CERNI 
+DOWEllt GARVEY, JOBES,+C BIRM+RHE L+TELA+LOWC J JP 
+LEROYER IBORD+ANL+OXF I 
P.ESTABROOKS ICARLJ 
+INTEMANN C SETOJ 
+OZMUTLU CDURHII ,JP 
POL YCHRONAKOStC ASOr-.1, B I StOP+ I NOAM+ANL J I, J P 

+OEVYANIN 1 SHESTAKOV CNOVDI 
J o BOHAC I K, H. KUHNEL T ( BRATISLAVA+Wt ENJ 
+AYRES, 01 EBOLD, KRAMER, PAWL ICK t+ C ANLI I, JP 
+ ( BARI+BONN+CERN+GlAS+l tVP+MILA+WIENI 
+BRIANOoDUBOC,LEVY+ CCURJ+LAUS+NEUC+GLASJ JP 
+N I CZYPORUK ,ROZANSKA+ I CRAC+MPIM+C ERN+ZEEMt 
GOTTESMAN, JACOBS,+ ( SYRA+BRAN+BNL +C INC J 
+ARMENTEROS, Dl ON IS I+ I CERN+CDEF+MADR+STOH II, J P 
+A YRE S1 COHEN, DIEBOLD, PAWLICKI I ANU 

+DEVYANIN 1 SHESTAKOV I NOVO I 
AGUILAR-BEN ITE z, DONE, MARTIN ( I"'ADR+DURHI 
+Al BAJARt ARMENT EROS,+ C CERN+CDEF+MADR+STOHI 
+GUY 1 MARCHETTO, MAURI ZI 0 1 + CTORI+RHEL+CERNJ 
+CASON, BAUMBAUGHoB I SHOP ,CANNATA, +I NDAM+ANL) 
BRANDEL IK+ I AACH+BONN+ OESY+HAMB+LOIC+OXF+ J 
+GOLDHA8ER ,GUY, MILLIKAN ,ABRAMS,+ I SLAC+LBL J 
+MARTIN 1 DONE ILIVP+DURH) 

N.A.TORNQVIST CHELSI ............................................................................. ....................................................................................... 
11T(1300)l 

1273.0 
1200. 
1342. 

II400., 

58 Ptcl300,JPG:c0--l J:c1 

SEEN IN PARTIAL WAVE ANALYSIS OF THE 
OIFFRACTIVELY PRODUCED 3 PI SYSTEM. 

58 Plll3001 MASS IMEVI 

so.o 
30. 
20. 

APPRO X. 

AARON 
BELLINI 2 
BONES INI 
OAUM 

81 RVUE 
81 SPEC 
81 OMEG 
81 SPEC 

AVERAGE MEANINGLESS ISCALE FACTOR" 2.81 

E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
M E USES DATA FROM OAUM 80 AND DANKOWYCH BI. 
M P FROM A FIT TO JP=D- EPSILON PI PARTIAL WAVE. 

w 

580.0 
330. 
220. 

1600. I 

58 PH13001 WIDTH IMEVI 

100.0 
40. 
70. 

APPRO X. 

AARON 
BELLINI2 
BONESINI 
OAUM 

W AVERAGE MEANI~GLESS I SCALE FACTOR"' 2.11 

SI RVUE 
81 SPEC 
81 OMEG 
81 SPEC 

E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
E USES DATA FROM DAUM 80 AND OANKOWYCH 81. 

W P FROM A FIT TO JP=D- EPSILON PI PARTIAl WAVE. 

40 PJ-A,3PI A 
12 PI-P,3Pt P 
63,94 PI- P 

40 Pl-fl.o3PI A 
12 PI-P, 3PI P 
63,9-\ PI- P 
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Data Card Listings 
For notation, see key at front of Listings. 

P1 
P2 
P3 

58 Plll3001 PARTIAL DECAY MODES 

PJC13001 INTO RHO PI 
PI (13001 INTO EPSILON PI 
PU13001 INTO PI IPI PI} S WAVE 

58 PIC1300) BRANCHING RATIOS 

DECAY MASSES 
769+ 139 

1300+ 139 
139+ 139+ 13q 

Rl PJ(1300) INTO CPt (PJ PI I S WAVE/I RHO Ptl (P3111Pll 
R1 (2.121 AARON 81RVUE 
R1 USES MULTICH~NNEl AITCHISON-BOWLER MODEL. 
R1 USES DATA FROM DAUM 80 AND DANKOWYCH 81. ........................................................................................... 
OAUM 

AARON 
BELLINI I 
BELL INJ2 
BONES INI 
DANKOWYC 
OAUM 
EVANGEL I 

80 PL 80 8 28t: 

81 PR 0 24 I207 
81 LISBON CONF. 
81 CERN-EP/81-98 
81 Pl 103 B 75 
81 PRL 46 580 
81 NP 8 182 269 
81 NP 8 178 1q7 

REFERENCES FOR PIU300I 

+HERTZ BERGER+ I AMST+CERN+CRAC+MPIM+OXF+RHELI 

+LONGACRE I NEA S+BNU 
+I VANSHIN, F RABETTI, + C M ILA+J I NR+8GNAI 
+IVANSHJN, FRASE TTl,+ I MILA+Jt NR+BGNAI 
+DONALD.+ C MI LA+L I VP+OAR E+CERN+BARt +BONNJ 
+BROCKMAN, EDWA ROS+ I TNT O+BNL +CARL +HCG I +OH I 0 I 
+HERTZ BERGER+ C MIST+ C ER N+CRAC +MP I M+OXF+RHH I 
EVANGELIST fl.+( SARI +SDNN+CERN+DARE+LIVP+M ILfl.l ....................................................................................... ........................................................................................... 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

• 

I A2( 1320) 112 A211320,JPG=2+-I 1•1 

260 1311.0 
120 1320. 

1310.0 . ., 1306.0 
280 1313.0 
360 1304.0 

10000 1307. 
5000 1309. 

28000 1299.0 
24000 1300. 
17000 1309.0 

160 1307. 
p 1315. 

1580 1306. 
I600 1318. 
1200 1298. 
1097 1320.0 

p 490( 1343.0) 
I285~0 
1306.0 

p 25000 1311.0 
p 1310 .. 

AVG 1310.4 

CNLY EXPERIMENTS GIVING MASS ERROR LESS THAN 15 "'EV 
.6RE KEPT FOR AVERAGING. 

12 A2 MASS (MEV), 3Pl MODE 

6.0 ARMENt SE 68 OBC 0 5.1 PI+O 
10. BOESEBECK 68 HBC 0 8 PI+ P 
14.0 EISENBERG 69 HBC + 4.3,5~3 GAMMA p 

4 .• 0 ALSTON 70 HBC + 1.0 PI+P,3PI p 
7.0 80CKMANN 70 HBC 05. Pl+P 
4.5 BARNHAM 71 HBC + 3.7 PI+ P.I3PII+ 
5. BINNIE! 71 MMS - PI-P NEAR A2 THR 
5. BINNIE! 71 MMS - PI-P NEAR A2 THR 
6.0 BOWEN 11 MMS - .. PI- P 
6.0 BOWEN 11 MMS + 5. PI+ P 
4.0 BOWEN 71 MMS - 7. PI- P 
7. BLOOOWORT 72 HBC + 5.45 PI+ P,P 3Pt 
5o ANTIPOV1 73 CNTR - 25.,40. PI- p .. CHllOUPKA 73 HBC - 3.9 PI- P1P A2 
7. EMMS 75 DBC 04. PJ+N,P A20 
8. WAGNER 75 HBC 07. PI+P,DEL++A2 

10.0 SAL TAY 78 HBC +0 15 PI+P,P 4PI 
( 11~01 SAL TAY 78 HBC 0 15 Pl+P,OEL 3Pl 

9.0 COR DEN 78 OMEG - 12-15 Pt-P,3PI N 
8.o FERRER 78 OMEG - q PI-P,P 3PI 
z.o DAUM 80 SPEC - 63.94 PI- Pc 3PI 
2. EVANGELIS 81 OMEG - 12 Pt-P,3Pt p 

1.4 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.41 
I SEE IDEOGRAM BELOW I 

M p FROM A FIT TO JP=2+ RHO PI PARTIAL WAVE 

WE I GHTED AVERAGE = 1310.4 ± 1 .4 
ERROR SCALED BY 1 .4 

9/67 
6/68 

12/69 
1/71 
5110 

11/71 
11/71 
11/71 
11/71 
11/71 
11/71 
1/73 
1174 
2/73 

ll/75 
11175 
4/78 
4178 
4/78 
4178 

12179 
1/82• 

CHISQ 
·EVANGEL IS 81 
·DAUM 80 
·FERRER 76 
·CORDEN 78 
·BALTAY 78 
·WAGNER 75 
·EMMS 75 
·CHALOUPKA 73 
·ANTIPOV1 73 
·BLOODWORT 72 
·BOWEN 71 
·BOWEN 71 
·BOWEN 71 
· B INNI-E1 71 
·BINNIE! 71 
·BARNHAM 71 
·BOCKMANN 70 
·ALSTON 70 
·EISENBERG 69 
·BOESEBECK 68 
·ARt.IENISE 68 

1270 1290 1310 1330 1350 

A2 MASS (MEV), 3P I MODE 

OMEG 
SPEC 
OMEG 
OMEG 
HBC 
HBC 
OBC 
HBC 
CNTR 
HBC 
MMS 
MMS 
MMS 
MMS 
MMS 
HBC 
HBC 
HBC 
HBC 
HBC 
OBC 

0. 0 
11 .0 

0 .3 
7. 9 
0 .9 
2 .4 
1 .2 
0 .2 
0. 9 
0 .2 
0. 1 
3 .0 
3. 6 
0. 1 
0 .5 
2 .0 
0. 1 
1 .2 

0.9 
_Q_,_Q_ 
36.6 

(CON LEV 
-0.009) 

12 A2 MASS IMEVI• CHARGED K KBAP MODE 

'" s 1500 1319.0 3.0 GRAYER 71 ASPK - 17.2 PJ-P,K-KS P 2172 ... 730 1313.0 4.0 FOLEY 72 CNTR - 20.3 PI- PoK- KS 12/72 
MK 2724 n2o. o 2.0 MARGULIES 76 SPEC - 23.PI-P,K-KS IZ/11 
MK 11000 1312.0 •• o CHABAUD 78 SPEC -9.8 PI-PoK- KS P 4178 
MK 4730 I316. 0 2.0 CHABAUD 78 SPEC - 18.BPI-P.K- KS P 4/78 
MK 350 1324.0 5.0 HYAioiS 78 ASPK + 12.7 PI+P,K+KS P 4/78 
HK P s 1318. 1. IIIIARTIN 1 78 SPEC -10 PI P,KS K- P 4/78 
MK 4000 1320.0 2.0 CHABAUO 80 SPEC - 17PI-NUCLEI,KSK- 12179 
MK 
HK AVG 1318.08 o. 71 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.11 

MK S SYSlEMATIC ERROR IN MASS SCALE SUBTRACTED 
MK P FROM A FIT TO JP.,2+ PARTIAL WAVE 
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Data Card Listings 
For notation, see key at front of Listings. 

M E 1000 1323. 
EM 620011324 .. 1 

2561 1336.2 
1653 L330. 7 

AVG 1334.0 

12 A2 MASS IMEVJ. ETA ~I MODE .. 
I 8.1 

1.1 
2.4 

2. 6 

KEY 73 CSPK - 6.Pt-P,P PI-ETA 
CONFORTO 73 OSPK - 6.Pt-P.P 11MS-
DELFOSSE 81 SPEC + PI+-P,PJ+-ETA P 
DELFOSSE .81 SPEC- PI+-P,PI+-~TA P 

AVERAGE !ERROR INCLUDES SCALE FACJOR OF 1.91 

E ERROR INCLUDES 5 MEV SYSTEMATIC MASS-SCALE ERROR 
M MISSING MASS WITH ENRICHED MMS:ETA PI-, ETA :c 2 GAMMA 

260 
941 
360 

10000 
5000 

28000 

96.0 
79.0 

111.4 
1100. I 

w 24000 

12. 
105.0 
99.0 

103.0 
115. 

w 17000 
w p 

1580 99. 
1600 112. 

51200 122. 
1097 110.0 

p 490 1115.01 
. 150.0 

w p 25000 96.0 
w p 97. 

AVG 101.Z 

12 A2 WIDTH I MEV I • 3Pt MODE 

16.0 
12.0 
18.0 

16. 
5.0 
5. 0 
5.0 

15. 
15. 
lB. 
-14. 
15.0 

114.01 
zo.o 
. 9.0 
5. 

.ARMENISE 68 OBC 0 5.1 PI+O 
ALSTON 10 HBC + 1.0 PI+P,3Pt P 
BAR~HAM 71 HBC + 3.7 PI+ P,C3PII+ 
BINNIEl 71 MMS - PI-P NEAR A2 Tt-IR 
BINNIE1 11 ~MS - PI-P NEAR A2 THR 
BOWEN 11 MMS - 5. PI- P 
BOWEN 11 MMS + 5. PI+ P 
BOWEN 11 MMS - 7. PI- P 
-ANTIPOV1 73 CNTR - 25. ,40. PI- P 
CHALOUPKA 73 HBC - 3."c:J Pt- P,P A2 
EMMS 75 OBC 04. PI+N,P A20 
WAGNER ·75 HBC 07. PJ+P,DEL++I\2 
BALTAY 78 HBC +0 15 PI+PrP 4PI 
BALTAY 78 HBC 0 15 PI+PoOEl 3PI 
CORDEN 78 OMEG .- ·1Z-15 PI-P 1 3PI N 
DAUM 80 SPEC - 63,94 PI- P-:; ·3PJ 
EVANGELIS 81 OMEG - 12 Pt-P.3Pt P 

Z.5 AVERAGE tERROR INCLUDES SCALE FACTOR OF· 1.21 
I SEE IDEOGRAM BELOW I 

ONLY EXPERIMENTS GIVING MASS ERROR LT. 15 MEV KEPT FOR AVERAGING 
SAC KGROUNO SUBTRACT ION MODEl-DEPENDENT. 
MAY BE DIFFERENT OBJECT• ALTHOUGH JPC:Z++. COMPARE CRENNELL 69. 

W A ANALYSIS COMPliCATED BY NEARBY PEAK (.&.1.51 AND/OR A1 
W S WIDTH ERRORS ENLARGED BY US TO 4•WIOTH/SQRT(NI,SEE K• TYPED NOTE 
W P FROM A FIT TO JP:Z+ RHO PI PARTIAL WAVE 

WEIGHTED AVERAGE- 101.2 ± 2.5 
ERROR SCALED BY 1.2 

·EVANGELIS 81 OMEG D. 
·DAUM 80 SPEC 0. 
·GORDEN 78 OMEG .0 
·BALTAY 1 78 HBC 0.3 
-WAGNER 
·EMMS 

75 HBC 
75 DBC 

·CHALOUPKA 73 HBC 
·ANTIPOV1 73 CNTR 
·BOWEN 71 MMS 
·BOWEN 
·BOWEN 

71 MMS 
71 MMS 

.2 
0.4 
0.0 
0.8 
0. 1 

0.2 
0.6 

·BINNIE1 71 MMS 3.3 
·BARNHAM 71 HBC 0. 
·ALSTON 70 HBC. 3.4 
·ARMENISE 68 DBC 0.1 

18.9 

1/74 
1174 
1/82• 
1/82• 

9/67 
1/71 

11/71 
11/71 
11171 
11/71 
11/71 
11171 
1/74 
2113 

11/75 
11/75 
4/78 
4/78 
4/78 

12179 
1/82• 

40 120 160 

A2 WIDTH (MEV), 3PI MODE 

200 240 
(CON LEV 
-o. 111) 

12 A2 WIDTH CMEVI, CHARGED K KBAR MODE 

51500 
130 

S2724 
350 

llOOO 
4130 

s 
4000 

123.0 
113.0 
105.0 
110.0 
126.0 
101.0 
113. 
106.0 

13.0 
19.0 
s.o 

18.0 
11.0 
s.o 
4. 
4.0 

GRAYER 71 ASPK - 17.2 PI-P,K-KS P 
FOLEY 72 CNTR - 20.3 PI- P, K- KS 
MARGULIES 76 CPEC - 23.PI-P,K-KS 
HYAMS 78 ASPK + 12.1 PI+P 1 K+KS P 
CHABAUD 78 SPEC -9.8 PI-P,K- KS P 
CHABAUD 78 SPEC - 18.8PI-P 1 K- KS P 
HARTIN 1 78 SPEC -10 PI P,KS K-·P 
CHABAUD 80 SPEC - 17PI-NUCLEJ,KSK-

WK 
WK 
WK 
WK 
WK 
WK 
WK P 
WK 
WK 
WK AVG 109.6 2.4 AV.ERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

WK P FROM A FIT TO JP:2+ PARTIA.L "WAVE. 
WK S WIDTH ERR:ORS ENLARGED BY US TO 4*WIOTH/SQRHNI.SEE K* TYPED NOTE 

1000 108. 
M 6200 (104. I 

Z561 112.2 
I653 116.6 

12 A2 WIDTH. CMEVI 1 ETA PI MODE 

9. 
t 9 .. 1 
5.1 
1.1 

KEY 
CONFORTO 
DELFOSSE 
DELFOSSE 

13 OSPK -
73 OSPK -
81 SPEC + 
81 SPEC -

6.PI-P,P PI-ETA 
6oPI-P,P MMS­
PI+-P,Pl+-ETA P 
PI+-P,Pt+-ETA P 

AVG 4.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

MISSING MASS WITH ENRICHED MMS:cETA PI-, ETA :c Z GAMMA 
WIDTH ERRORS ENLARGED BY US TO 4•WIDTH/SQRTINJ,SEE K* TYPED NOTE 

1Z A2 PARTIAL DECAY MODES 

P1 A2 INTO RHO PI 
P2 AZ INTO K KBAP 
P3 A2 INTO ETA PI 
P4 A2 INTO OMEGA PI PI 
P5 S A2 INTO PI+ PI- PIO EXCL.RHO PI 
P6 S A2 INTO PI+ PI- PI- EXCL.RHO PI 
P7 S A2 INTO PI GAMMA 
P8 S A2 INTO ETA PRIME Pi 
P9 S A2 INTO GAMMA GAMMA 

P S SMALL, NOT USED IN THE FIT 

DECAY MASSES 
769+ 139 
-4':13+ 497 
548+ 139 
139+ 139+ 782 
139+ 139+ 134 
139+ 139+ 139 
139+ 0 
957+ 139 

0+ 0 

11/71 
12/72 
12/77 
4/78 
4/78 
4/18 
4/18 

12/79 

1/74 
1/74 
1/82• 
1/82• 

Mesons 
A2(1320) 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi± 6P
1

, where 

Opi "' <+j.;oP
1
6Pi), while the off-diagonal elements are the normalized correlation coeffi­

cients (6P
1
6Pj)/(6Pi · 6Pj). For the definitions of the individual Pi, see the listings 

above; only those P
1 

appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

P 1 P· 2 P 3 P 4 
p l .. 7013+-.0219 
p 2 .1200 .0478+-.0050 
p 3 -.0755 -.0422 .1449+-.0117 
p 4 -.8650 -.2841 -.3948 .1060+-.0250 

12 A2 PARTIAL WIDTHS 

W1 A2 INTO GAMMA GAMMA (KEVI (G91 
W1 F (2.51 CR LESS CL:c0.95 ABRAMS 79 SMAG E+ E-
W1 F FROM RHO PI CECAY MODE 
W1 0 (17.01 OR LESS CL:0.95 ABRAMS 79 SMAG E+ E-
W1 D FROM K+ K- DECAY MODE 
W1 E 22 0.77 0.45 EDWARDS 82 CBAL E+ E-,PIO ETA 
W1 E SYSTEMATIC ERROR ADDEO LINEARLY BY US 

Rl 
Rl 
Rl 
Rl 
R1 
Rl 
Rl 
Rl 
Rl 
Q.1 AVG 
R1 FIT 

R2 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

R4 
R4 

R5 
R5 
R5 
R5 

I2 A2 BRANCHING RATIOS 

A2 !CHARGED CNLYI INTO (K KBARI/(RHO Pll (P2111Pll 
0.054 0.022 CHUNG 68 HBC - 3.2 PI-P 
0.06 0.03 ABRAMOVIC 70 HBC - 3.93 PI- P 
0.01 0.03 NEF 70. MMS - 1.0 PI- P 

113 0.097 0.018 ALSTON 71 HBC + 7.0 PI+ P 
50 0.056 0.014 CHALOUPKA 73 HBC - 3.9 PI- P,P A2 

0.078 0.017 CHABAUD 78 SPEC - 10,19 Pl-P,KS K-
FROM A FIT TO ALL AVAILABLE CROSS SECTIONS AT DIFFERENT ENERGIES. 

0.0697 0.0079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.0682 0.0011 FROM FIT IERRDR INCLUDES SCAlE FACTOR OF 1.01 

A2 INTO CETA PII/CRHO PI+ K KBAR • ETA PIJ IP31/lP1+PZ+P31 
34 0.15 0.04 BARNHAM 71 HBC + 3.1 PI+ P 

0 .. 13 O. 04 ESPIGAT 72 HBC +- Q.PBAR P, 

0.140 O.OZ8 AVERAGE tE~ROR INCLUDES SCALE FACTOR OF 1.01 
0.162 O.OLZ fROM FIT CE~ROR INCLUDES SCALE FACTOR OF 1.01 

AZ INTOIETAPII/ (RHOPII 
0.22 0.09 

·22 · o.23 a. os 
o.1z o.o8 

15 0.25 0.09 
167 0.246 0.042 
149 0.211 0.044 

52 0.22 o.os 
0.18 o.os 

IP3111Pll 
CONTE 67 HBC 
ASCOLI 68 HBC 
CHUNG 68 HBC 
80CKMANN 70 HBC + 
ALSTON 71 HBC + 
CHALOUPKA 73 HBC -
ANTIPOV 73 CNTR -
FORINO 76 HBC 

- 11.0 PI-P 
5 PI-P 
3.2 PI-P 
5.0 PI+P 
7.0 PI+ P 

3 .. 9 PI- p,p A2 
40 .. PI-P, P A2-
ll PI- P,ETA PI 

0. 213 O. 020 AVERAGE I E~ROR INCLUDES SCALE FACTOR OF 1.01 
0.207 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

A2 INTO I ETA PRIME Pll I TOTAL (PSI 
(0.021 OR LESS CL=.97 BARNHAM 71 HBC + 3 .. 7 PI+ P 

A2 INTO CETA PRIME PllltRHO Ptl 
0.04 0.03 0.04 BOCKMANN 70 HBC 

(0.041 OR lESS ALSTON 11 HBC 
(O.OlliOR LESS CL:.90 EJSENSTEI 73 HBC 

I P81/CP11 
05.0PI+P 

+ 7.0PI+P 
- 5.PI- P,P 6PI 

AZ INTO CK KBARI/IRHO PI + K KBAR +ETA PIJ (P2111P1+P2+P31 

12/79 

12/79 

1/67 
1/71 
6/70 
1/71 
2/73 

12/78 

11171 
11/71 

8/67 
6/68 

12/66 
9/69 
1/11 
2/73 
1/74 

12/77 

2112 

9/69 
1/71 
1/74 

RS 
RS 11 0 .. 06 0.03 BARNHAM 11 HBC + 3.7 PI+ PoKSK+P 11/11 
RB A (0.0201 (0.0041 ESPIGAT 72 HBC +- O.PBAR P1 2/72 
RS 0.03 0.02 DAMERJ 72 HBC - 11. PI- P 12/72 
RB o.os 0.02 TOET 73 HBC + 5. PI+ p,p K+ KO 12/75 

. RS o.o9 o.o~t TOET 13 HBC 0 5.PI+P,Pt+P K KB 12/75 
RB 
RB 
RB 
R8 AVG 
R8 FIT 

R9 
R9 

NOT AVER AGED BECAUSE 
FROM (K KBAR I AND 

OF DISCREPANCY BETWEEN MASSES 
{RHO Ptl MOOES 

0.048 0.012 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0 .. 0535 0.0053 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

A2 INTO IPI+ PI- PI-1/IRHOO PI-I (P6C1/(P1CI 
(0.231 OR LESS CL:.90 ABRAMOVIC 70 HBC - 3.93 PI- P 

A2 INTO (PI G~MMAJ/TOTAL IP71 
0.005 0.005 0.003 EISENBERG 72 HBC PHOTOPROOUCTION 
0.0045 O. 0011 MAY 11 SPEC +- 9. 7 GAM N,A2 X 

PION EXCHANGE MODEL USED IN THIS ESTIMATION 

Rll 
RllR 
IH1R M 
RllR 
Rll M HAY 17 GJ~E PARTIAL WIDTH 460+1-110 KEV. 
Rll 
R 11 AVG 

Rl2 
R12 
Rl2 
Rl2 
Rl2 
Rl2 
R12 
Rl2 
R12 
Rl2 
Rl2 
Rl2 
Rl2 

AVG 
FIT 

0.0045 0.0011 AVERAGE CE~ROR INCLUDES SCALE FACTOR OF 1.0) 

A2 INTO COMEGA PI PII!(RHO PIJ IP41/(Pll 
10.191 (0.081 DEFOIX 73 HBC 0 0.7 PBAR P,7 PI 

279 0.10 0. 05 CHALOUPKA 73 HBC - 3.9 PI- p,p A2 
60 0.28 0.09 OIAZ 74 OE!C 0 6.Pt+N,PC5Ptl0 

140 10.291 (0.081 KARSHON 74 HBC 0 4.9 PI+P,OEl++A2 
60 (0.101 10.04) KARSHON 74 HBC + 4.9 PI+P,P A2+ 

0.18 0.08 KARSHON 74 HBC AVG OF ABOVE TWO 
KARSHON 74 SUGGEST AN ADDITIONAl I=O STATE, STRONGLY COUPLED 
TO OMEGA PI PI COUlD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
AND MASSES. WE USE A CENTRAL VALUE AND A SYST. SPREAD. 

0. 151 O. 049 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1·3 I 
0.151 0.040 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 ..................................................................... 

AOERHOLZ 64 PL 10 226 
CHUNG 64 PRL 12 621 
GOlOHABE 64 DUBNA CONF 

AlSO 64 PRL 12 336 
LANDER 64 PRL l3 346 

REFERENCES FOR A2 

I AACHEN+BERll N+B IRM+BONN+HAM8URG+L OJC+MPI M I 
+DAHL, HARDY ,HESS rKAlBFL EISCH, KIRZ I LRL I 

1 480 G GOLOHABERoS GOLOHABER,OHALLORAN,SHENILRU 
G+S .GOLOHABER, BROWN, KADYKr TRIll lNG, + I LBLI 
+ASOLINS,CARMONY,HENDRIKS,XUONG+ ILA JOLLAI 

1171 

11/71 
12/77 

1Z/77 
2/13 
111ft 

12/77 
12/77 
12/77 



Mesons 
A2(1320), E(1420) 

ABOLINS 65 ATHENS(O~tO)CQNF. 
AOERHOLZ 65 PR 138 8 897 
AliTTI 65 Pl 15 69 
CHJNG 65 PRL 15 325 
FORINO 65 PL 19 68 
LEFEBVRE 65 PL 19 434 
SEIOLITZ 65 PRL 15 211 

BARNES 66 PRL 16 41 
BENSON 66 MICH C00-1112-4 

ALSO 66 PRL 16 1177 
EHRLICH 66 PR 152 1194 
FERBEL 66 Pl 21 111 
LEI/RAT 66 Pl 22 714 

ARMENJSE 67 PL 258 53 
SAL TAY 67 Pl 258 160 
BARLOW 67 NC 50A 701 
BARTSCH 67 Pl 258 ItS 
BEUSCH 67 Pl 25 8 357 
CASON 67 PRl 18 880 
CHIKOVAN 67 PL 258 44 
CHUNG 67 PRL 18 100 

ALSO 66 UCRL-16832 
COHN 67 NP Bl 57 
CONFORTO 67 NP 83 469 
CONTE 67 NC 51 A 175 
DAHL 67 PR 163 1371 
DANYSZ 67 NC 51 A 801 
SLATTERY 67 NC 50A 371 

ARMENISE 68 PL 268 336 
ASCOll 68 PRL 20 1321 
BALLAM 68 PRL 21 934 
BENZ 68 PL 28 B 233 
BOESEBEC 68 NP 8 4 501 
CASO 68 NC 54 A Ci83 
CHUNG 68 PR 165 1491 
CRENNELL 68 PRL 20 1318 
DONALD 68 PL 26 8 327 
FOSTER 68 NP B 8 174 
FRIDMA.N 68 PR 161 1268 
JUNKMANN 68 NP 88 411 
KEY 68 PR 166 1430 
LII.MSA 68 PR 166 1395 
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VETLITSK 69 SJNP 9 596 
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GaC.BENSON, THESIS OHCHJ 
G BENSON,LOVELL,MARQUIT,ROE + (MICHl 
Ra EHRLICH,WaSELOVEtHaYUTA CPENNJ 
FERBEL (ROCHESTER) 
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IE(1420)1 b Ell42Q,JPG=l++J 1=0 

The E(l420) has JPC = l++ (OIONISI 80) just 

like the isoscalar companion 0(1285). Thus the o 

and E normally both appear in the same experi­

ments. 

Recently a new resonance, the 1(1440), has 

been claimed in the decay Jjljl -+y K+K-'T! 0 (SCHARRE 

80,81), on top of the E. It differs from theE 

in three respects: 

(a) No 0(1285) is produced. 

(b) It has JPC 0-+. 

(c) Its decay is dominantly' 6(980)'T!, unlike the 

E (1420) • 

We note that the early pp annihilation exper­

iment at rest (BAILLON 67) agrees with (a) and 

(b). 

we do not open a new entry for the 1 (1440) 

for this edition, but we group BAILLON 67 and 

SCHARRE 80,81 separately under the E(l420). 

.. 6 E MASS (MEVI 

NC 0Cl2851 MESON SEEN IN EXPERIMENTS BELOW f SEE HINIREVIEWI 
l425a 7a BAILLON 67 HBC 0 .. PBAR P 
1440 .. 0 10a0 15o0 SCHARRE BO SMAG E+E-,J/PSI,E GAM 

AVG 1428ab 

0112851 MESON 
1420o 
1423 .. 0 

310 J420a 
170 139Ba 
280 1406o 

3611397oOI 
1417.5 

A 1440.0 

... AVERAGE (ERROR INCLUDES SCALE FACTOR OF !.OJ 

SEEN IN EXPERIMENTS BELOW CSfE MINIREVIEWJ 
20o DAHL 67 HSC 1o6-4a2 PI- P 
10o0 FRENCH 67 t-ISC 3-4 PBAR P 

7a LORSTAO 69 HSC .7PB P,4,5-BODY 
lOa DEFOIX 72 HBC Oo7 PBAR P.7 PI 
1. DUBOC 1'2 HSC 1o2 PBAR P,2K4PI 

110 .. 01 COROEN 78 OMEG 12-l5PI-P 1 K+K-PI 
4o NACASCH 78 H8C o 7, .. 76 PBAR P 

10 .. 0 BROMBERG tl-0 SPEC 100 PT-P, 2KPIX 
M A MASS ERROR 

221 1426.0 
INCREASED TO ACCOUNT FOR DELTA MASS CUT UNCEPTAINTIES 

6o 0 OIONISl BO HBC 4o PI-P.K K PI N 

AVG 1418a4 3 .. 5 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1a41 
ISH IDEOGRAM BELOW I 

11/66 
6/81* 

9/66 
6/67 
9/69 
1/73 

12/72 
4/78 
4/78 
1/82* 
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WEIGHTED AVERAGE= 1418.4 ± 3.5 
ERROR SCALED BY 1.4 

·DIONISI 80 HBC 
·BROMBERG 80 SPEC 
·NACASCH ·78 HBC 
·DUBOC 72 HBC 
·DEFO!X 72 HBC 

CHI SO 
1 . 6 

4.7 

0.0 
3. 1 

4.2 
·LORSTAD 69 HBC 
·FRENCH 67 HBC 
·DAHL 67 HBC 

0 1 

0.2 
0.0 

1360 1400 1440 1480 

13.9 

(CON LEV 
=0.053) 

E MASS (MEV) 

6 E WIDTH IMEVI 

NO 0( 12851 MESON SEEN IN EXPERIMENTS BELOW 
80. 10. BAILLON 67 HBC 
50.0 30.0 20.0 SCHARPE 80 SMAG 

Q. PBAR P 11/66 
E+E-,J/PSI,E GAM 6/81* 

AVG 10.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 

0(12851 

310 
170 
280 

36 

221 

MESON 
60.0 
45. 
60. 
50. 
so. 

(45. 01 
53. 
62.0 
40.0 

SEEN IN EXPERIMENTS BELOW 
20.0 DAHL 
20. FRENCH 
20. LORSTAD 
10. DEFOIX 
12. DUBOC 

(30. OJ COROEN 
20.0 NACASCH 
14.0 BROMBERG 
15.0 OIONISI 

67 HBC 
67 HBC 
69 HBC 
12 HBC 
72 HBC 
78 OMEG 
78 HBC 
80 SPEC 
80 HBC 

1.6-4.2 PI- P 
3-4 PBAR P 

.TPB P,4,5-BODY 
0.1 PBAR P.7 PI 
1.2 PBAR Po2K4PI 
12-15 P 1-P, K+K-P I 
.7,.76 PBAR P 

100 PI-P,ZKPIX 
4. PI-P,K K PI N 

10/66 
6/67 
9/69 
l/73 

12/72 
4/78 
4/78 
1/82* 

12179 

AVG 51 a 1 5. 2 AVERAGE I ERROR ,INCLUDES SCALE FACTOR OF laO I 

P1 
P2 
P3 
P4 
P5 
P6 

6 E PARTIAL DECAY MODES 

INTO K K*l8nl 
INTO K KBAR PI 
INTO PI PI RHO 
INTO DELlA Pt 
INTO ETA PI PI 
INTO 4 PI 

6 E BRANCHING RATIOS 

Rl E INTO IKBAR K*l8921 + C.C.I/IK KBAR PTI 
Rl MD 1.501 Ia 101 BAJLLON 
Rl 0.76 O. 06 BROMBERG 
Rl N Oa86 0.12 DIONISI 
Rl 0 NO 0(12851 MESON SEEN 
Rl M FROM JP:Q- SOLUTION 
R1 N FROM JP:1+ SCLUTI ON 
R1 
R1 

R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 

•• 

AVERAGE MEANINGLESS I SCALE FACTOR"' 1.01 

E INTO IPI PI RHOI I IK KBAR PIJ 
12.01 OR LESS DAHL 
(0.31 OR LESS CL:.95 COROEN 

E INTO (ETA 2· PI 1/IK KBAR PI I 
11.51 OR LESS CL:.95 
1.5 o. 8 

10.51 OR LESS CL:.95 
11.11 OR LESS CLc.9Q 

NO 0112851 MESON SEEN 

E INTO I DELTA PI I /lETA PI PII 

FOSTER 
OEFOIX 
COROEN 
SCHARRE 

0.4 Oa2 OEFOIX 
NOT SEEN IN EITHER MODE COROEN 

61 HBC 
80 SPEC 
80 HBC 

67 HBC 
18 OHEG 

68 HBC 
12 HBC 
18 OHEG 
80 SHAG 

72 HBC 
78 OMEG 

DECAY MASSES 
4'H+ 891 
497+ 497+ 139 
139+ 139+ 169 
983+ 139 
548+ 139+ 139 
139+ 139+ 139+ 139 

IP11/IP21· 
0.0 PBAR P 12178 

100 PI-P.2KPIX 1/82* 
4. PI-P,K K PI N 12179 

IP3Jf(P21 
0 1.6-4.·2 PI- P 

12-15Pt-P 

IP5)/(P21' 
- 0.0 PBAR P 

Oa 7 PBAR P 
12-15Pl-P 
E+E-,J/PSI 1E GAM 

I P41/IP51 
Oa7 PBAR P,7 PI 
12-15PI-P 

10/66 
4/78 

9/69 
·1/73 
4/78 
2/81* 

1/73 
4/78 

E INTO I4PJli(K8AR K*l8921 +CaC.I IP61/1Pll R5 
RS I0.90IOR LESS CL:.95 DIONISI 80 HBC 4. PI-P 1 K K PI N 12/79 

R6 E INTO IK K8AR PII/IOELTA PI + KBAR K*l8921 +C.CilP2JJ(Pl+P41 
R6 C 0.65 O. 27 OIONISI 80 HBC 4. PI-P 
R6 C CALCULATED USING lOEllA INTO K KB)IIOELTA INTO ETA PI ):Oa24+-0.07 ... ... .... ..... ... . .. .. . ...... ... ...... ... ...... ... ......... . ...... . 
BAILLON 67 NC 50A 3 1n 
BARASH 67 PR 156 1399 
DAHL 67 PR 163 1317 

ALSO 65 PRL 14 1074 
FRENCH 67 NC 52A 438 

FOSTER 

BETTINI 
LORSTAO 

DEVONS 

CHAPMAN 
OEFO IX 
DUB DC 

68NPB8174 

69 NC 62 A 1038 
69 NP B 14 63 

11 PRL 21 1614 

12 NP B 42 1 
72 NP B 44 125 
72 NP 8 46 429 

VUILLEMI 75 LNC 14 165 
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A.C.IRVING 1H.R.SEPANGI ILIVPI 
+OEFO I X, DOBRZYNSKI,+ (PAR I S+MAOR I O+CERN I 

STANTON 79 PRL 42 346 +BROCK HANo OANKOWYCH ,+ I OSU+CARL +MCG I +TNTO I J P 

BROMBERG 80 PR 0 22 1513 
ALSO 82 PRIVATE CCHH. 

DIONISI 80 NP B 169 1 
SCHARRE 80 PL 97 B 329 

CHANOWIT 81 PRL 46 Clel 
LACAZE 81 NP B 1B6 247 
LIPKIN 81 PL 106 8 114 
SCHARRE 81 BONN CONF. 163 

ALSO 81 SANTA CRUZ CONF. 
ALS 0 80 MORt ONO I J 83 

+HAGGERTY 1 ABRAMS, OZIER BAI CIT +FN AL + ILLC+ I NO I 
C.BROMBERG P1SUI 
+GAVI LLET 1 A RHENTEROS+ I CERN+MAOR+COEF+STOH I 1 1 J P 
+TRILLING, ABRAMS 1ALAM, 8 LOCKER+ I SLAC+LBLI 

CHANOWITZ ILBLJ 
+NAVELET ( SACLI 
LIPKIN IFNALJ 
O.L.SCHARRE ISLACI 
COYNE, EDWARDS,+ I PR IN +CIT +HARV+STAN+Sl AC I 
ASC HMAN1 PARTRIDGE+ I PR I N+C IT +HARV+STAN+Sl AC I ........................................................................ 

*'** ............................... ········~ ......................... . 

1 r(1515) 1 13 F PRI"'Efl515oJPG:2++1 1=0 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
P8 

W1 

W1 B 
W1 8 

R1 
R1 C 
R1 
R1 
R1 C 
R1 
R1 C 
R1 
R1 C 
R1 
R1 C 
R1 
R1 
R1 
R1 
R1 
R1 

( 1515.01 
100( 1519.1 

P 4611514. I 
p 47( 1521. I 
p 120( 1527.01 

N ( 1502.01 

123 1522 .. 0 
166 1528. 

1506.0 
1492.0 

650 1521.0 
572 1521.0 

13 F PRt'ME MASS IHEVI 

11.01 
I 7. I 
(4. I 
I 7. I 
I 3.01 

125.01 

6. 0 
7. 
7.5 

29.0 
6. 0 
3.0 

AMMAR 67 HBC 
AGUILAR 72 HBC 
COLLEY 72 HBC 
VIDEAU 72 HBC 
BRANDENBU 76 ASPK 
COROEN 79 OMEG 

BARREIRO 71 HBC 
EVANGELIS 77 OMEG 
PAWLICKI 71 SPEC 
GORLICH 60 ASPK 
AGUILAR 81 HBC 
ALHARRAN 81 OHEG 

5o5 K-P 1K KBAR 
3.914.6 K-,K KB 
1Q.K+ P,K+ K-
4.K- P,K KBAR 
13 .. K-P 1K+K­
~2-15Pt-P, N 2PI 

4a15 K-P,KS KS 
10 K- P 
6.Pt N 1K+K-
11 PI- P,POLARil 
4.2 K-P1LAM 2K 
8.25 K-P,LAM 2K 

AVG 1520.4 2. 5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.11 

C WITH A PHASE SHIFT ANALYSIS 
C MASS ERRORS ENLARGED BY US BY FACTOR 1.5. 
N FROM'AN AMPLITUDE ANALYSIS WHERE THE F PRIME WIDTH AND 
N ElASHCITY ARE IN COMPLETE DISAGREEMENT WITH VALUES 
N OBTAINED FROM KKBAR CHANNEL MAKING THE SOLUTION DUBIOUS. 

P F-A2-F PRIME INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

{35.01 
p 100 (69.1 
p 46. (28.1 
p 47 140.) 
P 120. (61. OJ 

N U65aOI 

123 
166 

650 
572 

1150.0) 

62.0 
72a 0 
66.0 
92.0 
85.0 
so. 0 

13 F PRIME WIDTH IMEVI 

125.01 
122. I 
(15.) 
( 10. I 

( 8.01 
142.01 
(83.0) 

19.0 
25.0 
15.0 
39.0 
16.0 
14a0 

150.0 I 

14.0 

22.0 

11.0 

AMHAR 67 HBC 
AGUILAR 12 HBC 
COllEY 1'2 HBC 
VIOEAU 72 HBC 
BRANOENBU 76 ASPK 
COROEN 79 OMEG 
GORL ICH 80 ASPK 

BARREIRO 17 HBC 
EVANGELIS 11 OMEG 
PAWLICKI 71 SPEC 
POL YCHRON 79 STRC 
AGUILAR 81 HBC 
ALHARRAN 81 OMEG 

5.5 K-P, K KBAR 
3.9,4.6 K-PoK KB 
10.K+ P,K+ K-
4.K- P,K K13AR 
13.K-P,K+K-
12-15PI-P, N 2PI 
11 PI- P,POLARIZ 

. 4.15 K-P,KS KS 
10 K- P 
6 .. PI N,K+K-
7. Pt-P1KS KS N 
4 .. 2 K-P,LAM 2K 
6.25 K-P,LAM 2K 

AVG 74.8 6.9 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

C WITH A PHASE SHIFT ANALYSIS 
C WIDTH ERRORS ENLARGED BY US BY FACTOR 1.5. 
M FROM A FIT TO THE 0 WAVE WITH F-F PRIME INlERFERENCE. MASS FIXED 
M AT 1516 MEV. 
N SEE NOTE N UNDER MASS. 

P F-A2-F PRI"'E INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

13 F PRIME PARTIAL DECAY MODES 

F PR JME INTO PI PI 
PRIME INTO K KBAR 
PRIME INTO K K*IB921 
PR tHE INTO ETA ETA . 
PRIME INTO PI PI ETA 
PR tHE INTO PI K KBAR 
PRIME INTO PI+ PI+ PI- Pt­
PR IME INTO GAMMA GAMMA 

DECAY MASSES 
139+ 139 
497+ 497 
493+ 891 
548+ 548 
139+ 139+ 548 
139+ 497+ 497 
139+ 139+ 139+ 139 

0+ 0 

9/67 
12/72 
12/72 
12172 
1171 

12179 

1171 
12177 
12/77 
12179 
1/82* 
1/82* 

9/67 
12172 
12/72 
12/72 
7177 

12179 
12/79 

7177 
12/71 
12/71 
12179 
1/82* 
1/82* 

13 F PRIME PARTIAL WIDTHS 12178 

F PRIME INTO GAM,._A GAMMA (KEVI 

11.21 OR LESS CL.o::0.95 ABRAMS 79 SHAG 
USING BRANCHING RATIO F PRIME INTO K KBAR : 1. 

13 F .PRIME BRANCHING RATIOS 

f PRIME INTO (PI PI1/TOTAL 
10.0086) OR LESS BEUSCH 75 OSPK 
I0.063IOR ,LESS CL:Q.90 BRANDENBU 76 ASPK 
I0.045IOR LESS CL:0 .. 95 BARREIRO 17 HBC 
0.012 0.004 PAWLICKI 77 SPEC 

10.191 (0.031 COROEN 79 OMEG 
0.0075 0.0025 HARTIN 79 RVUE 
0.007 0.002 COSTA 80 OMEG 

10.027) {0.071) (Q.0131GORLICH BO ASPK 
10.061 OR LESS CL:.95 AGUILAR 81 HBC 

ASSUMING THAT THE F PRIME IS PRODUCED BY AN OPE 
PRODUCTION MECHANISM. 

IGSI 

E+ E-

( Pll 

12178 

12179 
12178 

8a9 PJ-P,KO KO N 12177 
13aK-PoK+K- 7/77 
4.15 K-P, KS KS 7177 
6.Pt NoK+K- 12/77 
12-15Pt-P, N 2Pl 12/79 

12179 
10 PI-P,K+ K- N 1/82* 
17,18 PI-P POLAR 12/79 
4a2 K-P,LAM 2K 1/82* 

0 MARTIN 79 USES THE PAWliCKI 71 DATA WITH DIFFERENT 
VALUE OF THE F INTO K KBAR BRANCHING RATIO. 

INPUT 

N SEE NOTE. N UNDER MASS. 

AVERAGE "''EANINGLESS (SCALE FACTOR = 1.01 



Mesons 
{(1515), p'(1600) 

F PRIME INTO lETA ETAIIIK KBARI I Plt J/C P21 R3 
R3 10.501 OR lESS BARNES 67 HBC 4.6. 5.0 K- P 10/67 

R4 
R4 
R4 

R5 
R5 
R5 

F PRIME INTO fPI PI ETAIIIK KSARJ IP5J/IP21 
10.31 CR LESS CL=.67 AM.MAR 67 HBC 
10.411 OR LESS CL::.95 AGUILAR 72 HBC 3.q.4.6 K- P 

F PRIME INTO IPI K KBAR + K K*(B9211/IK KBARJ IP6+P'31/IP21 
(0.41 OR LESS CL=.67 AM.MAR 67 HBC 
(0.351 OR LESS CL=.95 AGUILAR 72 HSC 3.9,4.6 K- P 

R6 F PRIME INTO IPI+ PI+ PI- Pl-1/IK KBARI IP7JIIP21 
R6 .10.321 OR LESS CL=.95 AGUILAR 72 HBC 3.9,4.6 K- P 

..••••.••• ,.,. .••..•.••..• •••o:····· •..•..•.• •••••••** ••••••••••••••••• 
REFERENCES FOR F PRIME 

BA~NES 65 PRL 15 322 +CULW t CK,GU lOON I ,KALBfLEISCH, GOZ+I BNL +SYRAI 

C RE NNEL L 66 PRL 16 10 25 + KALBFLEISCHolAt,SCARR,SCHUMANN + tBNUI 

67 PRL 18 620 +KEHOE, GLASSER, SECHI-ZORN, WOLSKY I MARYLAND) 

10/67 
12/72 

io/67. 
12/72 

12/72 

ABRAMS 
AM.MAR 
BARNES 

67 PRL 19 1071 +DAVIS,HWANG,OAGAN,OERRICK + INWES+ANll JP 
67 PRL 19 964 

ALJTTI 68 PRL 21 1105 

LORSTAO 69 NP 8 14 t~ 
SCOffER 69 NC 62 A 1057 

AGUILAR 
COLLEY 
VIDE AU 

72 PR 0 6 29 
72 NP 8 50 1 
12 Pl 41 8 213 

BEUSCH 75 PL 60 B 101 

BRANDENB 76 NP 8 104 413 

BARREIRO 77 NP B 121 237 
EVANGEl I 77 NP B 127 384 
LAVEN 77 NP B 127 43 
PAWLICKI 77 PR 0 15 3196 

ABRAMS 
BECKER 
CORD EN 
MARTIN 
POL YCHRO 

COSTA 
GORL ICH 

79 SLAC-PUB 2421 
79 NP B 151 46 
79 NP B 157 250 
79 NP 8 158 520 
79 PR 0 19 1317 

eo NP B 175 402 
eo NP 8 174 16 

AGUILAR e1 ZPHY C 8 313 
ALHARRAN 81 NP B 191 26 

+DORNAN, GOLDBERG, LEITNER + C·BNL+SYR ACUSE I ICJ P 

+BARNES, CRENNELL ,FLAM IN 10 1 GOLDBERG,+ I BNU 

B.LOR STAD, D-ANDl AU, AST I ER, + ICDEF+CERN I 
+E~ SKI NE, PALER,+ I BI RM+Gl AS+LOIC+MPI M+OXF J 

AGUILAR-SEN ITEZ, CHUNG, EISNER, SAM IDS I BNLI 
+JOBES, R I ODIFORD,GR IFF I THS, + I B lRM+GlAS) 
+VI DEAU, ROUGE, BAP.REl ET, DEBR ION,+ I EPOL +SACU 

+8 I RM AN, WE BSDAL E, WETZEL ICERN+ETHJ 

BRANDENBURG, CARNEGIE, CASHMORE ,DAVI ER+ I SLACJ 

+DIAZ, GAY 1 HEMINGWAY,+ ICERN+AMST +NI JM+OXf J 
EVANGELIST A,+ I BAR J+BONN+C ERN+DARE+GLAS+ I 
+OTTER, KlEIN,+ I AP.CH+BERL +CERN+LOIC+WIENI 
+AYRES,COHEN,DIEBOLO,KRAMER,WICKLUNO IANUI JP 

+ALAM, BLOCKER, BOYARSK I,+ I SLAC+LBLI 
+BLANAR, BLUM, C ERRAOA+ I HPJ M+CERN+ZEEM+CRAC I 
+DOWEll, GARVEY t JOBES,+ I BtRM+R f-JE L+TELA+lOWC) J P 
+OZMUTLU (OURHI 
POL YCHRONAKOS, C ASQN, B l SHOP+ I NDAM+ANL I 

+ I BAR I +BONN+C ERN+GLA S+L IVP+MI LA+WI EN) 
+NI CZYPORUK, ROZ ANSKA+ I CRAC+MPI M+C ERN+ZEEM I 

+Al BAJ AR, ARMENTEROS o+ I CERN+CDEF+MADR+STOHJ 
+BAUB ILll ER, + I 81 RM+CERN+GLAS+MICH+l PNP 1 

o.o:.o:o•.o: ********* ********* ********* ********* ********* ********* ******** .•••••• ********* "'******** ******"'** ...................... **"'*'***** ******** 

I p' ( 1600) I 65 RHO PRIME I 1600.JPG=I-+I 1=1 

The p' (1600) has been seen in the p 011+11- final 

·state, in photoproduction (BINGHAM 72, DAVIER 73, 

SCHACHT 74, ALEXANDER 75, LEE 75, ATIYA 79, RICH­

ARD 79, BARBER 80, ASTON 81), in e+e- annihilation 

(BARBARINO 72, OONVERSI 74, CORDIER 79, CoSME 79, 

BACCI 80, DELCOURT 81), in electroproduction. 

(KILLIAN 80), and in a 1T+d experiment (DIBIANCA 

81). If the 11+11- subsystem were in an S wave, 

as has often been assumed, one would also expect 

to see the p' decaying ·into p 011°11°. 'Ibis has, 

however, not been seen (ATKINSON 82). '!bus the 

most likely decay chain is p' -+ A1 11 -+ PTITI..,. 41!. 

FOr the determination of the p' (1600) parame­

ters we turn to its relatively rare 1!+1!- decays, 

which do not have the problems of the above decay 

chain. The 11+ 11- final state has been produced in 

11-p interactions (HYAMS 73, BECKER 79), in photo­

production (ATIYA 79, ASTON 80), and with weaker 

evidence in e+e- annihilation (reviewed by GENSINI 

78, HEYN 80). '!be mass and ~idth in these exper~ 

iments are consistently 1600 MeV and 300 MeV, re­

spectively. Note, however, that these parameters 

are the results of very simplified analyses which 

144 

Data Card Listings 
For notation; see key at front of Listings. 

are not adequate for such a broad resonance. An 

attempt to determine the p' pole position in a 

more model-independent way (LANG 79) from the 

HYAMS 73 data yields a mass at 1660 MeV. 

The elu~ive P' (1250) has recently been re­

claimed in the diffractively photoproduced w11° 

system (ASTON 80, BARBER 80). However, the JP de­

terminations are complicated by the simultaneously 

present B(l235) resonance. In addition, other 

dynamical effects obscure the interpretation of 

the p' (1250) as a resonance. 

PI+ PI- MODE 
H 11590. J 

p 1610. 
p 11575.1 

1600.0 
15fJ8. 0 

P 11659. I 
M 1590, . 

AVG 1598.9 

~5 RHO PRIME MASS CMEVJ 

120. I 
30. 

10.0 
24.0 

125.1 
20. 

22.0 

HYAMS 
FROGGATT 
11ARTIN 
ATIYA 
BECKER 
LANG 
ASTON 

73 ASPK 
77 RVUE 
78 RVUE 
79 SPEC 
79 ASPK 
79 RVUE 
80 OMEG 

17 Pt-P,N PJ+PI-
17 Pt-P,Pl+PI-N 
17 PI-P,PI+PI-N 
50 GAM C,2PJ 
17 PI- P POLAR I Z 

20-70GAM P,z PI 

•• 0 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

M 21PI+ PI-I MODE 

w 
w 
w 

400 1430. 
M 1550. 

•1,60 1550. 
340 1450. 

6511570. I 
{ 1500.1 

AX 11666. I 
341178D. I 

C 1500.1 
M 1520. 

A X 1570. 
0 1654. 

.so. 
60. 

• so. 
too. 
(60.) 

C 39. I 

30. 
60. 
25. 

BINGHAM 12 HBC 
CONVERS I 74 OSPK 
SCHACHT 74 STRC 
SCHACHT 14 STRC 
AlEXANDER 75 H8C 
ATIYA 79 SPEC 
BACCI 80 FRAG 
KilliAN 80 SPEC 
PENSO 80 RVUE 
ASTON B1 OMEG 
DElCOUR2 81 01'11 
OJ BIANCA 81 OBC 

AVERAGE MEANINGLESS (SCALE FACTOR ::: 2.01 

0 9.3 GAM p,p 4Pl 
0 E+ E-,21PI+PI-J 
0 5.5-9 G p,p 4PI 
0 9-18 G p,p 4PI 
0 7 .. 5 GAM P.P 4PI 

50 GAM Co4 PI+­
E+ E-, 21Pl+PI-I 
ll E-P,21PI+PI-I 
E'!" E~, 21Pl+PJ-J 
20-70GAM P,4 PI 
E+ E- 1 lfPl+PI-J 

0 PI+O,PP2tPI+PI-I 

SIMPLE RELATIV. BRE~TWJGNER FIJ .WITH MODEL DEPENDENT WIDTH 
ASS~ING RHO+EPSILON DECAY MODE INTERFERES WITH Al+PI BACKGROUND 
PARA'"IETERS ROUGHlY ESTIJIIIATEO,NOT FROM A FIT 
SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-STOOOLSKY FACTOR 

H INClUDED IN eECKER 79 ANALYSIS 
M SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIDTH 

ONE PEAK FIT RESULT. . 
FROM PHASE SI'IIFT ANALYSIS OF HYAMS 73 DATA 
AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 
1 S PRESENT ·DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 
THE VEPP2M-OLYA AND OCI-OMl DATA 'HAVE A SYSTEMAT.CALIBR.DIFFERENCE 

PI+ PI- MODE 
H UBO.) 

300. 
f340., 
283.0 
175.0 

p (232.1 
M 230.0 

65 RHO PRIME WIDTH IMEVJ 

(50. I 
100 .. 

14.0 
98.0 

134.) 
80.0 

53.0 

HYAMS 
FROGGATT 
MARTIN 
ATIVA 
BECKER 
LANG 
ASTON 

73 ASPK 
77 RVUE 
7e RVUE 
79 SPEC 
79 ASPK 
79 RVUE 
80 OM EG 

17 Pt-P,N PI+PI-
17 PJ-P,PI+PI-1\i 
17 Pt-P.PI+PI-N 
50 GAM C,2PI 
17 PI- P POLARIZ 

20-70 GAM P,2PI 

AVG 278 .. 4 14 .. 6 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1 .. 11 

21Pt+ PI-I MODE. 
400 650. 

360. 
E I60 400. 
E 340 850. 

D 65 1340. I 
C 1600. I 
A noo. 1 

34 1100. I 
B (230. I 

M 40D. 
510. 
400. 

100. 
100. 
120 .. 
200. 

1160.) 

( 160.1 

50. 
50. 

146. 

BINGHAM 72 H8C 
CONYERS I 14 OSPK 
SCHACHT 74 STRC 
SCHACHT 74 STRC 
AlEXANDER 75 HBC 
All YA 79 SPEC 
BACCI 80 FRAG 
KILLIAN 80 SPEC 
PENSO 80 RVUE 
ASTON 81 OMEG 
DELCOUR2 81 OM1 
01 BIANCA 81 OBC 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.4} 

0 9.3 GAM P.P 4PI 
0 E+ E-,21PI+PI-I 
o 5.5-q G P,P 4PI 
0 9-18 G PoP 4PI 
0 7.5 GAM P.,P 4PI 

50 GAM C,4 PI+­
E+ E-. 21P1+PI-I 
11 E-P,21PI+PI-I 
E+ E-, 21P1+Pl-J 
20-70GAM P,4 PI 
E+ E-,21PI+PI-I 

0 PI+O,PP21PI+PI-J 

A SIMPLE RELATIV. BREITWIGNER FIT WITH MODEL DEPENDENT WIDTH 
B ASSU"''ING RHO+EPSILON DECAY MODE INTERFERES WllH Al+PI BACKGROUND 
C PARAMETERS ROUGHLY ESTtMATEO,NOT FROM A FlT 
0 SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-STOOOLSKV FACTOR 

E WIDTH ER.RORS ENLARGED BY US TO 4>11WTOTH/SORTIN1oSEE K* TYPED NOTE 
H INCLUDED IN BECKER 79 ANALYSIS . 

M SIMPLE RELATJV. BREIT WIGNER FIT WITH CONSTANT WIDTH 
. ONE PEAK FIT RESULT. 

FROM PHASE SHIFT ANALYSIS OF HYAMS 13 DATA 
AN ADDITIONAL 4D MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 
IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 

1/74 
12/77 
12/77 
12/79 
12/79 

1182* 
9/81* 

12/72 
12175 
12175. 
12175 
12/75 
9/81* 
9/81* 
9/81* 
9/B1* 
9/81* 
'U81* 
1/82* 

12/75 
12./77 
12177 
12179 
12/79 

1/82* 
9/81* 

12172 
12175 
12/75 
12/75 
12/75 
9/e1* 
9/81* 
9/81* 
9/81* 
9/81* 
9/81* 
1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

Pl ., 
P3 

•• P5 

•• P7 

•• P9 
PlO 
Pll 
Pl2 

Wl 

Wl 0 

65 RHO "PRI"'E PARTIAl DECAY MODES 

RHO PRIME INTO RHO PI+ PI-
RHO PRIME INTO All 4 CHARGED PI 
RHO PRIME JNTG RHO RHO 
RHO PRIME INTO PI PI 
RHO PRIME INTO KBAR K 
RHO PRIME INTO PI OMEGA 
RHO PRIJollE INTC RHOO PIC PIO 
RHO PRIME INTO E+ E-
RHO PRIME INTO RHO+- PI-+ PIO 
RHO PRIME 'INTO KBAR K*l8921 + C.C. 
RHO PRIME INTO PI PI ETA 
RHO PRIME JNTC RHO PI PI 

65 RHO PRIME PARTIAL WIDTHS (KEVJ 

RHO PRIME INTO E+ E-

17.51 11.5) OELCOUR2 e1 OH1 

DECAY MASSES 
769+ 139+ 139 
139+ 139+ 139+ 139 
769+ 769 
139+ 139 
493+ 493 
1'39+ 782 
769+ 134+ 134 

.5+ .5 
769+ 139+ 134 
493+ 891 
139+ 139+ 548 
769+ 139+ 139 

I GBI 

E+ E-, 21Pl+PI-I 

Wl MODEL DEPENDENT, NOT INDEPENDENT OF OELCOUR2 81 WIDTH TIMES E+E-
Wl BRANCHING RAllO BELOW 

65 RHO PRIME BRANCHING RATIOS 

RHO PRIME INTO CRHO PI+ PI-1/14 PI, All CHARGEOI (PlJ/IP2J 

9/81* 

Rl 
Rl S 
Rl 
Rl 
Rl S 

10.801 BINGHAM 72 HBC 
500 O. 7 O. 1 SCHACHT 14 STRC 

9.3 GAM P,P 4Pl 1/13 
5.5-18 G P.P 4PI 12/75 

11.01 APPROX. OHCOUR2 81 DMl E+E-,21PI+PI-J 1/82• 
THE PI PI SYSTEM IS IN S WAVE 1/73 

RHO PRIME INTO IPI+ Pt-1/14 PI, All CHARGED) ( P41/IP21 R3 
R3 
R3 
R3 

(Q.2J OR LESS 2 SIGMA BINGHAM 72 HBC 0 9.3 GoV1 p,p 2PI 1/73 
(0,141 OR lESS ESTIMATE DAYIER 13 STRC 0 6-18 G P,P ltPI 1174 
0.13 Oo 05 ASTON 80 OHEG 20-10 GAM Pt2PI 9/BU 

R4 RHO PRIME INTO (KBAR KJ/(4 PI, All CHARGEOI IP51/tP21 
Rlt 10.041 OR LESS CL=0.95 BINGHAM 72 HBC 0 9.3 GAM P 1/73 
R4 0 0.015 0.010 DELCOUR2 81 OM1 E+E-,KBAR K l/B2• 
R4 D ASSUMING RHO PRIME AND OMEGA PRIME TO BE DEGENERATE IN MASS .. 

R5 RHO PRIME INTO tPI+Pt-JITOTAl IP41 
R5 (0.151 OR LESS EISENBERG 73 HBC '5 PI+ P,DEl++2PI 1/H 
R5 10.25) 10 .. 05) HYAMS 73 ASPK 11 PI-PtN PI+PI- 1/14 
R5 0.20 0.05 MONTANET 73 HBC PBAR P AT REST 12/77 
R5 C 10.201 OR LESS COSTA 2 17 RVUE E+E-,2 PI + 4 PI 12/77 
R5 p 10.30J 10.051 FROGGATT 77 RVUE 11 Pt-P,PI+Pl-N 12/77 
R5 P 10.151TO 0.30 MARTIN 78 RVUE 11 PI-P,Pt+PI-N 12177 
R5 0.2e1 0.043 0.042 BECKER 79 ASPK 0 11 PI- P POLARIZ 12/79 
R5 C ESTI"'ATE USING UNITARITY,TIME REVERSAL INVARIANCE,BREIT WIGNER 
R5 E ESTIMATED USING OPE MODEL. 
R5 H INCLUDED IN BECKER 79 ANALYSIS 
R5 P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 
R5 •••••• • • • 
R5 AVERAGE MEANINGLESS ISCALE FACTOR c: 1.31 

RHO PRIME INTO IRHOO PIO PIOI/IRHO+- PI.-+ PJOI tP71/(P9J 
IP7JitP21 •• •• •• 10.151 OR LESS ATKINSON 82 OMEG 0 20-70GAM Pt4Pt P 1/e2• 

R7 
R7 
R7 
R7 

•• •• •• 

RHO PRIME INTO I PI+ PI-+ NEUTRALSII14Pt,All CHARGED) 
(P7+ •••• 1/IP21 

12.6) I 0.41 , BALLAM '14 HBC, 9.3 GAMMA P 
UPPER LIMIT. BACKGROUND NOT SUBTRACTED 

RHO PRIME INTO I PI PI ETAI/(4 PI, ALL CHARGED I 
10.11 APPROX. ASTON 80 OMEG 
0.13 0.03 OElCOUR2 81 OM1 

1Plli/P2 
20-70 GAM P 
E+E-, Pl+Pt-MM 

R9 RHO PRIME INTO IKBAR K•IB92)+C.C.If(4PI, All CHGI{P101/IP2J 

12/75 

1/82* 
1/82• 

Rq 0 0.15 0.03 OELCOUR2 81 OMl E+E-,KBAR K PI 1/82• 
R9 0 ASSUMING RHO PRIME AND OMEGA PRIME TO BE DEGENERATE IN MASS. 

G2 
G2 
G2 P 
·G2 P 
G2 
G2 
G2 

G5 

AVG 

G5 M 

GlO 
GlO M 

Gi2 
G12 M 

E5 RHO PRIME Gl I I•Gt E+E-1/GI TOTAL I (KEV) 

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 CHANNEll II IN E+E- ANNIHILATION. 

Gl4 PI, All C!"ARGEOI*GIE+E-1/GITOTAU 
2.83 D.42 BACCI 80 FRAG 0 E+ E-, 2CPI+Pt-J 

(0.41 PENSO eo RVUE 0 E+ E-, 2(PJ+PJ-I 
ASSUMING RHO+EPSILON DECAY MODE INTERfERES WITH Al+PI BACKGROUND 

2.6 0.2 OELCOUR2 B1 OM1 0 E+ E-, 2tPI+PI-I 

2.64 0.18 AVERAGE· I ERROR INCLUDES SCALE FACTOR OF 1.01 

GCKBAR K)*GIE+E-1/GITOTALJ 
(0.035) I 0.0291 Bl ZOT eo DM1 0 E+ E-

GIKBAR K*l892l + C.c.J•GCE+E-IIGITOTALJ 
(0. 3051 1 o.on J 81 ZOT 80 OMl o E+ E-

GC RHO PI P II*G I E+E-1 IGITOT AlI 
(3. 5101 c o.o9ol BllOT eo oMt 0 E+ E-

MODEL DEPENDENT ..................................................... 
REFERENCES FOR RHO PRIME 

AlYENSLE 71 PRL 26 273 AL YENSL EBEN, BECKER, BERTRAM, CHEN,+ ( DESY+IIIIlTI 
+FR lOMAN, GERBER, GIVERNAUD. + I STRASBOURBJ 
+BUSZA,K EHOEt BEN IS TON,+ I SLAC+UMO+IBM+L8ll 

BRAUN 71 NP B30 213 
BULOS 71 PRL 26 149 

3/82• 

3/82• 

3/82* 

Mesons 
p'(1600), 8(1640) 

BACCI 12 Pl 38B 551 +PENSO,SALVINI,STELLA,BALDINt--cEIROMA+'FRASJ JPC 
BARBARIN 72 LNC 3 689 SAR.BARINO,CERAOINI,+ IFRAS+ROMA+PAOO+U"''OIIGJP 
BARTOLI 72 PR 0 6 2374 +FELICETTt,OGREN,+ CFRAS+ROMA+NAPLIIGJP 
BINGHAM 72 PL 418 635 +RABJN,ROSENFELO,SHADJA,YOST+tlBLoUCBoSLACIIGJP 
BRAMON 72 LNC 3 693 +GRECO CTHEORETICAL PAPERI (FRASCATII 
DIEBOLD 12 BATAY.CONF. R.DJEBOLD RAPPORTEUR TALK fANLJ 
EISENBER 72 PR 0 5 15 EISENBERG,BALLAMoOAGAN,+ IREHO+SLAC+TELAI 
LAYSSAC 72 NC lOA 4C7 J.LAYSSAC,F.M.RENARO IMONPI 
SMADJA 12 PHIL. CONF. PROC349 +BINGHAM, FRE TTER ,BALL AM ,CHADW ICK+IlBl+SlAC I 

CERADINI 73 Pl 43 8 341 
CHJNG 73 Pl 41 B 526 
DAY I ER 73 NP B 58 31 
E ISENBER 73 Pl 43 B 149 
HYAMS 13 NP B 64 134 
KREUZER 73 PR 0 8 1431 
OCHS 73 THESIS 

+CONYERSI, EKSTRAND ,GRIlli,+ ( ROMA+FRAS+PAOO I I GJ P 
+PROTOPOPE SCUol YNCH, FLA TTE + I BNL+LBL +USC I 

· +DERAOO, FRIES ,ll u, MOZLEY, OD tAN, PARK,+ I SLAC J 
EISEN BERG, KARSHON, MIKE NBERG, PIT LUCK,+ I REHOJ 
+JONES, WE I LHAMMER, BLUM, OI Ell,+ ( C ERN+MP I M I 
H.J.KREUZER,A.N.KAMAL IUNIV. OF ALBERTAJ 
THESIS IMPIMJ 

MONTANET 73 ERIC E SC .. OOL 518 L.MONTANET ICERNI 
PARK 13 NP 8 58 45 

BALLAM 74 NP 876 375 
BERNABEI 74 lNC 11 261 
CHALOUPK 74 Pl 51 B 407 
CCNVERSI 74 PL 528 4q3 
ESTABROO 74 NP 879 301 
FERBEL 74 PR 09 824 
GRli.YER 74 NP B 75 189 
HIRSHFEL 74 NP 874 211 
SCHACHT 74 NP ee1 205 

J.C.H.PARK IMPIMI JP 

+CHADWICK, BINGHAM, FRETTER+ C SLAC+LBl +MPI M I 
+O.ANGELO, SPILL ANT I NI, VALENTE (RQMA+FRASJ 
CHALOUPKA, FERRANDO, LOSTY, MONT ANET (CERN I 
+PAOLUZ I ,CERADI NI, GRILL I+ IROMA+FRASJ 
P.ESTABROOKS,A .. O .. MARTIN CDURHJ 
T.FERBEL AND P.SLATTERY (ROCHI 
G .GRAYER, HYAMS, BLUM, DI ETlt + I C ERN+MP I M t 
A.C .. HIRSHFELO,G.KRAMER (HAMS} 
+OERAOO,FRIES,PARK,YOUNT (MPIMI 

ALEXANOE 75 PL 518 487 ALEXANDER.f\ENARYoGANOSMAN,LISSAUER+ CTELAI 
ALLES 75 NC 30A 136 AllES-BORELLI,BERNAROlNI+ ICERN+BGNA+FRA.SJ 
CHUNG 75 PR D 11 2436 +PROTOPOPESCU,LYNCH,FLATTE+ CBNl+lBl+USCI 
ESTABRDO 75 NP 895 322 P.ESTASROOKS,A.D.MARTIN IOURHJ 
FROGGATT 75 NP 891 454 C .. D.FROGGATToJ.L.PETERSEN CGLAS+NOROI 
HYAMS 75 fliP 8100 205 +JONES,WEILHAMMERoBLUM,OIETl+ (CERN+MPIMI 
LANG 75 Pl 588 450 C .. a .LANG, I. S. STEFANESCU ( KARLI 
lANGACKE 75 PR 0 13 6<;7 P.LANGACKER,G.SEGRE tPENNJ 
lEE 75 STANFORD CONF.213 WONYONG lEE (COLUJ 
RODS 75 NP B 97 165 M.ROOS CHELSJ 

BASSOMPI 76 Pl 65 B 3q7 
COM.'40N 76 NP B 103 109 
J 01NSON 76 Pl 63 8 95 

BUDNEY 
COSTA '1 
COST A 2 
FROGGATT 
GESSAROL 

11 PL 70 B 365 
77PL67B213 
17 Pl 71 e 345 
11 NP 8 129 89 
11 fliP a 126 382 

GENSINI 78 PR D 17 1368 
MARTIN 78 ANP ll4 1 

BASSOMPIERRE, BINDER,+ 
A.K.COMMON 
+MART 1 N, PENN I NGTON 

( MUL H+STRS+TOR I} 
IKENH JP 

I OURH+CEq_N 1 J P 

N. M • BUDNEY, V. M. BUONEV, Y. V • S EREBRYAKOV I NOVO I 
COSTA DE BEAUREGARO,PHAM,PIRE,TRUONG CEPOLJ 
COSTA DE BEAUREGARD,PIRE,T.N.,TRUONG IEPOLI 
c. o .. FROGGA TT, J.l.PETERS EN C GLAS+BOHRI 
GES SA ROLl+ ( BGNA+F I RZ+GENO+MILA+OXF+P AY I J 

PAOLO M GENSINI 
A. 0. MARTI flit M. R. PENNINGTON 

( SLACI 
ICERNI 

ATIYA 
BACCI 
BECKER 
COR DEN 
CORDIER 
COSME 
lANG 
RICHARD 

79 PRL 43 1691 +HOLMES,KNAPP,LEE,SETO,+ ICOLU+Ill+FNALI 
79 PL B 86 234 +DE ZORZitPENSOtSTEllAo+ (ROMA.+BGNA+FRASI 
79 NP 8 151 46 +BLANAR,BLUM,CERRADA+ IMPIM+CERN+ZEEM+CRACJ 
79 NP 8 157 250 +[)OWElloGARVEY, JOBES,+C BIRM+RHEL+TELA+LOWCJ JP 
79 Pl 81 8 3e9 +DELCOURT, ESCHSTRUTH,FULOA+ C LALOJ 
79 NP B 152 215 +DUDELZAK,GRELAUO,JEAN-MARIE,JULLIAN+ (IPNI 
79 PR D 19 956 C.B.LANG,A.HAS-PARAREOA (GRAZJ 
79 FERMILAB SYMP.469 F.RICHARO ILALOI 

ASTON 80 PL 92 B 215 
BARBER 80 ZPHY C 4 169 
eACC I BO Pl 95 B 139 
BIZOT 80 MAOISGN CONF. 
HEYN 80 ZPHY C 1 169 
KILLIAN 80 PR D 21 3005 
O-DONNEL 80 PR 0 22 111 
PENSO 80 PL 95 B 143 

I BONN+CERN+EPOL +GL AS+LANC+MC t'S+ORSA+P AR IS+ J 
+DA t NTON, BRODBECK, BROOKES, +I OAR E+LANC+SHEF I 
+DE ZORZioPENSO,BALDINI-CELIO,+ CROMA+FRASI 

546 +8 I SELLOt BUON, CORD I ER, OELCOURT, +ILALO+USTLI 
M.F .HEYN,C.B.LANG ( GRAZI 
+ H EADWELL, AHRENS, BERK ELMAN, CASSEL.+ I CORN I 
P.J.D-OONNELL CTORONTOI 
G.PENSO, TRAN N. TRUONG I ROMA+EPOLI 

ALSO 82 NC CTO BE PUB.I G.PENSO,TRAN N.TRUONG IROMA+EPOLI 

ASTON 81 CERNIEP/81-13 ( BONN+C ERN +EPOL +GL AS+l ANC+MC H S+OR SA+ PAR IS+ J 
DELCOURT 81 Pl 99 B 257 
OELCOUR2 81 BONN CONF. 205 

+B I SELLO, B I zot, BUON oCORDI ER, MANE (ORSAYI 
B.OELCOURT IORSAYI 

ALSO 82 PL 109B 129 
OIBtANCA 81 PR D 23 5q5 

CORDIER,+ IORSAYI 
+Ft CK INGER, MALKO, DADO, ENGEl ER,+ ( CASE+CARNI 

ATKINSON 82 PL 10e 8 55 + I BONN+CERN+GLAS+LANC+MCHS+CUR 1 +RHEl+ SHEF I ... ... ......... ......... ......... ......... ......... . ............... . ...... ......... ••••••••• ••••••••• ••••••••• ••••••*** ••*•••••• •••••••• 

lo(t640)j 
) 

1640. 

220. 

68 THETA( 1640,JPG=2++1 1=0 

SEEN IN J/PSI INTO GAMMA THETA, T"'EREFORE C=+. 
THETA DECAYS INTO 2 ETA, THEREFORE IG=O+. 
JP::2+ IS PREFERRED OVER 0+, HIGHER SPINS NOT 
STUDIED. NEEDS CONFIRMATION. OMITTED FROM TABLE. 

6e THETA! 1640) MASS (MEYJ 

50. EDWARDS 82 CBAL 0 J/PSI ,GAM 2ETA 

EB THETA( 16401 WIDTH CMEYJ 

100. 10. EDWARDS 82 CBAL 0 J/PSI ,GAM 2ETA 

EB THETA(1640l PARTIAL DECAY MODES 

p 1 fHETAI 1640) INTO ETA ETA 
DECAY "''ASSES 

548+ 548 

•••••• o-•••••••• ••••••••••••••••••••••••••• •••*••••• ................. . 
REFERENCES FOR THETA( 16401 

E DWAROS e2 PRL 48 45e +PARTR lOGE, PECK,+ I CIT +HARV+PRI N+S T AN+SLAC I ...................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

1/82• 



Mesons 
c.J{1670), ~{1680) 

I c.J( 1670) I 45 OOEG.IIb70,JPG•3--I T=O. 

45 OMEGAU670J MASS CMEVJ 

M 1636. 20. 
20.0 
20. 
17. 
14. 
13. 
11. 

ARMENISE 68 DBC 5.1 PJ+N,PC3PIIO 9/68 
M 1,95 .. 0 
H 1670. 
M 200 1679. 
M 500 1678. 
M Q 200 1660. 
M P 600 1669. 

BARNES 69 HBC 
KENYON 69 OBC 
MATTHEWS 11 OBC 
at AZ 74 oac 
01 AZ 74 DBC 
WAGNER 75 HBC 

0 4.6 K-P,OMEG2PI 2/74 
B. PI+N,Pl3PIJO 8/69 
7.0 PI+N,PI3PIJO 1/71 
6. PI+N,PC3PIJO 1174 
6. PI+N,PC5Pl}Q 1/74 
7 .. Pl+P,OEL++3PI 11175 

M E 1LOI1700.0I APPRO X. 
12.0 

12.0 
20.0 

CERRADA 77 HBC 4.2 K-P,LA"4 3PI 12/77 
M P E 430 1673.0 
M 1650. 0 
M 60 1685.0 

BALTAY 78 HBC 
COROEN 78 OMEG 
BAUBilliE 79 HBC 

15 Pl+P,OEL 3PI 4/78 
8-12 PI- P,N 3PI 12/77 
8.2K- P,BACKWARD 12/79 

M 
M AVG 1667.9 4.b AVERAGE (ERROR INCLUDES SCALE. FAcTOR OF 1.01 

E PHASE ROTATICN SEEN FOR JP 3- (RHO Pll WAVE. 
M P FROM A FIT TO I=Oo JP:::3- RHO PI PARTIAL WAVE 
M Q FROM (OMEGA PI PI I MODE 

45 DMEGA(16701 WIDTH (MEVI 

s 200 
500 

Q 200 
s 600 
E 430 

s 60 

112~ 
(90~ I 
100. 
155 ~ 
167. 
122. 
173~ 

173~ 0 
253~ 0 
160.0 

bO. 
(20. I 
40. 
40. 
40. 
39. 
28. 
16~ 0 
39~ 0 
80.0 

ARMENISE 68 D8C 
BARNES 69 HBC 
KENYON 69 DSC 
MATTHEWS 71 DSC 
Dl AZ 14 OSC 
01 AZ 74 DSC 
WAGNER 75 HSC 
SAL TAY 78 HBC 
COROEN 78 OMEG 
SAUBllLIE 79 HBC 

5.1 Pl+N,P(3PI)O 
0 4.6 K-P,OMEGZPI 
8~ PI+N,PC3PIIO 
1.0 PI+NoP(3PIJO 
6~ PJ+N.PI3PIJO 
6. PI+N,Pt5PIJO 
1. PI+P,DEL++3Pl 
15 PI +P, DEL 3PI 
8-12 PI- P,N 3PI 
8.21(- P,SACKWARD 

AVG 166.1 12.0 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.11 

E PHASE ROTATION SEEN FOR JP 3- (RHO PII WAVE. 
W P FROM A FIT TO J::OI JP:::3- RHO PI PARTIAL WAVE 
W WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT«NJ,SEE K* TYPED NOTE 
W FROM (OMEGA PI PI I MODE 

45 OMEGA(1670I PARTIAL DECAY MODES 

DECAY MASSES 
134+ 134+ 134 

9/68 
1/73 
8/69 

11175 
1/74 
1174 

11175 
4178 

12177 
12179 

PI 
P2 
P3 
P4 
P5 

OMEGAt16701 INTO 3 PI (INCL. RHO PIJ 
OMEGAtl6701 INTO 5 PI IINCL. OMEGA Pt+PI-1 
OMEGA{l6701 INTO RHO PI 

134+ 134+ 134+ 13H 
769+ 134 

0MEGA(l670) INTO OMEGA 2 PI 
OHEGAtl6101 INTO 8(12351 PI 

45 OMEGA( 16701 8RA~CHING RATIOS 

OMEGAC16701 INTO 15 Pl)/(3 PII 

782+ 134+ 134 
1233+ 134 

tP21/(P11 R1 
R1 200 0~97 0.28 DIAZ 74 OBC 6. Pl+N,Pt5PIJO 1174 

R2 
R2 

OMEGA(16701 INTO (RHO PII/(3 PII tP31J(Pll 
200 (0. 701 OR MORE MATTHEWS 71 DBC 1.0 Pl+N, P(3PJl 0 11/11 

R3 
R3 

OMEGAU6701 INTQ (OMEGA 2 PIIJ(RHO PII (Pt.Jf(P31 
100 o. 11 o. 21 ot AZ 74 oec 6. PI+N• PI 5PIJ 0 12178 

R4 .. OMEGAtl6701 INTO ( Btl2351 Plitt RHO PII (P5JI(P31 
POSSIBLY SEEN DIAZ 74 DBC 6. PI+N,P(5PIIO 1174 

R5 
R5 

OMEGAU6701 INTO (8(12351PIIItoMEGA PI PIJ tP51/IP4l 
1.0 0.0 0.25 BAUBILLIE 79 HBC B.2K- P.BACKWAFIO 12179 ...... .......... .......... ............ ........... .......... .... ,. ..................... . 

ARMENISE 68 Pl 268 336 

BARNES 69 PRL 23 142 
KENYON 69 PRL 23 146 

ARMENISE 70 LNC 4 p~q 

MATTHEWS 11 PR 0 3 2561 
MATTHEWl 71 LNC 1 361 

DtAZ 74 PRL 32 260 

WAGNER 75 Pl 58B 2C1 

CERRAOA 77 NP B 126 241 

BALTAY 78 PRL 40 87 
CORDEN 78 NP 8 138 235 

BAUB Illl 79 Pl B 89 131 

REFERENCES FOR OMEGA( 16101 

+GHIOINI,FORINO+ IBARJ+BGNA +FIRZ +ORSAYI 

+CHUNG,EISNER,FLAMINIO,+ IBNLI 
+KI NSON 1 SCARR, + ( BNL+UCND+ORNLI 

+GH 10 IN I, FOR I NO, CARTACC I,+ I eAR I+SGNA+F IRZ I 

+PRENTICE, YOON,CARROLL, + 
+PRENTICE' YOON I CARROll I+ 

tTNTO+WISCI 
(TNTO+WISCI 

+OI BIANCA, f ICK INGER, ANDERSON, + (CAS E+CARNI 

+TABAK,CHEW ILBLI JP 

+BLOCKZIJL,HEINEN,+ UMST+CERN+NIJM+OXFI JP 

+CAUTIS,KALELKAR ICOlUI JP 
+CORBEll, AlEXANDER 1 + ( BIRM+RHEL+TELA+LOWC I 

BAUBILLIER+ ( BIRM+CERN+GLAS+MSU+LPNP I 

................ *** ,. ......... * ................... ,. ...... ********* •••****** ******** ........... ,. ............................................................................. .. 
I A3( 1680) I !4 <31lbBO.JPG=2--I I = I 

Evidence for the existence of the A3 meson was 

previously confused due to its appearance near the 

fn threshold in the diffractive-like process nN + 

nnnN, much like the A1 meson. While everybody 

agreed that there was a -300 MeV wide fn enhance­

ment in the JPLM = 2-SO partial wave at about 1650 

146 

Data Card Listings 
For notation, see key at front of Listings. 

MeV, some claimed non-resonant states (ANTIPOVl 

73, ASCOLil 73, BALTAY 77), while others saw evi­

dence for a resonance in the phase variation with 

respect to other partial waves (OTTER 74, THOMPSON 

74). 

In the non-diffractive charge-exchange reac­

tion n+p + n+n-n°~++ (WAGNER 75, BALTAY 77, CAUTIS 

77) and in the ·hypercharge-exchanged reaction 

K-p + n+n-n°A.at 4.2 GeV/c (CERRADA 77), there is 

no evidence for A3 production. 

Definitive proof for the resonant nature of 

the A3 has been given by PERNEGR 78 (3n system 

diffractively produced on nuclei) and DAUM 80,81 

and EVANGELISTA 81 (3n diffraction on proton tar~ 

get). In all these experiments the 2-SO+(fn) 

partial-wave amplitude exhibits resonance-like phase 

variation. 

In a simultaneous fit to the four 2- waves 

(En, pn, twice fnl, DAUM 81 needs a heavier compan­

ion to the A3 in addition to the Deck background. 

This fit probably gives the most reliable esti­

mates of the A3 and its heavier companion, which 

we name n(2100) • 

1660.0 
260 1660. 

1650. 
p 1660. 

P E t 1600. l 
575 1640. 

P 2M 1662.0 
R 11650.0 I 

p 0 1657.0 
l 11710.01 

p 1676. 

•vG 1663.5 

34 A3 M.S.SS ( MEVJ 

20~0 

25. 
30. 
10. 

UO.I 
10. 
10.0 

14.0 
120.01 .. 

CASO 69 HBC - 11 Pt-P, PI-F 
CASO 72 HeC + 11.7 PI+ P 
ANTtPOV1 73 CNTR - 25.,40. PI- P 
ASCOLI 1 13 HBC - 5.-25.PI- p,p A3 
THOMPSON 74 HBC + 13. PI+ P,P A3+ 
KALELKAR 75 HBC + 15 PJ+P,P PI+F 
BALTAY 17 HBC 0 15 PI+ P,P 3PI 
PERNEGR 78 CNTR - 9+13+t5,PI- NUC. 
OAUM 80 SPEC - 63-94 PI- p, 3PI 
DAUM 81 SPEC - 63,94 PI- P 
EVANGELIS B1 DMEG - 12 PI-P,3PI P 

4. 7 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 
tSEE IDEOGRAM BELOW I 

CLEAR PHASE ROTATION SEEN IN (2-SI,t2-PJ,(2-DI WAVES. 
WE QUOTE CENTRAL VALUE AND SPREAD OF SINGLE-RESONANCE 
FITS TO THREE CHANNELS. 

EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED. 
FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES~ THIS SHOULD NOT BE 
AVERAGED WITH All THE SINGLE RESONANCE FITS. SEE MINIREVIEW. 

M P J:ROM A FIT TO JP=2-S (F PIJ PART.IAL WAVE 
M R CLEAR PHASE JIOTATJON SEEN IN (2-SI AND 12-PJ WAVES 

WEIGHTED AVERAGE • 1663. ± 4.7 
ERROR SCALED BY 1.2 

·EVANGELIS 81 OMEG 
·DAUM 80 SPEC 
·BALTAY 77 HBC 
·KALELKAR 75 HBC 
·ASCOLI 1 73 HBC 

CHI SO 

'4' 

0' 2 
0.0 

.5 

0. 
-ANTIPOV1 73 CNTR 0, 
·CASO 72 HBC 0.0 
· CASO 69 HBC _Q_JJ_ 

10,5 

1600 1640 1680 T720 
(CON LEV 

1760 =0.163) 
A3 MASS (MEV} 

12175 
12175 
12175 
12175 
12175 
12175 
12177 
4/78 

12179 
1/82* 
1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

297 240.0 
(130. I 
(150 .. 01 

34 63 WIDTH IMEVI 

W P 200 •. TO- 400. 
260 t90. too. 

p 300. so. 
p 270. 60. 
P E 1310.1 140. I 

575 
w p 2000 

R 
w p 0 
w l 
w p 
w 

240. 
285.0 

(400. 01 
219.0 
312.0 
260. 

30. 
60.0 

20.0 
so. 0 
20. 

ARMENISE 69 OBC + 5.1 PI+0,3Pl+t-
CASO 69 HBC - 11 PI- P 
CASO 69 HBC - 11.0 Pl-P 1 Pl- F 
CASO 72 HBC ... 11.1 PI+ P 
CASO 72 HBC + 11.7 PI+ P 
ANTIPOVl 73 CNTR - 25.,40. PI- P 
ASCOLI 1 73 HSC - 5.-25.PJ- p,p A3 
THOMPSON 74 HBC + 13. PI+ P,P A3+ 
KALELKAR 75 HBC + 15 Pl+PoP PI+F 
BALTAY 77 HBC 0 15 PI+ P,P 3Pt 
PERNEGR 78 CNTR- 9+13+L5,PI- NUC. 
OAUM 80 SPEC - 63-94 PI- P, 3PI 
OAUM 81 SPEC - 63,94 PI- P 
EVANGEL IS 81 OMEG- 12 PJ-P,3Pt P 

W AVG 248.3 11.2 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

SEE NOTE 0 UNDER MASS. 
EVIDENCE FOI\ A ROTATION OF THE PHASE CLAIMED. 
FROM A TWO RESONANCE FIT TO .fOUR 2-0+ WAVES. THIS SHOULD NOT BE 

W AVERAGED WITH All THE SINGLE RESONANCE FITS. SEE HINIREVIEW. 
W P FROM A FIT TO JP=2- F PI PARTIAL WAVE 
W R CLEAR PHASE POTA.TION SEEN IN 12-SI AND 12-PI WAVES 

34 A3 PARTIAL DECAY MODES 

DECAY MASSES 
134+ 1 34+ 134 
134+ 769 
134+ 54B 

5170 
6/68 
6/68 
1172 

I2175 
12175 
12175 
12/75 
12175 
12/77 
4/78 

12179 
1/82* 
1/82* 

Pl 
P2 
P3 
P4 
P5 ,, 

A3 INTO 3 PI 
A3 INTO RHO PI 
A3 INTO EH PI 
A3 INTO 5 PI 
A3 INTO K 1<*18921 
A3 INTO K KBAR PI 
A3 INTO I< t<BAR 

139+ 139+ 139+ 139+ 
497+ B91 

P7 
P8 
P9 
PlO 
Pll 

A3 INTO F PI 
A3 1 NTO OMEGA PI PI 
A3 INTO 3 PI 
A3 INTO EP~IlON PI 

497+ 497+ 134 
491+ 497 

1273+ 134 
782+ 134+ 134 
139+ 139+ 139 

1300+ 139 

34 A3 BRANCHING RATIOS 

R2 
R2 
R2 
R2 
R2 

A3+- INTO IPI+- RHOOIIIALL PI+- PI+ PI-I IP2CI/(P1CI 
10.31 OR LESS BARTSCH 68 HBC + a. Ph P,3PI P 
(0.41 OR LESS FERBEL 68 RVUE 

O. 29 O. 05 OAUM 81 SPEC 63,94 PI- P 
FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

INTO CPT+- FJ/CALL PI+- Ph PI-I 
I WiTH F INTO PI+ PI-I 

IPBJIIP1CJ 

co. 591 
0.35 0.20 
0.76 0.24 
0.61 0.04 

FROM A TWO RESONANCE 

BARTSCH 68 HBC + 
SAL TAY 68 HBC 

0.34 ARMENISE 69 OBC 
OAUM 81 SPEC 

FIT TO FOUR 2-0+ WAVES. 

8. PI+ Po3PI P 
7-8.5 PI+P· 
5.1 PI+Dt3Pl++-

63,94 PI- P 

R3 AVG 0.603 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

R5 
R5 
R5 
R5 

43+- INTO IPI+- ETAI/ULL PI+- PI+ PI-I CP31/(PlCJ 
(ALL ETA DECAYS I 

10.091 OR LESS BALTAY 68 HBC + 7-8.5 Pl+P 
10.101 CP LESS CRENNELL 70 HBC - 6. PI- P,F PI 

•• R6 
A3+- INTO CPI+- 2PI+ iPI-liiAll PI~- PI+ PI-I ( P4CIIIP1CI 

10.11 ORLESS BALTAY 6BHBC + 7,8.5 PI+ P 

•• 
Rll 
Rll 
Rll 
Rll 

(0.101 OR LESS CRENNELL 70 HBC - 6. P+- P,F P+ 

A3+- INTO (PI+- EPSii..ONJICAll PI+- PI+ PI-I «P1li/(P1C) 
' I WITH EPSILON INTO PI+ PI-I 

0.10 0.05 OAUM 61 SPEC 63,94 PI- P 
FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

Rl2 
Rl2 
R12 

DIS RATIO FOR A3 INTO. F PI 
0.22 0.10 OAUM 81 SPEC 63,94 PI- P 

FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

****** ............................................... ********* •••••••• 

FCRINO 65 Pl 19 68 

FOCACCI 66 P'l.l 17 890 
LEVRAT 66 OL 22 714 
LUBATTI 66 THESIS BERKELEY 
VETLITSK 66 Pl 21 579 

OANYSZ 
OUBA.L 

ALSO 

67 NC 51 A 801 
67 NP 83 435 
68 THESIS 1456 

BAL lAY 66 PRL 20 887 
BARTSCH 66 NP B 7 345 
CASO 68 NC 54 A S83 
FERBEL 68 PHILA.CONF.335 
lOFFREDO 68 PRL 21 1212 
LAMSA 68 PR 166 I395 

ARMENISE 69 lNC 2 501 
BARNES 69 PRL "23 142 
CASO 69 LNC 2 437 

REFERENCES FOR A3 

+GESSAROLI+ I BGNA+BAR I +F IRZ+ORSA+SACL J 

CERN MISSING MASS SPECTPOMETER GROUP ICERNJ 
CERN MISSING MASS SPECTROMETER GROUP ICERNJ 
H.J.lUBATTt ILRUl-2-
VETll TSKY, GUSZAVIN, Kll GER, ZOLGANOV+ ( ITEP I 

DANYS Z+FRE NCH+S tMAK I CERN I 
CERN MISSING MASS SPECTROMETER GROUP ICERNI 
L.OUSAL 

1 
IGENEVEI 

+t<UNG+YEH+F ERBEL+ I COLU+ROCH+RUTG+YALEI 1=1 
+KEPPEL,KRAUS 1 + IAACH+BERL+CERNI JP 
+CONTE+COROS+D I AZ+ IGENOVA+HAMB+M ILA+SACLI 
T .FER BEl (ROCHESTER) 
+BRANDENBURG, BRENNER, EISENSTEIN+ I HARVARD I 
+CASON+B I SWAS+OERAOO+GROVES+ I NOTREOAME I 

+GHIOINI ,FORIN0 1 CARTACC I+ 
+CHUNG, EISNER, FLAM INIO, + 
+CONTE, TOMAS IN I, CANTORE+ 

(BAR I +BGNA+F IRZ J 
I BNLI 

( GENO+MILA+SACLI 

BRANOENB 70 NP 616 3~9 +BRENNERoiOFFREQO,JOHNSON,KIM+ IHARVAROJ 
CRENNELL 70 PRL 24 781 +KARSHON,LAI,SCARR,StMS IBNLI 
CHIEN 70 PHILAO.CONF.P.275 C.Y.CHIEN, REVIEW IJOHNS HOPI<INSI 
MIYASHIT 70 PR 0 I 711 MIYASHITA,VON KROGH 1 t<OPELMAN,LIBBY CCOLOI 

BEI<ETOV 71 SJNP 4 765 
PALER 71 PRL 26 167'3 

ALEXANOE 72 NP B 45 29 
ARMENISE 12 lNC 4 201 
CASO 72 NP B 36 349 
HARRISON 72 PRL 28 77'3 
SALZBERG 12 NP B 41 3<;7 

ANTIPOVl 73 NP B 63 153 
ANTJPOV2 73 NP B 63 141 
ASCOLI 1 73 PR 0 7 669 
ASCOLI 2 73 PR 0 8 3894 

+SOMBKOWSK Y, KONOWALOV, KJIUTSCHIN I Nt + I ITEPI J P 
+BAOEW tTZ, BARTON ,MIllER ,PALFREY, TEBES ( PUROI 

ALEXANDER, BAR-N JR, BENARV, DAGAN,+ I TELA I 
+FORI NO, CARTACC I,+ I BAR I +BGNA+F IRZ I 
+MADDOCK, SA SSLER+I OURH+GENO+OESY+"' ILA+SACL I 
+HEYOA, JOHNSON, KIM ,LAW, MUELLER,+ I HARVI 
+HARRISON, HEYOA, JOHNSON ,K I H ,lAW,+ I HARVJ 

+ASCOU, BUSNEUO,FOCACC 1, + 
+AS COLI, BUSNELLO ,FOC ACC I,+ 
INTERNAl. COLLABORATION 
+JONES ,WE I NSTE IN ,WYLO 

ICERN+SERPI JP 
ICERN+SERPI JP 

I Ill+l JP 
IlLLI JP 

8/69 
9/68 
1/62* 

6/69 
5/68 
5/70 
1/82* 

5/68 
5170 

6/66 
5/70 

1/82* 

Mesons 
A3(1680), q)(1680) 

ASCOLI 74 PR i:Jq 1963 
LICHTMAN 74 NP 881 31 

+CUTLER, JONES, KRUSE, ROBERTS, \rjff NSTE IN+ ( Ill J 
+B 1 SWAS, CASON, KENNEY ,MCGAHAN,+ I NOAMI 

OTTER 74 NP B80 1 +RUDOLPH+ IAACH+BERL+BONN+CERN+HEIDJ JP 
TABAK 74 BOSTON CCNF. +RDNAT,ROSENFELO,LASINSKJ+ ILBL+SLACJ Jp 
THOMPSON 74 PRL 32 331 +BAOEWtTZ,GAIOOS,MCilWAtN,PALER,+ (PUROI JP 

ALSO 74 NP B69 '381 THOMPSON, BADE WI TZ, GAl OOS,MC ILWAJN+ I PUROJ J P 

BEKETOV 75 SJNP 20 379 +ZOMBKOVSK I I, KA I OALON, KONOVALOV+ ( ITEP I 
E"''MS 75 PL 60 6 109 +JONES,KINSON,BELL,OALE+ IBIRM+OURH+PHELI JP 
HGRNE 75 PR 011 996 +S. HAGOPIAN, V. HAGOPIAN, BENSINGER+( F SU+BRANI 
KALELKAR 75 THESISINEVIS 2011 M.S.KALELI<AR (COLUI 
WAGNER 15 PL 58B 201 +TABAK,CHEW ILBLI JP 

BALTA'\' 
CAUl JS 
CERRAOA 

71 PRL 39 5S1 +CAUTIS,KALELKAR ICOLUMBJAI JP 
11 THESIS NEVIS 221 C.V.CAUTIS CCOLUMBIAI JP 
71 ~p B 126 241 +BLOCKZIJL,HEINEN,+ IAMST+CERN+NIJM+OXFI JP 

+CAUl IS, COHEN, C SORNAt KALELKAR+ (COLU+B I NG I SAL lAY 
CORD EN 
PERNEGR 
ROBERTS 

78 PR 0 17 52 
78 NP B 136 17 
7B IIIP 8 134 436 
78 PR 0 18 59 

OOWELLt GARVEY, JOBES+ ( B IRM+RHE L+ TELA+LOWC I J P 
+AEB I SCHER+ I ET H+CERN+L OIC+ MilA I 
+KRUSE, EOE LST E IN+ ( ILL+CARN+NWES+ROCH I 

DAUM 80 PL 89 6 285 +HERTZ BERGER+ ( AMST +CERN+CRAC+MPI M+OXF+RHELI J P 

OAUM 81 NP B 182 26~ 
EVANGELI 81 NP B 176 197 

ALSO 81 NP B 186 594 

+HER TZBERGER+ ( AMST +CEP.N+CRAC+MP tM+OXF+RHEL I 
EVANGELIST A+( BAR I+BONN+CERN+DARE +L I VP+ MJ LAJ 
I ERRATUM) 

••••••••••••••••••••••••••••••••••••••••••••••••••• ********* •••••••• 

****** ********* ********* ********* ********* ********* ••••••••• ••••••o• 

I rp' ( 1680) I 67 PHI PRIMEI1680oJPG:1--I I•O 

P1 
P2 
P3 
P4 

R1 
R1 

R2 
R2 

•• 
11652.01 
( 1700.1 
11647. I 
11651.} 
I 1bl0. I 

2I 1679. 
1690. 
1660. 

FIRST IDENTIFIED USING OALITZ PLOT ANAlYSIS OF 
E+E- INTO K K* CBIZOT BOt DELCOURT 81J 

67 PHI PRIME MASS IMEVJ 

(17.01 

( 10.1 
113. I 

34. 
10. 
20. 

COSME 
ASTON 1 
Bl ZOT 
CORDIER 
MANE 

ESPOSITO 
ASTON 
0ElCOUR2 

79 OSPI< 
60 OMEG 
80 DMl 
81 OMl 
81 DM1 

80 MEA 
81 OMEG 
81 OM1 

0 E+ E-o3PI 
25-70 GAI•!,OM 2PI 

0 E+ E-, All MODES 
E+E-, OMEGA 2 PI 
Et-£-,K+K-,Kl KS 

E+E-,3 PI 
25-70 GAM P,t<+t<­
E+E-, All MODES 

AVG 1683.7 . .. AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

A RESONANCE NOl DISTINGUISHED FROM THRESHOLD ENHANCEMENT 
B JP NOT UNAMBIGUOSLY 1-

C FIT TO ONE CHANNEl ONLY,NEGLECT INTERFERENCE WITH OMEGA,RHO PRIME 

•• 
. c 

AVG 

21 

(42.01 
1500. I 
1152. I 
1136.) 
noo. 1 ... 
100. 
150. 

125.6 

6"7 PHI PRIME WIDTH CMEVI 

( 17.01 

119. I 
(46. J 

49. 
40. 
30. 

COSME 
ASTON 1 
BIZOT 
CORDIER 
MANE 

ESPOSITO 
ASTON 
DELCOUR2 

79 OSPK 
80 OMEG 
80 OMI 
81 OM1 
81 OMl 

80 MEA 
81 OMEG 
81 DMI 

0 E+ E-o3Pl 
25-70 GAM, OM 2P I 

0 E+ E- 1 All MODES 
E+E-, OMEGA 2 P 1 
E+E-,K+K-.Kl KS 

E+E-,3 PI 
25-70 GAM P,K+K­
E+E-,All MODES 

2I.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

A RESONANCE NOT DJSHNGUISHEO FROM THRESHOLD ENHANCEMENT 
B JP NOT UNAMBIGUOSLY 1-

C FIT TO ONE CHANNEL ONLY,NEGLECT INTERFERENCE WITH GMEGA,RHO PRIME 

67 PHI PRIME PARTIAL DECAY MODES 

PHI PRIME INTO OMEGA 2 PI 
PHI PlUME INTO 3 PI 
PHI PRIME INTO I< KBAR 
PHI PRIME INTO K*l8921 KBAR + C.C. 

67 PHI PRIME BRANCHING RATIOS 

DECAY MASSES 
782+ 139+ 139 
139+ I39+ 134 
493+ 493 
782+ 493 

PHI PRIME JNTC (OMEGA Pt+Pl-1/11<*(8921 KBAR+C.C.ICP1JICP4J 
(0.251 OR LESS DELCOUR2 81 OM1 E+E-

PHI PRIME INTC (1<. KBARJ/11<.*16921 t<BAR+C.C.I IP3)/CP41 
0.15 .0.08 OELCOUR2 BI OM1 E+E-

~7 PHI PRIME G( I I *G( E+E- I /G tTCTALI (I<EVI 

THIS COMBINAliON OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH INTO 
E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS SECTION INTO CHANNEl( II IN E+E- ANNIHilATION. 
WE ONLY LISl DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAl 
WIDTH G( t J OP THE BRANCHING RATIO G( I )/TOTAL. 

Gl G(OMEGA 2PII*GIE+E-I/GITOTALI 
G1 M IO.Ol7JAPPROX BIZOT 80 OM1 0 E+ E-

G3 G(K KB.\RI*G(E+E-1/GITOTALI 
G3 M (0.0531 ( 0.0351 BIZOT 80 OMl 0 E+ E-

G4 G(K*(8921 I<BAR + C.C.I*G(E+E-1/G(TOTAU 
G4 M (0.413) 10.0331 Bl ZOT ~0 OM1 0 E+ E-

MOOEL DEPENDENT .................................................................... 

I2179 
6/81* 
3/82* 
9/8I* 
9/81* 

6/81* 
9/81* 
9/81* 

12179 
6/81* 
3/82* 
9/81* 
9/81* 

6/81* 
9/Bl* 
9/81* 

1/82* 

1/82* 

3/82* 

3/82* 

3/82* 



148 

Mesons 
cJ>'( 1680), g(1690) 

REFERENCES FOR PHI PRIME 

COSME 79 NP 8 152 215 +DUDELZAK, GRElAUO,JEAN-MAR IE,JULLI AN+ C IPNI 

ASTON 1 SO NP 8 114 269 tBONN+CERN+EPOL+GlAS+LANC+HCHS+ORSA+PARIS+I 
ASTON 2 BO PL 92 8 219 CBONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+I 
BIZOT 80 "1A01SON CONF. 546 +BISEllO,SUON.CORDIER,OELCOURT,+CLALO+USTU 
ESPOSITO 80 LNC 2 8 195 +MAR I Nl, PATTER I ,NIGRO+ I FRAS+NAPL+PADO+ROMAI 

ASTON 81 Pl 104 B 231 
CORDIER 81 PL 106 B 155 
DELCOUR T 81 Pl 99 8 257 
DELCOUR2 81 BONN CONF. 205 
MANE 81 PL 99 6 261 

IBONN+CERN+EPOL +Gl AS+LANC+MC HS+ORSA+PAR I S+l 
+6 1 SELLO, B IZOT, BUON ,OELCOUR T, MANE COR SAY J 
+B 1 SELLOt B t ZOT, BUON,CORot ER, MANE (OR SAY) 
a.OELCOURT IORSAYJ 
+6 I SELLO,B I ZOT, BUQN, CORDIER, DEL COURT COR SAY J ................................................................................................ ......... ........... ......... .............. ......... ........... ......... ....... . 

15 Gtlb90.JPG "' 3-+1 1=1 

15 G MASS IMEVI 

WE AVERAGE ONLY THE 2P1 AND KKBAR MODES WHICH HAVE LARGE STATISTICS 

2 PI MODE 

1670.0 30.0 GOLDBERG 65 HBC 0 6 PI+O, 8 PI-P 
116a3.} 113. I ARM ENI SE 68 DBC 05.1PI+D 
11737. OJ 123.0) ARMENISE 10 DBC 0 9 PI+ N 

122 1650.0 35.0 BARTSCH 70 HBC + B PI+ P,2 PI 
1687. 21. STUNTEBEC 70 t-IOBC 0 e. PJ-P,5.4 PI+D 
1678. 12. MATTHEWS 71 DBC D 7. PI+ N 

6/68 
1111 
5170 
2172 
2172 

E 600 1690. 1. ENGLER 74 OBC 0 6. PI+N,PI+PI-P 12/75 
G 
GI 

I 
E 

• E 
G 

I 
I 

p s 

1693. .. GRAYER 74 ASPK 0 l1 Pt-P,PI+PI-N 
11692. I 112.1 ESTABROOK 75 RVUE 17 Pt-P,PI+PI-N 
11722. J I 3. J HYAMS 75 ASPK 0 17 PI-P.PJ+PI-N 

175 1678.0 12.0 ANTIPDV 11 CI BS 0 25 Pt-P,P 3PI 
476 1679.0 11.0 BAL TAY 78 HBC 0 15 PI+P,PJ+PI-

(1134.01 (10.01 CORDEN 19 OMEG 12-lSPJ-P, N 2PI 
1617. 14. EVANGELIS 81 OHEG - 12 PI-P,2PI p 

MASS ERRORS ENLARGED BY US TO WIOTH/SQRTINJ,SEE K* TYPED NOTE 
USES SAME DATA AS HYAMS 75 
FROM PHASE-SHIFT ANALYSIS 
ERROR TAKES .1\CCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH 
nm TIMES URGER THAN THE K KBAR RESULT. 

K KBAR + K KBAR PI MODE 

1690.0 16.0 AOERHOL Z 69.HBC + 8 PI+ P,KKBARPI 
1692. .. SlUM 75 ASPK 018.4 PJ-P,N K+K-

6K 1698. 12. MARTIN 1 78 SPEC 10 PI P,KS K- P 
1699.0 5.0 ALPER 80 CNTR 0 62 PJ-P,K+ K- N 

( 1694.01 18.01 ·COSTA 80 OMEG 10. Pt-P,K+ K- N 

l THEY CANNOT DISTINGUISH BETWEEN G AND OMEGAf1670J. 

2/74 
12/75 
12175 
1/82* 
lt/78 

12/79 
1/82* 

8/69 
11175 

4178 
1/82* 
1/82* 

M P FROM A FIT TO JP=3- PARTIAL WAVE. 
M S SYSlEMATlC ERROR ON MASS SCALE SUBTRACTED 

AVG 1690.9 2.6 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

I4PII+- MODE 

F 

AVG 

1720. 15. SAL TAY 68 HBC 7t 8.5 PI+ P 6/68 
144 1680.0 40.0 BARTSCH 70 t-IBC a PI+ P,4 PI 4/71 
10211689.0) 120.01 BARTSCH 70 t-IBC + e PI+ P1 2 RHO 4/71 

1705.0 21.0 CASO 70 HBC - U.2Pt-P.RHO 2PI 5/70 
1630. 15. HOLMES 72 t-IBC + 10.-12. K+ P 1/73 
1687. 20. CASON 73 t-IBC - 8. ,18.5 PI- P 1/74 

I 1685. J 114. I CASON 73 HBC - e •• 1a.5 PI- P 1/74 
66( 1733. I I 9. I KliGER 74 HBC - 4.5 Pt-P,P 4Pl 12/75 

1670. 10. THOMPSON 74 HBC + 13 PI+ P 12/75 
177 1665.0 15.0 SAl TAY 78 HBC + 15 PI+P,P 4Pl 4/78 

( 1694. I I 6. I EVANGELI 81 OMEG - 12 Pt-P,I4PIJ-P 3/82* 
I 111e. J UO. I EVANGEl I 81 OMEG - 12 P1-Pd4Pti-P 3/82* 
( 1673 .. ) I 9. I EVANGElt 81 OMEG - 12 PI-P, I 4PI J-P 3/82* 

1675.2 11.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 
IS EE IDEOGRAM BEL OW I 

FROM RHO- RHCO MODE, NOT INDEPENDENT OF IBJ, CCI 
FROM I A2 J- PIO MODE. NOT INDEPENDENT OF lA I, ICI 
FROM IA2JO Pt- MODE, NOT INDEPENDENT OF IAJ, (81 
FROM I RHO+- PHOOI MODE 

WEIGHTED AVERAGE= 1675.2 ± 11.1 
ERROR SCALED BY 1.9 

· BALTAY 78 HBC 
·THOMPSON 74 HBC 
·CASON 73 HBC 
·HOLMES 72 HBC 
·CASO 70 HBC 
·BARTSCH 70 HBC 
·BALTAY 68 HBC 

1550 1650 1750 1850 

G MASS (MEV), (4PI)+- MODE 

CHI SO 
0.5 

.3 
0.3 
9. 1 

.0 
0.0 
8.9 

21. 1 
(CON LEV 
=0.002) 

Data Card Listings 
For notation, see key at front. of Listings. 

OMEGA PI MODE 

1654. 
1686. 
1666.0 
1690. 

24. .. 
14.0 
15. 

BARNHAM 70 HBC + 10 K+ P.OMEGA PI 6/70 
THOMPSON 74 t-IBC + 13 PI+ P 12/75 
GESSAROLI 77 HBC 11 Pt-P,O"'EGA PI 12/77 
EVANGELIS e1 OMEG - 12 PI7"P,OME PI P 11e2• 

AVG 1680.1 6.6 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1.01 

G 
GI 

[ 

T 

I 
1 

G 

15 G WIDTH IMEVI 

WE AVERAGE ONLY THE 2P1 AND KKBAR MODES WHICH HAVE LARGE STATISTICS 

2 PI MODE 

180.0 40.0 GOLDBERG 65 HBC 0 6 PI+D, 8 PI-P 
tee .. 49. ARMENISE 68 OBC 0 5.1 PI+ 0 6/68 
111.0 65.0 ARMENISE 70 OBC 0 9 PI+ D 1/71 

122 1eo.o 30.0 BARTSCH 70 HBC + 8 PI+ P. 2 PI 5/70 
267. 12. 46. STUNTEBEC 70 HOBC 0 8. Pt-P,5.4 PI+D 2/72 
156. 36. MATTHEWS '11 OBC 0 7. PI+ N 2172 

600 167. 40. ENGLER 74 DBC 0 6. Pt+N,PI+PI-P 12175 
200. 18. GRAYER 74 ASPK 0 17 PI-P.PI+PI-N 2/74 

(240. J 130.1 ESTABROOK 75 RVUE 17 Pt-P,PI+Pt-N 12175 
1267. I (30.1 HYAMS 75 ASPK 0 17 Pt-P,PI+PI-N 12175 

175 162.0 50.0 ANTIPOV 77 CIBS 0 25 Pt-P.P 3PI. 1182* 
476 116.0 30.0 BALTAY 78 HBC 0 15 PJ+P,PI+PI- 4/78 

1206. OJ OR MORE CL ... 84 BECKER 79 ASPK 0 11 'PI- P POLAR I Z 12/79 
(322.01 135.01 COROEN 79 OMEG 12-15PI-P, N 2PI 12179 
246. 37. EVANGELIS 81 OMEG - 12 PI-P,2PI P 1/82* 

FROM PHASE-SHIFT ANALYSIS 
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
USES SAME DATA ·AS HYAMS 75 AND BECKER 79 
FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH 
TWO TIMES LARGER THAN THE K KBAR RESULT. 

W T WIDTH ERRORS ENLARGED BY US TO lt*WIDTH/SQRT(NJ.SEE K* TYPED NOTE 
w 
w 
w 
w 

• 

K KBAR + K KSAR PI MODE 

p 6000 

112.0 
205. 
199. 
219.0 

(186.01 

60.0 
20. 
40. 

4.0 
(ll.OJ 

ADERHOLZ 
BLUM 
MARTIN 1 
ALPER 
COSTA 

69 HBC + e PI+ P,KKBARPl 8/69 
75 ASPK 01e.4 PI-P,N K+K- 11/75 
78 SPEC 10 PI P,KS K- P 4/78 
eo CNTR 0 62 PI-P,K+ K- N 1/82* 
80 OMEG 10. PI-P,K+ K- N 1/82* 

l THEY CANNOT DISTINGUISH BETWEEN G AND OMEGA I 1670) • 
w p FROM A FIT TO JP=3- PARTIAl WAVE. 
w 
w 
w AVG 

0 

G 

213.5 5.4 AVERAGE CERROR INCLUDES SCALE FACTOR Of 1o5J 

100 

ISEE IDEOGRAM BELOW J 

WEIGHTED AVERAGE- 213.5 ± 5.4 
ERROR SCALED BY 1.5 

·ALPER BO 
-~ARTIN 1 78 
·BLU~ 75 
·ADERHOLZ 69 
·EVANGEL! S 81 
·BALTAY 78 
·ANTIPOV 77 
·GRAYER 74 
·ENGLER 74 
·MATTHEWS 71 
-STUNTEBEC 70 
·BARTSCH 70 
·ARMENISE 70 
·ARMENISE 68 
·GOLDBERG 65 

200 400 500 

WIDTH (MEV), PI PI + K KBAR MODES 

CHI SO 
CNTR 1 .9 
SPEC o. 
ASPK o. 
HBC 
OMEG 0 .8 
HBC 10 .6 

CIBS 
ASPK 0 .6 

DBC 1. 4 
DBC 2.6 
HDBC 
HBC 1 . 2 
DBC 
DBC 
HBC ~ 

19.9 
(CON LEV 
,o.018) 

I4PII+- MODE 

F 

AVG 

1M. 35. SAL TAY 6e HBC + 1. 8.5 PI+ P 
144 135.0 30.0 BARTSCH 70 HBC + e PI+ P,4 PI 

90 (160.0) (30.01 BARTSCH 70 HBC + 8 PI+ PoA2 Pl 
102 (160.01 130.01 BARTSCH 70 HBC + a PI+ P.2 RHO 

130. 30. HOLMES 12 HBC + 10.-12. K+ p 
169. 70. 48. CASON 73 HBC - a •• 1e.s PI- P 

1125. I 183. 1 (35.1 CASON 73 HBC - e.,t8.5 PI- P 
66 nso. 1 KLIGER 74 HBC - 4.5 PI-P9P 4PI 

106. 25. THOMPSON 74 HBC + 13 PI+ P 
177 105.0 30.0 BALTAY 78 H8C + 15 PI+P,P 4PI 

1123. t 113. I EVANGEL I 81 OMEG - 12 PI-P.(4PIJ-P 
(230. J 128. I EVANGEL I 81 OMEG - lZ PI-P, I 4PI J-P 
Cl84.J (33. I EVANGEl I 81 OMEG - 12 P1-Pd4PIJ-P 

117.8 12.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

FRO~ RHO- RHCO MODE, NOT INDEPENDENT OF ( Bl, ICI 
FROM IA21- PIO MODE, NOT INDEPENDENT OF (A), (CJ 
FROM U210 PI- MODE, NOT INDEPENDENT OF (A), 181 
FROM (RiiO+- RHOOI MODE 

6/68 
4/71 
4/71 

1173 
1174 
1/74 

12/75 
12/75. 
4/78 
3/82• 
3/82* 
3/82• 

OMEGA PI MCOf: 

AVG 

130. ... 
160.0 
190. 

112.9 

73. 
25 • 
56.0 
65. 

20.6 

43. BARNHAM 70 HBC + 10 K+ P,OMEGA PI 6/70 
THOMPSON 74 HBC + 13 PI+ P 12175 
GESSAROll 77 t-IBC 11 PI-P,OMEGA PI 12177 
EVANGELIS 81 OMEG - 12 PI-P1 0ME PI P 1/82* 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
g(1690). </>( 1850) 

15 G PARTIAL DECAY MODES 

Pl G INTO PI PI 
P2 G INTO 4PIIINCl. ·PIO'SJ 
P3 G INTO K KSAR PI 
P4 G INTO K KBAR 
P5 G INTO PI PI RHO (EXCLUDING ZRHO+A2 PI I 
P6 G INTO A2 PI 
P7 G INTO OMEGA PI 
PB G INTO 2 RHO 
P9 G INTO PHI PI 
PlO G INTO ETA PI 
Pll G+- INTO 3 PI CHARGED AND 1 PI.O 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
139+ 139 

'139+ 139+ 139+ 139 
4'97+ 497+ 1·39 
4'H+ 497 
139+ 139+ 769. 

1318+ 139 
139+ 782 
769+ 769 

1019+ 139 
548+ 139 

·139+ 139+ 139+ 139 

The matrix below is derived from the error matrix for the fitted partial decay mode 

b~.anching fractions, P 1, as follows: The diagonal elements are P
1
±6P

1
, where 

OP
1 

" '\)(OP
1
6P

1
), while the off-diagonal elements are the normalized correlation coeffi­

cients (6P16Pj)/(&P1 · 6Pj), For the definitions of the individual Pi, s.ee the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to t. 

P 1 P. '2 P 3 P 4 
p 1 e2380+'-.0129 
p 2 -.7561 e7090+-;0189 
P 3 el510 -e74l5 e0378+-o0122 
P 4 -.1452 -.0478 -e0230 e0151+-o0031 

Rl 
Rl P 
Rl G 
Rl 
R I 
Rl 
R I 
R I 
Rl 
R1 AVG 
R1 FIT 

R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 FIT 

15 G BRANCHING RATIOS 

G INTO 12PIIITOTAl 
. 'Oe 22 Q. 04 MATTHEW$ 11 HOSC 

(0.2451 10.0061 ESTABROOK 75 RVUE 
0.259 Oe018 0.019 BECKER 79 ASPK 
O. 23 O. 02 CORDEN 79 OMEG 

FROM PHASE-SHIFT ANALYSIS OF HYAMS 75 DATA 
INCLUDED IN eECKER 79 ANALYSIS 
OPE MODEL USED IN THIS ESTIMATION 

I Pl) 
0 7. PI+N,PI-P 

11 Pt-P,PJ+PI-N 
0 11 PI- P POLAR I Z 

12-15PI-Po N 2Pl 

0.243 0.013 AVERAGE tERROR INCLUDES StALE FACTOR OF 1.01 
Oe238 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

G INTOI2 PU/14 Pt I CHARGED 
IOe 121 OR LESS 
10.21 OR LESS 
0.35 0.11 

GO INTOI2 Pil/14 Ptl ALL 
0.30 0.10 ......... 

BALL AM 
HOLMES 
CASON 

BALTAY 

(Pl)/(Plll 
11 HBC - 16. PI- P 
72 HBC + 10""-12. K+ P 
73 HBC - a. o18.5 PI- P 

CP11/IP21 
1a HBC 0 15 Pl+P",P 4PI 

0.336 0.026 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

G+- INTO IK KBARI/12PII IP411«Pll 

2112 
12/75 
12/79 
12/79 

2/72 
1/73 
1/74 

4/78 

R4 
R4 
R4 

0.191 0.040 0.037 GORLICH 80 ASPK 0 11,18 PI-P POLAR 12/79 

R4 FIT 0.063 0.014 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.31 

R5 G+- INTO IK .KBAR .PIIf(2PIJ IP31/1Pll 
R5 A Oe16 0.05 BARTSCH 70 HBC + B. PI+ p 2/72 
R5 A 
R5 
R5 FIT 

Rb 
Rb 
Rb 
Rb 
Rb 
Rb 
R6 AVG 

R7 
R7 
R7 
R7 T 
R7 
R7 T 

R8 
R8 

R9 
R9 
R. 
R9 
R9 T 
R9 
R9 T 

RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
R10 AVG 

Rll 
Rl! 

RIZ 
Rl2 

Rl3 
Rl3 

INCREASED BY US TO CORRESPOND TO G INTO «ZPI Jz:~.24 

G+-

().159 0.051 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

INTO I RHO 2P I 1114 PII 
CONSISTENT WITH 1. 

11. I I 0.151 
0.88 0.15 
0.96 o. 21 

CHARGED 
CASO 
BARTSCH 
BALLAM 
BAL TAY 

(P5+P6+P811(Plll 
68 HBC - 11 PI- P 
70 HBC + B. Pt + P 
11 HBC - 16. PI- P 
78 HBC + 15 Pl+P,P 4Pl 

0.91 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

G+- INTO 12RHOI/(4 PU CHA.RGED tP81/IP111 
10.71 (0.151 BARTSCH 70 HBC + 8. PI+ P 

66 10.561 KLIGER 74 HBC - 4.5 Pt-P,P 4PI 
IOal31 10.091 THOMPSON 74 HBC + 13 PI+ P 
0.12 O. 11 ,SAL TAY 78 HBC + 15 PJ+p, p 4P I 

RHO RHO ANO A2 PI fo'ODES ARE INDISTINGUISHABLE 

G+- INTO 12 RI-01/IALL RHO 2PJI IPBI/IP5+P6+P81 
0. 4a o. 16 CASO 68 HBC - 11 PI- P 

G+- INTO tPl A2J/14 Pll 
(0.61 

CHARGED tP61/IP11J 
BALTAY 68 HBC + 7,8a5 PI+P 

(0.61 (0.151 BARTSCH 70 HBC + a. PI+ P 
NOT SEEN CASON 73 HBC - Sa, 18a5 PI- P 

(0.361 10.141 THOMPSON 74 HBC + l3 PI+P 
0.66 0.08 ' SAL TAY 78 HBC +· 15 Pl+P 9 P 4Pl 

RHO RHO AND A2 PI HODES ARE INOI S T I NGUISHABl E 

G+- OMEGAI/14 PIJ 
Oe 10 
o. 10 
o. 07 

OR lESS 
Oa 07 

CHARGED 
BAL TAY 

. JOHNSTON 
BAlLAM 
Kl IGER 

INTO IPI 
o. 25 
0.25 
Oa 12 

( o. 091 
o. 33 

10.111 OR LESS Cl:0.95 
THOMPSON 
BAL TAY 

o a o a • 0 o o 

tP71/IPlU 
68 HBC + 7-8.5 Pl+P 
68 HB( - 1.0 PI- P 
11 HBC - 16. PI- P 
74 HBC - 4e 5 P 1-P, P 4Pl 
74 HBC + 13 PI+ P 
78 HBC + · 15 Pl+P,P 4PI 

0.233 0.050 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 

G+- INTO IPI PHII/14 PII CHARGED I P':!I/IP1U 
10.111 OR lESS BALTAY 68 HBC + 7,8.5 Pt+P 

G+- INTO C PI+- 2PI + 2PI- PIOJ/14 PI.J CH. 
10.151 OR LESS BALTAY 68 HBC + 7,8.5 Pt+ P 

G+- INTO IPI ETAI/14 PII CHARGED IP101/IP111 
10.021 OR LESS THOMPSON 74 HBC + 13 PI+ p 

R14 G+- INTO IK KBARJ/TOTAL. (p41 

6/68 
2/12 
2/12 
4/78 

2172 
12175 
12/75 
4178 

6/68 

6/68 
2/72 
1/74 
4/7a 
4/78 

5/6a 
6/68 
2112 

12175 
12/75 
4/78 

6/68 

6/68 

12175 

R14 8 Oa013 0.004 HARTIN 2 78 SPEC -10 PI P.KS K- P 4/7a 
R14 0.013 0.003 COSTA 80 OHEG 0 10 PI-P.K+ K- N 1/82* 
R14 8 FROM SQRTIP1*P4J==0.056+-0.034 ASSUMING t2PII/TOTAl::P1::0.24 
R14 
R14 AVG 0.0130 0.0024 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
R14 FIT 0.0151 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

Rib 
Rib 

G+- INTO I PI CMEGA I/( Pl OMEGA+ 2 RHO I IP7)/(P7+P81 
O. 22 0. 08 CASON 73 HBC - 8 •• 18.5 PI- P 

••••••••••••••••••••••••••••••••••••••••••••••••••• ********* •••••••• 

BELLINI 65 NC .40 A 1348 
DEUTSCHH 65 Pl 18 351 
FORINO 65 PL 19 65 
GOLDBERG 65 PL 17 354 

EHRLICH 66 PR 152 1194 
FOCACCI 66 PRL 17 890 
LEVRAT 66 PL · 22 114 
SEGUINOT 66 PL 19 712 

ABRAMS 
OANYSZ 
OUBAL 

ALSO 
FRENCH 

67 PRL lB 620 
67 PL 24B 30':1 
67 NP 83 435 
68 THESIS 1456 
67 NC 52A 442 

ARMENISE 68 NC 54 A 13139 
SAL TAY 68 PRL 20 887 
BISWAS 68 PRL 21 50 
BOESEBEC 68 NP 8 4 501 
CASO 68 NC 54 A 983 
CRENNELL 6a PL 2B B 136 
JOHNSTON 68 PRL 20 1414 

AOERHOLZ 69 ~P 8 11 259 
ANDERSON 69 PRL 22 1390 
BARISH 69 PR l84 1375 
CASO 69 NC 62 A 755 
VETLITSK 69 SJNP 9 461 

ARMENISE 70 LNC 4 199 
BARNHAM 70 PRL 24 1083 
BARTSCH 70 NP'B 22 109 
CASO 70 LNC 3 707 
KRAMER 70 PRl 25 396 
MAURER 70 THESIS NOa588 
STUNTEBE 70 PL 32 B 391 

B AlLAM 11 PR 0 3 2606 
BRAUN 7l NP B 30 213 
GRAYER 71 PL 35 B 610 
MATTHEWS 71 NP B 331 

REFERENCES FOR G 

BELLIN I, OI CORAT0 9 OUIM I C, F 1 OR IN I ( Jrlll LA NOI 
H.OEUTSCHMANN ET Al tAACHEN+BERLIN+CERNI 
FOR INO. GES S AROL I + I BOLOGNA+ORSA Y+SAClA Y I 
GOL OBERG+ C CERN+EPOL +ORSAV+ M llANO+CEA-S ACLI 

R. EHRLICH.W.SELOVE.H.YUTA (PENNSYLVA.NIAI 
CERN MISSING MASS SPECTPOMETER GROUP ICERNI 
CERN HISSING MASS SPECTROMETER GROUP CCERNI 
CERN MISSING MASS SPECTROMETER GROUP ICERNI 

+KEHOE+GLA'SSER+SECHI-ZORN+WOLSKY I MARYLAND I 
+FR ENCH+K I NSON+S IMAK+ C CERN+L I VER POOLI 
+FOCACC I +K I ENZLE+L ECHANOIN E+LEVRAT+ I CERN I 
L.OUBAL . CGENEVEJ 
+K 1 NSON+MCOONALO+R I ODI FORO+ t CERN+B IRM I 

+FOR I NO+CART ACC I+ I BAR 1 +BGNA +FI RENZ E+ORSAYll 
+KUNG+YEH+FERBEL+ ( COLU+ROCH+RUTG+YAL El 1"'1 
+CASON, OZI ERBA, GROVES o KENNEY,+ (NOAMI 
BOE SEBECK, DEUTSCHMANN,+ I AACHEN+BERL I N+CERNI 
+C ONTE+CORDS+O I AZ+ I GENOVA+HAMB+MI LA+ SACLI 
+KARSHON ,LA I 1 SCARR, SKI lliC ORN C BNLI 
+PRENTICE, STEENBERG. YOON I TORONTO+W 1 SC II JP 

+BARTSCH,+ I AACH+BERL+CERN+JAGL+WARSI 
+COLLINS, Bl I EDEN+ IBNL+CARNI 
+SELOVE, B I SWAS, CASON,+ C PENN+NDAM+ROCHI 
+CONTE. BENZ,+ t GEN'l+OES Y+HA"'B+MI LA+ SACLI 
+GUZHAVlN,KliGERoKOLGANOVoLEBEOEV+ I tTEPI 

+GH I D I Nlo FOR JNO, CART ACC I•+ I BAR 1 +BGNA+F I R Zl 
+COLLEY, JOBES, KENYON, PATHAK, R 1001 FORO t B IRMJ 
+KRAUS, TSANOS. GROTE, KOTZAN+ I AACH+B ERL+C ERN) 
+CONTE, TOMAS I Nl, CORDS+ I GENO+ 1-AMB+Ht LA+SACL I 
+BAR TON, GUT AY ol I CHTMAN, MILLER,+ I PURDUE I 
GaMAURER I STRASBOURG) 
STUNTEBECK, KENNEY, DEERY, BI SWA S, CASON+ I NOAMI 

+CHADWICK, GUI RAGOSS I AN, JOHNSON,+ I SLAC I 
+FR'I OMAN, GERBER, GI VERNAUO. KAHN,+ IS TR Bl 
+HYAMS • JONES, SCHLEIN. BLUM,+ I C ERN+MPt Ml JP3-
+PRENT ICE, YOON, CARROLl,+ I TNTO+Wl SCI JP3-

ARMENISE 72 LNC 4 205 +FORINOoCARTACCI,+ IBARI+BGNA+FIRZI 
ALSO 75 LNC 14 177 +FOGLI-MUCUCCIA,FORINO+ IBARI+BGNA+FIRZJ JP 

BOWEN 72 PRL 29 890 +EARlESoFAISSLER,BLIEOEN,+ INEAS+STONJ 
CLAYTON 72 NP B 47 81 +MASON,MUlRHEAO,RIGOPOULOS,+ (LIVP+PATRJ 
GRAYER 72 PHILaCONF .. PROCa 5 +HYAMS,JONES,SCHLEIN,BLUM,DIETL+ICERN+MPIMI 
HOLMES 12 PR 0 b 3336 ' +FERBELo SLATTERY,WERNER I ROC HI 

ARNOLD 73 LNC 6 707 +ENGEL, ESCOUBES, KURTZ, L LOR ET • PATY, + t STRBI 
CASON 73 PR 0 7 1971 +8 1 SWAS, KENNEY 1 MADDEN, SANDER, SHEPHARD( NOAMJ 
CASON 1 73 NP B 64 14 +MADDEN, 8I SHOP, Bt SWAS, KENNEY,+ t NOAMI 
HYAMS 73 NP 8 64 134 +JONES, WEI LHAM"''ER, BLUM ,OlE TL, + I C ERN+HP I M I 
ROBERTSO 13 PR 0 7 2554 ROBER TSON,WALKER ,DAVIS I DUKE+Wt SCI 

OUBOVtKO 74 SJNP 19 568 OUBOVI KOV, MATSYUK, NI lOV ,SOKOLOV I ITEP I 
ENGLER 74 PR 010 2070 +KRAEMER, TOAFF • WE I SSER, OIAZ + I CARN+CASE I 
GRAYER 74 NP B 75 189 G. GRAYER, HYAMS, BLUM, 01 ETlt + I CERN+MPl M I 
KLIGER 74 SJ~P 19 428 +BEKETOV,GRECHKO,GUZHAVIN,OUBOVIKOV+ I ITEPI 
OREN 74 NP 871 189 +COOPER, FI ELOS. RHINES, WHITMORE,+ t ANl+OXf I 
THOMPSON 74 NP B6'9 220 +GA I OOSo MC ILWA I N,M ILLER ,MUL ERA,+ t PUROI 

BlUM 75 PL 578 403 +CHABAUOoDIETL.GARELICK,GRAYER+ ICERN+HPIMI JP 
ESTABROO 75 NP 895 322 P.ESTABROOKS,AaO .. MARTIN tDURHI 
HYAMS 75 NP 8100 205 +JONEStWEILHAMMER,BLUM.OtETL+ ICERN+MPtMI 
KALELKAR 75 THESISCNE\IIS 2071 MaS.KALElKAR tCOLUJ1::1 

ANTIPOV 11 NP a 119 45 
GESSAROL 17 NP 8 126 3B2 

SAL TAY 
FORI NO 
MART IN 1 
HARTIN 2 
MARTIN 3 

7B PR D 11 62 
78 NP B 139 413 
1a Pl. 74 B 417 
78 NP 8 140 158 
78 ANP 114 1 

BECKER 79 NP B 151 46 
COROEN 79 NP B 157 250 
EVANGEL I 79 NP B 154 381 

ALPER 
COSTA 
GORLICH 

80 PL 94 8 422 
80 NP B 175 402 
eo NP B 174 16 

EVANGEL I 81 NP B 17B 197 

+BU SNELL Do OAHGAAROo K tEN ZLE+ tCERN+ SERP I 
GES SA ROll • + I BGNA+F I R Z +GENO+MIL A+OXF+PAVt I 

+CAUT IS oCOHEN,C SORNA, SMITH, YEH, +I COLU+B lNG I 
+CARTACCI,+ IBGNA+FIRZ+GENO+MILA+OXF+PAVJI JP 
+OZ MUTLU+BALO I • BOHR INGER, DOR SAZ+t OURH+GEVA I 
+OZ HUTLU. BALDI, BOHR INGER, OOR SAZ +I OURH+GEVA I 
A .0 .HARTIN • M. R. PENN I NGTON I CERN I 

+BLANAR, BLUM, CERRAOA+ ( MP IH+CERN+ZEEM+CRACI 
+DOWELl, GARVEY, JOBES,+ t BIRM+RHE L+TE LA+LOWCI JP 
+ I BAR I +B9NN+CERN+OAR E+GLAS +L IVP+M ILA+WI ENI 

+BECKER,+ C AMST+CEFIN+CRAC+MPI M+OXF+RHEL I 
(BAR I +BONN+CERN+ GLA S+L IVP+M t LA+WI E Nl 

+NIC ZYPORUK .RD Z ANSKA+ I CRAC+MPI M+C ERN+Z EEMI 

EVANGELIST A+ (BAR t+BONN+CERN+OARE+l IVP+MILAJ .................................................................... 
................................ (!< ................................... . 

l<t>(1850)1 
) 

1i3 1850.0 

54 PHI( 1850,JPG= I I=O 

SEEN IN THE K KBAR AND K KBAR PI MASS 
DISTRIBUTIONS. 
NEEDS CONFIRMATION. OMITTED FROM TABLE. 

54 PHI11B50J MASS CHEVI 

10.0 ALHARRAN 81 OMEG 

54 PHil IB501 WIDTH I MEV I 

8.25 K-P,LAM 2K 

1/74 

l/82* 

123 so. 0 40.0 30.0 ALHARRAN 81 OMEG 8.25 K-P,LAM 2K 1/82* 

PI 
P2 

54 PHII18501 PARTIAL DECAY HODES 

PH{( 18501 INTO K KBAR 
PH It 1a50J INHi K*(8921 K + C.C. 

DECAY MASSES 
493+ 493 
891+ 493 



Mesons 
~( 1850), X{1850), S( 1935) 

54 PHI(18501 BRANCHING RATIOS 

Rl PH111850J INTO IK*(8921 K+C.C.J!(K KBARJ IP21/IP1J 
Rl O. 8 Q. 4 ALHARRAN 81 OMEG 8.25 K-P,LAM ZK 

••••o• ********* ********* ********* ••••••••• ********* ********* •••••••• 
REFERENCES FOR PHI (18501 

ASTON eo PL qz a 219 ( BONN+CERN+EPOL +Gl AS+l ANC+fo!CHS+ORSA+PAR 1 S+ I 

ALHARRAN 81 Pl 101 B 357 
DELCOURT 81 emm CONF. 205 

+AMIRZADEH,+ 
B.DElCOURT 

I Bl RM+CERN+GLAS+M ICH+L PNP J 
IORSAVI ................................. ········* .......... **••••••• •••••••• .................................. ••••••*•* ......................... . 

lx(1B5o)l 
) 

38 Xll85Q,JPG=2+ I I= 

fROM AN AMPLITUDE ANALYSIS OF THE K+K- SYSTEM SEEN IN 
PI- P INTO K+ K- N AT 10 GEV/C. 
NEEDS CONFIRMATION. OMITTED FROM TABLE. 

P1 

38 Xl1e50J MASS IMEVI 

1857.0 35.0 24.0 COSTA eo OHEG 0 10 Pt-P.K+ K- N 

A ERROR INCREASEO BY SPREAO OF TWO SOLUTIONS. 

3e Xll8501 WIDTH CMEVJ 

185.0 102.0 139.0 COSTA 80 OMEG 0 10 PI-P,K+ K- N 

A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS. 

~8 XH8501 PARTIAL DECAY HODES 

XI 18501 INTO K+ K-

38 XCleSOJ BRANCHING RATIOS 

XI 18501 INTO I K+ K- I /TOTAL 

DECAY MASSES 
493+ 493 

I Pll 

1/82* 

1/82* 

R1 
R1 SEEN COSTA eo OMEG 0 10 PI-P,K+ K- N 1/82* 

...... ******"'** ..................................................... . 

REFERENCES FOR Xll8501 

COSTA 80 NP 8 175 402 I BARI+BONN+CERN+ GLAS +L IVP+M ILA+W I EN I .................................................................... .................................................................... 
IS( 1935) I 31 Sll935.JPG• 

) 
A narrow enhancement called the S(l935) has 

been observed in the antiproton-proton total cross 

section (CARROLL 74, CHALOUPKA 76, BRUCKNER 77, 

SAKAMOTO 7 9) • 

This observation is not confirmed by more .re­

cent experiments (ALLEN 80, KAMAE 80, JASTRZEMBSKI 

81, LOWENSTEIN 81), or the effect is found to be 

smaller in magnitude and larger in width (HAMILTON 

80). 

No significant signal is observed for a nar­

row S(l935) in backward antiproton-proton elastic 

scattering (GARNJOST 79) , nor in the charge-ex­

change cross section (GARNJOST 75, CHALOUPKA 76, 

HAMILTON 80). 

The first positive observations of the S(l935) 

in hadro-production experiments (DAUM 80) are not 

confirmed by more recent ones (DAUM 81). In view 

of this situation, the only observation which re­

mains unchallenged is the one of RICHARD 79 in a 

photoproduction experiment. One should wait for 

confirmation before taking the S(l935) as a well­

established narrow resonance. 
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Data ·Card Listings 
For notation, see key at front of Listings. 

c 
• s 
c 
z 

s 

A 

" 

AVG 

31 S MASS IMEVI 

S CHANNEL NBAR N 
c 1940. t c e. 1 
C 1968. I 

1932. 2. 
(1942. I I 5.1 
11934.41 (2.61 11.41 

1935.9 1.0 
1939.0 3.0 
1935.5 1.0 
1930.0 2.0 

11949. I 110. I 
1939.0 2.0 

PRODUCTION EXPERIMENTS 

CLINE 70 HBC 
BENVENUTI 71 HSC 
CARROLL 74 CNTR 
0-ANOLAU 75 HBC 
KALOGERO 75 OBC 
CHAlOUPKA 76 HBC 
BRUCKNER 77 SPEC 
SAKAMOTO 79 HBC 
ASTON 80 OMEG 
DEFOIX 80 HBC 
HAMIL T02 80 CNTR 

0 .25-. 74 PBAR P 
0 .1 - .6 PBAR P 

S CHAN.PBAR PtD 
0 .175-.750 PBAR P 
- PBAR N ANNIH 
0 PBAR P TOT, ElAS 
0 .4-.BS PBAR P 
0 .37-. 73 PB P 

GAM p,p PBAR X 
0 PBAR P,SPI 
0 S CHAN, PSAR P 

3611940.01 (1.01 DAUM 80 CNTR D 93 P P,PB P + X 

1935.3 1.0 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.71 
ISEE IDEOGRAM BElOW } 

FROM ENERGY CEPENOENCE OF 5P1 CROSS-SECTION.JG::l- FRQp.t OBSERVATION 
OF Op.tEGA RHO DECAY. P•+. ANO J>1. A2 PI PI AlSO SEEN. 
SEEN AS A BUf!IP IN THE PBAR P - KS Kl CROSS SECTION WITH JPC=1--. 
NOT SEEN BY CARSON 72 WITH EQUAL STATtSHCS. 
FROM ENERGY DEPENDENCE OF FAR BACKWARD ElASTIC SCATTERING. 
SOME INOICATtON OF ADDITIONAl STRUCTURE. 

M J:::O FAVOREO,J=O OR 1 9 SEEN IN TOTAL PBAR P TOTAL CROSS-SECTION, 
M PRIMARlY FROM ANNJH. REACTIONS. NOT SEEN IN PBAR 0 TOTAL AND 
M ANN tH. CROSS SECT IONS. 

N SEEN IN 3 CHARGED MODE. NOT SEEN BY BOWEN 73 WITH 6X STATISTICS. 
S NARROW BUMP SEEN IN TOTAL PBAR P,Q CROSS-SECTIONS.tSDSPIN UNCERTAIN 

NOT SEEN IN PBAR P CEX BY GARNJOST 75,CHALOUPKA 76. INTEGRATED 
CROSS-SECliDN 3X LARGER THAN BRUCKNER 77. 
NOT SEEN BY AlBERI 79 W1TH COMPARABLE STATISTICS. 

WEIGHTED AVERAGE = 1935.3 ± 1.0 
ERROR SCALED BY 1.7 

2/72 
2/72 

12/75 
12175 
12175 
12175 

7177 
12/79 
1/82* 
1/80 

12179 

12/79 

·HAMILT02 80 CNTR 
·ASTON 80 OMEG 
·SAKAMOTO 79 HBC 
·BRUCKNER 77 SPEC 
·CHALOUPKA 76 HBC 

CHISQ 
3 4 

.0 
0.0 
1. 5 
0.4 

·CARROLL 74 CNTR ~ 

1925 1930 1935 1940 1945 1950 

15.1 
(CON LEV 
=0.010) 

c 

' s 
c 
z 

s 

S MASS (MEV) 

31 S WIDTH I MEV I 

S CHANNEL NBAR N 
149. I ( 9.1 
135. I .. 
(57. 51 
nt.l ... 

14. OJ 
2 •• 

12.0 
cao. 1 
22.0 

4, 
( 5.1 

Cll.l 
4.3 

OR lESS 
1.4 
7.0 

(20.1 
•• 0 

PRODUCTION EXPERIMENTS 

3. 

(4.) 

3.2 

CLINE 70 HBC 
BENVENUTI 71 HSC 
CARROLL 74 CNTR 
0- ANOLAU 75 HBC 
KALOGERO 75 OBC 
CHALOUPKA 76 HBC 
BRUCKNER 77 SPEC 
SAKAMOTO 79 HBC 
AS TON 80 OMEG 
OEFOIX 80 HBC 
HAMIL T02 80 CNTR 

0 .25-. 74 PBAR P 
0 • 1 - • 8 PBAR P 

S CHAN.PBAR PtO 
0 .175-.750 PBAR P 
- PSAR N ANNIH 
0 PBAR P TOT,ElAS 
0 .4-.85 PBAR P 
0 .37-.73 PB P 

GAM P, P P8AR X 
0 P8AR P,5PI 
0 S CHAN,PfAR P 

2112 
2172 

12175 
12175 
12175 
12175 
1171 

12/79 
1182* 
1180 

12/79 

{6 .. 0) APPROX. DAUM 80 CNTR 93 P P,PB P + X 12/79 

AVERAGE IIIEANINGLESS CSC.UE FACTOR= 1.91 

SEE FOOTNOTES UNDER S MASS ABOVE 

31 S PARTIAl DECAY MODES 

P1 S INTO PBAR P 
DECAY MASSES 

•n8+ 938 . ................................................... . 
CLINE 68 PRl 21 1268 

CliNE 70 PREPRINT 
ALSO 7D KIEV CCNF. 

BENVENUT 71 Pl\l 27 283 
PINSKI 71 PRL 27· 1548 

BIZZARRI 72 PR D 6 16D 
BOWEN 1 72 PRL 2c; 890 

BOWEN 
BURNS 
KIENZLE 

73 PRL 30 332 
73 PR 0 8 1286 
13 PR 0 7 3520 

BURNS 74 NC 2DA 463 
CARROLL 74 PRL 32 247 

REFERENCES FOR SU9351 

+ENGL tSHoR EEOER, TERREll. TWITTY I WI SCONS I Nl 

O.CLINE, J.ENGLI SH, D. D. REEDER 
ASTIER RAPPORTEUR TAlK 

IWISCJJ 

BENVENUT t oCL tNE, RUTZ ,R EEOER, SCHERER I WI SCI 
STEPHEN S. PINSKY IUTAH+ARGONNEI 

+GU lOON t ,MAR ZANO,CASTElll, + 
+EARlES, FA I SSLER, Bll EDEN,+ 

CROMA+TRSll 
INEAS+STONJ 

+EARLE SoFA. I SSlER, Blt EDEN,+ f NEAS+STONJ 
+CONDON,OONAHUE, MANOElKERNt PRICE,+ tUC I I 
H.KtENZlE ICERN) 

+CONDON, MANDEl KERN, PRICE, SCHULTZ 
+CHIANG. KYC lA .l I ,MAZUR, MICHAEL,+ 

IUCII 
(BNLI 
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Data Card Listings 
For notation, see key at front of Listings. 

+BEAMER9BROSS~EISENSTEIN,+ llll+ANL+ISUJ ABASHIAN 
0-ANDLAU 
OEFO IX 
DONNACHI 
GARNJOST 
KALOGERO 
WEINGART 

75 PRL 34 691 
75 PL see 223 +COHEN-GANOUNA, LALOUM, LUTZ, PETRI CCOEF•PI SA J J P 
75 PALERMO CONF. S.FRENCH. RAPPORTEURS TALK (CDEFJ 
75 NC 26 A ~ 17 A. OONNACHI E, P.R. THOMAS ( HANCHE STERJ 
75 PRL 35 1685 +KENNEY, POlLARD ,ROSS, TR JPP, + ( LBL +HHCOJ 
75 PRL 34 1047 KAL OGEROPOULOSo T ZANAKOS ( SYRAJ 
75 PRL 3~ 1201 Wt I NGARTEN, OKUBO ( ROCHJ 

ABASHIAN 76 PR 0 13 5 •WATSON,GELFAND,RUTTRAM,+( ILL•A.Nl+CHIC+ISUJ 
OEFOIX 76 STOCK.SYMP.NBAR-N +LAORON DE GUEVARA.,ANGELINI 1 + CCDEF+PISAJ 
DOVER 76 Pl 62 B 293 +KAHANA IBNLJ 
CHALOUPK 76 Pl 61 8.487 CHALOUPKA,+ ICERN+LIVP+MONS+PAOO+ROMA+TRSTJ 

BENKHEIR 77 PL B 6B 4!!3 
BRUCKNER 17 PL 67 B 222 
.'4QNTANET 17 BOSTON CONF. 260 
ROSSI 77 Pl 70 S 255 

BENKHE t R I • BOUCROT t + I CERN+COEF+EPOL+LALOJ 
+GRANZ; INGHA~, KIll AN, L YNEN+ I MPI H+HE I D+CERNJ 
L.MONT ANET I CERN) 
G.C.ROSSJ,G.VENEZIANO ICERNJ 

CARTER 78 NP B 132 176 A.A.CARTER (LOQMJ JP 
CUTTS 78 PR D 17 16 
PENNINGT 78 NP B 137 77 

ALBERJ 79 Pl 83 B 247 
ALSTON-G 79 PRL 43 1~01 
CARROLL 79 PP 0 19 1950 
DELCOURT 79 PL 8 86 395 
GIBBARD 79 PRL 42 1593 
KlUYVER 79 ZPHY C 2 351 

+GOOD, GRANNIS, GREEN, LEE ,pI THIAN+I STON+WI SCI 
M.R. PENNINGTON ICERNJ 

+AL YEAR ,CASTELL t, POROP AT+ I TRST+CERN+ I FRJ J 
ALSTON-GARNJOST .HAMIL TON+ ILBL+MTHO+BNL J 
+CH tANG, KYC IA,Lt,ll TTENBEPG, + C BNL +ROC HI 
+DERADO, BERTRAND.BI SELLOt8 I ZOT, BUON,+I LALOf 
+AHRENS • BERKEL11AN, CASS EL 1 DAY, HARD I NG+"I CORN I 
J.C. KLUYVER IAMSTJ 

RICHARD 79 BATAVIA CONF. 469 F. RICHARD I LUOJ 
SAKAMOTO 79 NP B 158 ·410 +HASHIMOTO,SAI,YAMAMOTO+ ITOKYI 

ALLEN 80 BRESSANDNE 175 5TH EUROPEAN SYMPOSIUM ON N-NBAR INTS. 
ASTON 80 Pl 93 B 517 I BONN+CERN+EPOL +GL AS+L ANC+MC HS+ORS A+PAR IS+ J 

+CARROLL. EDELSTEIN,+ ( BNL +CARN+FNAL+ SMASJ 
+ETK IN, BENSINGER,+ I BNL + BRAN+CUNY+SMA S+MASAI 
+HERTZ BERGER+I AMST +CERN+CRAC+MP IM+OXF +RHEL J 

B IONTA 80 PRL 46 970 
CHUNG 80 PRL 45 1611 
DAUM 80 PL 90 B 475 
DEFOIX 80 NP B 162 12 +DOBR ZYNSK t, ANGELINI, B I Gl. + C CDEF+PI SAl 

ALSO 80 NP B 162 41 
HAMILT01 80 PRL 44 1119 
HAMILT02 80 PRL 44 1182 
KAMAE 80 PRL 44 1439 

ESP I GAT, DEFOt X, DOBRZVNSKI + I CDEF+Pt SA I 
HAMIL TON, PUNt TRIPP, LAZARUS,+ ILBL+BNL +MTHO I 
HAMIl TON, PUN, TRIPP ,LAZARUS,+ ILBL+BNL +MTHO I 
+A I HARA ,CHI BA, FUJI I, I WA SAKI ,+ tTOKY+HIROI 

DAUM 81 Pl 100 B 439 +HERTZ BERGER+ I AMST +CERN+CRAC+MP IM+OXF+RHELI 
+C.ERRAOA, DEFO IX, +I TI FR+CERN+CDEF+MADR+P JSA J 
J.6.S TRZEMBSK 1, MANDELKERN,+ ITEMP+UC I +UNM I 
LDWENSTE IN ,PEASLEE,+ I BNl +DOE+MSU+SYRAI 

GANGULI 81 NP B 183 295 
JASTRZEM 81 PR D 23 2784 
LOWENSTE 81 PR 0 23 2788 .................................................................... ...... ........... ......... ......... ......... ......... .......... ........ . 
1 6(2o3o) 1 

) 
17 DELTAI2030,JPG=4+-J J.::1 

SEEN IN PARTIAL WAVE ANALYSIS OF THE K KBAR AND 
PI+PI-PIO SYSTEMS. 
,.,EEOS CONFIRMATION. OMITTED FROM TABLE. 

Pl 
P2 

Rl 
Rl 

y 

M 
c 

AVG 

( 1903.01 
2030.0 
2035.0 

2034.3 

17 DELTAI20301 MASS IMEVI 

(10.01 
50.0 
20.0 

18.6 

BALDI 
COROEN 
CLELAND 

78 SPEC - 10 PJ-P,P KS K-
78 OMEG 0 15 PI- P,3 PI N 
80 SPEC +- 50 PI P,KS K+-P 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

M JP:4+ IS FAVORED , THOUGH 2+ CAN NOT BE EXCLUDED. 
Y FROM A FIT TO THE YC8,0) lo\OMENT. LIMITED BY PHASE SPACE. 

C FROM AN AMPLITUDE ANALYSIS 

y 

M 
c 

AVG 

1166. OJ 
510.0 
600.0 

582.0 

17 OELTAI20301 WIDTH IMEVl 

143.01 
200.0 
100.0 

89.4 

BALDI 
CORD EN 
CLELAND 

78 SPEC - 10PI-P,P KS K-
78 OMEG 0 15 PI- P.3 PI N 
80 SPEC +- 50 PI P,KS K+-P 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

M JP:c4+ IS FAVCRED , THOUGH 2+ CAN NOT BE EXCLUDED. 
Y FROM A FIT TO THE YIB,OI MOMENT. LIMITED BY PHASE SPACE. 

C FRCM AN ftMPLITUDE ANALYSIS 

17 DELTAI20301 PARTIAL DECAY MODES 

DELTAI2020J J~TO .K KBAR 
DELTAI20201 INTO PI+ PI- PIO 

17 OELTAI2030J BRANCHING RATIOS 

DECAY MASSES 
493+ 493 
139+ 139+ 134 

DELTAf20301 tt-.TO (K KSARIITOTAL IPll 
SEEN GLELAND 80 SPEC +- 50 PI P,KS K+-P 

DELTAI20301 INTO I PI+ PI- PIOI!TOTAL IP21 

12/77 
12/78 
6/B1* 

12/78 

12/77 
12/78 
6/81* 

12/78 

6/81* 

R2 
R2 SEEN CDROEN 78 OMEG 0 15 PI- P,3 PI N 6/81* 

••••••••• •••o•••••' ••••••••• ********* ••••••••• •••••••• 

REFERENCES FOR DEL TAt 20301 

BALDI 78 PL 74 B lt13 +BOHRINGER,OORSAZtHUNGERBULER,+ CGENEVAI JP 
GORDEN 78 NP B 136 77 DOWELL ,GARVEY, JOBES+ C BIRM+RHE L+T ELA+LOWC I J P 

ClElAND 80 UGVA-DP~C/07-101 +GLOOR,MARTIN,NEF,+ C PITT +GEVA+LAUS I 

DELFOSSE 81 NP B 183 349 +DORSAZ, EXTERMANNt GLOOR ,WE ILl,+ C GEVA+LAUS I 

......................... ********* ................................... . ..................................................................... 

Mesons 
S(1935), 6(2030), h(2040), 1T(2050) 

1 h(2o4o) 1 16 HI2040,JPG=4++1 J;Q 

M 
M T 
M 
M 

700 2030. 
2050. 
1922.0 
1935.0 
1988.0 

c 2040.01 
1978.0 

16 H MASS IMEVI 

30. 
25. 
14.0 
13.0 
1.0 

110.01 
5.0 

APEL 75 CNTR 
BLUM 75 ASPK 
ANTIPOV 77 .CIBS 
CORDEN 79 OM EG 
EVANGEL!$ 79 OMEG 
ROZANSKA 80 SPRK 
ALPER 80 CNTR 

AVERAGE MEANINGLESS ISCALE FACTOR= 3.01 

40. PI-P,N 2PIO 11/75 
\8.4 PI-P ,N K+K- 11/75 

0 25 PI-P,P 3PI 1/82* 
12-15PI-P, N 2PI 12/79 
10. PI-P,K+ K- N 12/79 
tS.PI-P, P PB N 12/79 
62 PI-P,K+ K- N 1/820 

."\ M I=O,JP=4+ FROM AMPliTUDE ANALYSIS ASSUMING ONE PION EXCHANGE 12/78 
M T WIDTH ERRORS ENLARGED BY US TO 4*WIOTH/SQRTINJ,SEE K* TYPED NOTE 

w 
w 
W T 
w 

700 180. 
225. 
107.0 
263.0 
100.0 

1140.01 
243.0 

16 H WIDTH IMEVI 

bO. 
120. 
56.0 
57.0 
28.0 

115.01 
16.0 

10. 
APEL 75 CNTR 
BlUM 75 ASPK 
ANTIPOV 77 CIBS 
COROEN 79 OMEG 
EVANGELIS 79 OMEG 
ROZANSKA 80 SPRK 
ALPER 80 CNTR 

40. PI-P,N 2PIO 11/75 
18.4 PI-P,N K+K- 11/75 

0 25 Pl-PtP 3PI 1/82* 
12-15Pt-P, N 2PI 12/79 
10. Pt-P,K+ K- N 12/79 
18.Pt-P.P PB N 12/79 
62 PJ-P,K+ K- N 1/82* 

AVERAGE MEANINGLESS I SCALE FACTOR = 2.41 

M tcO,JP=4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 12/78 
W T WIDTH ERRORS ENLARGED BY US TO 4*WlOTH/SQRT(NJ,SEE K* TYPED NOTE 

Pl 
P2 

H INTO PI PI 
H INTO K KBAR 

16 H PARTIAL DECAY MODES 

16 H BRANCHING RATIOS 

H INTO IPI PI I /TOTAL 

DECAY MASSES 
139+ 139 
497+ 497 

IPU Rl 
Rl 0.11 0.02 CORD EN 79 OMEG 12-15Pt-P, N 2PI 12/79 . .................................................................... . 

REFERENCES FOR H!20401 

WAGNER 74 LONDCN CONF. F. WAGNER, RAPPORTEURS TALK I MPIMI 

APEL 
BLUM 

75 PL 578 3~8 
75 Pl 57B 403 

+AUGENSTEIN+ IKARL+PISA+SERP+WtEN+CERNI JP 
+CHABAUDtD IEllt GAR ELl CK ,GRAYER+ ( C ERN+MPI M I JP 

ANTI POV 77 NP 8 119 45 + BU SNEllOt OAMGAARQ, KIENZlE+ ICERN+SERPJ 

CORDEN 79 NP B 157 250 
EVANGELI 79 NP 8 154 381 

+DOWELL, GARVEY, JOBES o+l BIRM+RHE L+TE LA+LOWC I J P 
+ I BARt +BONN+CERN+DARE+GLAS +l tVP+M t LA+WI ENI 

ALPER 80 PL 94 S 422 

GOTTESMA 81 PR D 22 1503 
ROZANSKA 80 NP S 162 505 

+BECKER,+ I AMST +CERN+CRAC+MPJ M+OXF+RHELI 

GOT TESHAN, JACOBS,+ I SYRA+BRAN+BNL+C INC I 
+BLUM, Dl Ell, GRAYER, LORENZ+ I MPI M+CERN J .............................................................................. .......................................................................... 

43 PII2050,JPG=3+-I t=l 

J:REVIOUSLY CALLED A4. 

l1r(2oso) 1 
) NEEDS CONFIRMATION. OMITTED FROM TABLE. 

40( 1960. J 
208 2080. 

C 2100. I 
I 2214.1 

43 Ptl20501 MASS IMEVJ 

130. I 
40. 

ftPPROX 
(15. I 

BASTIEN 
KALELKAR 
ANTIPOV 
BAL lAY 

MARGINAL STATISTICAL SIGNIFICANCE. 

43 Pll20501 WIDTH IMEVI 

73 DBC - 15.Pt-Q,D 3PI 
75 HSC + 15 PI+P,P PI+G 
77 CIBS - 25PJ-P,P PI-G 
77 HBC 0 15PJ-P,OEL++3PI 

2/74 
12/75 
12/77 
12/77 

40 1200.1 
208 340. 

1500.1 
(355. I 

BASTIEN 
KALELKAR 
ANTIPOV 
SAL TAY 

73 OBC - 15. PI-0, 0 3P I 2/74 

Pl 
P2 

Rl 
Rl 

80. 75 HBC + 15 PJ+P,P PI+G 12/75 
APPRO X. 

121.1 
11 CIBS - 25PJ-p,p PI- G . 12/77 
11 HBC 0 15PI-P,OEL++3PI 12/77 

MARGINAl STATISTICAL SIGNIFICANCE. 

43 PII20501 PARTIAL DECAY MODES 

PI 120501 INTO 3P I 
PJ(20501 INTO G PI 

43 Plf2050J BRANCHING RATIOS 

DECAY MASSES 
139+ 139+ 139 

1691+ 139 

PII20501 INTO IG PIJIIALL 3PII IP21/1Pll 
DOMINANT KALELKAR 75 HBC +. 15 PI+P,P 3PI 12/75 ..................................................................... 
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Mesons 
7r(2050), 7r(2100), T AND 

Data Card Listings 
U REGIONS, p(2150) For notation, see key at front of Listings. 

REFERENCES FOR Pll20501 

HUSON 68 PL 28 8 .208 +lUBATT I, 8 Ell IN I ,a INGHAM,+ I OR SA+M tLA+LBLI· 

BEMPORAO 11 NP 8 33 3')7 +OU FEY, COOL lNG, + ICERN+ETH+LOIC•MILA I 

CLAYTON 72 NP 8 47 81 +MASON, ,"''UI RHEAO,RI GOPOULOS, + ILIVP+PATRJ 

BASTIEN 73 UPPSALA CCNF. 73 +DUNN,HARRIS,LUBATTI,BINGHAM,+ ISEAT+UCBI 

OREN 74 NP 871 189 +COOPER, Fl ELOS, RHINES, WHITMORE,+ I ANL +OXF I 

DEUTSCHM 75 NP 899 397 DEUTSCHMANN,+ 
KALElKAR 75 THESJ·SCNEVIS 2071 M.S.KAlELKAR 

UBBCCHW COLLABORATIONI 
ICOLUI 

ANTIPOV 
BALTAY 
CAUTIS 

71 NP B 119 45 +BUSNEll0oDAMGAAR0 1 KIENZLE+ 
71 PRL 39 591 +CAUTIS,KA.LELKAR 
71 THESIS NEVIS 221 C.V.CAUTIS 

ICERN+SERPI 
ICOLUMBIAI JP 
ICOLUMBIAI JP 

SAL TAY 78 PR 0 17 52 +CAUT IS, COHEN, C SORNA, K ALELKAR+ ICOLU+ B 1 NGI 

............ •••••**** ....................................................... . .................................................................... ······~· 
11T(2100)1 

) 

20 Pt(21QO,JPG=2--1 I=1 

SEEN IN THE IRHO PI), !EPSILON PII AND IF -PI I 
JD "' 2- WAVES OF THE DIFFRACTIVELY PRODUCED 3 PI 
SYSTEM. NEEDS CONFIRMATION. OMITTED f'RC!M TABLE. 

Pl 
P2 
P3 
P4 

"' R t 

R2 
R2 

R3 

" 
R4 
R4 

OAUM 

20 PH2:1001 MASS IMEVI 

2100. 150. OAUH B1 CNTR 

L f'ROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

20 Pll21001 WIDTH IMEVI 

651. so. 01\UM B1 CNTR 

L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

20 PU21001 PARTIAL DECAY MODES 

PII21001 INTO 3PI 
P112100) INTO RHO PI 
PH21001 INTO F PI 
PII2100J INTO EPSILON PI 

20 PII21001 BRANCHING RATIOS 

Pl(21001 INTO (RHO PIIIIAlL 3P(J 
0.19 0.05 OAUM 81 CNTFt 

PII21001 INTO IF PU/IALL 3PII 

63,94 PI- Po3PI 

DECAY MASSES 
139+ 13q+ 13~ 
769+ 13q 

1213+ 13q 
1300+ 139 

I P21/ (PlJ 
63,94 PI- P 

IP31/ CPll 
O. 36 0.09 OAUM Bl CNTR 63,94 PI- P 

PII2100I INTO !EPSILON PIJ/IALL 3PII C P4 II I Pll 
O. 45 O. 01 OAUM B1 CNTR 133,94 PI- P 

0/S RATIO FOR PI 121001 INTO F PI 
O. 39 O. 23 DAUM 81 CNTR 63,94 PI- P 

L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

......................... ••••••*** *****~!~*** ...................... . 
REFERENCES FOR PIC21001 

B1 NP B 182 269 +HERTZ BERGER+ ( AMST +CERN+CRAC+MP I M+OXF~RHEL I 

······~·· 
.............................................................. ............................................................... 

Note on T and U Regions 

The observation of broad enhancements at 2190 

and 2350 MeV comes from pp total cross-section 

measurements (ABRAMS 67) , pp annihilation meas­

urements (ALSPECTOR 73), pp elqstic cross-se9tion 

measurements (COUPLAND 77) , and pp charge-exchange 

cross-section measurements (CUTTS 78). The mass 

regions centered around 2190 MeV and 2350 MeV have 

been called T and U regions, respectively. 

Searches for resonances in exclusive pp anni­

hilation channels which could be coupled to the 

enhancements observed in the pp total cross sec­

tion and in pp elastic scattering have been un­

successful, except for the two-body annihilation 

1/B2* 

1/82* 

1/82* 

1/82* 

channels 11+ 11-- and 11°11°; where partial-wave anal­

yses have shown that resonances are formed in the 

2100-2500 MeV mass region (CARTER 77, DULUDE 78; 

MARTIN A-80, MARTIN B 80). We have listed the 

results· on these analyses under the headings 

E:(2150) /T0 (2150) for the I=O, JP=2+ wave: 

p(2150)/T1 (2190) for the I=l, JP=l- wave: 

p(2250) for the I=l, JP=3- wave: E:(2300)/U0 (2300) 

for the I=O, JP=4+ wave: and p(2350)/U1 (2400) for.­

the I=l, JP=5- wave. 

Various structur-es coupled to pp and',observed 

in production experiments are listed under the 

heading NN(l400-3600). ............................................................................... . ........................................................................ . 

M 
M 

jp(2150)1 
) 

:2 RHOC215Q,JPG:1-+I I=l 

THIS ENTRY WAS PREVIOUSLY CALLED TH21901. 
CONTAINS ONLY' RESULTS FROM FORMATYON EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE N8AR Nl 140o-36001 ENTRY. 
SEE ALSO S,T,U MINI-REVIEWS.' ' 
0!1 TTEO FROM TABLE. 

32 RHDI21501 MASS IMEVI 

PSAR P INTO PI PI 

( 2100.0 I APPROX. 
12170.0 I APPRO X. 

MARTIN A 80 PVUE 
'4ARTIN 8 80 RVUE 

P 1=1oJP=1- FRCM SIMUL TANEDUS ANALYSIS OF P PB -> PI-PI+ AND PtO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

M S 2190. 
2193. 
2155.0 

to. 
2. 

ABRAMS 70 CNTR 
ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 

S CHANNEL PBAR N 1/73 
M I S CHANNEL PBAR P 1/74 

E I . 15.0 
AP~ROX. 

0 .7-2.4PB-P,P8-P 12177 
I ( 2190.0) CUT.TS 78 CNTR •':n-3. PB P,NS N 12/78 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

M S SEEN AS BUMP IN 1=1 STATE. SEE ALSO COOPER 6B: 

• E 
PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70,NO NARROW STRUC.TURE 
FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
1 SO SPINS 0 AND 1 NOT SEPARATED ' 

32 RH0(21501 WIDTH (MEVI 

PBAR P INTO PI PI 

1200.01 A~~ROX. 

1250 .• 01. APPROX •. 
MII.RTIN A 80 RVUE 
MAR.TI N 8 80 R_YUE 

P l=loJP=1- FRC/1 SI~ULTANEOUS ANALYSIS OF P PB -> PI-PI+ AND PIO PIO 

w 
w 

S CI-'ANNEL NUCLEON ANTINUCLEO~ 

w • 
I 

E I 

IB5·. I ... 
. 135."0 . 

.&PPRQX. .. 
75.0 

·ABRAMS 70 CNTR 
ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 

S CHANNEL PBAR N 
S CHANNEL PBAR P 

0 .7-2.4PS-P,PB-P 

AVERAGE MEANINGLESS CSi:AlE FACTOR= 1-0f. 

w • SEE NOTE B ABOVE. 
E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 

ISOS.PINS. 0 liND 1 NOT SEPARATED .................................................................... 
ABRAMS,. 67 PRL 18 12~9 

COOPER 68 PRL 20 1(59 

BRIGMAN 69 PL zq 8 451 

AE!RAMS 

BACON 
FIElDS 
YOH 

70 ~R 0 1 1 S17 

11 NP 8 32 66 
71 PRL 27 1149 
71 PRL 26 n2 

ALEXANDE 72: NP B ItS 29 
DONALD 72 PL ItO B 586 

ALSPECTO 73 PRL 30·511 
BACON 73 PR D 1 517 
BETTINI 73 t.IC 15 A 563 
DONALD 73 NP 8 61 333 

. "l ICHOLSO 73 PR 0 7 2572: 

BERTANZA 14 NC 23A 20~ 
HV'AMS 74 NP 8 13 202 

DONNACHl 75 NC 26 A 311 
E ISENHAN 75 NP B 96 10'9 
HANDlER 75. ~p 9101 35 
HUESMAN 75 N( 25'A ~~ 
PEASLEE 15 PL 578 189 

REFERENCES FOR RHDI21501 

+COOL, G lAC OM ELL I .KYC I A·, LEONT JC,ll, + ( B"lll 

+HYMAN, MANNER, MUSGRAVE, VOYVOO IC ( ANL I 

+FERRD-LUZZI, Bt ZARQ, + I CERN+CAEN+ SACll 

. +COOL ,G I ACOMElll, KYC lA, LEONT IC,l t, + I BNl I 

+BUTTERWORTH, MILLER, PHELAN,+ 
+COOPER, RH I NE·s, Alll SON 
+BAR I SH,CAROLL .LOBKOVIC i+ 

(RHEL+LIVPI 
I ANL+OXF I 

(CIT"+BNL+ROCHI 

ALE X ANDER, BAR-'-' I R. BEVAR Y ,OA GAN, + I TELA J. 
+GALLETLY,EOWAROS.OE BillY,+ fliVPi-LPNPJ 

ALSPECTQR,COHEN ,(VI JANOVICH,+ ( RUTG+UPNJ I 
+BUTTERWtJiHH, (RHEL+liVPI 
+GARNJOST, BIG I,+ I PADO+LBL +~I SA+ TOR 1 I 
+EDWAP.OS, G I88 INS, BRIAND ,QUBOC,+ (l tVP+lPNPJ 
NICHOL SON, DELORME, CAPROLL. + IC 1 T+ROCH+BNL I 

+BI Gl , CASAL I, LARICCIA,+ ( P ISA+PAOO+TOR I I 
+JONES, WEt LHAMMER, BLUM.+ I CERN+~ PI HI 

A. OONNA(Hl E, P. P: a THOMAS I MANCHESTER I 
, E IS ENHANOLER, G JBSON, + ( LOQH+LIVP+DARE+RHELI 

+JACQUES ,JONES, PANOOULA S, + ( PUTG+S TEV+AL8A I 
:f.GARNJOST, ROSS,+ ( LBL+PADO+P I SA+ TOR I I 
+DEHAP:Z_O, GUERRIERO,+ I CANB+BAR I +BROW+M IT J 

1/82* 
1/82* 

1161 
1/H 

12177 
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Data Card Listings 
For notation, see key at front of Listings. 

GAY 76 NC 31 A 593 
ZEMANY 76 NP B 103 537 

CARTER l 11 Pl 67 8 117 
CARTER 2 17 PL 67 8 122 
CARTER 3 77 NP B 127 202 
COUPLAND 17 PL 71 B 460 
JONES 11 NP 8 119 lt76 
NONTANET 71 BOSTON CONF. 260 

CARTER 1 78 NP B 132 176 
CARTER 2 78 NP 8 141 467 
CUTTS 78 PR 0 17 16 

HARTIN 79 Pl 86 8 93 

MARTIN A 80 NP 8 169 216 
HARTIN B 80 NP 8 116 355 

+JEANNERET, BOGDANSKI,+ t NEUC+LAUS+L IVP+LPNP J 
+MING MA,MOUNTZ,SMITH CHSUI 

+COUPLAND, E I SENHANDLER, ASTBURY, +ILOQM+RHELJ J P 
A.A.CARJER ILOQMI JP 
+COUPLAND, ATK 1 NSON, ARNI SON+ ILOQM+OARE+RHH I 
+EI SENHANOLER oG I BSON, ASTBUR Y ,+ l lOQM+RHEll 
M.O.JONES,R.J.PLANO IRUTGJ 
L.MONTANET fCERNJ 

A.A.CARTER flOQMI JP 
A.A.CARTER I LOQMJ 
+GOOD, GRA.NN IS, GREEN ,LEE,P l T Tfi4AN+I STON+WI SCI 

A.D. MliRTtN,M.R. PENNINGTON IOURHJ 

A.D. MARTIN,M.R. PENNINGTON IOURHI JP 
B.R.MARTINoO.MORGAN ' ILOUC+RHEU JP .................................................................... .................................................................... 

42 EPSILONI2150,JPG=2++1 1=0 

THIS ENTRY WAS PREVIOUSLY CALLED TO'I215i:U. 
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
PRODUCTION EX PER JMENTS SEE THE NBAR N ( l~G-36001 ENTRY. 
SEE ALSO S,T,U MINI-REVIEWS. 
OMITTED FROM TABLE. 

42 EPSILDNC21501 MASS IMEVI 

PBAR P INTO PI PI 

( 2150.DI APPRO X. 
( 2150.0) APPRO X. 
C 2170.0' APPRO X. 

DULUOE2 
MAIITIN A 
MARTIN B 

78 OSPK 
eo RVUE 
80 RVUE 

1.-2.P8 P,PIOPIO '12178 
1/82* 
1/82* 

IG=O+,JP>=2+ FROM PARTIAL WAVE AMPLITUDE ANALYSIS 
I=OoJP=2+ FROM SIMULTANEOUS ANALYSIS OF P PB -> PI-Pl+ AND PIO PIO 

S CHANNEL PBAR P OR NBAR N 

I 
E I 

I 

21•n. 
2155.0 

2. 
15.0 

APPRO X. 

ALSPECTOR 73 CNTR 
COUPLAND 17 CNTR 

S CHANNEL PBAR P 1/74 
0 .7-2.4P8-P,P8-P 12/77 

( 2190.01 CUTTS 7B CNTR .97-3. PB P,NB N 12/78 

AVERAGE "'EANINGLESS CSCALE FACTOR= 1.01 

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M I ISOSPINS 0 .aND 1 NOT SEPARATED 

42 EPSILONI2150) WIDTH (MEVI 

PBAR P INTO PI PI 

1250.01 APPROX. 
(250.01 APPROXo 
(250.01 APPROX. 

DULUOE2 
MARTIN A 
MARTIN 8 

7e OSPK 
80 RVUE 
eO RVUE 

1.-2.P8 P,PJOPIO 12178 
1/82* 
1/e2• 

IG=O+,JP=2+ FROM PARTIAL WAVE AMPLITUDE ANALYSIS 
I=OoJP=2+ FM,. SIMULTANEOUS ANALYSIS OF P PB -> PI-PI+ AND PtO PtO 

S CHANNEl PBAR P OR NBAR N 

I 
E I 

9e. e. ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/H 
135.0 15.0 COUPLAND 77 CNTR 0 .1-2.4P8-PoP8-P 12177 

AVERAGE MEANINGLESS ISCALE FACTOR = 1.01 

W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
1 JSOSPJNS 0 AND 1 NOT SEPARATED 

FIELDS 71 PRL 27 1149 
YOH 71 PRL 26 922 

OON~LO 72 PL 40 8 586 

ALSPECTO 73 PRL 30 5ll 
BACON 13 PR D 1 511 
DONALD 73 NP B 61 333 
NICHOLSO 13 PR 0 7 2512 

GAV 76 NC 31 A 593 

COUPLAND 77 PL 11 B 460 

CUTTS 
DULUOE1 
DULUOE2 

7e PR D 17 16 
78 PL 79 B 329 
18 PL 79 B 335 

MARTIN 79 Pl 86 8 93 

BOWCOCK 80 LNC 28 21 
MARTIN A 80 NP B 169 216 
MARTIN B 80 NP B 116 355 

REFERENCES F.OR EPSILON( 2150 I 

+COOPER, RHI NESt ALL I SON 
+BARISH, CAROLL ,LOBKOVI C Z+ 

+GALLETLV,EOWARDS,OE BILLY,+ 

I ANL+OXF J 
fCIT+BNL+ROCHJ 

(l IVP+LPNPI 

ALSPECTOR. COHEN,CV I JANOVICH,+ IRUTG+U PNJ J 
+BUTTERWORTH, (RHEL+L JVPI 
+EDWARDS, GIBBINS, BRIAND ,QUBOC ,+ ( L IVP+LPNP J 
N ICHOLSON 1 DELORME, CARROLL,+ IC IT +ROCH+BNL J 

+JE ANNERET, BOGDANSK It+ I NEUC+LAUS+L I VP+L PNP I 

+Et SENHANDL ER, GIBSON, AS TBURY, + I LOQ"''+RHEL I 

+GOOD,GRANNI S ,GREEN tl EE ,PI TTfiAN+( S TON+W I SCI 
+lANOU,MASSIMO,PEASLEE.+ (BROW+"''IT+BI\RII JP 
+LANOU,HI\SSIHO,PEASLEE+ IBROW+MIT+BARII JP 

A.D. MARTIN.M.R. PENNINGTON 

J. E .BOWCOCK, O.C .HODGSON 
A.D. MARTINoM.R. PENNINGTON 
8. R .MART IN, D. MORGAN 

IDURHI 

I BIRM) 
fDURH1 JP 

ILOUC+RHELJ JP 

****** ••••**•*• .••••••••••••••••••••••••••••••••••••••••••••••••••••• .................................................................... 
1 p(225o) 1 

') 

44 RH012250oJPG=3-+I 1=1 

CONTAINS ONlY RESULTS.FROH FORMATION EXPERIMENTS, FOR 
FROOUCTION EXPERIMENTS SEE THE NBAR NI140o--36001 ENTRY. 
5EE ALSO S,T,U MINI-REVIEWS. 
O"'ITTED FROM TABLE. 

44 RH0122501 MASS IMEVI 

PBAR P INTO PI PI OR K KS 

M J 
M 

(2150.01 APPROX. CARTER 1 T7 CNTR • 7-2. 4PB P ,P IPI 12/77 
( 214-0.01 APPRO X. CARTER 2 7e CNTR 
I 2300.0 I APPRO)(. MARTIN A 80 P.VUE 
( 2250. OJ APPRO X. MARTIN 8 eo RVUE 

.7-2.4PB P,K-K+ 12178 
1/82* 
1/82* 

Mesons 
· p(2150), e(2150), p(2250), e(2300) 

" J M 

" 
" " 

I=1oJP:3- FRO\ AMPLITUDE ANALYSIS • 
1.,0,1.JP:c3- FROM BARRELET ZERO'S ANALYSIS. 

.I-=ltJP:::3- FROM SIMULTANEOUS ANALYSIS OF P P8 -> PI-PI+ AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

M B 2190. 
2193. 
2155.0 

10. 
z. 

15.0 
APPRO X. 

ABRAMS 70 CNTR 
AL SPECTOR 73 CNTR 
COUPLAND 17 CNTR 

S CHANNEL PBAR N 1/73 
M I S CHANNEL PSAR P 1174 
H E I 0 .7-2.4PB-PoPB-P 12177 
M I I 2190.01 CUTTS 78 CNTR .97-3. P8 P,NB N 12/78 

" M AVERAGE MEANINGLESS {SCALE FACTOR = 1.01 

SEEN AS BUMP IN J:::1 STATE. SEE A.LSO COOPER 68. " . • E 
PEASLEE 75 CCNFIRM PBAR P RESULTS OF ABRAMS 70,NO NARROW STRUCTURE 
FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 

w J 
w 
w 
w 

w J 
w 

ISOSPINS 0 AND 1 NOT SEPARATED 

44 RHOI22501 WIDTH IMEVJ 

PBAR P INTO PI PI OR K KB 

{200.01 APPROX. 
Cl50.0I APPROX. 
1200.0) APPROX. 
1250.01 APPROX. 

CARTER 
CARTER 
"1ARTIN 
MARTIN 

77 CNTR 
78 CNTR 
eo RVUE 
eo RVUE 

I=1oJP=3- FRCM AMPLITUDE ANALYSIS. 
I"'Otl.JPc3- FROM BARRELET ZERO'S ANALYSIS. 

.1-2.4PB PoPIPI 

.7-2.4PB P,K-K+ 

w J=loJPc3- FRCM SIMULTANEOUS ANALYSIS OF P PB -> PI-PI+ AND PIO PJO 

w 
w 

S CHANNEL NUCLEON ANTINUCLEON 

w • 
w I 

E I 

185. J APPROX. 
98. a. 

135.0 75.0 

ABRAMS 70 CNTR 
ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 

S CHANNEL PBAR N 
S CHANNEL PBAR P 

0 .7-2.4PB-P,P8-P 

AVERAGE MEANINGLESS (SCALE FACTOR= 1.0) 

W B SEE NOTE e ABOVE. 
E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 

I ISOSPINS 0 AND 1 NOT SEPARATED 

.......................................... •••••:o *** ....... :o ••••••••• 

ABRAMS 67 PRL 18 1209 

COOPER 68 PRL 20 1059 

ABRAMS '70 PR 0 1 lc;lT 

FIELDS 71 PRL 27 l149 
YOH 11 PRL 26 q22 

ALSPECTO 73 PRL 30 511 

g~~~~~~ ;; ~~c1~ 1 ~ 8 ~63 
NICHOLSO 73 PR 0 1 2512 

BERTANZA 14 NC 23A 20q 

ZEMANY 76 NP 8 103 537 

REFERENCES FOR RHOC2250J 

+COOL ,GJACOMELL I ,KYC lA, LEONT I Coli,+ I BNLJ 

+HYMAN, MANNER, MUSGRAVE, VOYVOO IC (ANLJ 

+COOL ,G lAC OMElll, KYC t A,LEONT tC, Lt, + I BNL I 

+COOPER, RHINES, All I SON 
+BAR I SH,CAROLL, LOBKOVI C Z+ 

I ANL+OXF I 
ICIT+BNL+ROCHJ 

ALSPECTOR, COHEN ,CV I JANOVICH, • ( RUTG+UPNJ J 
+GARNJOST, BIG I,+ t PADO+LBl+P I SA+ TORI J 
A. OONNACHJ E, P • R • THOMAS I MANCHESTER! 
NICHOLSON, DELORME, CARROLL,+ ((I T+ROCH+8NL J 

+B I GI ,CASU ltLAR ICC IA, + ( P tSA+P ADO+ TORI J 

+HING MA,MOUNTZ,SMlTH IMSUI 

12117 
12/78 
1/82* 
l/e2• 

7/67 
1174 

12177 

CARTER 1 11 PL 67 B 117 
CARTER 2 77 PL 67 B 122 
CARTER 3 71 NP B 127 202 
COUPLAND 77 PL 11 B 460 
MONTANET 71 BOSTON CONF. 260 

+COUPLAND, E 1 SENHANDLER, ASTBURY • +( lOQM+RHEL I J P 
A.A.CARTER ILOQMI JP 
+COUPLAND, ATKINSON, ARN I SON+I LOQM+DARE+RHEL I 
+EI SENHANOLER, GIBSON, ASTBUR Y, + I LOQM+RHEL I 
L.MONTANET ICERNI 

CARTER 1 78 NP 8 132 116 
CARTER 2 78 NP 8 141 467 

A.A.CARTER CLOQMJ JP 
A.A.CARTER ILOQMI 

CUTTS 78 PR 0 17 16 +GOOD, GRANNIS, GREEN ,LEE ,pI TTMAN+C S TON+ WI SCI 

MARTIN 79 PL 86 8 93 

MARTIN A 80 NP B 16q 216 
MARTIN B 80 NP B 116 355 

A.D. MARTIN,M.R. PENNINGTON 

A.D. MARTIN,M.R. PENNINGTCN 
e. R .MART IN, O. MORGAN 

IOURHI 

I OURHI JP 
ILOUC+RHEU JP ..................................................................... ...... ......... ......... ......... .......... ......... ......... ....... . 

M 

" 

I e(23oo) 1 
) 

41 EPSILONI2300,JPG=4++J 1=0 

THIS ENTRY WAS PREVIOUSLY CALLED 00(23501. 
CONTAINS ONLY RESULTS FROM FORMATION-EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE NBAR N( 140D-3600J ENTRY. 
SEE ALSO S,T,U MINI-REVIEWS. 
(MI TTEO FROM TABLE. 

li1 EPSILONC23DOI MASS IMEVI 

PBAR P INTO PI PI OR KB K 

" J 
I 2310.01 APPRO X. CARTER 1 

CARTER 2 
DULUDE2 
MARTIN ·A 
HARTIN 8 

77 CNTR 
78 CNTR 
78 OSPK 
80 RVUE 
80 RVUE 

.7-2.4PB PoPIPI 12117 

M J 
H 

12340.01 APPROX. 
(2330.01 APPROX. 
( 2300.0 I APPRO X. 
12300.01 APPROX. 

I=O,JP=4+ FR01 AMPLITUDE ANALYStS. 
I=O,JP:r::4+ FRCM BARRELET ZERO'S ANALYSIS 

.7-2.4PB P,K-K+ 12178 
1.-2.PB P,PJOPIO 1/82* 

1/82* 
1/82• 

M I=O.JP:4+ FR("' SIMULTANEOUS ANALYSIS OF P _PB -> PI-PI+ AND PIO PIO 

I 
El 

I 

S CHANNEL PBAR P OR NBAR N 

2375. 
( 2359. I 
( 23451 
( 2380.01 

10. 
f 2.1 

(15.01 
APPRO X. 

ABRAMS 70 CNTR 
AL SPECTOR 73 CNTR 
COUPLAND 77 CNTR 
CUTTS 78 CNTR 

H E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
I ISOSPINS 0 AND 1 NOT SEPARATED 

S CHANNEL NBAR N 1171 
5 CHANNEl PBAR P 1/74 

0 .7-2.4PB-P,PB-P 12177 
.97-3. PB P,NB N 12/7e 



Mesons 
e(2300), p(2350), 6(2450), e+e-{1100-2200) 

w 
w J 
w 

w J 
w 

41 EPSILONI2300J WIDTH (MEVI 

PBAR P INTO PI PI OR KB K 

(210.01 
U50~ OJ 
1200. I 

APPRO X. 
APPRO X. 
APPRO X. 

CARTER 
CARTER 
MARTIN 

I=O,JP=4+ FROM AMPLITUDE ANALYSIS. 
I=O,JP=4+ FRQM BARRELET ZERO'S ANALYSIS 

17 CNTR 
78 CNTR 
80 RVUE 

.7-2.4PB P,PIPI 

.7-2.4PB P,K-K+ 

1=0,JP=4+ FROM SIMULTANEOUS ANAl. OF P PBAR --> PI-PI+ AND PIO PIO 

S CHANNEL PB AR P OR NBAR N 

12177 
12178 
3/82* 

tl90. I 
1165.1 
(135.0) 

APPRO X. 
na.J 

ABRAMS 70 CNTR S CHANNEl NBAR N 1/71 
I 

w EI 
18.1 , ALSPECTOR 13 CNTR S CHANNEl PBAR P 1/74 

I 150.01 (65.01 COUPLAND 77 CNTR 0 .7-2.4PS-P,PB-P 12/77 

E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
I I SO SPINS d AND 1 NOT SEPARATED .................... ········* .......... ********* ........ . 

BRICMAN 69 Pl 29 8 451 

ABRAMS 

FIElDS 
YOH 

70 PR 0 1 1~17 

11 PRL 27 1749 
71 PRL 26 n2 

EASTMAN 12 NP B 51 29 

ALSPECTO 73 PRL 30 511 
OONNACHI 73 LNC 1 285 
NICHOLSO 73 PR 0 7 2572 

HYAMS 74 NP B 73 202 
MING MA 74 NP 868 214 

OONNACHI 75 NC 26 A 317 
E ISENHAN 75 NP B 96 109 

CARTER 1 77 PL 67 B 117 
CARTER 2 77 PL 67 B 122 
CARTER 3 77 NP B 127 202 
COUPLAND 77 PL 71 B 460 
MONTANET 77 BOSTON CONF. 

CARTER l 
CARTER 2 
CUTTS 
DULUDE! 
DULUDE2 

78 NP B 132 176 
78 NP B 141 467 
78 PR D 17 16 
78 Pl 79 8 329 
78 PL 79 B 335 

MARTIN 79 PL 86 B S3 

BOWCOCK 80 lNC 28 21 
MARTIN A 80 NP 6 169 216 
MARTIN 8 80 NP 8 176 355 

260 

REFERENCES FOR EPS ILONI2300 I 

+FERRO-lUll I, 8 I ZARO, + I CERN+CAEN .. S ACLI 

+COOl,GIACOMELli ,KYCIA.lEONT ICtllt.. I BNU 

+COOPER, RHINES 1 ALL I SON 
.. BARISH, CAROLL .LOBKOVI CZ+ 

I ANL+OX.F I 
tCIT+BNL .. ROCHI 

-+HI NG MAt OH, PARKER t SMITH, SP RAFKA IMSUI 

ALSPECTOR, COHEN, CV tJANO\IIC Ht-+ 
A. DONNACHI E, P.R. THOMAS 
NICHOLSON, DELORME, CARROLL,+ 

-+JONES, WE I LHAMMER, BLUM 1 + 
-+MOUNTz, ZE MANY t SMITH 

IRUTG .. UPNJI 
IMANCHESTERI 

IC IT+ROCH+BNL I 

CCERN+MPIMI 
(MICHl 

A. OONNACHI E, P.R. THOMAS t MANCHESTER) 
E I SENHANDLER, GIBSON,+ I LOQM+l IVP+OARE-+RHEl I 

+COUP LAND, E I SENHANDL ER, ASTBURY,-+ (LOQM+RHELI JP 
A.A.CARTER ILOQMI JP 
+COUPLAND, ATKIN SON, ARNI SON-+ ( LOQM+OARE+RHEU 
-+EI SENHANDLER, GIBSON, ASTBURY, + I LOQM .. RHEL I 
L.MDNTANET ICERNI 

A.A.CARTER ILOQMI JP 
A.A.CARTER ILOQMI 
+GOOD, GRANNIS, GREEN ,LEE ,PI TTMAN+I STON+WI SCI 
+LANOU,MASSIMO,PEASLEE+ IBROW+MIT+BARII JP 
+LANQU,MASSIMO,PEASLEE+ (BROW-+MIT+BARII JP 

A.D. MARTIN,M.R. PENNINGTON 

J. E. BOWCOCK, O.C .HODGSON 
A.D. MARTIN,M.R. PENNINGTON 
B. R. MARTIN'. D. MORGAN 

fDURHI 

fli;IRMI 
IDURHI JP 

( LOUC+RHELJ J p .................................................................... 
....... ..... -·- ••*•***** ........................................... . 

H 

lp(235o) 1 
) 

33 RHOI2350,JPG:5-+) 1=1 

THIS ENTRY WAS PREVIOUSLY CALLED Ull24001. 
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE NBAR NI140G-36001 ENTRY. 
SEE ALSO S,T,U MINI-REVIEWS. 
OMI TT EO FROM TABLE. 

33 RHOf23501 MASS IMEVI 

PBAR P INTO PI PI OR KB K 
H J 
M 

( 2480.01 APPRO X. CARTER 1 77 CNTR 
CARTER 2 78 CNTR 
HARTIN A 80 RVUE 
MARTIN 8 80 RVUE 

.7-2.4PB P,JJIPI 12177 

H J 
M 

w 

A 
N 
I 

EI 
I 

A 
E 

I 
N 
N 

w J 
w 

w J 
w 
w 

N 
I 

EI 

( 2500. OJ APPROX. 
12250.01 APPROX. 
(2300.01 APPROX. 

t:1,JP=5- FROM AMPLITUDE ANALYStS. 
K I=0,1.JP:5- FROM BARRELET ZERO'S ANALYSIS. 

.7-2.4PB P,K-K+ 12178 
1182* 
1/82* 

P I=1 ,JP=5- FROM SIMULTANEOUS ANALYSIS OF P PB -> PI-PI+ AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

2350. 
( 2360.01 
( 2359.1 
(2345.01 
( 2380.0 I 

10. 
(25.0) 

( 2. I 
(15.01 

APPRO X.. 

FOR 1=1 NBAR N 

ABRAMS 70 CNlR 
OH 70 HOBC 
ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 
CUTTS 78 CNTR 

FROM A FIT TG THE TOTAL ELASTIC CROSS SECTION. 
ISOSPINS 0 AND 1 NOT SEPARATED 

S CHANNEL NBAR N 
-OPBAR ( PtN 1, K*K2P I 

S CHANNEL PBAR P 
0 .7-2.4P8-PoPB-P 

• 97-3. PB P,NB N 

1/73 
1173 
1174 

12177 
12178 

NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 
NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 

33 RHOI23501 WIDTH IMEVI 

PBAR P INTO PI PI OR K8 K 
f210.0J APPROX. 
(1 50.0 1 APPROX. 
(300,. OJ APPRO X. 
1250.01 APPRQX. 

CARTER 
CARTER 
MARTIN 
MARTIN 

77 CNTR 
78 CNTR 
80 PVUE 
80 RVUE 

1=1 ,JP=5- FRCM AMPLITUDE ANALYStS. 
J=O,l.JP=5- FROM BARRELET ZERO'S ANALYSIS. 

.7-2.4PB P 1 PIPI 12177 

.7-2.4PB P,K-K+ 12178 
1/82* 
1/82* 

I=1,JP=5- FROP' SIMULTANEOUS ANALYSIS OF P PB -> PI-PI .. AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

(\40.1 
(60. 01 

H65. I 
(135.0, 

APPRO X. 
OR LESS 

(18.1 
1150.01 

(B.I 
{65.0) 

ABRAMS 67 CNTR 
OH 70 HDBC 
ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 

S CHANNEL PBAR N 1/73 
-OPBAR(P,NltK*K2PI 11171 

S CHANNEL PBAR P 1174 
0 .7-2.4PB-P,P8-P 12177 

E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
I ISOSPINS 0 AND 1 NOT SEPARATED 

N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P CATA OF CHAPMAN 71 
N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. .................................................................... 

154 

Data Card Listings 
For notation, see key at front of Listings. 

ABRAMS 67 PRL le 1209 

BRICMAN 69 PL 2~ B 451 
CASO 69 LNC 3 707 

ABRAMS 
OH 

CHAPMAN 
FIELDS 
YOH 

EASTMAN 
MING MA 
OH 

70 PR D 1 1917 
70 PRL 24 1257 

71 PR D4 1275 
71 PRL 27 1149 
71 PRL 26 '922 

72 NP B 51 29 
72 NP B 51 77 
72NPB5157 

ALSPECTO 73 ORL 30 5Ll 
NICHOLSO 73 PR D 7 2572 

HYAMS 7t. NP 8 73 202 
MING MA 74 NP 868 214 

DONNACHI 75 NC 26 A .317 
E ISENHAN 75 NP B ~6 109 

REFERENCES FOR RHDI23501 

+COOL, G I A.COMELL I ,KYC I A, LEONT IC,L I,-+ I BNLI 

+FERRO-LUZZI, B I ZARO ,.. C CERN+C AEN+ SACLJ 
+CONTE, BENZ,+ ( GENO+OESY+HAMB .. M ILA+SACL J 

-+COOL,G tACOMHLI, KYC lA, LEONTICol I,-+ I BNLI 
+PARKER 1 EASTMAN ,SMITH, SORAF KA,MA C MSU I 

+GREEN, L YS 1 MURPHY, R lNG,-+ 
-+COOPER, RHINES, All I SON 
+BAR I SH,CAROLLoLOBKOVI C Z+ 

(MICHl 
{ ANL-+OXF I 

ICIT+BNL+ROCHI 

+M lNG MA, QH, PARKER, SMITH, SPRAFKA 
+EASTMAN tOHo PARKER, SMITH, S PRAFKA 
+EASTHAN,MING MA1PARKER,SMITth .. 

I MSUJ 
OISUI 
IMSUI 

ALSPECTOR, COHEN ,CVI JANOVICH,+ I RUTG-+UPNJ I 
NICHOLSON, DELORME ,CARF:OLL, + IC I T+RDCH+BNL I 

.. JONES, WE I LHAMMER, BLUM,+ 
+MOUNTZ, ZEMANYo SMITH 

fCERN+MPIMI 
I MICHl 

A. DONNACHI E, P.R. THOMAS I MANCHE S TERI 
EI S ENHANDLER, GIBSON,.. I LOQM+L IVP+DARE .. RHEL I 

CARTER 1 77 PL 67 B 117 
CARTER 2 77 PL 67 B 122 
CARTER 3 77 NP B 127 202 
COUPLAND 77 PL 71 B 460 
MONTANET 77 BOSTON CDNF. 260 

+COUPLAND, E I SENHANDLER, ASTBURY, + ( LOQM .. RHELI J P 
A.A.CARTER ILOQMI JP 
+COUPLAND, ATKJ NSON, ARNI SON+ I LOQM+OARE-+RHEL I 
+EI SENHANDLER,GI BSON, ASTBURY ,+ ILOQMU.HEU 
L.MONTANET (CERNI 

CARTER 1 78 NP B 132 176 
CARTER 2 78 NP B 141 467 

A.A.CARTER (LOQHI JP 

CUTTS 7B PR 0 17 16 

MARTIN 79 PL 86 B .:;3 

BOWCOCK 80 LNC 28 21 

A.A.CARTER ILOQMI 
+GOOD, GRANNIS, GREEN rlEE ,pI TTMAN .. ( STON .. W I SCI 

A.D. MARTI N,M.R. PENNINGTON 

J. E .BOWCOCK, O.C .. HOOGSC'N 

I DURHI 

IBIRMI 
MARTIN A 80 NP B 169 216 
MARTIN B 80 NP B 176 355 

A.D. MARTIN,M.R. PENNINGTON 
B. R. MAR TIN, D. MORGAN 

IDURHI JP 
ILOUC+RHEU JP .................................................................... 

•••••• ......... ••••••••• ••••••••• ••••••••• ••••••-o•• •-o••••••• •••••••• 

I o(245o) 1 
) 

24 OELTAI2450,JPG=6-+-I I=1 

5EEN IN PARTIAL WAVE ANALYSIS OF THE K KBAR 
SYSTEM. NEEDS CONFIRMAHON. OMITTED FROM TABLE. 

24 OELTAC24501 MASS. IMEV1 

2450. 20. CLELAND 80 SPEC +- 50 PI P.KS K+-P 6/81* 

PI 

FROM AN AMPLITUDE ANALYSIS 

24 DELTAI24501 WIDTH (MEVI 

320. 40. CLELAND 80 SPEC +- 50 PI P,KS K+-P 

FROM AN AMPLITUDE ANALYSIS 

24 DELTAC24501 PARTIAL DECAY MODES 

DELTAf24501 INTO K KBAR 
DECAY MASSES 

497+ 4~7 .................................................................... 
REFERENCES FOR DELTAf24501 

CLELAND 80 UGVA-DPNC/07-101 +GLODR,MARTIN,NEF,+ I PITT+GEVA+LAUSI . ................................................................... . 
............. ** .................................................... . 

7 E+ E-1110Q-2200,JPG==1- I 1= 

THIS ENTRY CONTAINS NON-STRANGE 
VECTOR MESONS COUPLED TO E+ E-1 PHOTON I 
BETWEEN PHI AND J/PSI MASS REGION. 
SEE ALSO RHO PRIME(l2501 AND RHO 
PRtMEfl6001 MINI-REVIEW. 
SEE ALSO PHI PRIME( 16701 
OMITTED FROM TABLE • 

7 E+ E-( LLOQ-22001 MASSES AND WIDTHS (MEV I 

( 1097.01 116.01 I 19.01 BARTALUCC 79 OSPK 
f31.01 124.01 120.0) BARTALUCC 79 OSPK 

I 1830.0) APPRO X. 
Cl20.0J APPROX. 

PETERSON 78 SPEC 
PETERSON 7B SPEC 

7 GAM P,E+ E- P 
7 GAM P,E+ E- P 

GAM P ,K+ K- P 
GAM P,K .. K- P 

12179 
12179 

" c w c 
I 2130. 1 APPRO X.. ESPOSIT1 78 MEA E-+E-,K*IB921+.. 1217B 

130. I APPRO X. ESPOSITI 78 MEA E+E-,K*I8921+.. 12/78 

( 1820. I APPRO X. SPINElli 79 RVUE E+E-,4 PI-+- 2GAM 1/82* 
130. I APPRO X. SPINETTI 79 RVUE E+E-,4 PI+- 2GAM 1/82* 

INTEGRATED Cf:IOSS-SECTION OF BARBIELLINI 77,8ACCI 77,ESPOSITO 77. 
NOT SEEN BY OELCOURT 79. ................................................... 

BACCI 75 PL 58 B 4B1 

BACCI 76 PL 64 B 356 

BACCI 71 PL B 68 393 
BARBIELL 77 PL B 68 3'97 
BARTALUC 77 NC A 39 374 
ESPOSITO 77 PL 8 68 3B9 

REFERENCES FOR E+ E-lllOQ-22001 

-+BI DOLl, PEN SO, STELLA, BALDINI,+ IROMA-+FRASI 

+B I DOL I, PE NSO, STELLA, BALDINI t + IROMA+F RAS I 

+DE ZORZI, PEN SO, STELLA, BALD IN It +(ROMA+FRAS I 
BARB tELL IN t, BARLETT A,+ C FRA S-+NAPL-+P I SA+SANI J 
BAR TALUCC I BERTOLUCC I, BRAOASCHI AI DESY+FRAS J 
-+FEliCETTI, MARINI,-+ I FRAS-+NAPl+PAOO .. ROMA 1 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
e+e -{1100-2200), NN{ 1400-3600) 

AMBROSIO 78 PL 80 8 141 
BALDINI 78 Pl 78 8 167 
ESPOSITl 78 LNC 22 305 
ESPOSITZ 78 l~C 23 604 
PETERSON 78 PR 0 18 3955 

+CERRITO, BEMPORADt BROS CO,+ I NAPl +PI SA+ROMAI 
+SA TT I STONI ,CAPON, BACC l ,OEZORKI + IFRAS+ROMA J 
ESP OS ITO, FEll CETTI + ( FRAS+NAPL+PAOO+ROMAI 
ESP OS lTD, FELICETTI+ I FRAS+NAPL+PAOO+ROMAI 
+01 XON, EHRLICH, GALIK, LARSON+ (CORN+HARVJ 

BARTALUC 79 NC 49 A 207 
DELCOURT 79 BATAVIA CONF.499 
ESPOSITO 79 LNC 25 5 

BAR TALUCC 1, BASI Nit BERTOLUCC I+ (OESY+FRASJ 
+BER TRANQ, 81 SELLO, 81 ZOT ,SUON,CORDI ER+ I LALOI 
+~AR I NI 1 PALLOTTA+ {FIUS+UMD+PAOO+ROMAJ 

SPINETTI 79 BATAVIA CONF.506 M. SPINETTI IFRASJ 

SACtl 80 PREP. LFN 80/2 +BALOlNt,BATTISTONl,CAPCN,DE ZORZI+ IFRASI 

*** ••••••• ***** ••••***** ............................................ . .................................................................... 
INN( 1400-3600) I 51 NBAR N( 140D--3600I 

THIS ENTRY CONTAINS VARIOUS HIGH 
HIGH Mi\SS, NON-STRANGE STRUCTURES 
COUPLED TO THE BARYON-ANT IBARYON 
SYSTEM AS WELL AS QUASI-NUCLEAR 
BOUND STATES BELOW THRESHOLD. 

SEE USD S,T,U DATA CARD LISTINGS AND MINIREVIEWSa 
EVIDENCE FOR STRUCTURES COUPLED TO THE i\NTI-HYPERON 
NUCLEON (OR C.C.I SYSTEM IS LISTEC UNDER K*l22001. 
OMITTED FROM TABLEa 

51 NBAR Nf140D--360DI .MASSES AND WIDTHS (MEV I 

M W G ( 1395a I PAVLOPOUL 78 CNTR 

PAVLOPOUL 78 CNTR 

Pi\YLOPOUL 78 CNTR 

STOPPED PBAR.S 

STOPPED PBARS 

STOPPED PBARS 

l/78 

M W G (1646a I l/7S 

M W G I l684a I 1/78 

M B 
w • 

• 

OBSERVED WIDTHS CONSISTENT WITH EXPERIMENTAL RESOLUTION. 
THEY LOOKED FOR RADIATIVE TRANSITIONS TO BOUND P PBAR STATES, 
MONO-ENERGETIC GAMMA RAYS DETECTED. 

ZD I 1794a51 t 1.41 GRAY 11 DBC - a. PBAR o 
ZD (8.1 OR LESS CL=a95 GRAY 11 DBC - Oa PBAR 0 

D DECAYS TO FOUR OR MORE PIONS, 1=1. 
Z NOT SEEN BY AMSLER 80 .. 

11897.1 11.1 KALOGERO 75 OBC - PBAR N ANNIH 
(25a I f6a I KALOGERO 75 OBC - PBAR N ANNIH 

NOT SEEN BY ALBER I 7q, AMSLER BOa 

(1897aOI H7.01 
1110.01 (82.01 

PRODUCED BACKWARDS. 

ABASHIAN 76 STRC 
ABASHIAN 76 STRC 

BPI-PoP 3PI 
BPI-P,P 3PI 

l/72 
1/72 

12175 
12175 

12177 
12177 

I 1920.01 APPRO X. EVANGEL IS 7c;l OMEG 10,16 PI-P,PB P 12/79 
1190.01 APPRQX. EVANGELIS 79 OMEG 10,16 PI-P,PB P 12179 

R 1=1,JP=l- FRCM A MASS DEPENDENT PARTIAl WAVE ANALYSIS TAKING 
R SOLUTION A. 

1949. 10. 
80. 20. 

ISOSPJN :c: 1 FAVORED 

DEFOI X 
DEFOIX 

SO HBC 0 D--1.2 PB P,5 PI 12/79 
SO HBC 0 o-1.2 PB Po5 PI 12/79 

153(2020.01 (3.01 BENKHEIRT 77 OHEG 0 9ol2PI-P,PPPSPI- 12/77 
153 (24.01 tl2.0J BENKHEIRI 11 OMEG 0 9,12Pt-P,PPPBPI- 12177 

NOT SEEN BY BIO'NTA SO, CARROLL BOo HAMJt TON BOo BANKS St. CHUNG St. 

C2020.QI APPRQX. EVANGELIS 79 OHEG 10o16 Pt-P,PB P 12/79 
(160.01 APPRQX. EVANGEL IS 79 OHEG 10,16 PJ-P,PB P 12/79 

I=O,JP::2+ FRCM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

M K 2080. lOo KREYHER 80 STRC 0 13 PI-D,PPBNCNI 4/82* 
W 110. 20. KREYMER 80 STRC 0 13 PI-D,PPBNINI 4/S2* 

NEUTRON SPECTATOR. SEE ALSO NPPBPI-(PJ CHANNEL FOLLOWINGa 

M L 2090.0 20.0 KREYMER 80 STRC 13 PI-D,NPPBPI-P l/82* 
W L 170.0 50.0 KREYMER SO STRC 13 Pt-D,NPPBPI-P l/82* 

PROTON SPECTATOR. SEE ALSO PPSN(NI CH.&"'IINEL ABOVE. 

C 2110.01 APPRO X. EVANGELIS 79 O .. EG 10,16 PI-P,PB P 12/79 
C330.01 APPROX. EVANGELIS 79 OMEG 10,16 Pl-PoPB p 12179 

l=l,JP:3- Fl=tCM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

2110.0 10.0 ROZANSKA 80 SPRK lS.Pl-P,P PB N 12/79 
190.0 10.0 ROZANSKA 80 SPRK lS.PJ-p,p PB N 12/79 

N J:cl,JP:c3- FROI" AMPLITUDE ANALYSIS ASSUHlNG ONE PION EXCHANGE 

I 2141. I DONALD 73 HBC 0 S CHANNEL PBAR P 1/74 
I 14. I DONALD 73 HBC 0 S CHANNEL PBAR P 1/74 

SEEN IN FINAL STATE IOMEGA PI+ PI-I 

2180.0 10.0 ROZANSKA SO SPRK lBaPJ-p,p PB N 12/79 
270.0 10.0 ROZANSKA 80 SPRK lS.PI-P,P PB N 12/79 

I=O,JP::2+ FROM AMPLITUDE ANALYSIS ASSUmNG ONE PION EXCHANGE. 

(2190.01 KALBFLEE 69 HSC 0 S-CHANNEL PBARP 7/69 
BETWEEN 20 AND SO MEV KALBFLEI~ 69 HBC 0 S-CHANNEL PSARP 7/69 

S-EEN IN PBAR P TO RHOO RHOO PIO. IG::l-. 
NOT SEEN BY BACON 73, DONALD 13. 
NOT SEEN BY ZEMANY 76 IN RHOO RHOO Pt-. 

5SC2204.01 15.01 BENKHEIRI 77 OMEG- 9,12PI-P,PPPBPI- 12/77 
58 (16.1 OR LESS BENKHEIRI 77 OHEG- 9,12PI-P,PPPBPI- 12/77 
NOT SEEN BY BIONTA SO, BANKS 81, CHUNG 81. 

(2207.) fl3al ALLES-BOR~7HBC 05.7PBAR 12/66 
162.1 152.) ALLES-BOR 67 HBC 0 5. 7 PBAR 12166 

ALLES-BORELLI 67 SEE NEUTRAL MODE ONLY liJI+PI-PtOI 

2210.0 79.0 
(203.01 APPROX. 

21.0 EVANGEL2 79 OMEG 
EVANGH2 79 OMEG 

tO. Pl-P,K+ K- N 12/79 
lOa PI-P,K+ K- N 12/79 

(2260.01 APPROX. EVANGELIS 19 OMEG 10o16 Pt-P,PB P 
1440.01 APPROX. EVANGEllS 79 OMEG 10,16 Pt-P,PB P 

I=O,JP=4+ FROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

2307.0 
245.0 

•• 0 
20.0 

ALPER 
ALPER 

80 CNTR 0 62 PI-P,K+ K- N 
80 CNTR 0 62 PI-P,K+ K- t. 

2380a0 10.0 ROZANSKA BO SPPK t8.Pt-P,P PB N 
380.0 20.0 ROZANSKA 80 SPRK 18.PI-P1 P PB N 

I=OoJP:4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

12/79 
12179 

1/82* 
l/82* 

12/79 
12/79 

12450.01 (10.01 ROZANSKA 80 SPRK tB.PI-PoP PB N 1/SO 
1280aOI (20.0J ROZANSKA SO SPRK 1S.Pt-P,P PB N 12/80* 

t=l,JP:S- FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

(24S0.01 (30.01 CARTER 77 CNTR 0 .7-2.4PB P,PIPl 12177 
(210.01 (25.01 CARTER 77 CNTR 0 .7-2.4PB P,PJPJ 12/77 

1=1oJP=5- FRO,_ AMPLITUDE ANALYSIS OF PABAR P INTO PI Pt. 

12500.01 APPROX. CARTER 78 CNTR .7-2.4PB P,K-K+ 12/78 
(150 .. 01 APPROX. CARTER 7S CNTR .7-2.4PB P,K-K+ 12178 

I=O,l.JP=5- FROM BARRELET ZERO ANALYStS. 

(2110.01 120.01 ROZANSKA SO SPRK 
ROZANSKA 80 SPRK 

l8.PI-P,P PB N 12/79 
(170.01 (40.0, l8.PI-P,P PB N 12179 

f2S50aOJ 15.01 BRAUN 76 OBC - 5.5PBAR DtN NBP+ 12/77 
(39.1 OR LESS BRAUN 76 OBC - 5.5PBAR O,N NBP+ 12/77 

DECAYS TO NBAR N AND NBAR N PI 

M W (3080.1 (20.1 ALEXANDER 72 HBC 0 6.94 PBAR P 
w w 1220.1 110.1 ALEXANDER 72 HBC 0 6a94 PBAR P 

DECAYS TO 3Pt+ 3PI-w 
w NOT SEEN BY ltAlELKAR 75 WITH laS TIMES MORE DATA 

(3370.1 no.l 
1150. I (40.1 

DECAYS TO 4PI+ 4PI-

ALEXANDER 72 HBC 0 6.94 PBAR 
ALEXANDER 72 HBC 0 6.94 PBAR 

13390.1 (20.1 ALEXANDER 72 HBC 0 6.94 PBAR 
1220. I (100.1 ALEXANDER 72 HBC 0 6.94 PSAR 

DECAYS TO 3PI+ 3Pt-
NOT SEEN BY KALELKAR 75 WITH la5 TIMES MORE DATA 

( 3600.1 120.1 AlEXANDER 72 HBC 0 6.94 PBAR 
(140.1 (20.1 ALEXANDER 72 HBC 0 6o94 PBAR 

DECAYS TO 4Pt+ 4PI-

• ..... ********* ********* ****"'**** ••••••••• ••••••u•• ********* ******** 

REFERENCES FOR NBAR Nl 1400-3600) 

ALLES-SO 67 NC 50 A 776 ALLES- BORELL I, FRENCH, FRISK t + fCERN+BONN)G=-

KALBFLEt 69 Pl 29 B 259 G. KALBFLEISCH, R. STRANO, V. VANDERBURG I BNL I 

ALEXANOE 70 PRL 25 63 +BAR-NJR,QAGAN.GIDALoGRUNHAUS+ fTEL-AVIVI 
KALBFLEI 70 PHILAO.CCNF.P.409 G.KALBFLEISCH AND Q.MILLER REVUES IBNLI 

GRAY 71 PRL 26 1491 

ALEXANOE 72 NP B 45 29 
BOGOANOV 12 PRl 26 1418 
SUGG 72 PR D 6 3047 
CLAYTON 72 NP B 47 81 

BOWEN 73 PRL 30 332 
DONALD 73 NP B 61 333 
GRAY 73 PRL 30 1091 
NICHOLSO 73 PR D 1 2512 

HYAMS 74 NP B 73 202 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 
KALOGERO 15 PRL 34 1047 

ABASHIAN 76 PR 0 13 5 
BRAUN 76 PL B 60 481 
ZEMANY 76 "'P 8 103 537 

8 ENKHEI R 77 PL B 68 483 
CARTER 77 PL 67 8 117 
EVANGEL I 17 PL B 72 139 

BALTAY 78 PR 0 17 62 
BENKHEIR 7S LAL-78/30 
CARTER 18 NP 8 141 467 
PAVLOPOU 7S Pl 72 8 lil5 
PENNINGT 78 NP B 137 77 

ALBERI 79 PL 83 8 247 
ALSTDN-G 79 PRL 43 1c;01 
ARMSTRDN 19 PL B 85 304 
SENKHEIR 79 PL Sl B 380 
CARROLL 79 PR 0 19 1950 
DELCOURT 79 PL B B6 395 
EVANGEL I 79 NP B 153 253 
EVANGEL2 79 NP 6 154 381 
GIBBARD 79 PRL 42 1593 
MARTIN 79 PL B 86 93 

ALPER 
AMSLER 
B IONTA 
B IONTA 2 
CARROLL 
CHUNG 
DEFOIX 
HAMIL TON 
KREYMER 
ROZANSKA 

BANKS 
CHUNG 

80 PL 94 B 422 
SO PRL 44 853 
80 PRL 44 90<; 
80 PRL 46 q70 
80 PRL 44 1572 
80 PRL 45 1611 
80 NP B 162 12 
80 PRL 44 1179 
60 PR D 22 36 
80 NP B 162 505 

81 PL 100 8 191 
Sl PRl 46 395 

+HAGERT 1 KALOGEROPOULOS ( SYRAI 

AlEXANDER, BAR-N tR, B EVARY, DAGAN.+ C T ELAI 
BOGDANOVAo DALKAROV, SHAP IRQ ( ITEP I 
+CONDO, HART ,COHN, ENDORF ,+ I TENN+ORNL+C INC I 
+MASONo MUIRHEAD •" IGOPOULOS, + ( L I VP+ PATR J 

+EARLE So FA I SSLER, BL I EDEN,+ ( NEAS+STON I 
+EDWARDS, GIBBINS, BR l ANO,OUBOC, + I L t VP+LPNP I 
+PAPAOOPOULOUt KARAGEROPOULOS, + I ATEN+SYRA I 
N IC HOLSONo DELORME t CARROLL,+ IC I T+ROCH+BNL J 

+JONES, WE I LHAMMERo BLUM,+ ICERN+MPIMI 

A. OONNACHI E, P.R. THOMAS t MANCHE STERI 
E 1 SENHANDLER,G t BSON, + I LOQM+L IVP+OARE+RHEL I 
KALOGEROPOULOSt TZANAKOS I SYRAJ 

+WATSONoGELFANQ, BUTTRAM+( I LL+ANL+CH IC+ t OWA 1 
+BRICK, fR I OMAN, GERBER, JUIL LOT ,MAURER+ I STRB I 
+MING MA.MOUNTZoSMITH IMSUI 

BENKHE I R J, BOUC ROT,+ I CERN+CDEF +EPOL+L AlOI 
+COUPLAND, El SENHANDL ER, ASTBURY, + CL OQM+RHELI J P 
EVANGELIST A+ I BAR I+ BONN+C ERN+DARE+GLAS+I 

+CAUTt S, COHEN, CSORNA, KALELK AR+ fCOLU+ B lNG I 
B ENKHE IR J, BOUCROT+ ( CERN+COEF+EPOL+LALO I 
A.A .CARTER I LOQMI 
PAVLOPOULOS+ I KARL+ BAS L+CER N+STOH+ STR Bl 
M.R. PENNINGTON ICERNI 

+AL VEAR,CASTELL I ,POROPA T+ ( TRS T +CERN+ I FRJ I 
ALS TON-GARNJOST, HAMILfON+ C LBL +MTHO+BNL I 
ARMSTRONG+ C AACH+BAR I+BONN+C ERN+GLA S+l t VP+ I 
S ENKHE 1 R I, BOUCROT, + ( EPOL +L ALO+CDEF+C ERN J 
+CH IANG,KYC IA,l I oL ITTENBERG, + ( BNL+ROCHI 
+DERAOO, BERTRAND, B I SELLOt e I ZOT, 8UON, +t LALOl 
+ I BARI+BONN+CERN+OARE+GLAS+t IYP+MltA+WIENI 
+ C BAR I +BONN+CERN+OARE +GLA S+L IVP+M I LA+ WI ENI 
+AHRENS, BERKEL11AN, CASSEL, OA Y, HARDt NG+t CORN I 
A.D. HARTINoH.R. PENNINGTON CDURH) 

+BECKER,+ I AMST +CERN+CRAC+MP IM+OXF +RHEL) 
+AU ER BACHo MANOElKERN, + IUNM+ TEMP+UC II 
+CARROLL, EOELSTE IN,+ IBNL +CAR N+FNAL + SMAS I 
+CARROLL, EOEL STEIN,+ C BN L +CARN+FNAL +SMASI 
+CHUNG, JOHNSON ,CESTER, I-I EBB,+ t BNL + PR I Nl 
+ETK IN, BE"4S INGER,+ ( BNL+ BRAN+CUNY+S MAS+MASAI 
+OOBR ZYNSK I, ANGEUN I, BIG 1, + t COEF+PI SA I 
+PUN, TRIpp, LAZARUS, NICHOLSON IL Bl+BNL+MTHOI 
t-BAGGETT • f I EGUT H. ALA"4, +I INO+PUPD ... SL AC+VANO) 
+BLUM, 01 ETlo GRAYER, LORENZ+ I MPIM+CERN I 

+BOOTH, CA"lPBELLo ARMSTRONG,+ ( LIVP+CERN 1 
+BENSINGER,+ I BNL +BRAN+C INC+FSU+SMAS I 

........................ ••*•••••• ••••••••• ********* ********* ••••••*• .................................................................... 

1/13 
l/73 

1/73 
1/73 

1173 
1/73 

l/73 
1/73 



Mesons 
X(1900-3600), CHARMONIUM, 17c(2980) 

I X( 1900-3600) I 46 Xf 1900-36001 

THIS ENTRY CONTAINS VMIIOUS HIGH-MASS 
NON-STRANGE PEAKS. OMITTED FROM TABlE. 

The high mass region is covered nearly contin­

uously by evidence for peaks of various widths and 

decay modes. As a satisfactory grouping into 

particles is not yet possible, we list all the 

Y = 0 bumps coupled neither to NN nor to e + e-, and 

having M >1900 MeV, together, ordered by increasinq 

mass. Note that ANTIPOV 72 (rr-p + p·MM- at 25 and 

40 GeV/c) see no narrow bumps. 

K 
K 

10011898. I 
too nos. 1 

46 X(l900-36001 "'ASSES AND WIDTHS fMEVJ 

(18.1 
141.' 

THOMPSON 74 HBC + 13 Pt+ P, 2RHO 
(27.1 THOMPSON 74 HBC + 13 PI+ P 9 2RH0 

12/75 
12/75 

10011900. I f40.1 
100 1216.1 1105.) 

BOESEBECK 68 HBC 
BOESEBECK 68 HBC 

8 PI+ P,PJ+ PIO 12/75 
8 PI+ P,PJ+ PIO 12/75 

11970. I 
f 1970. I 

flO. J 
(10. I 

CHLIAPNIK 80 HBC 0 32 K+ Po2KS 2PI 12/79 
CHLIAPNIK 80 HBC 0 32 K+ P,2KS 2PI 12/79 

30( 1973.01 {15.01 CASO 
CASO 

10 HBC - 11.2PJ-P,RHO 2PI 12/75 
30 (80.0) 10 HBC - U.2PI-P,RHO 2PI 12/75 

40( 1975.01 (12.01 KRAMER 70 HBC + 13.1 PI+ Po2PI ll/70 
40 (52.01 OR LESS CL=.90 KRAMER 70 HBC + 13.1 PI+ P 1 2PI 12/75 
2PI PEAK CF KRAMER NOT SEEN IN SAME EXP WITH MORE OATAITHOMPSON 741 

501 2070. J 
50 1160. I 

TAKAHASHI 72 HeC 
TAKAHASHI 72 HBC 

e. PJ-P,N 2PI 
e. PJ-P,N 2PI 

12/75 
12175 

12145.} 110.1 AJINENKO 80 HBC + 32 K+P,PHI PI+ X 3/82* 
125.1 OR LESS AJINENKO eo HBC + 32 K+P,PHI PI+ X 3/82* 

COMPATIBLE WITH ESTIMATED EXPERIMENTAL RESOLUTION 

12157.01 110.01 KRAMER 70 HeC + 13.1 PI+ P,2PI 11/70 
168.0) 122.01 KRAMER 70 HBC + 13.1 PI+ P,2PI 11/70 

EVI OENCE OF KRAMiER 7D DISAPPEARED WITH MORE STATISTICSITHOMPSON 741 

f219D.DI 110.01 CLAYTON 67 HBC 2. 5PBAR, A2+0MEGA 10/6 7 

12207.01 122.01 CASO 70 HBC - 11.2Pt- P,NOTE C 5170 
1130.01 CASO 70 HBC - 11.2PI- PoNOTE C 5/70 

SEEN IN RHO- PI+ PI- toHEGA AND ETA ANTISELECTEO IN It PI SYSTEM) 

12612340.1 120. I BALTAY 75 HBC + 15 Pt+P,P5PI 12/75 
126 H80.) 160.1 BALTAY 75 HBC + 15 PI+PoP5P1 12175 

DOMINANT CECAY INTO RHOO RHOO PI+. BALTAY 78 FINDS CONFIRMATION 
IN 2PI+P1-2PIO EVENTS WHICH CONTAIN RHO+ RHOD PIO AND 2RHO+PI-. 

(2500.01 132.01 ANDERSON 69 MMS - 16 PI- P,BACKW9 8/69 
(87.01 ANDERSON 69 MMS - 16 PI- P,BACKk9 8/69 

550( 2620. 1 
55D 185.1 

(20.1 
130. I 

BAUD 
BAUD 

69 MMS - 8.-10. PI- P 
69 MMS - 8.-10. PI- P 

9/69 
9/69 

I 2676.01 121.01 CASO 7D HBC - U.2PI- P,NOTE C 5/70 
1150.01 CASO 70 HBC - 11.2PI- P,NOTE C 5/70 

SEEN IN RHO- Pt+ PI- IOMEGA AND ETA ANTISELECTED IN It PI SYSTEMJ 

6401 2800., 
640 146.) 

120.1 
110.) 

BAUD 
BAUD 

69 MMS - 8.-10. PI- P 
69 HMS - 8.-10. PI- P 

9/69 
9/69 

1512820.1 110. I SABAU 11 HBC + 8. PI+ P 11171 
15 (50. I (10.1 SABAU 11 HBC + 8. PI+ P 11/71 
SEEN IN «K KBAR PI PII+ MASS DISTRIBUTION 

23012880. J 120.1 
230 115.1 OR LESS 

BAUD 
BAUD 

69 MHS - 8.-10. Pt- P 
69 MMS - 8.-10. PI- P 

9/69 
9/69 

4313013.1 15.1 YOST 11 HBC + ll.PI+ P,Pf8PII+ 11171 
43 tltD.J OR LESS YOST 11 HSC + U.PI+ P,P(BPII S/11 
4.3 S.D. EFFECT • DECAY TO 1 PIONS 
NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA 

13025.0) (20.01 
125. Ol APPRO X. 

(3075.01 (20.01 
I 25.0 I APPRO X. 

(3145.01 120.01 
110:01 OR LESS 

13475.01 (20.01 
130.01 APPROX. 

13535-DI 120.01 
f 30.0 I APPRO X. 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

70 MMS - 10.5-13 PI- P 
10 MMS - 10.5-13 PI- 7 

70 MMS - 10.5-13 PI- P 
10 MMS - 10.5-13 PI- P 

70 f'IMS - 10.5-15 PI- P 
70 HMS - 10.5-15 PI- P 

10 MMS - 14-15.5 PI- P 
10 MMS - 14-15.5 PI- P 

10 MHS - 14-15.5 PI- P 
10 MMS - 14-15.5 PI- P 

5/70 
5/70 

5/70 
5/70 

5170 
5/70 

5170 
5/70 

5170 
5170 .................................................................... 

REFERENCES FOR Xll90D-3600J 

C LA Yi'G'I 67 HEI DB G.CONF. P .57 +MASON, MUI RHEAO ,FILl PPAS+I l IVERPOOL+ATHENSI 

BOESEBEC 68 NP B It 501 

ANDERSON 69 PRL 22 1390 
B AUO 69 PL 30B 129 

BAUD 
CASO 
KRAMER 

70 PL 31 B 549 
70 LNC 3 707 
10 PRL 25 396 

BOESEBECK, DEUTSCHMANN,+ I AAC HEN+BERL I N+CERNI 

+COLLINS,+ 
CERN BOSON SPECTROMETER GROUP 

IBNL+CARNI 
ICERNJ 

CERN BOSON SPECTROMETER GROUP I CERN I 
+CONTE, TOMASI NI.COROS+I (;ENOH-AMB+MILA+SACLJ 
+BAR TON,GUT AY, LICHTMAN, MILLER,+ I PURDUE I 
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Data Card Listings 
For notation, see key at front of Listings. 

SABAU 11 LNC 1 514 
YOST 71 PR D 3 642 

TAKAHASH 72 PR 0 6 1266 

THOMPSON 74 NP S6c; 220 

+URETSKV I BUCH+ANLI 
+MORRIS • ALBRIGHT ,BRUCKER, LANNUTT I I FSUI 

TAKAHASHI, BARISH,+ I TOHO+PE NN+NOAM+ANLI 

+GA I DOS, MC IlWA t N,HI LLER, K,JLERA, + (PURDJ 

84L TA Y 75 PRL 35. Be:! I +CAUTI S, COHEN, KALELKAR, PIS ELLO, + ICOLU+B INGJ 
KAlELKAR 75 THESISINEVIS 2071 M.S.KALELKAR ICOLUJ 
KEMP 75 NC 27 A 155 +lOTTS,CONTRI,TEODORO+fDJRH+GENO+MILA+LPNPI 

BAL TAV 
BLANAR 
CliNE 

78 PR 0 11 52 
79 PR 0 20 615 
19 PRL 43 1711 

AJtNENKO 80 Pl c:IS 8 451 
CHI.. IAPNI 80 ZPHY C 3 285 

+CAUT I So COHEN, CSORNA, K.ALELK AR+ ICOLU+BING I 
+BOYER, EARLES, FA ISSLER, GAR ELICK+ I NEASI 
+DE BONTE, GAl DOS ,LEEDOM ,KEY,+ IPURD+TNTOJ 

+CHL IAPNIKOVt + I SERP +BELG+~ONS+ SACLI 
CHL JAPNIKOV,GEROYUKOV,+ I SERP+BRUX+MONSI 

•••••• •••o-••••• •••••••••••••••••• ••••***** •••••••••••••••••••••••••• ............................................................ ····••o-• 

The Charmonium System 

We group into this system those meson states 

commonly believed to consist .of charmed-quark­

charmed-antiquark pairs. Since the discovery of 

the J/~(3100) (AUBERT 74, AUGUSTINil 74) this 

family has increased to at least 14, of which we 

tabulate 10 as well-established particles. Figure 1 

shows the states of charmonium below the ~(3685), 

interpreted by the charmonium model, as of January 

1982. 

hadransy* radiative 

++ 
2 

Fig. 1. The current state of knowledge of the 
charmonium system and transitions, as interpreted 
by the charmonium model. Uncertain states and 
transitions are indicated by dashed lines. JPC 
quantum number assignments are in some cases 
tentative, but all are at least consistent with 
experiment; see individual particle listings for 
discussion. The notation Y* refers to decay 
processes involving intermediate virtual photons, 
including decays to e+e- and~+~-. 

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

18 2982-
2980· 

AVG 2981.1 

26 ETA CI29SO,JPG= +I 1=0 

08SER.VEO IN THE INCLUSIVE GAMMA SPECTRUM GENERATED fROM 
PSI 136851 DECAY, THEREFORE C::+. FROM THE DECAY Pll 
PI PI • Go:+, THEREFORE teO. 

26 ETA Cl2980) MASS (MEVI .. 
9. 

•• 0 

HI MEL 80 SMK2 E+ E-
PARTRIDGE 80 CBAL E+ E-

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

H M MASS ADJUSTED BY US TO CORRESPOND TO J/PSH31001 MASS "' 3097 

9/81* 
9/81• 

3/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

26 ETA Ct 2~801 WIDTH (MEV I 

18 140.1 OR .LESS CL=.90 HIMEL 80 SMK2 E+ E- 9/81* 
(20. I OR LESS CL ... 90 PARTRIDGE 80 CBAL E+ E- 9/81* 

p 
p 

Pll 
P12 
P13 
P14 
Pl5 
P16 

R1 
R1 A 

R2 
R2 A 

R3 
R3 

R4 
R4 A B 

R5 
R5 A 

26 ETA Cl29801 PARTIAL DECAY MODES 

HAORONIC DECAYS 

ETA CI2980J INTO ZtPI+PI-1. 
ETA Cl29801 INTO P PBAR 
ETA Cl29801 INTO PI+ PI-P PBAR 
ETA Cl29801 INTO K KBAR PI 
EU C!29801 INTO PI+ PI- K+ K­
ETA Cl29801 INTO ETA PI+ PI-

26 ETA Cl29801 BRANCHING RATIOS 

ETA Cl29801 It>TO 12(PI+PI-II/TOTAL 
0.013 0.009 0.006 HIMEL 80 SMK2 

ETA Ct29BOJ INTO ( PBAR Pl /TOTAL 
o.ooz o.ooz 0.001 HIMEL 80 SHK2 

ETA C( 2980 I INTO I 2PI PBAR PI/TOTAL 
IO.-OL2IOR LESS' CL:.9Q HIMEL 80 SMK2 

ETA Cl29801 INTO I K KBAR PI1/TOTAL 
0.14 0.07 0.06 HIMEL 80 SMK2 

ETA Cl29801 INTO 12PJ 2Kl/TOTAL 
0.009 o. 014 0.006 HIMEl 80 SMK2 

139+ 139+ 1'39+ 139 
938+ 938 
139+ 139+ 938+ 938 
491+ 491+ 139 
139+ 139+ 493+ 493 
548+ 139+ 139 

( Plll 
PSI3685.ETAC GAM 

I Pl2) 
PSI3685,ETAC GAM 

I P131 
PSI3685,ETAC GAM 

I P141 
PSI3685,ETAC GAM 

I P151 
PSI3685,ETAC GAM 

ESTIMATED USING BR I PSII36851 INTO ETA Cl29801 GAMMA) "' .0043 
THE ERRORS 00 NOT CONTAnll THE UNCERTAINTY IN THE PSII36B51 DECAY. 
NOT SEEN BY PARTRIDGE IN K+ K- PIO. 
SYSTEMATIC ERROR ADDEO LINE~RLY BY US. 

................ ••••••*•• .......... ********* ........................... . 
REFERENCE~ FOR ETA CI29BOI 

BLOOM 79 FERMJLAB SYMP.92 E.O.BLOOM ( C IT+I-ARV +PR IN+SLAC+STAN I 

HIMEL 80 PRL 45 1146 
PARTRIDG 80 PRl 45 1150 

+TRIll lNG, ABR AMS 1 A lAM+ ISLAC+lBl+UCBI 
PARTRIDGE, PECK+ I CIT+ HARV +PRJ N+STAN+SlAC I 

****** ............................................................................ ... 
****** ********* ........................................................... . 

I J I 1/1( 3100) I 70 J/PSII3100,JPG=1--I 1=0 

13100. I 
I 3105.1 

3103. 
3095. 
3089.5 
3098. 
3096.0 

M F 3097.0 
900013095.441 

502 3096.93 
M E 38K 3098.4 
M 

10 J/PS't (31001 MASS I MEV I 

WE USE INDEPENDENT MEASUREMENTS Of THE J/PS1131DOI 
~'!ASS, THE PSI (36851 MASS AND THE MASS CIFFERENCE TO 
PERFORM A CONSTRAINED FIT. 

13.1 
6. 
4. 

31. 
6. 

30.0 
1. 

I 0.461 
o. 09 
2.2 

AUBERT 74 SPEC 
AUGUSTIN 74 SHAG 
BEMPORAO 75 FRAB 
BOYAR SKI 75 SHAG 
CRIEGEE 75 PLUT 
PRE POST 75 SPEC 
SNYDER 76 SPEC 
BRANOELIK 79 OASP 
LEMOIGNE 79 GOLI 
ZHOLENTZ 80 Ol YA 
BARATE 82 GOLI 

28. PPI E+E-1 
E+E-
E+E-
E+E-
E+E-

13.-21.GAMMA D 
400 P BE,E+E-
E+ E-

0 150 PI-BE 1 2MU 
E+E- COLL. BEAMS 

0 190 PI-BE,21o11U 

O. D90 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.DI 

9/81* 

9/81* 

9/81* 

9/81* 

9/81* 

2/75 
2/75 
1176 
3/75 
2175 
1/76 
1/77 

12179 
12/79 
9/81* 
3/82* 

AVG 
FlT 0.09 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.01 2/82* 

M E SYSTEMATIC ERROR ADDED LINEARLY BY US 
FROM A SIMUlTANEOUS FIT TOE+ E-,MU+ MlJ- AND HAORONJC CHANNELS 
ASSUMING Gl E+ E-1 = Gl MU+ MU-1 

BOYARSKI 75 IS A REEVALUATION OF AUGUSTIN 74 BASED 
ON A RECAll BRAT ION OF THE SPEAR BEAM ENERGY. 

MASS, WIDTH. PARTIAl WIDTHS, AND BRANCHING RATIOS All OBTAINED 
FROM ONE OVERAll FIT TO DATA OF THIS EXPERIMENT. 

S ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
M S THE BEAM ENERGY. 

70 J/P$1(31001 WIDTH IKEVI 

69. 15. BOYARSK I 75 SHAG E+E-
68. 26. BAlDINil 75 FRAG E+E-
60. 25. ESPOSITO 75 FRAM E+E-

W f 59. 13. BRANDEL IK 79 DASP E+ E-
W FROM A SIMULTANEOUS FIT TO E+ E-,MU+ MlJ- AND HADRONIC CHANNELS 

ASSUMING GIE+ E-1 :c GIMU+ MU-1 ......... 
AVG 63.0 8.6 oWERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

3175 
1176 
1176 

12/79 

P1 
P2 
P3 
P4 

Pll 
P12 
Pl3 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 
P29 
P30 
P31 
P32 
P33 
P34 
P35 
P36 
P37 
P38 
P39 
P40 
P41 
P42 
P43 ... 
P45 
P46 
P47 
P48 
P49 
P50 
P51 
P52 
P53 
P54 
P55 
P56 
P57 
P58 
P59 
P60 
P61 

,P 
p 

P70 
P71 
P72 
P73 
P74 
P75 
P76 
P77 
P78 
P79 
P80 

W1 
W1 
W1 
W1 
W1 
W1 F 
W1 F 
W1 F 
W1 
W1 

W2 
W2 
W2 
W2 
W2 

W3 
W3 
W3 
w3 
W3 
W3 

W4 
W4 C 
W4 C 

W5 
W5 

8 

8 

AVG 

AVG 

AVG 

Mesons 
17c(2980), J/1/1(3100) 

70 J/PSII3100J PARTIAl DECAY MODES 

J/PSI(31001 INTO E+ E­
J/PSJ(31001. INTO MU+ Mu­
J/PSH31001 INTO HAORONS 
J/PSH31001 INTO VIRTUAL GAMMA INTO HADRON$ 

HAORONJC DECAYS 

J/PSH31001 II\ TO PI+ PI-
J/PSII31001 INTO PI+ PI- PIO 
J/PS U3100 I INTO 21PI+ PI-I 
J/PSn3100J INTO 21PI+ PI-J PIO 
J/PSH31001 INTO 31PI+ PI-I 
J/PSIC31001 INTO 31PI+ PI-J P10 
J/PSH310DJ INTO 4(Pt+ PI-J 
J/PSH 31()0 I HlTO 41PI+ Pl-1 P10 
J/PS II 3100 I INTO K. KBAR 
J/PSIC31001 INTO K KBAR PI 
J/PSII3100 I INTO PI+ PI- K+ K-
J/PS I( 3100 J INTO 21PI+ PI-I K+ K-
J/PSH31001 INTO PI+ PI- PIO K+ K-
J/PSI(31001 INTO RHO PI 
J/PS 113100 I INTO RHO PI PI Pt 
J/PSti3100J INTO OMEGA PI PI 
J/PS11310DI INTO OMEGA 4PI 
J/PSH31001 INTO OMEGA K KBAR 
J/PSII31001 INTO OMEGA F 
J/PSH31001 INTO OMEGA F PRIME 
J/PS 113100 J INTO PHI P1 P1 
J/PS H 3100 I INTO PHI 21Pl+ PI-I 
J/PS 1(3100 I INTO PHI K KBAR 
J/PSII3100J INTO PHI ETA 
J/PS IC 31001 INTO PHI ETA PRIME 
J/PSII31001 INTO PHI F 
J/PS1131001 INTO PHI F PRJ ME 
J/PS I( 3100 I INTO A2 PI 
J/PS1C31001 INTO A2 RHO 
J/PSII31001 INTO K K*l8921 
J/PS 113100 I INTO K K*Cl4301 
J/PSH 3100 I INTO K*l8921 K*l 8921 
J/PS I( 3100 I INTO K"O:( 14301 K*ll4301 
J/PSH3100 I INTO K*l8921 1<*114301 
J/PSII31001 INTO P P8AR 
J/PS H 3100 I INTO P PBAR PIO 
J/PSII31DOI I!'.TO P N8AR PI-
J/PS 1131001 INTO P P8AR PI+ PI-
J/PSII3100J INTO P PBAR PI+ PI- PtO 
J/PSH3tOOI INTO P PBAR ETA. 
J/PSII3LOOJ INTO P PBAR OMEGA 
J/PSII31001 INTO lAMBDA ANTILAMBOA 
J/PSH31001 It-TO LAMBDA ANTISIGMA 
J/PSI(31001 INTO XI ANTIXI 
J/PSI131001 INTO PI B 
J/PSH31001 INTO P PBAR ETA PRIME 
J/PStC31001 INTO S IGMA.O SIGMABARO 
J/PS 1131001 INTO 21K+ K-1 
J/P$1(31001 INTO N NBAR 
J/PSH31001 INTO N NBAR PI+ PI-
J/PSH31001 INTO SIGMA- SlGMABAR-

RADIATIVE DECAYS 
-------------
J/PSJI31001 INTO GAMMA GAMMA. 
J/PSII31001 I"'TO 3 GAMMA 
:J/PSII31001 INTO PIO GAMMA 
J/PSII31001 INTO ETA GAMMA 
J/PS 1131001 INTO ETA PRIME GAMMA 
J/PSII31DOI INTO ETA Cl29801 GAMMA 
J/PSH3100J INTO F GAMMA 
J/PS 113100 I INTO F PRIME GAMMA 
J/PSH3100! INTO 0112851 GAMMA 
J/PSH31001 INTO E 11420 I GAMMA 
J/PSTI31001 INTO P PSAR GAMMA 

70 J/PSH31001 PARTIA.l,WIDTHS (KEVI 

J/PS ii310ril INTO E+ E-
4. 8 0.6 BOYARSK I 75 SMAG 

14.61 1.81 BALDINI 1 75 FRAG 
4.6 1.0 ESPOSITO 75 FR AM 

DECAY MASSES 
.5+ .5 

105+ 105 

139+ 139 
139+ 139+ 134 
139+ 1"39+ 139+ 139 
139+ 139+ 139+ 139+ 

497+ 497 
497+ 497+ 139 
139+ 139+ 493+ 493 

139+ 139+ 134+ 493+ 
769+ 139 
769+ 139+ 139+ 139 
782+ 139+ 139 
782+ 139+ 139+ 139+ 
782+ 497+ 497 
782+1273 
782+152D 

1019+ 139+ 139 
1019+ 139+ 139+ 139+ 
1019+ 497+ 497 
1019+ 548 
1019+ 957 
1019+1273 
1019+1520 
1318+ 139 
1318+ 1'69 

497+ 891 
497+1434 
691+ 891 

1434+1434 
891+1434 
938+ 938 
CJ3B+ 938+ 134 
938+ 939+ 139 
1138+ 938+ 139+ 139 
1138+ 938+ 139+ 139+ 
938+ q35+ 548 
938+ q38+ 782 

1115+1115 
1115+1192 
1314+1314 

139+1233 
1138+ 938+ 957 

1192+1192 
493+ 493+ 493+ 493 
9:39+ 939 
939+ 939+ 139+ 139 

1192+ll92 

0+ 
0+ 0+ 

134+ 0 
548+ 0 
957+ 0 

2981+ 0 
1273+ 0 
1520+ 0 
1283+ 0 
1418+ 0 

CJ38+ 938+ 

I Gll 
E+E-
E+E-
E+E-

ASSU"4ING. EQUAL PARTIAl WIDTHS FOR (E+E-1 AND IMU+MU-1 

3175 
1/76 
1176 

4.4 0.6 BRANDELIK 79 DASP E+ E- 12/79 
FROM A SIMULTANEOUS FIT TO E+ E- ..... U+ Mu- AND HA.DRONIC CHANNELS 
ASSUMING Gl E+ E-1 = G(MU+ MU-1 

4.60 D. 39 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

J/PS 1131001 1 NTO MU+ Mu- I G21 
4. 8 0.6 BOYARSKI 75 SMAG E+E- 3/75 
5 .• 0 1.0 ESPOSITO 75 FR~M E+E- 1176 

4.85 o. 51 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSII311JOI INTO HAORONS tG31 
59. 14. BOYARSKl 75 SMAG E+E- 3/75 
59. 24. BALDI Nil 75 FRAG E+E- 1/76 
50. 25. ESPOSITO 75 FRAM E+E- 1176 

57.3 10.9 AVERAGE {ERROR INCLUDES SCAlE FACTOR OF 1.01 

J/PS 113100 I INTO GAMMA INTO HAORONS I G41 
12. 2. BOYAR SKI 75 SMAG E+E- 1176 

INCLUDED IN IO 

J/PS H 3100 I INTO GAMMA GAMMA lEVI I G701 
15.4JOR lESS CL:0.90 BRANOELIK 79 OASP E+ 

,_ 
12/79 



Mesons 
J/1/1(3100) 

RI 
RI 

R2 
R2 

R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 AVG 

R5 
R5 C 
R5 C 

R8 
R8 
R8 
R8 
RB AVG 

R9 
R9 

70 J/P$1131001 BRANCHING RATIOS 

FOR THE BRANCHING RATIOS Rl - R4, SEE ALSO THE PARTIAC 
WIDTHS ABOVE, AND {PARTIAL WIDTHSI*Rl BELOW. 

J/PSJI31DOJ INTO IE+ E-1/TOTAL IPIJ/IPL+P2+P3J 
0.069 0.009 BOYARSKI 75 SMAG E+E-

J/P$1(31001 INTO (I'IU+ MU-1/TOTAL IP21/CPL+P2+P3J 
0 .. 069 0 .. 009 BOYARSKI 75 SHAG E+E-

J/PSH31001 INTO IHAORONSIITOTAL IP3111Pl+P2+P31 
0.86 0.02 BOYARSKI 75 SHAG E+E-

J/P$1131001 INTO IE+ E-1/CMU+ MU-1 1Pli/(P21 
1. 00 O. 05 BOYARSK I 75 $MAG E+E-
0.93 0.10 FORO 75 SPEC E+E-
.91 .15 ESPOSITO 75 FR AM E+E-

0.980 0.043 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

J/P$1(31001 INTO CGAMMA INTO HADRONSI/TOTAL I P41 
.17 .02 BOYARSKI 75 SHAG E+E-

INCLUDED IN R3 

HAORCNIC DECAYS 

J/P$1(31001 INTO CPI+ PI-1/TOTAL CUNTTS 10**-41 CP1U 
1 1.6 1.6 VANNUCCI 71 SMAG E+E-
5 1.0 0.5 BRANDELIK 78 DASP E+E-

1.05 0.48 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

J/PStl3lOOI INTO (2CPI+ PI-ll/TOTAL CP131 
76 .004 .001 JEAN-MARl 76 SHAG E+E-

J/PSII31001 tHO C21PI+ PI-1 PIOI/TOTAL CP14) 
675 .04 .at JEAN-MARl 76 SHAG E+E-, 

R lO 
RIO 
RIO 
RIO 
RIO 

1500 0.0364 0.0052 BURMESTER 71 PLUT E+E-

AYG 0.0372 0.0046 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

Rll 
Rll 

RI2 
RI2 

RI3 
RI3 

RI4 
RI4 

RI5 
RI5 

RI6 
RI6 

RI7 
Rl1 
R I7 
Rl1 
Rl7 
R I7 

J/PSJ(31001 INTO (31PI+ PI-1/TOTAL IP151 
32 • 004 • 002 JEAN-MARl 76 SHAG E+E-

J/PSI{31001 INTO 131PI+ PI-I PIOIITDTAL IP16J 
181 .029 • 007 JEAN-MARl 76 S~AG E+E-

J/PSH31001 INTO 141Pt+ Pt-1 PIOIITOTAL CP181 
13 .009 .003 JEAN-MARl 76 SMAG E+E-

J/PSH31001 INTO (PI+ PI- K+ K-JITOTAL IP211 
205 O. 0072 O. 0023 VANNUCCI 17 SHAG E+E-

J/PStl31001 INTO (2(Pl+ Pl-1 K+ K-1/TOTAL IP221 
30 0.0031 0.0013 VANNUCCI 77 SHAG E+E-

J/PSH31001 INTO IRHO PII/IPI+ PI- PIOI CP241/CP121 
1.71 OR MORE CL=0.90 JEAN:...MARI 76 SMAG E+E-

J/PSJI3100 I 
0.63 
0.59 
o. 53 
0.46 

(0.56) 

INTO CRHOO PIOIICRHO+- PJ-+J 
0.22 BARTEL 1 76 CNTR 
0.11 JEAN-MARl 76 SHAG 
0.15 ALEXANDER 76 PLUT 
0.14 BRANOELIK 78 OASP 

I 0.061 SCHARRE 79 SMAG 

E+E­
E+E­

E+ E-
E+E-, PI +PI -GAMMA 
E+E-

RI7 
RI7 AVG O. 534 O. 081 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

RI8 
RI8 
RI8 
RI8 
RI8 
RI8 
RI8 
R 18 AVG 

R I9 
R19 J 

R20 
R20 J 

R2I 
R2I 

R22 
R22 

R23 
R23 
R23 
R23 
R23 

R2' 
R24 

R25 
R25 
R25 
R25 
R25 

R26 
R26 

R27 
R27 
R27 

R28 
R28 

R29 
R29 

R30 
R30 

AVG 

AVG 

J/PSIC31001 INTO !RHO PII/TOTAL 
543 0.010 0.002 BARTEl 1 76 CNTR 
153 0.013 0.003 JEAN-MARl 76 SHAG 
183 0.016 0.004 ALEXANDER 78 PLUT 

0.0133 0.0021 BRANOELIK 78 OASP 
10.01321 (0.00211 SCHARRE 79 SHAG 

( P241 
E+E­
E+E­

E+ E-
E+E-, PI +PI -GAMMA 
E+E-

0.0122 0.0012 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSJ(31001 INTO IOMEGA PI PII/121Pt+ Pt-1 PIOI CP26J/(P141 
(.21 JEAN-Mi\RI 76 SHAG E+E-

J/PSit31001 INTO IRHO PI PI Pll/(2 CPI+ PI-I P101CP251/CP141 
f. 31 JEAN-MARt 76 SMAG E+E-

J/PS1131001 INTO (PHI PI+ PI-I /TOTAL 
23 0.0021 0.0009 FELDMAN 71 SHAG E+E-

J/PS 1{3100 J INTO C KOS KOU /TOTAL (UNITS 10**-41 
10.891 OR LESS CLz:::0.90 VANNUCCI 11 SHAG E+E-

J/PSIC3100J INTO CK+ K-1/TOTAL CUNITS 10**-4) 
2 z.o 1.6 VANNUCCI 11 SMAG 
1 2.2 0.9 SRANDELIK 79 OASP 

E+E­
E+ E-

2.15 0.78 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSIC31001 INTO fKO K*C892101/TOTAL 
45 0.0027 0.0006 VANNUCCI 77 SMAG E+E-

J/PSII3100) INTO CK+- K*IB921-+I/TOTAL 
39 0.0041 0.0012 BRAUNSCHW 76 OASP E+E-
48 0.0032 0.0006 VANNUCCI 11 SHAG E+E-

0.00336 0.00054 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

J/PS1131001 INTO lKO K*Cl43010JITDTAL 
(0.0021 OR LESS CL=0.90 VANNUCCI 11 SMAG 

J/PSH31001 INTO (K+- K*ll430-+I/TOTAL 
(0.0033IOR LESS CL=0.90 BRAUNSCHH 16 OASP 
(0.001510R LESS Cl:cQ.~O VANNUCCI 17 SMAG 

J/PS](31001 INTO (K*C89210 K*(892101/TOTAL 
f0.0005JGR LESS CL:c:Q.90 VANNUCCI 11 SMAG 

J/PSU31001 INTO (K*Il43010 K*ll430101/TOTAL 
C0.0029IOR LESS CL:c:0.90 VANNUCCI 71 SMAG 

J/PS1(31001 INTO IK*I89210 K*U430IOI/TOTAL 
40 0.0067 0.0026 VANNUCCI 17 SHAG 

E+E-

E+E­
E+E-

E+E-

E+E-

E+E-

3175 

3/75 

3175 

3/75 
2/75 
1/76 

l/76 

1177 
12/78 

1/76 

1/76 
12111 

1/76 

1/76 

1176 

1171 

1177 

1/76 

1/77 
1/76 
4178 
4/78 

12/79 

1177 
1/76 
4/78 
4/78 

12/79 

1/76 

1/76 

12/77 

1117 

1/77 
12/79 

1/77 

1177 
1/77 

1/77 

1/77 
1/77 

1/77 

1111 

1177 
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Data Card Listings 
For notation, see key at front of Listings. 

J/PSH3100J INTO CPBAR Pl/TOTAL (UNITS 10**-31 IP45J 
2.0 0.5 BESCH 78 BONA 

R3I 
R31 
<3I 
R3I 
R3I 
R3I 

A 331 2.2 0.2 PERUZZI 78 SMAG 
E+E­
E+E­

E+ E-133 2.5 0.4 8RANOELIK 79 OASP 

AVG 2.23 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R32 J/PSif3100J INTO (PBAR P1/lMU+ I'IU-1 
R32 A 20 1.0511 (.021 WIIK 

( P45JJ(P21 
75 PLUT E+E-

'R33 
R33 
R33 
R33 
R33 

R34 
R34 
R34 
R34 

AVG 

R34 AVG 

R35 
R35 
R35 
R35 
R35 AVG 

R36 
R36 
R36 

R37 
R37 

R38 
R38 

R39 
R39 
R39 
R39 
R39 AVG 

R40 
R40 

R4I 
R4I 

R42 
R42 

R43 
R43 

R44 
R44 

R45 
R45 

R46 
R46 
R46B 
R46 
R46B 
R468 
R46 
R46 AVG 

R47 
R47 
R47 
R47 
R47 AVG 

R48 
R48 

R49 
R49 

R50 
R50 

R5I 
R5I 

R52 
R52 
R52 
R52 
R52 AVG 

R53 
R53 

R54 
R54 

R55 
R55 

R56 
R56 

R57 
R57 
R57 C 
R57 C 

R58 
R58 

R59 
R59 

R60 
~60 

R6I 
R6I 

J/PSI INTO (LAMBDA ANTILAMBDAI/TOT IUNITS 10**-311P521 
196 1.1 0.2 PERUZZI 78 SHAG E+E-.L X,LBAR L 

5 2.6 1.6 BESCH 81 BONA E+E-

1.12 0.20 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSH31001 INTO (P PBAR PIOJITOT IUNITS 10**-31 (P461 
109 1.00 0.15 PERUZZI 78 SMAG E+E-,P PB 

1.4 0.4 BRANOELIK 79 OASP E+ E-

1.05 0.14 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSH31001 INTO CP PSAR PI+PI-1/TOHUNTS 10**-3IIP481 
533 5.5 0.6 PERUZZI 78 SMAG E+E-,P PB 1-2PI 
48 3.8 1.6 BESCH 81 BONA E+E-

5.29 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSI INTO (P PBAR PI+ PI- PIOI/TOT IUNTS 10**-31CP4q) 
INCLUDING P PBAR PI+Pl- GAMMA AND EXCLUDING OMEGA,ETA,ETA PRIME 
39 1.6 0.6 PERUZZI 78 SMAG E+E-,P PB 2PI 

J/PSt INTO !LAMBDA ANTISIGMAI/TOT CUNITS 10**-31 (P53J-
CO. ~51 CR LESS CLc0.90 PERUZZI 78 SMAG E+E-,LAMBOA X 

J/PSif31001 INTO CPI+- A2JITOTAL 
I0.004310R LESS CL=0.90 BRAUNSCHH 76 OASP E+E-

J!PSH31001 INTO COHEGA PI Pti/TOTAL IP261 
215 0.0078 0.00216 BURMESTER 11 PLUT E+E-
348 0.0068 O. 0019 VANNUCCI 11 SMAG E+E-

0.0068 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

J/PS1131001 INTO 2(K+ K-1/TOTAL IP581 
0.0007 0.0003 VANNUCCI 11 SMAG E+E-

J/PSH3100J INTO IOMEGA K KBARIITOTAL ~P281 
22 0.0016 0. 0010 FELDI':'IAN 17 SHAG E+E-

J/PSH31001 INTO (PHI K KBARI/TOTAL (P331 
14 O.OOlB 0.0008 FELDMAN 11 SMAG E+E-

J/PStl31001 INTO (PHI ETAJ/TOTAL CP341 
5 0.0010 0.0006 VANNUCCI 17 SMAG E+E-

J/PSI(31001 INTO (PHI ETA PRIMEIITOTAL (P351 
I0.001310R LESS CL:0.90 VANNUCCI 71 SHAG E+E-

J/PSH31001 INTO IPHI F PRIMEI/TOTAL CP37J 
6 0.0008 0.0005 VANNUCCI 11 SHAG E+E-

J/PS1f3100l INTO IP NBAR PI-1/TOT CUNITS ( P471 
194 2.16 0.29 PERUZZI 
204 2.04 0.27 PERUZZI 

32 1.1 0.1 BESCH 
5 1.6 1. 2 BESCH 

1o••-3J 
18 SHAG 
78 SMAG 
81 BONA' 
81 BONA 

E+E-,P PI­
E+E-, P PI+ 

E+E­
E+E-

FROM ANTI-CHj\NNEL CPBAR N Pl+l 

0.19 AVERAGE f ERROR INCLUDES SCALE FACTOR ,OF 1.0) 

J/PSH31001 INTO IP PBAR ETAI/TOT IUNITS 10**-31 IPSOJ 
197 2.3 0.4 PERUZZI 78 SHAG E+E-,P PB 0-2PI 

2.5 1.2 BRANOELIK 79 OASP E+ E-

2.32 0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSIC31001 INTO IP PBAR OMEGAI/TOTCUNITS 10**-3HP511 
11 1.6 0.3 PERUZZI 78 SHAG E+E-,P PB 1-2PI 

J/PSif31001 INTO IKOS K'+- PI-+1/TOTAL 
126 0.0026 0.0007 VANNUCCI 11 SHAG E+E-

J/PSif31001 INTO IPHI FI/T0TAL IUNITS 10**-41 IP361 
C3.71 OR LESS CL:c0.90 VANNUCCI 71 SHAG E+E-

J/PSII31001 INTO IPHI 21PI+PI-JIITOTAL CP321 
(0.0015JOR LESS CL:c0.90 VANNUCCI 71 SHAG E+E-

J/PSII31001 INTO IOMEGA FIITOTAL ( P291 
81 0.0019 0.0008 VANNUCCI 77 SHAG E+E-
70 0.0040 0.0016 BURMESTER 11 PLUT E+E-

0.00232 0.00084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

J/PSH31001 INTO IOMEGA F PRJMEJ/TOHUNTS 10**-41CP301 
(1.6) OR LESS CL,.0.90 VANNUCCI 11 SMAG E+E-

J/PSIC31001 INTO (PI+ PI- PIO K+ K-IITOTAL CP231 
309 0.012 O. 003 VA.NNUCCI 11 SHAG E+E-

J/PSIC31001 INTO CRHO A21/TOTAL (P391 
36 O. 0084 O. 0045 VANNUCCI 11 SHAG E+E-

J/PSII31001 INTO (OMEGA 2PI+ 2PI-I/TDTAL 
140 0.0085 0.0034 VANNUCCI 11 SMAG E+E-

J/PSit3100J INTO lXI- ANTIXI-JITOTAL CUNTTS 10**-31 
51 1.4 0.5 PERUZZI 78 SHAG E+E-,XI-X 
11 (3.21 CO.BJ PERUZZI 78 SHAG E+E-,L LBAR 
INCLUDES CHANNEL (XJO ANTIXIOI 

J/PSit31001 INTO IRHO+- PI-+IIIK*f8921+- K-+J 
(0.261 10.091 PIERRE 76 SHAG E+E-

J/PSH31001 INTO ( B+- PI-+JITOTAL 
87 0. 0029 0. 0007 BURMESTER 71 PLUT E+E-

J/PSH3100J INTO fN NBARIITOTAL CUNITS 10**-21 IP591 
O. 18 O. 09 BESCH 78 BONA E+E-

J/PSI INTO ISIGHAO SIGMABAROIITOT (UNITS 10**-31 IP571 
52 1.3 0.4 PERUZZI 78 SMAG E+E-,L LBAR 

4/78 
4/78 

12/79 

1/76 

4/78 
1/82* 

4/78 
12/79 

4/78 
1/82* 

4/78 

4/78 

1/77 

12177 
1/77 

1/77 

12177 

12/77 

1/77 

1/77 

1/77 

4/78 
4/78 
1/82• 
1/82* 

4/78 
12179 

4/78 

1/77 

1/77 

1/77 

1111 
12177 

1/77 

1/77 

1/77 

1/77 

4/78 
4/78 

4/77 

12/77 

4/78 

4/78 
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Data Card Listings 
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R62 
R62 .. , .. , ... 
••• 

R71 
R11 

R72 
R72 

R73 
R13 
R13 
R73E 
R73E 
R13 
R73 

R74 
R74 
R74 
R74 
R74B 
R748 
R74 
R74E 
R74E 
R74 

AVG 

R 74 AVG 

R7B 
R78 

RBO 

J/PSI INTO (P PBAR ETA PRIMEI/TOT IUNITS 10••-31 CP561 
19 1. 8 0.6 PERUZZI 78 SMAG E+E-.P PB l-2PI 

J/PSI INTO IN NBAR PI+ PI-1/TOUL (UNITS 10**-31 IP601 
5 3. 8 3., 6 BESCH 81 BONA E+E-

J/PSI INTO {SIGMA- SIGMABAR-1/TOT IUNITS 10 .. -31 IP6ll 
3 2. 4 2., 6 BESCH 81 BONA E+E-

FINAL STATE 2tPI+Pt-IP10 
ASSUMING ANGULAR DISTRIBUTION (l.+COSfTHETAI*•21 

RAOI ATtVE DECAYS 

J/PSH31001 INTO (2 GAMMAIITOTAL IUNITS 10 .. -31 IP701 
10.5 l OR LESS ClcQ.90 BARTEL 77 CNTR E+E-

J/PSH31001 INTO CPIO GAMMAI/TOTAL IUNITS 10 .. '-31CP721 
10 0.,073 0.041 BRANDELIK 79 OASP E+ E-

J/PS H 3100 I INTO (ETA GAMMA I !TOTAL IUNITS 10**-31 I P731 
21 1.3 0~4 BARTEL 11 CNTR E+E-.3 GAMMA 

Q., 82 0.10 BRANOELJK 79 DASP E+ E-
o;se 0.19 KONIGSMAN 82 CBAL E+ E-.3 GA"'!MA 

SYSTEMATIC ERROR ADDED LINEARLY BY US. .......... 
0.855 0.086 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSU31001 INTO lETA PRIME GAHI/TOTtUNTS 1D••-31tP741 
(3.21 OR LESS CL=.90 MURTAS 76 FRAG 

57 12 .. 41 10.71 BARTEL 1 76 CNTR 
6 2.9 1.1 BRANOEliK 79 DASP 

3. 8 1. 3 SCHARRE 79 SHAG 
FROM THE INCLUS lYE GAMMA DECAY SPECTRUM 

3. 4 0.7 SCHARRE 79 SHAG 
4. 1 D. 9 KONIGSMAN 82 CBAL 

SYSTEMATIC ERROR ADDED LINEARLY BY US. 

E+E-
E+E-, 2 GAIOIMA RHO 
E+E-,3 GAMMA 
E+E-, GAMMA X 

E+E-, 2 PI 2GAMMA 
E+ E-

0.46 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

J/PSH3IOOI INTO 13 GAMMA)ITQTAL (UNITS 10 ... -31 cP111 
I0.05510R LESS Clc0.,90 PARTRIDGE 80 CNTR E+E-,3 GA'oi!MA 

J/PS1131001 INTO IGAMHA + 2 OR MORE NEUTRALSIITOTAL (UNITS 10•*-31 

lt/78 

1/82• 

4/17 

12179 

1177 
12/79 
4/82• 

4/77 
1/77 

12179 
12/79 
12178 
12179 
4/82• 

12/79 

RBO 7.0 2.0 BARTEL 17 CNTR E+E- 1177 

RBl J/PSH31001 INTO IF GAMMAJITOTAL IUNITS 10•*-31 CP761 
RBl 35 2. 0 D. 7 ALEXANDER 78 PLUT 0 E+E- 4178 
RBl 30 1.2 0.6 BRANDELIK 78 OASP E+E-,PI+PI-GAMHA 4178 
RBl RE-STATED BY US TO TAKE ACCOUNT OF SPREAD OF E1,M2.E3 TRANSITIONS. 
R81A 118 1.48 0.55 EDWARDS 82 CBAL E+E-,2 PIO GAMMA 2/82• 
R81A SYSTEMATIC ERROR ADDEO LINEARLY BY US 
RBl ......... 
RBl AVG 1 .. 51 0.35 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

R82 J/PSH31DOJ INTO IF PRIME GAMIITOT cuNITS to••-31CP771 
R82 3 10.231 CR LESS Cl•0.90 A.LEXANDEZ 78 PLUT E+E-,K+K- GAMMA 4178 
R82 S 4 10 .. 341 OR LESS Cl•0.90 BRANDELIK 79 OASP E+E-.PI+Pt-GAMI'IA 12179 
R82 S ASSUMING ISOTROPIC PRODUCTION AND. DECAY OF THE F PRIME,AND tSOSi>IN. 

J/PSIC31001 INTO (P PBAR GAMI/TOT IUNITS 10 .. -31 IP801 RB4 
R84 10.111 OR LESS CL=0.90 PERUZZI 78 SHAG E+E-oP PQ SHOWER 4178 

R85 J/PSH31001 INTO 10112851 GAMIITOTAL IP781 
R85 D I0.00610R LESS Cl•.90 SCHARRE 80 SMAG E+E-
R85 D USING BRtO INTO. K KBAR Pti=O.lZ 

••• ••• ... 

Gl 
Gl S 
Gl 
Gl 
Gl 
Gl 
Gl 
G1 AVG 

G2 
G2 
G2 
G2 
G2 
G2 
G2 AVG 

G3 
G3 
G3 

J/PSII31001 INTO t£114201 GAHI/TOTAL IP791 
(0.00551 (0.00221 SCHARRE 80 SHAG E+E-

USING BRIE INTO K KBAR Pli=0.65 SEE MINI-REVIEW UNDER EC14201 
NOTE THAT RECENT EVIDENCE INDICATES THAT THIS IS NOT THE JPC.,1++ 
Ell4201 (HENCE BR INTO K KSAR PI UNKNOWN). SEE EC14201 MINIREVIEW 

70 J/PSII31001 Glli*GIE+E-1/GtTOTAU CKEVI 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS-SECTIOt.' INTO CHANNEUII IN THE E+E- ANNIHILAltON. 
WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH Gill OR THE BRANCHING RATIO GtiiiTOTAL .. 

Gl E+ E-I•G I E+E-IIGC TOTAL l 
I. 321 f .. 071 
.34 .1~ 

1.341 1.091 
1.361 ( .101 
0.35 0.02 

BALOINll 75 FRAG 
SEMPORAO 75 FRAB 
ESPOSITO 75 FRAH 
FORO 75 SPEC 
BRANOELIK 19 OA SP 

E+E­
E+E­
E+E­
E+E­
E+E-

0.350 0.020 AVERAGE CERRO~ INCLUDES SCALE FACTOR OF 1.01 

G( MU+MU-I•G I E+E- I/ GITOTALI 
.31 .09 
• 51 .09 

1.381 1.051 
1.461 1.101 

BEMPORAD 
OASP1 
ESPOSITO 
LIBERMAN 

is FRAB 
75 GASP 
75 FRAM 
75 SPEC 

E+E­
E+E­
E+E­
E+E-

0.41 0.10 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 

GIHAORON IC I*GI E+E-1/GfTOTALI 
(lt.l 1.81 BALOINil 75 FRAG 
13.91 1.81 ESPOSITO 75 FRAM 

SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE. 

E+E­
E+E-

.................................................................... 
OR IS TEN 70 PRL 25 1523 

ABRAMS 74 PRL 33 1453 
ASH 74 NCL 11 705 
AUBERT 74 PRL 33 1404 
AUGUSTIN 74 PRL 33 1406 
BACCI 74 PRL 33 1408 

ALSO 74 PRL 33 1649 
BALDINI- 74 NCL 11 711 
BARBJELL 74 NCL 11 118 
BRAUNSCH 74 PL 538 393 

REFERENCES FOR J/PSIC31001 

CHRISTENSON • HICKS, LEDEPMAN+ I COLU+BNL+C ERN I 

+BRIGGS, AUGUST 1 N, BOYARSKI+ C LBL +SLAC J 
+ZORN, BARTOLI+ (FRAS.UMO+NAPL+PADO+ROMU 
+BECKER, BIGGS, BURGER, CHEN, EVERHART I MIT+SNL I 
+80YARSKJ, ABRAMS,BR IGGS+ ( SLAC+LBLI 
+BAR TOll, BARBARINO, BARBIELL IN I+ C FRASCATII 
FOR ERRATA 
BALD IN I-CELI Q, BACC l+ I FRASCA Tl +ROMU 
BAR Bl Ell Ittt, BEHPOR AD+ I FRAS+NAPL+P I SA+R0"1A I 
BRAUNSCHWEIG+ C AACHEN+HAMB+HUNICH+ TOKY(;J 

2181• 

1/76 
1176 
1176 

12179 

1176 
1/76 
1176 
1/76 

1176 
1176 

Mesons 
J/1J1(3100). x(3415) 

ANDREWS 75 PRL 34 231 +HARVEY,LOBKOWICZ,MAY,NOROBERG IROCH+CORNI 
AUBERT 75 NP B 89 1 +BECKER,BlGGS,BURGERoGLENN,+ IMIT+BNLI 
BACCI 75 NCL 12 269 +PENSO,STELLA,BALDINI-CELtO,+ IROMA+FRASI 
8ALDINI1 75 PL 588 411 BALOINI-CELIO.BOZZOtCAPON,BACCl+IFRAS+ROMAI 
8ALOINI2 75 OL 588 4'15 BALOINI-CELJO,CAPONtDEL FABBRO+ IFRAS+ROMAJ 
BEMPORAD 75 STANFCRD SVMP .. 113 C.BEJIIIPORAD IPISA+FRASCATII 
BlANAR 75 PRL 35 3-46 +BOYERtfAISSLERoGARELICK,GETTNERo+ INEAS). 
80VARSKI 75 PRL 34 1357 +BREIDENBACH,BULOS,FELDMAN,+ CSLAC+l8LIJPC 
8RAUNStH 75 PL 538 4'H BRAUNSCHWEIG+ I AACHEN+HAHB+MUNICH+TOKYO) 
BUSSER 75 Pl 56 B 482 +BLUMENFELDtBANNERo+ CCERN+COLU+ROCK+SACLI 
CAMERINI 75 PRL 35 483 +LEARNEO,PREPOST,ASH,ANOERSON,+ IWISC+SLACI 
CRIEGEE 75 Pl 538 489 +DEHNE,FRANKEtHORllTZ,KRECHLOCK+ COESYI 
DAKIN 75 Pl 56 8 405 +KREISLER,BOLON,HEILE+ (MASA+Mll+SLACJ 
OASP1 75 Pl 568 491 8RAUNSCHWE JG,KONJGS,+ I AACH+OESY+MPIM+TOKYJ 
OASP2 75 PL 57B 21J7 BRAUNSCHWEIG,KONJGS,+ CAACH+OESY+MPIM+TOKYI 
ESPOSITO 75 NCL lit 73 +BARTOLt,etSELLO,+ CFRAS+NAJIL+PADO+ROMAI 
FORO 75 PRL 34 604 +BERONtHILGER,HOFSTAOTER+ ISLAC+PENNI 
GITTELMA 75 PRL 35 1616 GITTELMAN+HANSON+LARSON+LOH+ fCORNI 
GRECO 75 PL 568 367 +PANCHERI-SRIVASTAVA,SRIVASTAVA CFRASJ 
HEINTZE 75 STANFORD SYMP.97 J.HEINTZE IHEIOELBERGI 
JACKSON 75 NIH 128 13 J,D.JACKSON,O.SCHARRE ILBLI 
KNAPPl 75 PRL 34 1040 +LEE,BRONSTEIN+ CCOLU+HAWA+CORN+ILL+FNALI 
KNAPP2 75 PRL 34 1044 +LEE,BRONSTEIN+ ICOLU+HAWA+CORN+ILL+FNALI 
l I BERMAN 75 STANFORD SYMP.55 A.D. liB ERMAN t STANFORD) 
MARTIN 75 PRL 34 288 +80lDNtDAKtN.FELDMANtHANSON+f MtT+MASA+SLACI 
PREPOST 75 STANFORD SYMP.241 R.PREPOST {WISCONSIN) 
SIMPSON 75 PRL 35 699 +BERON,FORO,HlLGERtHOFSTADTER,+ ISTAN+PENNJ 
WIIK 75 STANFORD SYMP .. 69 B.H.WilK CDESYJ 
YENNIE 75 PRL 34 239 O.R.YENNIE CCORNELLI 

ANT IPOV 76 TBILI Sl CONF. N 8 +BESSUBOV, BUDANOV, BUSHNIN, DENISOV, + I SERPI 
BACCI 76 LNF-76/60( PI +BALD IN 1-C Ell o,CAPON+ I FRAS+ROMA+GENO I 
BARTEL 1 76 Pl 64 B 483 +DUINKER,QLSSON,STEFFEN.HEINTZE+IOESY+HEIOI 
BRAUNSCH 76 PL 63 8 487 BRAUNSCHWEIG,+ IAACH+OESV+HAMB+P'IPIM+TOKYI 
BUSSER 76 NP B 113 189 +BLUMENHLO,BANNER,+ CCERN+COLU+ROCK+SACU 
JEAN-MAR 76 PRL 36 291 +ABRAMS.BOYARSKioBREIOENBACHo+ ISLAC+LBLIIG 
MURTAS 76 TBLISI CCNF. N60 G.P.MURTAS IF".ASI 
PIERRE 76 TBILI SI CONF. N46 f., PIERRE ( SLAC+LBLI 
SNYDER 76 PRL 36 1415 +HOM,LEOERIOIAN,APPEltKAPLAN+ICOLU+FNAL+STONJ 

BARTEL 17 PL 66 B 489 +OUINKERoOLSSON,HEINTZE,+ (QESY+HE101 
BtDOICK 77 PRL 38 1324 +BURNETT+ IUCSO+UMO+PAVI+PRIN+SLAC+STANJ 
BURMESTE 77 PL 72 B 135 BURHESTER,CRIEGEE,+ COESY+t1AMB+S1EG+WUPPI 
COROEN 77 Pl 68 B 96 +OOWEllt+ IBIRfr4+CERN+MPIM+NEUC+EPOL+RHELI 
FELDMAN 77 PL 33 C 285 +PERL IL8L+SLACI 
VANNUCCI 77 PR 0 15 1B14 +ABRAMSoALAM,BOYARSKJ,+ ISLAC+LBLJ 
YAMADA 77 HAMS. CONF, P., 69 YAMADA IOESY+TOKYI 

ALEXANDE 78 PL 72 B 493 
BESCH 78 PL 78 B 347 
BRANDEL I 78 PL 74 B 292 

ALEXANDER, CR I EGEE, + I OESY+HAMB+S I EG+WUPPI 
+EI SERMANN, KOWALSKI tV EYSS+ I SONN+DESY+MANlt 
BRA NOEll K, CORDS+ I AACH+CESYHAMB+MPI M+TOKYJ 
+PICCOLO, AL AM, BOYARSK I, GOLDHABER+ ( SLAC+LBLI PERUZZI 78 PR D 17 2901 

BRANDEL I 79 ZPHY C 1 233 8RANDELIK,COROS,+t UCH+CESY+HMB+MPIM+TOKVJ 
KIRK 79 PRL 42 619 +GOODMAN,ALVERSON,+IFNAL+HARV+Ill+OXF+TUFTJ 
LEMOJGNE 79 FERMILAB CONF .. 524 +ABOLINS,8ARATE.+ ISACL+LOIC+SHMP+INOI 
SCHARRE 79 SLAC-PUB-2321 O.L. SCHARRE ISLAC+LBL) 

ALSO 79 LBL 9502 ABRAMS, ALAM, BLOCKER, BOYARSK I,+ ( SLAC+LBLI 

PARTRIOG 80 PRL 44 712 PARTRIOGE,PECK,+ tCIT+HA.RV+PRIN+SLAC+STANI 
SCHARRE 80 Pl 97 8 ~29 +TRILLING,ABRAMS,ALAM,BLOCKER+ ISLAC+LBLI 
ZHOLENTZ 80 Pl 96 8 214 +KUROADZEtLElCHUK,HISHNEV,NIKITIN+ CNOVOJ 

ALSO 81 YAD.PHYS. 34 1471 ZHOLENTZ ET AL~ CNOVOI 

BESCH 81 ZPHY C 8 1 +E I SERMANN olOHR,KOWALS Kl ,+ I BONN+QESV+MANZ I 

BARATE 82 MORIOPID hORKSHOP +BAREYRE,BONAMY.+ ISACL+LOIC+SHMP+JNOI 
ALSO 82 CERN-EP/82-15 LEMOIGNE,BARATE,+ ISACL+LOIC+SHMP+INDI 

EDWARDS 82 PR D ITO BE PUB. I +PARTRtOGE,PECKt+ ICIT+HARV+PRIN+STAN+SLAO 
KONIGSMA 82 MORJOND CONF. KONIGSMANN.+ ISTAN+CIT+HARV+PRIN+SLACI . .................................................................. . ·l·x··(· 3 •• 4 •• 1 .. 5 •• ).1 ........ • ......... ......... ......... •• ....... • ..... .. 

~ - 56 CHII3415tJPG=O++I J:O 

0 
0 

• 0 • 
M 0 E 

• M AVG 

CBSERVEO IN THE RADIATIVE DECAY OF PS 1136851 INTO 
CH1134151 GU~MA. THEREFORE C:+. THE OBSERVED DECAY INTO PI+ PI­
OR K+ K- IMPLIES G~:+, JP=0+,2+.., ••• THE ANGULAR OISTR.IBUTION 
IS CONSISTENT WITH J=O. JP ABNORMAL EXCLUDED BY PI+ PI- AND 
K+ K- DECAYS. JP=O+ PREFERRED IHLOMAN 771 • 

213407.01 
3415.0 
3422.0 
3416.0 
3414.8 

3415.0 

56 CHII34I51 MASS IMEVI 

I 8 .. 01 •.o 
10.0 

4.0 ... 
1.0 

WIIK 75 OASP 
BIDDICK 77 CNTR 
BARTEL 78 CNTR. 
TANENBAUM 7B SMAG 
HI MEL 79 Sfi!K2 

E+E-,J/PST 2 GAH 
E+E-, MDNOCHR .GAM 
E+E-,J/PSI 2 GAM 
E+ E­
E+E-,HAORONS 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

M D MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 

Pl 
P2 
P3 
P4 
P5 

•• P1 

•• •• PlO 
Pll 

PSII36851 MASS::3686 AND PSII31001 MASS=3097. 
SYSTEMATIC ERROR ADDED LINEARLY BY US 
FROM A SIMULTANEOUS FIT TO RADIATIVE AND HAORONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDEO liNEARLY BY US 

56 CHII34151 PARTIAL DECAY MODES 

DECAY MASSES 
CHit 3415) INTO PI+ PI- 139+ 139 
CHII34151 JNTO K+ K- -493+ 493 
CHII34151 INTC 21PI+ Pt-1 139+ 139+ 139+ 139 
CHIC 34151 INTO 3IPI+ Pl-J 
CHI I 34151 INTO PI+ PI- K+ K- 139+ 139+ 493+ 493 
CH1134151 INTC: J/PSI 13IOOI GAMMA 3096+ 0 
CHII3415J INTO 2 GAMMA O+ 0 
CHtl34151 INTO PI+ PI- P PBAR 139+ 139+ 938+ 938 
CHIC 34151 INTO RHOO PI+ PI- 769+ 139+ ... 
CHit 34151 INTO K*l89210 K+/- PI-/+ 891+ 493+ "" CHII34151 INTO P PBAR 938+ 938 

56 CH1134151 BRANCHING RATIOS 

R1 CHll34151 INTO (2 GAMMAI/TOTAL I Pll 
R1 T IO .. OOlliOR LESS CL=0.90 YAMADA 11 OASP E+ E-.3 GA~MA 

R.2 CHII34151 INTC ZCPI+ PJ-1/TOTAL IP31 

1171 
3177 
lt/78 

12178 
3/82• 

12177 

R2 T 0.043 0.009 TANENBAUM 78 SMAG PSII36851TO GAM CHI 12/78 



Mesons 
x(3415), Pc or x(3510), x(3555) 

R3 CHII3415) INTO I PI+ PI- K+ K-1/TOTA.l IPS) 
R3 T 0.034 0.009 TANENBAUM 78 SHAG PSII36851TO GAM CHI 12178 

CHII34151 INTC 3IPI+ PI-1/TOTAL (P4) . R4 
R4 T 0.011 0.006 TANENBAUM 78 SHAG PSif36851TO GAM CHI 12/77 

CHII34151 INTO I PI+ PI-1/TOTAL I PU R5 
R5 T 
R5 T 
R5 

o.ooq o.oo3 
o. 008 o. 003 

TANENBAUM 78 SMAG PSif3685JTO GAM CHI 12/77 
BRANOEL2 79 OASP PSH36851TO GAM CHI 12179 

RS AVG 0.0085 0.0021 AVERAGE IERROR INCLUDES SCALE FACTOR OF L.OJ 

CHit 34151 INTO I K+ K-IITOTAl I P21 •• 
Rb T 
Rb T 

o.ot o.oo4 
o. 007 o. 003 

TANENBAUM 78 SMAG PSII3685JTO GAM CHI 12/77 
BRANDEL2 79 OASP PSII3685JTO GAM CHI 12/79 

•• 
R6 AVG 0.0081 0.0024 AVERAGE (ERROR INCLUDES SCALE FACTOq_ OF 1.0) 

R7 CHI(3415) INTO IPI+ PI- P PBARI/TOTAL (PSI 
R7 T 0.006 0.002 TANENBAUM 78 SMAG PSH368SITO GAM CHI 12/7B 

•• 
RB T 
RB T 
RB T 
RB T 
RB T 

•• 
j:!,B AVG 

CHI( 34151 INTO 
o. 024 
0.017 
0.037 

IO.ObBIOR 
17 0.0073 

O.OOB2 

IJ/PSIC3100J 
0.024 

GAI'tMA I /TOTAl ( Pb I 

0.011 
o. 024 
LESS Cl:0.90 
0.0024 

TANENBAUM 78 SHAG PSI(36851TO GAM C.-11 
BARTEL 78 CNTR PSII36B51TO GAH CHI 
BRANDEL2 79 DASP PSII36851TO GAH CHI 
HI MEL 80 SMK2 PS 13685,CHI GAM 
OREGLIA 82 CBAL PSti36851TO GAM CHI 

0.0023 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

R9 CHII34151 INTO IRHOO PI+ PI-1/TOTAL (P'9) 

12/77 
4178 

12179 
9/B1* 
2/82* 

R9 T 0.017 0.006 TANENBAUH 78 SMAG PSII36851TO GAM CHI 12/78 

RlO CHII34151 INTO IK*IB9210 K+- PI- +1/TOTAL tP101 
R10T 0.014 0.005 TANENBAUM 78 SHAG PSH36851TO GAM CHI 12/78 

Rll CHI(34151 INTC IP PBARIITOTAL (UNITS 10**-31 IP111 
RUT (0.111 OR LESS CL=0.90 BRANDEL2 79 DASP PSti36B5HO GAM CHI 3/82* 

R T CALCULATED USING PSID685J TO IGAMHA CHII3415IJ/TOTAL=O.OB2 
R T THE ERRORS DC NOT CONTAIN THE UNCERTAINTY IN THE PSH36851 DECAY. .......................................................................... 

REFERENCES FOR CHI 134151 

FELDMAN 75 PRL 35 821 +JEAN-MARIE,SADOULET,VANNUCCI 9 + ILBL+SU\CI 
ALSO 75 PRL 35 1189 IERRATAI 

TANENB4U 75 PRL 35 1323 TANENBAUM,WHITAKER,ABRAMS,+ ILBL+SLAC.I 
HIIK 75 STANFORD SY~P.69 B.H.WIIK IDESYI 

BID DICK 
FELDMAN 
YAMADA 

17 PRL 38 1324 +BURNETT+ 
77 Pl 33 C 285 +PERL 
77 HAHB. CONF. P. 69 YAMADA 

( UCSO+UMO+ PAV I +PR I N+SLAC+STANJ 
ILBL+SLACI 

IDESY+TOKYI 

BARTEL 78 Pl 79 8 492 0 I TTI'tANN. DUINKER ,OLSSON,O' NEILL +I OESY+HEI OJ 
T ANENBAU 78 PR 0 17 1731 

ALSO B2 PRIVATE COMH. 
TANENBAUM, ALAM, BOYARSK I,+ I SLAC+LBLI 
G.H. TRIll lNG ILBL+UCBI 

BRANDEL! 79 ZPHY C 1 233 
BRANOEL2 79 NP B 160 426 

BRANDEl IK, CORDS t+ I A ACH+ CESY+ .. AMB+MPI M+TOKY I 
BRA NOEL IK, CORDS,+ ( AACH+ CESY +HAMB+MPI M+TOKY) 

HIMEL 79 THESIS SLAC-223 T~M~HtfiiEL ISLACI 
ALSO 82 PRIVATE COMM. G~H. TRILLING I LBL+UCB I 

KIRK 79 PRL 42 619 +GOODMAN, AlVERSON,+ { FNAL+HARV+ILL+OXF+TUFTI 

HIMEL 80 PRL 44 920 +ABRAMS, ALAM, BLOCKER 1 + ILBL+SLACI 

OREGLIA 82 PR 0 {TO BE PUB.) +8LOOM 1 BULOS,+ ( SLAC+C IT +HARV+PRIN+ST ANI 

****** •••***'*** ********* •••••co••• ********* co•••••••• ********* **•••••• ...................................................................... 
IPc or x(3510)155 PCORC"II3510,JPG•1++1I•O 

OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY 
OF THE PSI 136851 INTO PC GAMMA, PC INTO 
J/PSII31001 GAMMA. THEREFORE, C=+~ 

THE LACK OF DECAYS INTO PI+ PI- OR K+K- IS SUGGESTIVE OF 
JP = ASNOPMAL. THE 'DECAYS INTO 4PI AND bPI IMPLY G=+, THUS 1=0. 
J:0,2 EXCLUDED BY ANGULA~ DISTRIBUTION IN THE !GAMMA JIPSII 
DECAY. JP=l+ PREFERRED {fELDMAN 77, OREGLIA 821 

40( 3500. I 
7(3507.01 

( 3510.01 

55 PC MASS I MEV I 

110.1 
17.01 

120~ 01 

TANENBAUiol 75 SMAG 
HIIK 75 OASP 
BARTEL 76 CNTR 

M 0 367 3513.0 7.0 
3.0 
5.0 

BIDDJCK 77 CNTR 

HAORONS GAM 
E+E-,J/PSI 2 GAM 
E+E- 1 J/PSI 2 GAM 
E+E-, MONOCHR .GAM 
E+E-.J/PSI 2 GAM 
E+ E-

0 3507.0 
0 M 3505.0 

21 3509.0 
15( 3520. I 

0 F 254 3510.1 
p 91 3507.4 
E F 943 3510.4 

11.0 

1.1 
1. 7 
O.b 

BARTEL 78 CNTR 
TANENBAUM 78 SHAG 
8RANDEL2 79 OASP 
LEMOIGNE 79 GOLI 
HI MEL 80 SMK2 
BARATE 82 GOll 
OREGLIA 82 CBAL 

E+E-.J/PSI 2GAfo\ 
0 150 PT-BE, 2MU 

E+E-,J/PSI 2 GAM 
0 190 PJ-BE,GAM2MU 

E+E-,JIPSI 2 GAM 

AVG 3509.95 0.55 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.11 

M 0 MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
PSI {36851 MASS=3686 AND PSII31001 MASS=3097 

M E ASSUMING PStt3685J MASS:3686 AND PSI131001 MASS:c3097. 
M SYSTEMATIC ERROR ADDED LINEARLY BY US 
H FROM A .SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDEO LINEARLY BY US 
M P J/PSI MASS CONSTRAINED TO 3097. 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
PB 
P9 
p 10 
Pll 

55 PC PARTIAL DECAY MODES 

PC INTO J/PS1131001 GAfoiiMA 
PC INTO PI+ PI-
PC INTO K+ K-
PC INTO GAMMA GAMMA 
PC INTO 21Pl+ PI-I 
PC INTO 31 PI+ Pl-1 
PC INTO PI+ PI- K• K­
PC INTO PI+ PI- P PBAR 
PC INTO RHOO PI+ PI-
PC INTO 1<*189210 K+l- PI-/+ 
PC INTO P PBAR 

DECAY MASSES 
3096+ 0 

139+ 139 
493+ 493 

0+ 0 
139+ 139+ 139+ 139 

139+ 139+ 493+ 493 
139+ 139+ 938+ 938 
769+ 139+ 139 
B91 + 493+ 139 
938+ 938 

12/77 
1/77 
1/77 
3/77 
4/78 

12/78 
12/79 
12/79 
9/81* 
3/82• 
3/82* 

160 

Data Card Listings 
For notation, see key at front of Listings. 

R1 
R1 T 
R1 T 
R1 T 
R1 T 
R1 T 
R1 T 
R1 
Rl AVG 

55 PC BRANCHING RATIOS 

PC INTO (J/PSit31001 GAMMAJ/TOTAL (PlJ 
10.631 10.191 BIODICK 77 CNTR PSI06851TO GAM PC 
0.31 0.05 BARTEL 76 CNTR PSII36851 TO GAM PC 
0.30 0.10 TANENBAUM 7B SHAG PStt36851 TO .GAM PC 
0.21 0.05 8RANOEL2 79 DASP PSII36851TO GAM CHI 
0.30 0.08 HIMEL 60 SMK2 PSI3685oPC GAM 

943 0.30 0.05 DREGLIA 82 CBAL PSit36851TO GAM CHI 

0.218 0.026 AVERAGE !ERROR INCLUDES S~ALE FACTOR OF 1.01 

( P2+P31 

12177 
4/76 

12/76 
12/79 
9/81* 
2/82• 

R2 
R2 T 
R2 T 

PC INTO (Pl+PI- AND K+K-)/TQTAL 
(0.001910R LESS FELDMAN 
f0.004IICR LESS CL=0.90 BRANDEL2 

77 SHAG PSif36851. TO GAM PC 12/77 
79 DASP PSit3685JTO GAM CHI 12179 

R3 PC INTO ( GA"''M,!. GAMMAI/TOTAL (Pit) 
R3 T I0.001610R LESS CL=0.90 YAMADA 77 DASP E+ E-, 3 GAMMA 12/77 

PC INTO 21 PI+ PI-1/TOTAL {PSI R4 
R4 T 0.018 0.005 TANENBAUM 78 SHAG PSI 136851 TO GAM PC 12/76 

PC INTO IPI+ PI- K+ K-IITOTAL I P71 R5 
R5 T o. oto o •. oo4 TANENBAUM 7~ SHAG PSJ(36851 TO GAM PC 12/76 

PC INTO 3fPI+ PI-JITOTAL {HI •• 
R6 T 0~024 0.009 TANENBAU"l 78 SHAG PSI(3685J TO GAM PC 12/78 

R7 PC INTO IPI+ PI- P PBARIITOTAL IPBI 
R7 T 0~0015 0~0010 TANENBAUM 78 SHAG PSII3685J TO GAM PC 12/78 

R8 PC INTO IRHOO PI+ PI-1/TOTAL IP91 
RB T 0.0043 0.0038 TANENBAUM 78 SHAG PS.JI36851 TO GAM PC 12/78 

R9 PC INTO IK*f8<;210 K+- PI- .f.I/TOTAl IP10J 
R9 T 0.0035 0.0023 TANENBAUM l~ SHAG PSII~6851 TO GAM PC 12176 

Rll PC INTO IP PBARJ/TOTAL IPllJ 
RUT IO.QOL3JOR LESS CL:0.90 BRANDEl2 79 OASP PS~l~b851TO GAM CHI 12/79 

R T ESTIMATED USING P5It3685) TO IGAMMA PCI/TOTAL=O.OBC 
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSH 36851 DECAY~ 

.............•.... ·····'!'··· ................... "'***•••• 
REFERENCES FOR PC 

OASP 75 PL 57B 407 BRAUNSCHWEIG, KON IGS, + I AACH+OESY•MPIM+ TOKY) 
FELDMAN 75 STANFORD SYMP.39 G.J.FELOMAN ISLACI 
HEINTZE 75 STANFORD SYMP.97 J.HEINTZE IHEIDELBERGI 
SIMPSON 75 PRL 35 6'99 +BERON, FORO, HILGER 1 HOFST AOT ER ;+ ( STAN+PENN t 
TANENBAU 75 PRL 35 1323 T ANENBAUH, WHITAKER, ABRAMS,+ I LBL+SLAC I 
WIIK 75 STANFORD SYMP~69 B~H.WIIK IDESYI 

BARTEL 76 TBILISI CONF.N75 +DUINKER,OLSSONtHEINTZE,+ IDESY+HEIOJ 

BID DICK 
FELDMAN 
YAMADA 

77 PRL 38 1324 +BURNETT+ 
77 Pl 33 C 285 •PERl 
77 HAMS. CONF. P. 69 YAMADA 

I UCSO+UMO+PAV I +PRJ N+SL AC+STA.NI 
llBl+SLACI 

IOESYHOKYJ 

8 AR TEL 78 PL 79 8 492 +01 TTMANN, OU INKER, OLSSON, ONE Ill+{ DESY+HE I OJ 
T ANENBAU 76 PR 0 17 1731 

ALSO 82 PRIVATE COMM. 
TANENBAUM, ALAM, BOYARSK I,+ { SLAC+lBLJ 
G.H.TRilllNG {LBL+UCBI 

BRANOEll 79 ZPHY C 1 233 BRANDELIK,CDROS,+IAACH+DESY+t'AMB+MPIM+TOKYJ 
BRANOEL2 79 NP B 160 lt26 BRANOEliK.CORDSo+IAACH+OESY+tfAMB+MPIM+TOKYI 
KIRK 79 PRL 42 619 +GOOOMAN,ALVERSON 1 +(FNAL+HARV+Ill+OXF+TUFTJ 
LEHOIGNE 79 FERMILAB CONF.524 +ABOLIN.S,BARATE 1 + ISACL+LOIC+SHMP•INOJ 

HIMEl 80 PRl 44 920 
ALSO 82 PRIVATE COMM. 

'+ABRAMS,AlAM, BlOCKER,+ 
G.H. TRILLING 

I LBL+SLACJ 
(LBL+UCBI 

BAR ATE 82 MOR I OND .. ORKSHOP +BAR EYR Eo BONAMY 1 + 
ALSO 82 CERN-EP/82-15 LEMOIGNE,SARATE,+ 

DREGLIA 82 PR 0 ITO BE PUB. I +BLOOM,BULOS,+ 
ALSO 82 PRIVATE COMM. M~DREGLIA 

I SAC l+LOIC+SHMP+ I NOJ 
(SACL+LOIC+SHHP+ IN OJ 

I SLAC+Cl T+HARV+PR IN+ST ANJ 
( EFII ...................................................... .................. ................. .l .. x •• (. 3 •• 5 •• 5 .. 5··)·1······ ... ......... ......... • ..... ••• 

• • '57 CHI(3555,JPG=2++1 leO 

(BSERVED IN RADIATIVE DECAY OF PSit36851 INTO 
CHII35551 GAJo'MA~ THEREFORE C=+. THE OBSERVED DECAY INTO 4PI 
AND 6Pl IMPLY G::+, THUS 1=0. 
Jo:O IS EXCLUDED BY THE ANGULAR DISTRIBUTION IN THE HAORONIC 
DECAYS. JP AENORMAL EXClUDED BY PI+ PI- AND K+ K- DECAYS. 
JP""2+ PREFERRED (FELDMAN 77, OREGLIA 82). 

57 CH1135551 MASS IMEVI 

3/82• 

( 3550.01 
4{ 3543.0 J 

0 360 3563; 0 
0 3553.0 

UO~OI 
(10.01 

7. 0 
4.0 

- 5.0 

TRILLING 76 SHAG 
WHITAKER 76 SHAG 
BIDDICK 77 CNTR 
BARTEL 78 CNTR 

E+E-, HAORONS GAM 1/77 
E+E-,J/PSI 2 GAM 1/77 
E+E-, MONOCHR.,GAK 3/77 
E+E-,J/PSI 2 GAM 4/78 

0 M 3553.0 
15 3551.0 

0 F b'il 3557. 
p 66 3553.4 
E F 479 3555.9 

AVG 3555~ 82 

11~0 
1. 5 
2.2 
o. 7 

O.bO 

TANENBAUM 78 SHAG 
BRANOEL2 79 DASP 
HIMEL 80 SMK2 
BARATI!: 82 GOLI 
OREGLl A 82 CBAL 

E+ E- 12/78 
E+E-,JIPSI 2GAM 12/79 
E+E-,JIPSI 2 GAM 9181* 

0 190 Pt-BE,GAM2MU 3/82* 
E+E-,JIPSI 2 GAM 3/82* 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF l.OJ 

M 0 MASS VALUE S~IFTED BY US BY AMOUNT APPROPRIATE FOR 
PSI 136851 HASS=3686 AND PSII3100J MASS=3097. 

M E ASSUMING PSit3685t MASS=3686 AND PSit31001 MASS=3Qc;7. 
SYSTEI'tATIC ERROR ADDED LINEARLY BY US. 
FROM A Stfii!ULTANEOUS FIT TO RADIATIVE AND HAORONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED LINEARLY BY US 
M P J/PSI MASS CONSTRAINED TO 3097 
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Data Card Listings 
For notation, see key at front of Listings. 

PI 
P2 
P3 
P4 
PS 
P6 
P7 
P8 
P9 
PIO 
Pll 
Pl2 

Rl 
Rl T 

57 CH1(3555J PART1Al DECAY MODES 

CH1135551 INTC PI+ Pt-
CHII 35551 INTO K+ K-
CHIC.35551 INTO 21PI+ PI-I 
CHH35551 INTO 3IPH PJ-J 
CHIC 35551 INTO PI+ PI- K+ K-
CHU 35551 INTO J/PSH3100J GAMMA 
CHIC 35551 INTO 2 GAMMA 
CHIC35551 INTO PI+ PI- P PBAR 
CHIC 35551 INTO RHOO PI+ PI­
CHH35551 INTO K•IB9210 K+/- PI-/+ 
CHIC 35551 INTO P PBAR 
CHH3555J INTO J/PSII31001 PI+ PI- PIO 

57 CHJI35551 B.RANCHING RATIOS 

DECAY MASSES 
139+ 139 
493+ 493 
139+ 139+ 139+ 139 

139+ 139+ 493+ 493 
3096+ 0 

0+ 0 
139+ 139+ 938+ 938 
769+ 139+ 139 
891+ lt93+ 139 
938+ 938 

3096+ 139+ 139+ 131t 

I P71 CHIC 35551 INTO I 2 GAMMAIITOTAL 
C0.0006IOR LESS CLc0.90 YAMADA 77 DASP E+ E-, 3 GAMMA 

CHJ135551 INT(l 2CPI+ Pl-1/TOTAL IP3J 

12/17 ., 
R2 T 0.023 0.005 TANENBAUM 78 SMAG PSU3685JTO GAM CHI 12178 

R3 CHII35551 INTO IPI+ PI- K+ K-1/TOTAL IPSI 
R3 T 0.020 0.005 TANENBAUM 78 SMAG PSif36851TO GAM ·CHI 12178 

R4 CHII35551 INTO 31PI+ PI-1/TOTAL CP41 
R4 T 0.012 0.008 TANENBAUM 78 SHAG PSII3685JTO .GAM CHI 12/78 

RS CHII35551 INTO {PI+ PI- AND K+ K-1/TOTAL 1Pl+P21 
AS T 0.0026 .0.0011 TANENBAUM 78 SMAG PSII3685ITO GAM CHI 12/78 

R6 CHil35551 INTO IPI+ PI-P PBARI/TOTAL IPBI 
R6 T 0.0035 O.OOllt TANENBAUM 78 SMAG PSli3685JTO GAM CHI 12/78 

R7 
R7 T 
R7 T 
R7 T 
R7 T 
R7 T 
R7 T 
R7 T 
R7 
R7 AVG 

CHII35551 INTO 
(0.301 
0.14 
0.12 
0.14 
0.19 
0.15 

479 0.170 

0.157 

IJ/PSII31001 GAMMAI/TOTAL IP61 
10.141 BIODJCK 77 CNTR. PSIC36951TO GAM C~tl 

0.03 BARTH 79 CNTR PSH36851TO GAM CHI 
0.14 0.07 SPITZER 78 PLUT PSif36951TO GAM CHI 
0.08 TANENBAUM 78 SHAG PSit3685 )TO GAM CHI 
0.05 8RANDEL2 79 OASP PSJI36851TO GAM CHI 
0.04 HI Met. 80 SMK2 PS 13685,CHI GAM 
0.030 OREGLIA 82 CBAl PSit36851TO GAM CHI 

0.011 AVERAGE IERROR INClUDES SCALE FACTOR OF 1.01 

R8 CHII35551 INTC IRHDO PI+ PI-1/TOTAL IP91 

12/77 
4/78 

12178 
12178 
12179 
9/81• 
2/B2• 

R8 T 0.0071 0.0042 TANENBAUJit 78 SHAG PSII36851TO GAM CHI 12/78 

R9 CHII35551 INTO IK•(89210 K+- PI- +)/TOTAL IPlOI 
R9 ·y 0.0050 0.0029 TANENBAUM 78 SMAG PSII3685)TO GAM CHI 12/78 

RIO CHII3555J INTC I PI+ PI-1/TOTAL IUNITS 10•._31 IPll 
RIOT 4 2.0 1.1 BRANOEt.l 79 OASP PSH36851TO GAM CHI 12/79 · 

Rll 
RUT 

Rl2 
R12T 

Rl3 
Rl3 

CHII35551 INTO IK+ K-1/TOTAL IUNITS 10 .. -31 IP2J 
2 1.6 1·2 BRANDELl 79 DASP PSJI3685JTO GAM CHI 12179 

CHII35551 INTO IP PBARJITOTAL (UNITS 10•._31 IPlll 
11.01 OR LESS CLc(l.90 8RANDEL2 79 DASP PSIC3685tl0 GAM CHI 12/79 

CHJI35551 INTO IJ/PSI PI+Pt-PIOJ/TOTAL IP121 
I0.01510R LESS ~Lc.90 RARATE 81 SPEC 190 PI-BE,2PI2MU 1/82• 

R T ESTIMATED USING PSII3685) TO (GAMMA CH11355511/TOTALc0.074 
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSII3685J DECAY. .................................................................... 

REFERENCES FOR CHI 135551 

FELDMAN 75 PRL 35 821 +JEAN-MARIE, SAOOUL.ET, VANNUCC t.+ ILBL+SLAC I 
ALSO 75 PRL 35 1189 

TANENBAU 75 PRL 35 1323 
IERRATAl 

TANENBAUM, WHITAKER, ABRAMS,+ (LBL+SLACI 

TRILliNG 76 STANFCRD SYMP.437 G. H. TRILLING (LBU 
WHITAKER 76 PRL 37 1596 +TANENBAUM,ABRAMSrALAM,BOVARSKit+ISLAC+t.BLI 

8 IOOICK 
FELDMAN 
YAMADA 

17 PRL 38 1324 +BURNETT+ ( UC SD+UMD+ PAV I+ PRI N.+SLAC+ST AN J 
I LBL+SLACI 

IDESV+TOKYJ 
17 PL 33 C 285 +PERL 
77 HAMS. CONF. P • 69 YAMADA. 

BARTH 78 PL 79 B 492 DITTMANN,OUINKER,OLSSONrO'NEILL+IDESY+HEIDI 
SPITZER 7B KYOTO SUM.JNST.47 H. SPITZER IHA'481 
TANENBAU 78 PR D 17 1731 TANENBAUMrALAM,BOYARSKit+ ISLAC+LRLI 

ALSO 82 PRIVATE COMM. G.H.TRILLING ILBL+UCBI 

BRANDEt.l 79 ZPHY C 1 233 
BRANDEL2 79 NP B 160 426 
KIRK 79 PRL 42 619 

HIMEL 80 PRL 44 9.(0 
ALSO 82 PRJ VATE C0 14M. 

BARATE 81 PR 0 24 2994 

BR,NDEt. IK ,CORDS,+( AACH+DESY +I"AMB+MPI M+TOKYJ 
BRANDEL IK,CORDS ,+C AACH+ OESY +HAMB+IIIIPIM+TOKYI 
+GOODMAN, AL YERSDNr + IFNAL+HARV+ILL+OXF+T~TJ 

+ABRAMS, ALAM, BLOCKER,+ 
G. H. TRJU lNG 

ILBL+SLACJ 
ILBL+UCBI 

+AS TBURY ,MCEWEN,+ ( SACL +LO IC+SHMP+CERN+t NOJ 

BAR ATE 82 MOR I OND WORKSHOP +8AREYRE 1 BON AMY,+ ( SACL+LOIC+SHMP+ INDJ 
( SACL+LO IC+SHMP+ 1 NOI 

I SLAC+CIT +HARV+PR.I N+ST ANI 
IEFIJ 

ALSO 82 CERN-EP/82-15 LEHOlGNE,BARATEr+ 
OREGLIA 82 PR 0 ITO llE PUB. I +BLOOM,BULOS,+ 

ALSO 82 PRIVATE COMM. M.OREGUA .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

Mesons 
x(3555 ). 17~(3590), ..p(3685) 

117~(3590) 1 
) 

59 ETA CI3590,JPGc I Jc 

OBSERVED IN THE RADIATIVE DECAY OF PS 1(36851 INTO 
ETA Cl35901 GAMMA. THEREFORE, Cc+. NEEDS CONFIRMATION~ 
CMITTED FROM TABLE. 

Evidence for the n' (3590) is based on the 
c 

observation of a monochromatic gamma line in the 

inclusive photon spectrum for J1!(3685) decays 

(EDWARDS 82). No exclusive decay modes are known 

at this time. A signal had been reported for a 

state at similar mass in the decay ~(3685) + 

YYJ/~(3100) (BARTEL 78), but ~is signal was not· 

confirmed in an experiment with higher statistics 

(OREGLIA 82) • 

PI 

Rl 
Rl 

59 ETA Cl35901 MASS IMEVJ 

3594.0 s.o EDWARDS 82 CBAL 

A ASSUI'IlNG "ASS OF PSif3685) c 3686 MEV. 

5'il ETA Cl35901 WIDTH IMEVI 

(8.01 OR LESS Cl ... 95 EDWARDS 82 CBAL 

59 ETA C(35901 PARTIAL DECAY MODES 

ETA Cf35901 t~TO HAORONS 

59 ETA Cl35901 BRANCHING RATIOS 

ETA Cl35901 INTO HADRONS 
SEEN EDWARDS 82 CNTR 

E+E-,GAM INCl 

DECAY MASSES 

I Pll 
E+E-oGAH INCL .................................................................... 

REFERENCES FOR ETA Cl35901 

BARTEL 

PORTER 

7B PL 79 B 492 +Ot TTMANN, OUI NKER,OLSSON,+ IDESY+HEIOI 

81 SLAC SUM.CONF.355 +EDWARDS,+ I C IT+HARV+PRI N+ST A~+SLACI 

EDWARDS 82 PRL 48 70 +PARTRIDGE,PECK,+ ICIT+HARV+PRIN+STAN+SLACl 
OREGUA 82 PR 0 ITO BE PUB.) +BLOOM,BULOS,+ tSlAC+CIT+HARV+PRIN+STANI .................................................................... .................................................................... 
j..p(3685) I 71 PSII3685,JPG•I--I 1•0 

s . 3680.3 
R 13684.1 

3684. 

71 P$1136851 MASS (MEVI 

WE USE INDEPENDENT MEASUREMENTS OF THE J/PSII31001 
114ASS, THE PSI (36851 MASS, AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED FIT. 

37. 
15.1 

E+E­
E+E-

21. GAMMA 0 
"' 14013683.01 

.. 
(6. OJ .. 

CR I EGEE 
LUTH 
PREPOST 
LEMOIGNE 
BRANCH\ 
ZHOLENTZ 

75 PLOT 
75 SMAG 
75 SPEC 
79 GOU 
79 DASP 
80 OLYA 

0 150 Pt-BEt2MU 
E+ E-M F 3686. 

"4 413 3686.0C 0.10 E+E- COLt. • BEAMS 

" AVG 3686.00D 0.100 AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.01 
FJT 3686.00 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

F 
F 

R 
s 
s 

FROM A SIJ!IULTANEOUS FIT TO E+ E-,MU+ MU- AND HAORONIC CHANNELS 
ASSlJNIING Gf E+ E-1 c Gl MU+ "lU-I 
REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW 
ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
THE BEA~ ENERGY • 

1/82*. 

1/82• 

2/75 
1/76 
1/76 

12179 
12/79 
9/81* 
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Mesons 
1J1(3685) 

OM 
OM R 
OM E 
OM 
OM 
OM AVG 
OM FIT 

588.7 
(589. 071 
589.7 
590.4 

589.01 
589.06 

11 PSII36851 - J/PSII31001 MASS ClFFERENCE tMEVI. .. 
(0.131 
1.6 

'·' 

LUTH 
ZHOLENTZ 
BAR ATE 
BARATE 

75 SMAG 
80 Ol VA 
82 GOLI 
82 GOll 

E+E-
190 PI-BE.2Pl2~U 
190 Pt-BE.2MU 

0.69 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

OM E SYSTEMATIC ERROR ADDED LINEARLY BY US 
OM R REDUNDANT WITH DATA IN MASS ABOVE 

• • • W F 

• 
W AVG 

Pl 
P2 
P3 

•• 
p 
p 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 
Pl7 
Pl7 

p 

71 PStl36851 WIDTH tKEVI 

228. 56. LUTH 75 SMAG 
202. 57. BRANDEll 79 OASP E+ E-

FROM A SIMULTANEOUS FIT TOE+ E-.MU+ Mu- AND HAORONIC CHANNELS 
ASSUMING GCE+ E-1 "' G(JoiiU+ MU-J 

215.2 39.9 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

71 PSII3685J PARTIAL DECAY MODES 

PS1136851 INTO E+ E­
PSU3685J INTO MU+ HU­
PSI(36851 INTO HADRON$ 
PSII36851 INTO VIRTUAL GAMMA I_NTO HAORO~S 

DECAYS INTO J/PS II 31001 + ANYTHING 

PSII36851 INTO J/PSI(31001 +ANYTHING 
PSII36851 INTO J/PSH31001 + NEUTRALS 
PSI( 36851 INTO J/PSU31001 PI+ PI­
PSII3685) INTO J/PSIOlOOI PIO PIO 
PSII36851 INTO J/PSIC31001 ETA 
PSI(36851 INTO J/PSII31001 GAMMA GAMMA 
PSll36851 INTO J/PSH31001 PIC 

SMALL-- NOT USED IN FIT 

HAORONIC DECAYS 

PSII36851 INTO PI+ P1-
PSI(36851 INTO Rt«J PI 

DECAY MASSES 
.5+ .5 

105+ 105 

3096+ 139+ 139 
3096+ 134+ 134 
3096+ 548 
3096+ 0+ 
3096+ 134 

139+ 139 
769+ 139 
493+ 493 

1176 
3/82* 
1/82• 
3/82• 

12/79 

p 

P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 
P29 
P3l 
P32 
P33 
P34 

PSI I 36851 INTO K+ K­
PSII36851 INTO 21PI+ PI-I 
PSH 3685) INTO 2CPI+ PI-I PIO 
PSI( 36851 INTO PI+ PI- K+ K­
PSI( 36851 INTO PBAR P 

139+ 139+ 139+ 139 
139+ 139+ 13'H 139+ 
139+ 139+ 493+ 493 
938+ 938 

p 
p 

P5l 
P52 
P53 
P54 
P56 
P58 
P59 
P60 
P6l 
P62 
P63 

PSI( 36851 INTO LAMBDA ANTI LAMBDA 
PSII36851 INTO XI ANTIXI 
PSII36851 INTO PI+ PI- P PBAR 
PSJt36851 INTO 3CPI+ PI-I 
PSI( 36851 INTC RHOO PI+ PI­
PSII36851 INTO K*I892JO K+/- PI-/+ 

RAOI AliVE DECAYS 

PSIC36851 INTO GAMMA GAMMA 
PSII3685J INTO PIO GAMMA 
PSI«36851 INTO ETA GAMMA 
PSI( 36851 INTO ETA PRIME GAMMA 
PSII3685J INTO CHII34151 GAMMA 
PSH36851 INTO PCI35101 GAMMA 
PSI( 36851 INTO CHI (35551 GAMMA 
PSH36851 INTO PCI35taJ + ANYTHING 
PSII36851 INTO ETA CI29BaJ GAMMA 
PSI{ 36851 INTO E 114201 GAMMA 
PSH36851 INTO ETA Ct35901 GAMMA 

1115+1115 
1321+1321 

139+ 139+ 938+ 938 

769+ 139+ 139 
891+ 493+ 139 

0+ 
134+ 
548+ 
957+ 

3415+ 
351a+ 
3555+ 

2981+ 
1418+ 
3594+ 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi :t: 6P
1
, where 

6Pi = 'V\6Pi6Pi), while the o!!-diagonal elements are the~ correlation coeffi­

cients (6pi6Pj)/(6Pi · 6Pj). For the definitions of the individual Pi, see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

J/1/J 1f+1T- .32Jt8.~:~238 J/1/J 11"01!0 J/ljl n J/t,j/+OTHER NON-J/~ 
J/1j,I1T 01T0 .. 4579 .. 1725+-.0176 
J/~ n - .. 0151 -.a069 .. a278+-.aa37 
J/IP+OTHER • 2147 -. 4634 -.084a .. a389+-.a248 
NON-J/~ -.,896a -.4103 -.a265 -.5165 .4348+-.0415 

Wl 
Wl 
Wl F 
Wl F 
Wl F 
Wl 
W1 AVG 

W3 
W3 

W5 
W5 

Rl 
Rl 
Rl 
Rl 
Rl 

11 PSII36851 PARTIAL WIDTHS (KEVI 

PSII36851 INTO E+ E- IGU 
2. 1 • 3 LUTH 75 SHAG E+E-
2. a. 3 BRANDEll 79 DASP E+ E-

FROM A SIMULTANEOUS FIT TO E+ E-.MU+ Mu- AND HAORONIC CHANNELS 
ASSUMING Gt E+ E-1 = Gl MU+ MU-1 

2.05 a. 21 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

PSII36851 INTO HAORONS 
224. 56. 

PSIC3685l INTO GAMMA GAMMA 
43. OR LESS CLm0.9a 

IG31 
LUTH 75 SMAG 

fEVI tG511 
BRANO.EL 1 79 DASP E+ E-

71 PSIC36851 BRANCHING RATIOS 

PSII36851 INTO IE+ E-1/TOTAL (P11 

E+E-

.a088 .aal3 FELDMAN 11 RVUE E+E-
FROM AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOR IE+E-1 
AND IMU+Mu-1. FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 8EL)W 
INCLUDES LUTH 75.HILGER 75oBURMESTER 71 

1176 
12179 

1176 

12/79 

12177 

Data Card Listings 
For notation, see key at front of Listings. 

R2 
R2 H 
R2 H 

PS II 3685 I INTO I MU+ Mu-1/TOTAL C P 21 
.0011 .0011 HILGER 75 SPEC E+E-

RE-STATEa BY US USING (JIPSII3100I+ANYTHJNGIITOTAL =0.55 

PSH36851 INTO (HAORONSIITOTAL IP31 R3 ., 
R3 

P .9.81 .ao3 LUTH 75 SHAG E+E-
P INCLUDES CASCADE DECAY INTO J/PS1«31001 

•• •• 
PSII36851 INTO IMU+ MU-If(E+ E-1 IP21/tPll 

• 89 • 16 BOYARSK I 75 SHAG E+E-

R5 PSII36851 INTO (GAMMA INTO HADRONSJITOTAL IP41 
RSC .a29 .a04 LUTH 75SMAG E+E-
R5 C INCLUDED IN Fl3 

RLO 
RLO 
RIO 
RLO 
RLO 
RlO 

Rll 
Rll 
Rll 

AVG 
FIT 

Rll FIT 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 AVG 
Rl2 FIT 

Rl3 
Rl3 
Rl3 
Rl3 
R 13 AVG 
A.l3 FIT 

Rl4 
Rl4 H .,. 
R14 H .,. 
Rl4 FIT 

RL5 
Rl5 S 
Rl5 

DECAYS INTO JIPSII31001 + ANYTHING 

PSIC36851 INTO IJ/PSII3100J + ANYTHINGJ/TOTAL fP111 
.57 .08 ABRAMS 75 SHAG E+E-

a. 51 0.12 BRA NOELl 79 OASP E+ E-

0.552 0.067 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
a.565 a.a41 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

PS1136851 INTO IJIPSI+NEUIJ(JIPSI+ANYTHINGI IP12J/IP111 
.41 .02 TANENBAUM 76 SHAG E+E-

0.4a9 a.019 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

PS1(36851 INTC IJ/PSH31001 PI+ PI-1/TOTAL IP131 
.32 .. 04 ABRAMS! 75 SMAG E+E-
.36 .06 WtiK 75 OASP E+E-

0.332 0.033 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
a.326 0.024 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

PSI I 36851 INTO IJIPSH31001 Pta PtOI/TOTAl IP141 
0.17 0.029 ABRAMS! 75 SHAG E+E-

.18 .a6 WIJK 75 DASP E+E-

0.172 O. 026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 
0 .. 112 a.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

PSI(36851 INTC IJ/PSI PIO PiaJ/CJ/PSI PI+ PI-I CP14JIIP131 
1..641 (.151 HILGER 75 SPEC E+E-
0. 53 a. 06 TANENBAUM 76 SHAG E+E-

IGNORING THE IJIPSI ETA I AND I JIPSl GAMMA GAMMA I DECAYS 

a.529 0 .. 050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

PSII36851 INTO I JIPSH31001 
44 (.0431 ( .. 0081 

164 a. 036 o. oas 
11 CO.a351 IO.a091 

166 a. 025 a. oo6 

ETAJITOTAL 
TANENBAUM 76 SMAG 
BARTEL 78 CNTR 
BRANOEL2 79 DASP 
HI MEL 80 SHK2 

I P151 
E+E-

E+E-
E+E-, PSI 2GAH 
E+E-

Rl5 S 
Rl5 
Rl5 
Rl5 

0 386 0.0218 0.0049 OREGLIA 80 CBAL E+E-, PSI 2GAM 

R 15 AVG 
Rl5 FIT 

0.0278 
0.0218 

a.OQ45 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 
O.aa37 FROM FIT IERROR INCLUDES SCALE FACTOP. OF 1.21 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE= 0.0278 ± 0.0045 
ERROR SCALED BY 1.5 

Values above o! weighted average, 
error, and scale !actor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent. from the values shown here. 

·OREGL!A 
·HIMEL 
:BARTEL 

80 CBAL 
80 SMK2 
78 CNTR 

CHI SO 
1 . 5 

0.2 
...2:.2_ 

1176 

1/76 
4171 

12177 

1/76 

1/76 
12/79 

2176 

1/76 
1/76 

1/77 
1176 

1176 
1177 

1176 
4178 

12179 
9/81• 
9/61• 

.01 0.02 0.03 0.04 0.05 0.06 

PS1(3685) INTO (J/PS1(3100) ET~)/TOTAL 

4.4 
(CON LEV 
=0. 110) 

RL6 
Rl6 
Rl6 
Rl6 
Rl6 

R20 
R20 
R20 

R21 
RZL 

Rz2 
R22 

R23 
R23 
R23 

PSII36851 INTO CJ/PSII31001 Ptai!TOTAL· IP171 
1 a.0015 O.aa06 HIMEL 8a SMK2 E+E-

0 23 a.ooa9 O.aOa3 OREGLIA 80 CBAL PSI3685,PSI 2GAM 

AVG a.001a2 a.oao21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

HAORONIC DECAYS 

PSII36851 INTO CPI+ PI-t/TOTAL (UNITS 10 .. -41 IP211 
la.SJ OR LESS CL=0.90 FELDMAN 11 SMAG E+E-
0. 8 O. 5 BRAN DELl 79 OA SP E+ E-

PSII36851 INTO IRHOO PiaiiTOTAL 
C. 001 I OR LESS CL= • 90 ABRAMS 75 SHAG 

PSII 36851 INTO I 21 PI+· PI-I Pta I !TOTAl 
.aa35 .0015 ABRA~S 75 SMAG 

PSII36851 INTO IK+ K-1/TOTAL 
ta .. 5J OR LESS CL=0.90 
1.a a.1 

(UNITS 10 .. -41 
FELDMAN 71 SHAG 
BRANDEL 1 79 DA SP 

E+E-

(P251 
E+E-

I P231 
E+E­

E+ E-

9/81* 
9/81* 

12177 
12179 

1176 

1176 

12177 
12179 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
11'(3685), 11'(3770) 

R24 PSII36651 INTO CPI+ PI- K+ K-IITOTAL (P2bl 
R24K O. 0016 O. 0004 TANENBAUM 78 SHAG E+E-
R24K ASSUMING ENTIRELY STRONG DECAY 

R25 P$1136851 INTO CPBAR PI/TOTAL CUNITS 10**-41 CP271 
R25 2.3 a. 1 FELDMAN 77 SHAG E+E-
R25 1.4 o. 8 BRANDEll 79 DASP E+ E-
R25 
R25 AVG o .. 53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R26 PSI(36851 INTO (RHO PIIITOTAL IP22J 
R26 10.001 lOR LESS Cl=O.lJO BARTEL 1 76 CNTR E+E-

R27 PSII3685) INTO Z(PI+PI-1/TOTAL (P24J 
R27 O. 00045 Q. 0001 TANENBAUM 78 SHAG E+E-

R28 PSII36851 INTO (LAMBDA ANTILAMBDAIITOTAL CP281 
R28 C0.000410R LESS CL=0.90 FELDMAN 11 SMAG E+E-

R29 P$1136851 INTO CXI- ANTIXI-1/TOTAL 
R29 (0.00021 FELDMAN 77 SHAG E+E-

R31 ·PSJ(36851 INTO CPI+ PI-P PBARI/TO IUNITS 10 .. -31(P311 
R31 S O. 8 0. 2 TANENBAUM 78 SMAG E+ E-
R31S ASSUMINq ENTIRELY STRONG DECAY 

R32 PSIC36851 INTO 3CPI+ Pt-1/TOTAL (UNITS 10**-31 CP321 
R32S Oal5 0.1 TANENBAUM 78 SMAG E+ E-

R33 PSU36851 INTO CRHOO PI+ PI-1/T•OT (UNITS 10**-31 IP331 
R33 0.42 0.15 TANENBAUM 78 SMAG E+ E-

R34 PS II 36851 INTO I K*l B921 OK+/-P 1-/+l /TOT( UNTS 10**-31 P341 
R34 0.67 0. 25 TANENBAUM 78 SMAG E+ E-

RADIATIVE DECAYS 

R42 PSII36B51 INTO IPJO GAMMAJ/TOTAL 
R42 U (.Q0541R LESS CL=,.95 LIBERMAN 
R42 I .OU OR LF.SS CL=.90 WI IK 

15 SPEC 
75 OASP 

I P521 

PSII3685J INTO lETA GAMMAJ/TOTAL IUNITS 10**-21 CP53J 

E+E­
E+E-

R43 
R43 I0.02JOR LESS CL.,0.90 YAMADA 11 OASP E+ E-,3 GAMMA 

R44 
R44C 
R44 R 

PSI I 36851 INTO I ETA PRIME GAM I !TOT IUNTS 10••-21 IP541 
(0.023JOR LESS CL:Q.90 BARTEL 2 76 CNTR E+E-
(0.61 OR LESS CL=0.90 BRAUNSCHW 11 DASP E+E-

R55 PSI(36851 INTO ICHtl34151 GAMI/TOT (UNiTS 10 .. -211P561 
R55 A 7.5 2.6 WHITAKER 76 SHAG E+E-
R55 A 7.2 2.3 BIODICK 77 CNTR E+E-, MONOCHR.GAM 

E+E-,MONOCHR.GAM R55D A 9.7 2.2 GAISER 82 CBAL 
R55 
R55 AVG •• 2 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

R58 PSH36851 INTO IPCC3510J GAMIITOT (UNITS 10 .. -21 (P581 
R58 8 7.1 1.9 BIDOICK 71 CNTR E+E-,MONOCHR.GAM 
R580 G 8.8 1.9 GAISER 82 C8j!,l E+E-,MONOCHR.Gj!,/4 
R58 
R58 AVG 

R59 
R59 
R59D 
R59 
R59 AVG 

7.9 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF loOI 

PSif36851 INTO ICHH3555J GAM)/TOT CUNtTS 10 • ._21lP591 
7.0 2.0 ' BIOOICK 71 CNTR E+E-,MONOCHR.GAM 
1.1 1.1 GUSER B2 CBAL E+E-,MONOCHR.GAM 

7.4 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

R60 PSII36851 INTO (ETA Cl29801 GAMI/TOTIUNTS 10 .. -2JCP611 

12178 
12/18 

12/77 
12179 

1/77 

12/78 

12177 

12177 

12178 

12178' 

12178 

12178 

ll1b 
1/16 

12/77 

12177 
12!71 

1177 
3/77 
3/82• 

3/77 
3/82• 

3/77 
3/82• 

R60 0 0.43 0.26 PARTRIDGE 80 CBAL E+E-,MONOCHR.GAM 9/81• 

R61 PSU36851 INTO (Et14201 GAMJITOT IUNITS 10**-31 IP621 
R61 E 10.181 OR LESS CL=.90 SCHARRE 80 SMAG E+E-

R62 PSIC3685J INTO lETA ((35901 GAMI/TOTIUNTS to••-2JIP631 
R62 10.21 TO 1.3 CL 11 .95 EDWARDS 82 CBAL E+E-oMONOCHR.GAM 1/82* 

G3 
G3 

ANGUlAR 0 ISTR I BUT ION ( 1+COS .. 21 ASSUMED 
VALID FOR ISCTROPIC DISTRIBUTION OF THE PHOTON 
THE VALUE IS NORMALIZED TO THE BRANCHING RATIC FOR PSJ(3685J 
INTO (J/PSIDlOOJ ETAJ/TOTAL. 

D SYSTEMATIC ERROR ADDED LINEARLY f\Y US. 
E USING BRIE INTO K KBAR PII=0.65 
F ANGULAR DISTRIBUTION (1-0.052•COS .. 2J ASSUMED 
G ANGutAR DISTRIBUTION I 1-0.189*CDS**2J ASSUMED 
U RE-STATED BY US USING (MU+MU-1/TOTAL ., .0011 
R RE-STATED BY US USING TOTAL DECAY WIDTH 228 KEY. 

S LOW STATISTICS DATA REMOVED FROM AVERAGE. 

11 PSI06851 G( I I*GI E+E-1/GCTOTALJ IKE VI 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROI" THE INTEGRATED 
CROSS-SECTION INTO CHANNEL( I I IN THE E+E- ANNIHILATION. 
WE ONLY LIST DATA NOT HII.VING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH G(IJ OR THE BRANCHING RATIO Gill/TOTAL. 

G I HAORCNI C I *G I E+E- I /G (TOTAL I 
2.2 .4 ABRAMS 75 SHAG E+E-

.................................................................... 
ABRAMS 74 PRL 33 1453 

ABRAMS 
ABRAMS! 
AUBERT 
80YARSKI 
CAMERJNI 
CRt EGEE 
OASP3 

75 STANFORD SYMP.25 
75 PRL 34 11B1 
75 PRL 33 H:24 
75 PALERMO CONF. 54 
75 PRL 35 483 
15 Pl 53B 489 
75 PL 578 4C7 

REFERENCES FOR PSI 13685 I 

+BRIGGS, AUGUSTIN, BOYAR SKI+ ILBL+SLACI 

G.S.ABRAMS HBLI 
+BR IGGS,CH I NOW SKY, FRIE OBERG,+ ( LBL+SlAC I 
+BECKER, BIGGS • BURGER, GLENN+ (MIT +BNU 
+BR Et DENBACH, BULOS, ABRAMS, 8R I GGS+I SLAC+LBL J 
+LEARNED, PREPOST ,ASH, ANDERSON,+ IWI SC+SLAC J 
+DEHNE, FRANKE, HORLI TZ t KRECHLOCK+ I OESYI 
BRAUNSCHWEIG, KONIG S, + ( AACH+OESY+MP 1 M+TOKY I 

l/16 

FELDMAN 75 PRL 35 821 
GRECO 75 Pl .568 367 
JACKSON ,75 NIM 128 13 
HILGER 15 PRL 35 625 
LIBERMAN 15 STANFORD .SYMP.55 
LUTH 75 PRL 35 1124 
PREPOST 75 STANFCRO SYMP.241 
SIMPSON 75 PRL 35 699 
WIIK 75 STANFORD SYMP.69 

BARTEL 1 76 PL 64 B 483 
BARTEL 2 76 TBILI Sl CONF.N56 
SNYDER 76 PRL 36 1415 
T ANENBAU 76 PRL 3 6 4C2 
WHlTAKER 76 PRL 37 1596 

+JEAN-MARl E • SADOULET, VANNUCCI,+ 
+PANCHERI-SR I VASTAVA, SRIVASTAVA 
J .D.JACKSON, O. SCHARRE 
+BERON, FORO. HOFSTAOTER, HOWELL.+ 
A.O.liBERMAN 
+BOYARSK lol YNCH, 8R El OENBACH, + 
R.PREPOST 
+BERON, FORO, HILGER ,HOFSTADT ER ,+ 
B.H.WIIK 

ILBL+SLACI 
( FRASI 

(LBLI 
I STAN+PENNJ 

(STANFORD I 
( SLAC+LBLJJPC 

(WISCONSIN J 
I STAN+PENNI 

IDESYJ 

+DU INKERt OLSSON tSTEFFEN, HEI NTZE+( DESY+HE 1 01 
+OU INKER, OLSSON, HE INTZE r+ I OESY+HE I 0 I 
+HOM,LEOERMAN, APPEL, KAPLAN+ I COLU+F NAL+S TONI 
TANENBAUM, ABRAMS • BOYARSKt, BULOS, +I SLAC+LBL I I G 
+TANENBAUM, ABRAMS, Al AM, BOY ARSKI ,+1 SLAC+LBL I 

BIOOICK 77 PRL 38 1324 +BURNETT+ CUCSO+UMD+PAVI+PRIN+SLAC+STANI 
8RAUNSCH 17 Pl 67 8 249 BRAUNSCHWEIG,+ CAACH+DESY+HAM8+MPIM+TOKYI 
8URMESTE 77 Pl 66 8 395 BURMESTER,CRIEGEE, + I OESY+HAMB+S IEG+WUPPI 
FELDMAN 77 PL 33 C 285 +PERL I LBL+SLACI 
YAMADA 77 HAMS. CONF. P • 69 YAMADA IDESY+TOKY1 

BARTEL 78 Pl 79 8 492 DITTMANN, DUINKER,OLSSO N, 0' NEIll +I OESY+HE1 01 
T ANENBAUMr ALAM, BOYARSK I,+ I SlAC+lBll TANENBAU 78 PR 0 17 1731 

8RANOEL1 79 ZPHY C 1 233 BRANOELIK,COROS,+CAACH+CESY+HMS+MPIM+TOKYI 
BRAN0El2 79 NP 8 160 426 BRANDELJK,CORDS,+IAACH+CESY+HAMS+MPIM+TOKYJ 
LEMOIGNE 79 FERMILA8 CONF.524 +ABOLINS,BARATE,+ ISACL+LOJC+SHMP+INOJ 

HIMEL 80 PRL 44 920 +ABRAMS,ALAMt BLOCKER t+ I l8L+SLAC I . 
OREGLIA 80 PRL 45 959 +PARTR lOGE+ ( SLAC+C IT +HAR V+PR IN+ ST ANI 
PARTRIDG 80 PRL 45 1150 
SCHARRE 80 Pl 97 8 329 
ZHOL ENT Z 80 Pl 96 8 2llt 

PAR TR lOGE, PECK+ I C IT+HARV+PRI N+S TAN+SLAC I 
+TRIll lNG, ABRAMS,ALAM, BLOCKER+ I SLAC+l8l I 
+KURDADZEtLHCHUK,MI SHNEV, NIK IT IN+ I NOVO I 

ALSO 81 YAD.PHYS. 34 1471 ZHOLENTZ ET AL. INOVOJ 

BARATE 81 PR 0 24 29Q4 +ASTBURY, MCEWEN,+ ( SACL +LO I C+SHMP+CERN+ INDI 

BAR ATE 
EDWARDS 
GAl SER 

82 MORIONO "ORKSHOP 
82 PRL 48 70 
B2 MDR I OND WORKSHOP 

+BAREYRE,BONAMY, + I SACL +LO IC+SHMP+t NDJ 
+PARTR lOGE, PECK,+ I C IT+HARV+PRI N+STAN+ SLAC 1 
+EDWARDS,+ I CIT +HARV+PRI N+ST AN+ Sl ~C I ..................................................................... .................................................................... 

lt(3770) I 53 PSII3770,JPG•l- I I• 

53 PS1137701 MASS IMEVI 

3112.0 lb.OI RAPIOIS 71 SMAG 0 E+E-
3170. f6.0J BACINO 78 OLCO 0 E+E-
3764.0 (5.01 SCHINDLER 80 SMAG E+ E-

ERRORS INCLUDE SYSTEMATIC COMMON TO ALL EXPERIMENTS 

MASS 3769.1:1 2. 5 FROM PSU36851 MASS AND MASS DIFFERENCE 
BELOW 

OM 
OM S 
OM S 
OM 
OM 
OM AVG 

53 PSII37701 - PSI I 36851 MASS DIFFERENCE (MEV I 
88.0 3.0 RAPIOIS 77 SMAG E+E-
86.0 2.0 BACINO 78 OLCC' E+E-

SPEAR PSI PRIME MASS 136841 SUBTRACTEO I SEE SCHINDLER 801 
80.0 z.o SCHINDLER 80 SMAG E+ E-

83.9 2.4 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.81 
ISEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE ~ 83.9 ± 2.4 
ERROR SCALED BY 1.8 

·SCHINDLER 80 SMAG 
·BACINO 78 DLCO 
·RAPID IS 77 SMAG 

CHI SO 
3.8 
1.1 
1 . 9 

6.8 

12/77 
4/18 

12179 

12/77 
2/82* 

12179 

75 80 85 90 95 100 

PS1(3770)-PSI(3685) MASS DIFF. (MEV) 

(CON LEV 
=0.034) 

Pl 
P2 

AVG 

28.0 
24.0 
24.0 

53 PSH37701 WIDTH IMEVI 

5.0 
5.0 
5.0 

RAPIOIS 77 SMAG 
BACINO 78 OLCO 
SCHINDlER 80 SMAG 

0 E+E-
0 E+E­

E+ E-

25.3 z. 9 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

53 PS113710J PARTIAL DECAY MODES 

PSI( 37701 INTG E+ E­
PSJI37101 INTO D 08AR 

DECAY MASSES 
.5+ .5 

1869+186Q 

12171 
4/78 

12/79 



Mesons 
t(3770), t(4030), t(4160), '¢'(4415) 

W1 
W1 R 
W1 
W1 
W1 R 
W1 
W1 

R 1 
R1 

R2 
R2 

AVG 

53 P$((37701 PARTIAL WIDTHS {KFVI 

PSI 137101 INTC 
0.31 
o. 18 
o. 276 

E+E-
0.09 
a. 06 
o. 050 

SEE ALSO R2 BELOW 

RAPIDIS 17 SMAG 
BACINO 78 OLCO 
SCHINDLER 80 SMAG 

I Gll 
0 E+E-
0 E+E-

E+ E-

0.257 0.046 AVERAGE IERROR INCLUDES SCALE FACTOP OF 1.31 

53 PSII37101 BRANCHING RATIOS 

PSIC37701 INTC 10 DBARIITOTAL IP21 
DOMINANT PERUZZI 77 SMAG E+E-,Q 081\R 

P$1137701 INTO tE+ E-1/TOTAL (UNITS 10**-51 (Pll 
1.3 0.2 RAP!OIS 1'1 SMAG 0 E+E-· .............. ,. .................................................... . 

REFERENCES FOR P$1137701 

PERUZZI 17 PFL 39 1301 +PI CCDLO, FE LOMAN,PERL, + ISLAC ,t.SL, NWES+HAWAJ 
+GOBS t, LUKE, PfRL, + ( STAN+SLAC+LSL+NWES+HAWA I RAPIDIS 71 PRL 39 526 

BACINO 78 PRL 40 671 

SCHINDLE 80 PR 0 21 2716 

+BAUMGARTEN, 8 I RKWOOOo+ I SL AC+ST AN+UCLA+UC () 

SCHINDLER, SIEGRIST, ALAH, BOYA~SKIH SLAC+LBL I ..................................................................... 
•••••• ••••••*** ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

It( 403o) I 72 PSII4030,JPG=l- I Jc 

P1 
P2 
Pl 
P4 
P5 
P6 

Wl 
W1 

R1 
R1 

R2 
R2 

Rl 
Rl 

•• •• 

AVG 

SEEN CLEARLY SEPARATED FROM THE PSU41601 
BY OASP AND COPIIFIRMEO WITH LESS STATISTICS BY PLUTO 
SEEN ALSO BY MARK It DELCO AND THE CRYSTAL BALL 
!KIRKBY 791. 

4028.0 
4040.0 

72 PSII4030I MASS IMEVI 

2.5 
10.0 

GOLOHABER 77 SHAG 
BRANOHIK 78 OASP 

E+E-
E+E-

4028.7 2.8 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.21 

12 PSH40301 WIDTH IMEVI 

52.0 10.0 BRANDEL IK 78 OASP 

12 PSII4030J PARTIAL DECAY MODES 

PSI( 40301 INTO 0 OBAR 
PSI I 4030 I INTO 0 • OBAR AND D*BAR 0 
PSI14030J INTO 0* D*BAR 
PSI(40301 INTC J/PSIC31001 HADRONS 
PSII40301 INTO E+ E-
PSI( 40301 INTO MU+ MU-

72 PSiflt030J PARTIAL WIDTHS IKEVI 

PSII40301 INTO E+E-

E+E-

DECAY MASSES 
186q+lB69 
2007+1864 
2007+2007 

.5+ .5 
105+ 105 

I G51 
0.75 0.15 BRANDEL IK 78 OASP E+ E-

72 PSII4030I BRANCHING RATIOS 

PSII40301 INTC 10 DBARIICD* 08AR+D•BAR 01 1Pllf(P21 
0. 05 O. 03 GOLDHABER 77 SHAG 0 E+ E-

PSU40301 INTC J/PSU3100J HADRONS IP41 
LOOKED FOR BURMESTER 77 PLUT E+E-

PS1140301 INTO 10• D*BARJIID• DBAR+D*BAR 01 IP3)/IP21 
32.0 12.0 GOLDHABER 77 SI'IAG 0 E+ E-

PSII40301 INTO IE+ E-1/TOTAL IUNITS 10••-51 IP51 
ct.OI APPROX. FELDMAN 77 SMAG E+ E-..................................................................... 

AUGUSTIN 75 PRL 34 764 
BACCI 75 PL 588 481 
BOYARSK 1 75 PRL 34 762 
ESPOSITO 75 PL 588 'r1B 

PERUZZI 76 PRL 37 56~ 

BURMESTE 77 PL 66 8 395 
GOLDHABE 77 PL 69 8 503 
FELDMAN 77 PL 33 C 285 
LUTH 71 PL 70 B 120 

BRANDEL I 78 PL 76 B 361 
ALSO 79 ZPHY C 1 233 

REFERENCES FOR PSI (4030 J 

+BOYARSK t, ABRAMS, BRIGGS+ I SLAC+LBL I 
+8 IDOL I, PEN SO, STELL A,+ CROMA+FRASJ 
+BR El DENBACH, ABRAMS, BRIGGS,+ I SLAC+LBL} 
+FEL tCETT I, PERUZZI,+ { FRAS +NAPL+PADO+ROMAJ 

+PICCOLO, FELDMAN.NGUYEN,WISS, + C SlAC+LBLt 

+CR I EGEE. DEHNE+ t CESY+t-AMB+S I EG+WUPPJ 
GOL DHABER,WISS, ABRAMS, ALAM, LUTH, +CLBL+SLACJ 
+PERL I LBL+SLACI 
+PIERRE. ABRAMS, ALAM, BOVARSK I,+ t LBL+ SLACJ 

BRANDEL tK, CORDS+ I AACH+ CESY +t-AMB+MP I M+TOKYI 
BRANDELIK~ CORDS,+( AACH+OESY+t-:AMB+MPI M+TOKY) 

KIRKBY 79 FERMILAB SYMP.107 J. KIRKBY RAPPORTEUR t SLACJ .................................................................... ...... ......... ......... ......... ......... ......... ......... ........ . 

164 

12/77 
4/78 
1/82• 

12/77 

12177 

12/77 
4/78 

4/78 

12/78 

1Z/77 

4/77 

12177 

12/77 

Data Card Listings 
For. notation, see key at front of Listings. 

11f(4160)1 25 PS114160,JPG•1- I 1"' 

SEEN CLEARLY SEPARATED FR0"1 THE PSJU0301 

P1 

W1 
W1 

4159.0 

78.0 

BY OASP AND CONFIRMED WITH LESS STATISTICS BY PlUTO 
"''ARK ltOELCO AND THE CRYSTAL BALL SEE A PROMINENT 
SHOULDER BUT NO SEPARATION (KIRKBY 1'9) 

25 PSIC41601 MASS CMEVI 

20.0 BRANDEL IK 78 DASP E+E-

25 PSll41601 WIDTH IMEVI 

20.0 BRANDELIK 78 OASP E+E-

a PSII4160J PARTIAL DECAY MODES 

PSII41601 INTO E+ E-
DECAY MASSES 

.5• .5 

25 PSII,1601 PARTIAL WIDTHS IKEVI 

PSI C 41601 INTO E+ E- tGll 
0.77 0.23 BRANDELJK 78 OASP E+ E-. .................................................................. . 

REFERENCES FOR PSI 141601 

81JRMESTE 11 PL 66 8 3q5 

BRANDEL I 78 PL 76 8 361 

+CRt EGEE, DE...,E+ I OESY+I-!AMB+S t EG+WUPP I 

BRANDEL tK~ CORDS+ t AACH+ CESY+HMB+MP IM+TOKYI 

KIRKBY 79 FERMILA8 SYMP.107 J. KIRKBY RAPPORTEUR I SLACI .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
It( 4415) In PSII4415,JPG•1- 1 I• 

P1 

W1 
W1 

R1 
R1 

R2 
R2 

AVG 

AVG 

ltltt4. 
CltltOO.J 

4417.0 

73 PSIC44151 MASS CMEVI 

1. 
APPROX. 

\0.0 

SIEGRIST 76 SMAG 
KNIES 77 PLUT 
BRANDEltK 78 DASP 

E+E-
0 E+E-, MU+ MU­

E+E-

4415.0 5. 7 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

33. 
66.0 

73 PSIC44151 WIDTH IMEVI 

10. 
15.0 

SIEGRIST 16 SMAG 
8RANOELIK 78 DASP 

E+E-
E+E-

43.2 15. 2 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1. 8 I 

13 PSI litit151 PARTIAL DECAY MODES 

DECAY MASSES 
PSII<\4151 INTO E+ E- .5+ .5 l 

73 PSif44151 PARTIAL WIDTHS tKEVJ 

PSIU4151 INTO E+ E- IGll 
O.lt9 0.13 8RANDELIK 78 DASP E+ E-

13 PS11it4151 BRANCHING RATIOS 

PSitlt4151 INTO ( E+ E-1/TOTAL I UNITS 10 .. -51 
1.3 .3 SIEGRIST 76 SMAG E+E-

PSIC1t't151 INTO HAORDNSITOTAL 
DOMINANT SIEGRIST 76 SMAG E+E-. .................................................................. . 

SIEGRIST 76 PRL 36 700 

BURMESTE 77 PL 66 8 3q5 
KNIES 77 HAMBURG SYMP.93 
LUTH 71 PL 70 B 120 

BRANDEL t 78 .PL 76 8 361 

REFERENCES FOR PSI C4U51 

+A8RAMS,BOYARSK.I ,BREIDENBACH,+ ( LBL+SLACI 

+CR I EGEE ,DEHNE+ ( OESY+I-:AMB+S I EG+WUPP l 
G.KNIES HAMBURG TALK ON PLUTO COLLA&. I DESYI 
+PIERREt ABRAMS, ALAM ,BOYARSK I,+ ILBL+SLACJ 

BRANDEL JK, CORDS+ I AACH+OESY+ .. AM8+MPIM+TOKYl .................................................................... ................................................................... 

lt/18 

4/78 

12178 

2/76 
12177 

4178 

2/76 
4/78 

12/18 

2/76 

1177 



165 

Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
T(9460), T( 10020) 

lr(946o)l 49 UPSILON(946Q,JPG=l- 1 J:: 

M 
M 
M 0 
M 
M 0 
M 
M. AVG 

AVG 

AVG 

• • 0 • 

AVG 

49 UPSILONI94601 MASS IMEVI 

FIXED TARGET EXPERIMENTS 
(9410. 1 113. I 

E+E- AT OOR IS 
9460. (10.1 
9456.3 111.01 
9457. 110.1 
9461.6 110.61 

9458.7 10.0 

E+E- AT CESR 
9433. (30.) 
%34.5 (30.01 

9433.8 30.0 

9456.2 9. 5 

INNES 71 SPEC 0 400 P+A."'U+Mu-

BIENLEIN 78 CNTR 
BERGER 7.9 Pl UT 
DARDEN 79 OASP 
NlC·lYPORU 81 LENA 

E+E­
E+E­
E+E-
E+E-, HADRON$ 

AVERAGE !ERROR IS COMMON UNCERTAINTY IN 
ABSOLUTE BEAM ENERGY CALIBRATIONJ 

ANDREWS 80 CLEO 
BOHRINGER BO CUSS 

E+E-.HAORONS 
E+E-, HADRON$ 

AVERAGE !ERROR IS COMMON UNCERTAINTY IN. 
ABSOLUTE BEAM ENERGY CALIBRATIONI 

AVERAGE (FROM OOR IS AND CE SR AVERAGES ABOVE I 

SYSTEMATIC ERROR AOOE'o liNEARLY BY US,. 
FROM 2-P EAK FIT 

160. I 
47. 
45. 
35. 

42.2 

49 UPSILONC9460J WI.OTH (KEVJ 

37 • 
38. 
34. 

15. 
14 • 
11. 

DARDEN 79 DASP 
ALBRECHT 80 OASP 
BERGER 80 PLUT 
NICZYPORU 81 LENA 

E+E­
E+E-,MU+MU­
E+E-
E+E-. MU+MU- • HAOR 

14.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.OJ 

W B FROM Rl,R2,Wl BELOW AND ASSUMING E-MU-TAU UNIVERSALITY 
W D SYSTEMATIC EP:RORS .ADDEO L-INEARLY BY US. . 

. . 
49 UPS I LON( 94601 PARTIAL DECAY MODES 

P1 
P2 

UPSILON(9460J INTO HU+ MU-
DECAY MASSES 

105+ 105 
UPSILON(9460J INTO E+ E- .5+ .5 

49 UPSidlNC94601 PARTIAL WIDTHS IKEVJ 

W1 
W1 E 
W1 0 
W1 

UPStLON(9460) 
11. 33) 
1. 35 
1.08 
1.01 
1.23 

INTO E+ E­
( 0.141 BERGER 79 PLUT 

(G2t 
E+E-

W1 0 
W1 D A 
W1 
W1_ AVG 

0.33 
o. 25 
0.23 
0.28 

ALBRECHT 80 OASP 
BOCK 80 CNTR 
MAGERAS 81 CUSS 
NICZYPORU 81 LENA 

E+E-, MU+MU­
E+E-,HADRONS 
E+E-. E +E-P 1 +PI­
E+E-, MU+MU-, HADR 

0.13 . AVERAGE lE.RROR INCLUDES SCALE FACTOR .OF 1.0) 

W1 A ASSUMING E-MIJ-T AU UNIVERSALITY 
W1 D SYSTEMATiC ERRORS AD.OED LINEARLY BY us.· 
W1 E ASSUMING HADP:ONIC PARTIAL WIDTH EQUAL TO_ TOTAL WIDTH 

49 UPSILONI94601 BRANCHING RATIOS 

R1 
R1 
R1 
R1 
R1 
R1 
Rl 0 A 
R1 
R1 AVG 

UPSILONI94601 
0.022 
0.025 
0.031 
0.014 

17 o. 039 
0.035 

0.0316 

I NTOI MU+ 
o. 020 . 
o. 021 
o. 016 
0.034 
0.011 
0.018 

o. 0068 

MU-J/TOTAL 
BERGER 79 PLUT 
DARDEN 79 DASP 
ALBRECHT 80 OASP 

0.014 BOCK 80 CNTR 
MUELLER 81 CLEO 
NICZYPORU 81 LENA 

I P 11 
E+E­
E+E-
E+E-, MU+MU­
E+E-, MU+MU­
E+E-,·Pt +P 1-E+E­
E+E-, MU+"'u-

AVERAG.E (ERROR INCLUDE'S SCALE FACTOR OF 1.01 

Rl A ASSUMING E-MU-TAU UNIVERSALITY 
R1 0 SYSTEMATIC ERRORS ADDED LINEARLY BY !JS., 

R2 
R2 

UPSILONl94601 INTO lE+ E-1/TOTAL 
0.051 0.030 BERGER 

....... ********* ....................................................... . 

COBB 
HERB 
INNES 

BERGER 
8 IENLEIN 
DARDEN 
GARELICK 
KAPLAN 
YOH 

17 Pl 72 B 273 
77 PRl 3~ 252 
77 PRL 39 1240 

78 Pl 7b S 243 
78 Pl 78 S ~60 
78 Pl 76 B 246 
78 PR 0 .18 945 
78 PRL 4"0 435 
78 P_RL 41 6e4 

ANGELIS '79 Pl 87 B 398 
SADlER 79 Pl 86 B 98 
BERGER 79 ZPHY C I 343 
DARDEN 79 PL 80 S 419 

ALBRECHT 80 Pl 93 8 500 
ANDREWS 80 PRL 44 1108 
BERGER 80 Pl 93 6 4~7 
BOCK 80 ZPHY C 6 125 
BDHRINGE 80 PRL 44 1111 
KOURKOUM 80 Pl 91 8 481 

MAGERAS 81 PRL 46 1115 
MUELLER 81 PRL 46 lUH 
NICZVPOR 81 PRL 46 92 

REFERENCES FOR UPS"ILONI94601 

+IWATA, FAa JAN, GOLDBERG+ c BNL+CERN+SYRA+YAL E J 
+HOM, LEDERMAN, APPElt ITO,+ I COlU+FNAL+STON J 
+APPEL, BROWN, HERB, HOM, FISK+ I COLU+FNAL+STONJ 

+AlEXANDER, OAUM ,+I AACH+CESY+tiAMB+S 1 EG+WUPG I 
+GlAWE ;sOCK, BL ANAR, +. I DESY+HAMB+HEI O+MP IMJ 
+HOFMANN, Al BR'ECHT, + I DESY+OORT +HE 1 O+LUNOJ 
+GAUTHIER, HICKS, OL JVER, + I NEAS+WASH+ TUF. T I 

.. +APPEL,-HERB, HOM, LEDERMAN,+ ( STON+FNAl +COLUI 
+HERB, HOM, ~F.~ERMAN,UENO ,+ I CO;LU+FNAL +_S_TON I 

+BESCH, BLUMENFELD,+ ( CERN+COLU+OXF+ROCKJ 
+BOUCROT ,BURGUN+ I SACL+CERN+CDEF+EPOl+LALOI 
+ALEXANDER+ ( AACH+ CES Y+I"A"'B+S I EG+WUPGI 
+HOFMANN, ALBRECHT,+ rOESY+OOR T +HE I D+LUND I 

+CHILDERS, DARDEN+ I DESY +OORT +HE I D+LUND+ ITEP I 
+ I CORN+H.IIRV+ I TH.II+LEMO+ROC H+RUTG+SYRA+VANO) 
+lACKAS, RAUPACH, +( AACH+ CES Y+t;AMB+S I EG+WUPPJ 
+BlANAR, BLUM, B I ENLE IN+ I HEI D+MPIM+OESY+HA"'B I 
BOHR INGER, COSTANTINI, F I NOCCH I AR ot COLU+STONJ 
KOURKOUMEll S+( ATHU+NTUA+BNl +CERN+S YRA+YAl E I 

+BOHR INGER • FINOCCHIARO+ I COLU+ STON+L SU+MPI M) 
+ ( RUTG+SYRA+l E MO+VANO+CORN+ I THA+HARV+ROCHJ 
N IC ZYPORUK • CHEN, VOGEL, WEGENER+( LENA COLLAEI) ...................................................... 

*** ••• **** ***** ********* ••••••••• ••••••••• ....... ••• • •••••••••••••••• 

12/77 

4178 
12/79 
12/79 
9/81* 

9/81* 
9/81• 

12179 
9/81* 
9/81* 
9/81* 

12179 
9/81* 
9/81* 
9/81* 
9/81* 

12/79 
12/79 
9181* 
9/81* 
9/81* 
9/81* 

9/81* 

IT( l 0020) I 52 UPS1LONI10020,JPG•1- I I• 

I 
R 
R 
RO 

MASS 

52 UPSILONI100201 MASS IGEVI 

110.0601 (0.0301 
(10.0201 10.0201 
110.0121 10.0201 
(10.01361 10.01121 

INNES 
8IENLEIN 
DARDEN 
NICZYP01 

·17 SPEC 
78 CNTR 
78 OASP 
81 LENA 

400 P+A,MU+MU­
E+E-
E+E-
E+E-, HADRONS 

10.016 0.010 FROM UPSILONC94601 MASS AND MASS DIFFERENCE 
BELOW 

SYSTEMATIC ERRORS AOOEEO LINEARLY BY US 
FROM 2-PEAK FIT 
REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW 

52 UPSILONI100201 WIDTH· (KEVI 

12/77 
4/78 
4/78 
9/81* 

14. OR JII'ORE 
31. 10. 

CL=0.90 NICZYP01 81 LENA E+E-, MU+MU-, HAOR 9/81* 
7. NICZYP02 81 LENA E+E-,l+L-PI+PI- 9/81* 

OM 
OM 
OM A 
OM 
OM 
OM 
OM 
OM AVG 

FROM W1 AND Rl ABOVE AND ASSUMING E·-MU-TAU UNIVERSALITY 
FROM Wl AND R1 ABOVE AND ASSUMING A LOG QUARK()NIUM_ POTENTIAL 

560.0 
555.0 
574.0 
560.7 
559. 
552. 

52 UPSILONI10020J-UPSILDN(94601 MASS DIFFERENCE IMEVI 

2.5 

BIENLEIN 78 CNTR 
DARDEN 78 OASP 
UENO 79 SPEC 
ANDREWS 80 CLEO 
BOHP:INGER 80 CUSS 
NICZYP01 81 lENA 

E+E­
E+E-
400 P PT, MU+Mu­
E+E-,HADRONS 
E+E-, HADRONS 
E+E-, HAORONS 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

OM A FIXING THE UPSILONI94601 MASS AT 9460 MEV 
OM 0 SYSTEMATIC ERROR ADDED LINEARLY BY US. 

Pl 
P2 
P3 

H1 
W1 E 
W1 D S 
W1 E 
W1 D S 
W1 s 
Wl D S 
W1 
W1 AVG 

W1 0 
W1 E 
W1 s 

52 UPSILON( 100201 PARTt Al DECAY MODES 

UPSILDNI10020l INTO MU+ MU­
UPSILON(100201 INTO E+ E­
UPSILONtl0020t INTO UPS1LON(94601 PI PI 

DECAY MASSES 
105+ 105 

.5+ .5 
9456+ 139+ 139 

52 UPSILONI100201 PARTIAl WIDTHS IKEVl 

UPSILDNI10020 I 
(0.351 
o. 56 

co. 371 
o. 50 
0.65 
0.55 

INTO E+ E­
(0.141 
o. 13 

I 0.16) 
o. 15 
0.09 
o. 15 0.09 

DARDEN 78 OASP 
ANDREWS 80 CLEO 
BOCK 80 CNTR 
BOHRINGER 80 CUSS 
MAG ERAS 81. CUSS 
NICZYPOl 81 lENA 

C G21 
E+E-
E+E-, HAORONS 
E+E-,HADI:I:ONS 
E+E-,HAORONS 
E+E-,E+E-PI+PJ­
E+E-, MU+MU-, HAD A. 

0.586 0.058 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

SYSTEMATIC EPROR ADDEO LINEARLY BY US. 
ASSUtoiiiNG HAORONIC PARTIAL WIDTH EQUAl TO TOTAL WIDTH 
USING UPS1l0N(94601 PARTIAl WIDTH TO E_+E- = 1.21 KEV 

52 UPSILONI100201 BRANCHING RATIOS 

UPSILON( 10020 I I NTOI MU+ MU-ll TOTAL ( p 11 

4/78 
4/78 

12/79 
9/81* 
9/81* 
9/81* 

4/78 
9/81* 
9/81• 
9/81* 
9/81* 
9/81* 

R1 
R1 
R1 

SEEN HERB 77 SPEC 400 P A,MU+ MU- 12/78 
I0.03810R LESS Cl:0.90 NICZYP01 81 LENA E+E-,MU+MU- 9/81* 

R2 
R2 

UPSILONI100201 INTO IE+ E-1/TOTAL IP21 
SEEN COBB 11 SPEC P P,E+ E- X 

R3 UPSIL0Nt10020J INTO (UPSILONI94601 PI PII/TOTAL I P31 
R3 
R3 
R3 

E 23 O. 30 
841 0.29 

1 o. 31 

0.10 MAGERAS 81 CUSS 
0.09 MUELLER 81 CLEO 
0. 10 NICZYP02 B1 LENA 

E+E-, E+E-P I +P 1-
E+E-.Pt+Pt- MM 
E+E-, l +L-P I +PI-

R3 ASSUMING THE BRANCHING RATIO OF UPSILONC94601 TO E+E- TO BE 0. 032 
R3 
R3 AVG 

COBB 
HERB 
INNES 

o. 299 

77 PL 72 B 273 
17 PRL 39 252 
77 PRL 39 1240 

BIENLEIN 78 Pl 78 B 360 
DARDEN 78 PL 78 B 364 
KAPLAN 7B PRL 40 435 
YOH 78 PRL 41 684 

UENO 79 PRL 42 486 

ANDREWS 80 PRL 44 1108 

O. 056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

REFERENCES FOR UPSILON( 10020) 

+IWATA, FAB JAN, GOLDBERG+ (8Nl +CERN+SYRA+YALE I 
+HO"',LEDERI"'AN, APPEL, ITO,+ I COLU+F NAL + S TON 1 
+APPELt BROWN, HERB, HOM, FISK+ ( COLU+FNAl +STON I 

+GlAWE, SOCK, BL ANAR, + (DES Y+HAMB+HE ID+MP IMJ 
+HOF"4ANN? AlBRECHT,+ ( OESY+OORT +HE ID+lUND I 
+APPEL, HERB, HOM ,LEDERMAN?+ I STON+FNAl +COLUJ 
+HERB, HOM, l EOERMAN,UENO ,+ ( COLU+FNAL +STONJ 

BOCK 80 ZPHY C 6 125 

+BROWN, HERB, HOM,FI S K, JTO, + ( FNAL +COLU+ STON I 

+ ( CORN+HAR V+ I THA+LEMO+ ROCH+RUTG+SYRA+VAND) 
+BLANAR, BLUM, 81 ENLE IN+ (HE I D +MP IM+OESY+HAMBI 
BOHR INGER, CO STANTJ NI , F I NOCC HJARot C OLU+ STONI 
KOURKOUMEL IS+ (A THU+NTUA+BNL +CERN+SYRA+VAL EJ 

BDHRINGE 80 PRl· 44 1111 
KOURKOLJM 80 Pl 91 8 481 

MAGERAS 81 PRL 46 1115 
MUELLER 81 PRl 46 1 I 81 
NICZVP01 81 PL 99 B 169 
NICZYP02 81 PL 100 8 95 

+BOHR INGER, FINOCCHIARO+ ICOLU+STON+lSU+MPI MJ 
+ ( RUTG+SYRA+l EMO+VANO+CORN+ I THA+HARV+ROCH I 
NIC Z YPORUK, CHEN, VOGEL, WEGENER+( LENA COLLAB I 
NICZYPORUK,CHEN.FOLGER,LURZ,+ (lENA COLLABI 

••••••••••••••• **"*•••••• .......... **"****** ........................... . 
................................................................ ******•• 

12/78 

9/81* 
9/81* 
9/81• 

'\ 



Mesons 
T(10350), T(10570), Kt:, K0

, K'(892) 

IT( 10350) I., UPSILONII03SO.JPG=I- I I= 

48 UPSILONI10350J MASS IGEVJ 

MASS 10.347 0.010 FROM UPSilONC94601 MASS AND MASS DIFFERENCE 
BELOW 

OM A 
OM 
OM 
OM 
OM AVG 

950.0 
891-1 
889. 

891.2 

48 UPSILONC10350J-UPSILONI94601 fo'ASS CJFFERENCE IMEV) 

30.0 
5. 7 
6. 

4.1 

UENO 19 SPEC 
ANDREWS 80 CLEO 
BOHRINGER 80 CUSS 

400 P PT, MU+MU­
E+E-, HADRONS 
E+E-, HADRONS 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

OM A FIXING THE UPSilONI94601 MASS AT 9460 MEV AND THE 
OM A UPSILON( 100201-UPSILONI9460J MASS DIFFERENCE AT 558 MEV. 
OM 0 SYSTEMATIC ERROR ADDEO LINEARLY BY US. 

PI 
P2 

WI 
Wl 0 S 
Wl 0 5 
W1 
WI AVG 

48 UPSILON(l03501 PARTIAL DECAY MODES 

UPSILONI103501 INTO MU+ MU­
UPSll.ONC 103501 INTO E+ E-

DECAY ~~(ASSES 

105+ 105 
.5+ .s 

ItS UPSILDNIL03501 PARTIAL WIDTHS CKEVI 

UPSILONC103501 INTO IE+ E-1/TOTAL 
0.44 0.09 ANDREWS 80 CLEO 
0.41 0.09 BOHRINGER 80 CUSS . . . . . . . . . 

fG21 
E+E-,HAORONS 
E+E-,HADRONS 

0.425 0.064 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

W1 D SYSTEMATIC ERROR ADDEO LINEARLY BY US. 
Wl S USING UPSILONI94601 PARTIAL WIDTH TO t:+E- = 1.27 KEY ...................................................................... 
COBB 
HERB 
INNES 

KAPLAN 
YOH 

UENO 

77 PL 72 B 273 
11 PRL 39 252 
17 PRL 39 1240 

78 PRL 40 435 
78 PRL 41 6e4 

79 PRL 42 486 

REFERENCES FOR UPSILOf'iC 103501 

+IWATA, FABJAN, GOLDBERG+ I BNL+CERN+SYRA+YAL E I 
+HOM, LEDERMAN, APPEL, ITO,+ I COLU+FNAL+STON I 
+APPEL, BROWN., HERB, HOM, F ISK+I COLU+FNAL+STON I 

+APPEL, HERSt HOM, LEDERMAN,+ I STON+FNAL+COLUJ 
+HERB., HDMt LEDERMAN, UENO,+ I COlU+FNAL+STONJ 

ANDREWS eo PRL 44 1108 
BOHR INGE eo PRL 44 1111 

+BROWN, HERB ,HOM, FISK, ITO,+ I FNAL+COLU+STON' 

+ I CORN+HARV+JTHA+LEMO+ROCH+RUTG+SYRA+VANDI 
BOHR INGER, COST ANTI Nl .,F INOCCHIAROICOLU+STONJ ............................................................ ·······~· ...................................................................... 

IT( 10570) 147 UPSILONI10570,JPG•I- I I• 

47 UPSILONH05701 MASS fGEVI 

MASS 0.010 FROM UPSILONI94601 MASS AND MASS DIFFERENCE. 

AVG 

BELOW 

47 UPSILON( 105701 WIDTH I MEV I 

10.5 
6. 0 

5.2 

ANDREWS 80 CLEO 
FINOCCHIA 80 CUSS 

E+E-,HAORONS 
E+E-., HAORONS 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

0 SYSTEMATIC ERROR ADDEO LINERALY BY US. 

OM 
o• 
OM 
OM AVG 

1112. 
1114. 

47 UPSilON( 10570J-UPSILDNI94601 MASS CtFFERENCE o•evl 

5. 
7. 

4.1 

ANDREWS eO CLEO 
FINOCCHIA 80 CUSS 

E+E-,HAORONS 
E+E-,HAORONS 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

OM 0 SYSTEMATIC ERROR ADDEO LINERALY BY US. 

P1 
P2 

W1 
W1 
W1 
W1 
WI AVG 

47 UPSILONI1057DI PARTIAL DECAY MODES 

UPSILONI105701 INTO MU+ MU­
UPSILONU05701 INTO E+ E-

DECAY MASSES 
105+ 105 

.5+ .5 

47 UPSILONI105701 PARTIAL WIDTHS IKEVI 

UPSILONI105701 INTO IE+ E-1/TOTAL 
O. 24 a. 08 ANDREWS 80 CLEO 
0.32 0.09 FINOCCHIA 80 CUSS 

IG21 
E+E-,HADRONS 
E+E-,HAORONS 

0.275 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

WI S USING UPSJLONI94601 PARTIAL WIDTH TO E+E- c 1.27 KEV ........................ ····~···· .................................... . 
ANDREWS 80 PRL 45 219 
FINOCCHI 80 PRL 45 222 

REFERENCES FOR UPSILDNI10570 I 

+ I CORN+HARV+ITHA+LEMO+ROCH+RUTG+SYRA+VANO) 
FINOCCHIARO, GI i\NNINI, BOHR INGeR, +ICOLU+STONI ........................................................................ ....... ......... ......... ......... ......... ......... •....•... ....... . 
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12/79 
9/81• 
9/81* 

9/81* 
9/81• 

9/81* 
9/81* 

9/81* 
9/81* 

9/81* 
9/81• 

Data Card Listings 
For notation, see key at front of Listings . 

...... ......... ......... ......... ......... ......... ......... ....... . .................................................................... 
S=± 1, C=O MESON STATES 

...... ..................................................... ........ ........ . . ...................................................... . 
[!:l 10 CHARGED K(494,JP=o-l 1=112 

SEE STABLE PARTICLE DATA CARD LISTINGS .................................................................... 
TK··~ r ........................................................... . 

11 NEUTRAL Kt498,JP=o-) Jc1/2 

SEE STABLE PARTICLE DATA CARD LISTtNGS . .................................................................... . . .................................................................. . 
I K' ( 892) I lB ••IB92.JP•1-I 1•1/2 

18 K*C8921 MASS (MEVI 

CHARGED ONlY. THIS 
w 1700 891.0 

0 620 891. 
720 890. 
600 889. 

0 540 888. 
0 341 892.0 
tooo 8n.o 
2 886 894 • 

728 892. 
3229 892. 

D1027 892. 
4404 892.2 

0 765 894.2 
w 01150 894. 3 

I 9000 1891.9f 
1800 890.7 
1225 886.6 
6706 891.7 

895.3 
889.5 
892.8 

380 896.0 
1e7 886. D 

4100 891.0 

AVG 

NEUTRU 
01040 

!OK 
w 4300 

02934 

891.11 

Jill 05362 

ONLY. 
894.7 
893.7 
895.0 
897.9 
898.0 
898.4 
896.0 
894.0 
896.0 
896.0 
896. 
895.5 

(897.11 
897.6 
898.4 
895.7 
894.9 

1892.81 
897. 
894.6 

Ill 01700 
Ill 3186 
M C 
M IOK 
M 
M C 
H 3600 
M 1 22K 
M 
M 1180 
M p 
M 

• M 28K 
M 
M 
M AVG 896.05 

690 
NEUTRAL 

t S WHAT ~PPEARS ON MESON TABLE 
1.2 WOJCICKI 64 HBC - 1.7 K-PIKO PI-I 12/75 
2.3 DE BAERE 67 H8C + 3.5 K+P IKO PI+) 12/75 
3.0 BARLOW 67 HBC +- 1.2 PBARPIKO PIJ 12175 
3.0 BARLOW 67 HBC +-· 1.2 PBARPU PU 12/75 
2. 5 DE WIT 68 HBC - 3.0 K-P 12/75 
2.6 SCHWEINGR 68 HBC - 5.5 K-PIKO PI-I 12175 
2.0 CRENNELL 69 DBC .;.. 3.9 K-N CKOPI-1 12/75 
1.0 FRIEDM.\N 69 HBC - 2.1 K-PIKO PI-I 12/75 
2. FRIEDMAN 69 HBC - 2.45 K-PIKO PI-I 12175 
1.0 FRIEDMAN 69 HBC - 2.6 K-PIKO PI-I 12/75 
1.6 FRIEDMAN 69 HBC - 2.1 K-PI KO PI-I 12/75 
1.5 AGUILAR! 71 HBC - 3.9,4.6 K- P 11/71 
2.0 CLARK 73 HBC - 3.13 K-PIKO Pt-1 12175 
1. 5 CLARK 73 HBC - 3. 3 K-P, P PI- KO 12/75 

I o. 7) PALER 75 HBC - 14.3 K-P,K•- X+ 12/75 
0.9 AGUILAR 18 HBC +- .76 PB P,K KS PI 12/78 
2.4 BALANO 78 HBC +- 12 PB PtiNCLUSIV 4/7e 
0.6 COOPER 78 HBC +- .76 PB P,JNCLUSV 4/18 
4.0 MARTIN 78 SPEC + 10 K+-P,KS PI P 12/78 
4.1 MARTIN 78 SPEC- 10 K+-P,KS PI P 12178 
1.6 AJINENKO 80 HBC + 32 K+P 9/81* 
1.9 DELFOSSE 81 SPEC + K+-P,K+- PIO P 1/82* 
2.3 DELFOSSE 81 SPEC - K+-P,K+- PIO P 1/82* 
1.0 TOAFF 81 HBC - 6.S K-P,KO PI- P 1/82* 

0.36 

!.4 
2.0 
1.0 
1.1 
o. 7 
1.3 
1.0 
1. 3 
0.6 
0.6 
2. 
1.0 

I 0.71 
0.9 
1.4 
0.3 
1.6 

( 1. 31 
t. .. 

AVERAGE tERROR INCLUDES SCALE FA.CTOR OF 1.21 

DAUBER 67 HBC 
DAVIS 69 HBC 
HASER 70 OBC 
AGUILAR! 71 HBC 
AGUILARl 11 "fiSC 
BUCHNER 72 OBC 
LEWIS 13 HBC 
LlNGLIN 73 HBC 
FOX 74 IWUE 
FOX 74 RVUE 
MATtSON 74 HBC 
MCCUBBIN 75 HBC 
PAlER 75 HBC 
BOWLER 17 OBC 
AGUILAR 78 HBC 
ESTABROOK 78 ASPK 
WICKLUND 78 ASPK 
LANG 79 RVUE 
EYANGELIS 80 OMEG 
ASTON 81 LASS 

0 2.0 K-P(K-PI+J 
0 12. K+PIK+PI-1 
0 3. K-N CK-PI+I 
0 3.9,4.6 K- P 
0 3.<J,4 .• 6 K- P 
D 4.6 K+ N,K+ PI-
0 2.1-2. 7 K+P 
D 2-13 K+P,K+PI-
0 2 K-P,K-Pl+N 
0 2 K+N, K+PI-P 
0 12 K+P,K+Pt-
0 3.6 K-P~K-PI+N 
0 14.3 K-P,K*O XO 
0 5.4 K+O,K+PI-P P 
0 .76 PB P,K KS PI 
0 13 K+-P,K+-PI+-
0 3,4.6 Pl+-PN 
0 
0 10 PI-P 
0 11 K-P,K- PI+ N 

12/75 
12/75 
12175 
12/75 
12/75 
12/72 

2/74 
12175 
12175 
12175 
12175 
12/75 
12/75 
12/77 
12/78 
12/77 
4/78 
1/82* 
9/81* 
1/82* 

0.25 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.41 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 896.05 ~ 0.25 
ERROR SCALED BY 1.4 

~· ·ASTON 61 LASS 
·EVANGELIS eo OMEG 
·WICKLUND 
·ESTABROOK 
·AGUILAR 
·BOWLER 
·MCCUBBIN 
·MAT I SON 
·FOX 
·FOX 
·LINGLIN 
·LEWIS 
·BUCHNER 
· AGU I L.AR 1 
· AGU I LAR1 
·HABER 
·DAVIS 
·DAUBER 

902 
MASS (MEV) 

76 ASPK 
76 ASPK 
76 HBC 
77 DBC 
75 HBC 
74 HBC 
74 RVUE 
74 RVUE 
73 HBC 
73 HBC 
72 DBC 
71 HBC 
71 HBC 
70 OBC 
69 HBC 
67 HBC 

906 

CHI SO 
3.3 
0.9 
0.5 

. 3 

.8 
3.0 
0. 
0.0 
0.0 
0.0 
2.5 
0.0 
3.3 
7.6 

.8 
1.1 
1. 4 

.....Q..,_L 
31.9 

(CON LEV 
=0.015) 



-167 

Data Card Listings 
For notation, see key at front of Listings. 

p 
w 

M X 

c 
D 

I 

FROM POLE EXTRAPOLATION. , 
MASS ERRORS ENLARGED BY US TO GAMMA/SQRTCNI. SEE TYPED NOTE. 
INCLUSIVE REACTION. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS. 
NUMBER OF EVENTS IN PEAK REEVALUATED BY US 
SYSTEMATIC ERROR ADDEO 

Note on K*(B92) Masses and Mass Differences 

Unrealistically small errors are ~eported by 

some experiments. We use simple "realistic" tests 

for the minimum errors on the determination of mass 

and width from a sample of ·N events·: 

r 
Vi 

0 . (f) 
m1n 

4_L 
v'"N 

(For detailed discussion see the Apr11 1971 edition 

of this note.) we consistently increase unrealistic 

errors before averaging. 

w 283 
501400 
501600 

7338 
2980 

AVG 

6~3 
(6. 51 
(9.51 
5. 7 
7. 7 

•• 7 

" K*IOI 

4.1 
( 5.01 
c 5.01 
t. 7 
t. 7 

t. 2 

- K*l+-1 MASS OIF_F. I MEV I 

BARASH 67 HBC 0 PBAR P 
FICENECl 68 HBC 1.3 K- P 
FtCENEC2 68 HBC 2.7 K- P 
~GUILARl 11 HBC -o 3.9,4.6 K- P 
AGUILAR. 78 HBC ·- .76 PB P.K KS PI 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

D 0 MASS ERRORS ENLARGED BY US TO GAMMA/SQRHNI. SEE TYPED NOTE. 
D S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 
0 W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

18 K*f8921 WIDTH fMEV1 

W. CHARGED ONLY. THIS 
w w D1700 46.0 

0 620 56.0 
720 43. 

0 600 53. 
0 540 44.0 
02 886 53. 
0 728 '49. 
03229 46. 
01027 49. 
04404 54.3 
0 765 46.3 

w D1150 48.2 
I 9000 152.lt 

1800 45.8 
1225 43.0 

w 06706 52.0 
w 50.9 
w so. 5 
w 380 62.6 

187 so. 5 
HOD 51.0 

AVG 50.78 

NEUTRAl ONLY. 
D1040 44. 
D 10K 53.2 

w 04300 54.0 
2934 55.8 

05362 48.5 
01700 51.4 
03186 46.0 

c (46.5J 
IOK "· 51. 

147., 
3600 48. 

I 22K f50.6J 
48.9 

w 1180 45.9 
w p 52.9 

51.2 
(40.11 

28K 54. 
49.8 

AVG 52.09 

IS WHAT 
5.0 
9.0 
9.0 
9.0 
8.0 
4.0 

"1. 3 
3.2 
b.t 
3.3 
•• 7 
s. 7 

1 2.2t 
3 •• 
8.4 
2. 5 
2.3 
5.b 
3. 8 
3. 9 
2. 0 

APPEARS ON MESON TABLE 
WOJCICKI 
DE BAERE 
BARLOW 
BARLOW 
DE WIT 
FRIEDMAN 
FRIEDMAN 
FRIEDMAN 
FRIEDMAN 
AGUILAR! 
CLARK 
CLARK 
PALER 
AGUILAR 
BALANO 
COOPER 
MARTIN 
AJ INENKO 
DELFOSSE 
DElFOSSE 
TOAFF 

64 HBC - 1.1 K-PIKO PI-I 
67 HBC + 3.5 K+PfKO PI+) 
67 HBC 1.2 PBARPIKO' PII 
67 HBC 1.2 PBARPIK PU 
68 OBC - 3. K- a· 
69 HBC - 2.1 K-PIKO PI-I 
69 HBC - 2.45K-PI KO PI-I 
69 HBC - 2.6 K-PI KO PI-I 
69 HBC - 2.7 K-PIK.O Pl-1 
11 HBC - 3.9,4.6 K- P 
13 HBC - 3.13K-P,P PI- KO 
73 HBC ":"' 3.3 K-P,P PI- KO 
75 HBC - 14.3 K-P,K•- X+ 
78 HBC +- .76 PB P,K KS PI 
78 HBC 12 PB P, INCLUSIV 
18 HBC +- .16 PB P, INCLUSV' 
78 SPEC + 10 K+-PtKS PI P 
80 HBC + 32 K+P 
81 SPEC + K+-P 1 K+- PIO P 
81 SPEC - K+-P,K+- PIO P 
81 HBC - 6.5 K-P,KO PI- P 

0.90 AVERAGE !ERROR INCLUDES SCALE FACTOR OF l.OJ 

5. 5' 
2.1 
3.3 
4.2 
2. 7 
s.o 
3. 3 

(1.51 
2. 
2. 

(3.) 

3. 
12.51 
2.5 
4. 8 
0.4 
t. 7 

c 6.0J 
2. 
1.2 

3.4 

2. 

DAUBER 67 HBC 
DAVIS 69 HBC 
HABER 70 OBC 
AGUILAR! 71 HBC 
AGUILAR! 71 HBC 
BUCHNER 72 OBC 
LEWIS 73 HBC 
li NGLIN 73 HBC 
FOX 74 RVUE 
FOX 74 RVUE 
MATtSON 74 HBC 
MCCUBBIN 75 HBC 
PALER 75 HBC 
BOWLER 77 OBC 
AGUIlAR 78 HBC 
ESTABROOK 78 ASPK 
WICnUND 78 ASPK 
LANG 79 RVUE 
EVANGELIS 80 DMEG 
ASTON ·at LASS 

0 2.0 K- P 
0 12. K+PIK+PJ-J 
0 3. K-N IK-Pl+J 
0 3.9,4.6 K- P 
0 3.9,4.6 K- P 
04.6 K+ NoK+ PI-P 
02.1-2.7 K+P 
02-13 K+P,K+PI-
0 2 K-P,K-PI+N 

'0 2 K+N.K+PI-P 
012 K+P,K+PI-
0 3.6 K-P,K-PI+N 
014.3 K-P,K*O XO 
05.4 K+OoK+Pt-P P 

0 .76 PB P,K KS PI 
013 K+-P,K+-PI+-

0 3,4,6 Pl+-PN 
0 
0 10 PI-P 
0 11 K-P,K- PI+ N 

0.50 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1.51 
ISEE IDEOGRAM BELOW 1 

w c FROM POLE EXTRAPOLATION. 
W 0 
W I 
w p 
w w 

WIDTH ERRORS ENLARGED BY US TO 4*GAMMA/SQRTtNJ. SEE TYPED NOTE. 
INCLUSIVE REACTION. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
FROM PHASE SHIFT ANALYSIS• OF 155000 EVENTSe 
NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

12175 
12175 
12175 
11/71 
12/18 

12/75 
12175 
12/75 
12175 
12/75 
12/75 
12/75 
12/75 
12/75 
12175 
12175 
12175 
12/75 
12/78 
4178 
4/ie 

12178 
9/81* 
1/82• 
1/82• 
l/82* 

12/75 
12175 
12175 
11/71 
12/75 
12172 
12/15 
1/74 

12/75 
12175 
12/75 
12/75 
12/15 
12/77 
12/78 
12/77 
4/78 
1182• 
9/81* 
l/82• 

Mesons 
K'(892) 

Pl 
P2 
P3 

Wl 
Wl 

Rl 
Rl 
Rl 

WEIGHTED AVERAGE - 52.09 ± 0.50 
ERROR SCALED BY 1. 5 

CHI SO 
-+-· ·ASTON 81 LASS 3 .6 

·EVANGEL IS 80 Ot.4EG 0.9 
·WICKLUND 78 ASPK 0.3 
·ESTABROOK 78 ASPK 4.1 
·AGUILAR 
·BOWLER 
·MCCUBBIN 
·FOX 
·FOX 
·LEWIS 
·BUCHNER 
·AGUILAR1 
·AGUILAR1 
·HABER 
·DAVIS 
·DAUBER 

35 65 
NEUTRAL WIDTH (t.4EV) 

18 K*(892J PARTIAL DECAY MODES 

K*f892) INTO K PI 
K*IB92) INTO K PI PI 
K*(8921 INTO K GAMMA 

18 K*f892J PARTIAL WIDTHS fKEVl 

K*f892) INTO fK GAMMAI 

78 HBC 
77 DBC 1 . 6 
75 HBC 2 . 7 
14 RVUE 0 . 3 
74 RVUE 6 . 5 

73 HBC 3.4 
72 DBC 
71 HBC 1 . 8 
71 HBC 1 . 0 
70 OBC 0. 
69 HBC .3 
67 HBC 

26.7 
(CON LEV 
-0.008) 

DECAY MASSES 
493+ 139 
493+ 139+ 139 
493+ 0 

t G3J 
62.0 l't. 0 BERG 81 SPEC - 156 K-A,K PI A 

18 K*I892J BRANCHING -RATIOS 

tt.:•C892J INTO IK PI PIJIIK Pll (P21/IP11 
10.0021DR lESS WOJCICKI2 64 HBC - 1. 7 K-P 
(0.00071R lESS CL=0.95 JDNGEJANS 78 HBC 4 K-P.P KO 2Pt 

R2 K•IB921 INTO CK GAMMAJ/TOTAL (UNITS 10**-31 IP31 

4/78 

R2 C1.61 OR LESS Clz:.95 BEMPORAD 72 CNTR + 10.-16. K+A,COUL l/73 
R2 1.5 0.7 CARITHERS 75 CNTR 0 8-16KOBAR A,COUL 12/75 ........................................................................ 
ALSTON 61 PRL 6 300 

ALEXANDE 62 PRL 8 447 
COLLEY 62 CERN CDNF 315 

CHADWICK 63 PL 6 309 
GOLOHABE 63 ATHENS CONF 92 

WOJCICKI 64 PR 135 B 484 

ADELMAN 65 ATHENS 527 
FERRO-lU 65 NC 36 1101 
FERRD-LU 65· NC 39 411 
GELSEMA 65 THESIS 
WANGLER 65 PR 137 B ·414 

BARASH 67 PR 156 1399 
BARLOW 67 NC 50 A 701 
BOMSE 67 PR 158 12qa 
CDNFDRTO 67 NP 83 469 
DAUBER 67 PR 153 1403 
DE BAERE 67 NC 51 A 401 
FRENCH 67.NC 42A 442 
GEORGE 67 NC 49A 9 
SALLSTRD 67 NC 49A 348 

DE WIT 68 THESIS 
FtCENEC1 68 PR 169 1034 
FICENEC2 68 PR 175 1725 
KANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

CRENNELL 69 PRL 22 487 
OAV IS 69 PRL 23 1011 
DE BAERE 69 NC 61 A 3q7 
FRIEDMAN 69 UCRL-18860 
JUHALA 69 PR 184 1461 
LIND 69 NP B 14 1 

ATHERTON 70 NP B ·16 416 
HABER 70 NP 8 17 289 

AGUILAR 
·AGUILAR! 

SARNHAM 
BUCHNER 
CORDS 
MERCER 
VUTA 

71 PRL 26 466 
71 PR 0 4 2583 
71 NP 8 28 lll 
71 NP B 2q 381 
71 PR 0 4 1914 
71 NP B32 381 
71 PPl 26 1502 

REFERENCES FOR. K•C8921 

ALSTON, ALVAREZ • EBERHARO,GDOQ, GRAZ t AND+ C lRL 1 

ALEXANOER,KALBFLEISCH,MILLER,G SMITH llRU 
0 CDLLEY,N GELFAND + CCOlt.JHBIA+RUTGERSJ 

CHAOW ICK ,CRENNELL, OAVI E S,BETT IN I+f OXF+P ADO I 
SULAMITH GOLDHABER I LRU 

STANLEY G WOJCICKI llRU 

STUART LEE ADELMAN ICAVENDISHJ 
FERRD-LUZZ I, GEORGE, HENR t ,JONGEJANS (CERN J 
FERRO-LUZZI 1 GEORGE, GDLOSCHM I OT-CLER+ I CERN) 
E.S.GELSEMA f SEE ALSO PL 10 3411 (AMSTERDAM I 
WANGLER, ERWHh WALKER IWI SCONS INI 

BARASH, KIRSCH, !HLLER, TAN «COLUMBIA I 
+MONTANET, 0-ANDLAU+ ( CE~ N+CDEF+ I RAD+l IVPJ 
+BORENSTEIN+CDLE+GILLESPIE+ I JOHN HOPKINS I 
+MARECHALo MONTANET+CERN+COEF+ tPN+L I VERPOOL 
+SCHLEIN, SLATER, T1 CHO I UCLA I 
+GOLDSCHMI OT-CLERMDNT, HENRI+ f fiRUX+CERNJ 
+KI NSON+MCOONALO+R t 001 FORO+ I C ERN+BI RM J 
+GOLDSCHMI DT-CLERMONT+HENR I+ (C ERN+BRUX I 
SALLSTRDM+DTT ER+EKSPONG I STOCKHOLM! 

S. DE WIT 
+HULSIZER+ SWANSON+ TROWER 
FICENEC, GORDON, TROWER 
Y.W.KANG 
SCHWE t NGRUB ER, OERR ICK. F IELOS + 

I AMSTERDAM I 
lllU 

lllliNOISJ 
( lOWAl 

I ANL+NWESI 

+KARSHDN,LA I ,ONEALL, SCARR f BNU 
+OERENZD 1 FLA TTE 1 AlSTON, LYNCH, SOU'11 TZ llRL I 
+GOLOSCHMI DT-CLERMONT, HENRI , + IS HG+CERNJ 
J.FRIEOMAN,PH.D. THESIS {LRLI 
+LEAC QCK, RHQ[)E, KOPElMAN, L1 B8Y, + I tSU+COLDl 
+ALEXANOER,FIRESTONE,FU,GOLOHABER (LRLJ JP 

+FRANEK, FR ENCHt FRISK, BECNAR+ ( C ERN+PRAG I 
+SHAP IRA. AL E:<ANOER+ ( REHD+SACl +BGNA+ EPOL I 

+BARNES, BA SSANOo EISNER, KIN SON ,SAMI OS ( BNL I 
+EISNER,KINSON tBNLI 
+COLLEY, JOBES, GRIFFITHS ,HUGHES,+( 8 I R,.,.+GLA.S I 
+DEHM, GOEBEL, GOLDSCHMI 01 ,+ ( MP[ M+C E""N+BELGI 
+CARI'10NY, ERWIN, ME I ERE,+ I PURO+UCO+ tUPU t 
+ANTICH,CALLAHAN,CHIEN,CQX,+ (JOHN HOPKINSJ 
+OERR 1 CK. ENGElMANN, MUSGRAVE ( ANL +EF II 



Mesons 
K'(892), 0 REGION, 0 1(1280) 

ABRAMOVI 72 NP B 39 189 
BINGHAM 12 NP 8 41 1 
BEMPORAO 12 NP B 51 1 
BRUNET 72 NP 8 37 114 
BUCHNER 72 f\IP 8 45 333 
CRENNELL 72 PR 0 6 1220 
OEUTSCHM 72 NP 8 36 313 
ENGELMAN 72 PR 0 5 2162 
ROUGE 72 NP B 46 29 
T JECKE 72 NP B 39 596 

BERTHON 
CHARRIER 
ClARK 
LEWIS 
l INGLIN 
WALUCH 

73 NP B 63 54 
73 NP 8 51 317 
73 NP B 54 432 
73 NP 8 60 283 
73 NP 8 55 4 CB 
73 PR D 8 2837 

FOX 74 NP 880 403 
MATtSON 74 PR 09 1812 

BRANOENB 75 Pl 59 8 405 
CARITHER 75 PRL 35 349 
MCCUBBIN 75 NP 886 13 
PALER 75 NP 896 1 

KIRK 76 NP 8 116 o;!9 

BOWLER 77 NP 8 126 31 

AGUILAR 78 f\IP B 141 101 
BALANO 78 NP B 140 220 
BALDI 78 NP B 134 365 
COOPER 78 NP B L36 365 
ENGELEN 78 NP B 134 14 
EST AS ROO 78 NP 8 133 490 

ALSO 78 OR 0 17 658 
JONGEJAN 78 NP B 139 383 
~ARliN 78 NP B 134 392 
WICKLUND 78 PRO 17 11<;17 

LANG 79 PR 0 19 S56 

AJINENKO 80 ZPHY 5 117 
EVANGEL I 80 NP B 165 383 

ASTON 81 PL 106 B 235 
BERG 81 PL 98 8 119 
DELFOSSE 81 NP 6 163 349 
TOAFF 81 PR 0 23 1500 

ABRAMOV ICH ,CHALOUPKA, CHUNG, HILPERT,+ (CERN I 
(INTERNATIONAL K+ COLLABORATION) 

+BEUSC H, FREUOENRE I CH ,+ ( CERN+ETH+LOIC I 
+OANYSZ, GOLDS ACK,+ I CDEF+SAC.L+LOIC+LOWC I 
+QEHM,CHARR I ERE, CORNET,+ ( HPI M+C ERN+BRUXI 
+GOROQN,KWAN-WU LAJ,SCARR (BNLJ 
DEUTSCHMANN,+ (ABCLV COLLA80RATJONJ 
ENGELMANN, MUSGRAVE, FORMAN,+ f ANL+EF 1 I 
+VIOEAU,VOLTE,OE BRION,+ (EPOL+SACLJ 
+GRIJNS 1 HEJNEN,OE GROOT,+ fNIJM+AMST)· 

+MONTANET, PAUL, BER TRANET ,+ fCERN+ SACL I 
CHARR.IERE,ORIJARD,OE BAERE,+ fCERN+BELGI 
+LYONS,RADOJICIC tOXFOROI 
+ALLEN, JACOBS, 0 ANYSZ, BORG,+ I LOWC+LOIC+COEF I 
O.LINGliN fCERNJ 
+fLATTE,FRtEDMAN ILBLJ 

G.C.FQX,M.L.GRJSS fCITI 
+GALT I ER I, GARNJOST, FLATTE, FRIEDMAN,+ ( LBLI 

BRANDENBURG ,CARNEGIE ,CASHMORE oDAVI ER+ I SLAC I 
CARl THERS, MUHLE MANN, UNDERWOOD,+ ( ROCH+MCG I I 
N.A.MCCUBBIN.L.LYONS (OXFI 
+TOVEY, SHAH, SP I ROt CHAURANO+ ( R.HEl+SACL+EPOL I 

+KLEIN, COUNIHAN,+( AACH+BERL +C ERN+LOIC+W I ENI 

+DA I NTON, DRAKE tWILL lAMS f OXFO~DJ 

+FERNANDEZ, COOPER,+ f MADR +T JFR+CERN+CDEF I 
+GRARQ, JOHNSON,+ (MONS+ BEL G+CERN+LOI C+LALOJ 
+BOHR INGER, OOR SA z, HUNGERBUHL ER+ ( GEVAJ 
+GURTU, OOBRZYNSK I,+ ( TIFR+CERN+COEF+MADRJ 
+JONGEJANS, HEMINGWAY,+ ( Nt JM+ZE EM+CER.N+OXF I 
EST A BROOKS ,CARNEGIE,+ I MONT +CARL +OURH+SLACI 
ESTABROOKS, CARNEGIE+ ( MONT+CARL +OURH+ SLAC I 
JONGEJANS, CERRAOA. + I ZEEM+CERN+NI JM+OXF I 
+ SH I MAOA, BALDI, BOHR I NGERt DORSAl+( OURH+GEVA) 
+AYRES. OI E SOl Do GREENE, KRAMER • PAWL I CKt ( ANLI 

C. B .LANG, A. MAS-PAR AI~EOA IGRAZ) 

+BARTH,OUJARDIN,+ ( SERP+L tBH+MONS+SACLJ 
+ (BAR I +BONN+CERN+DARE +GLA S +L IVP+MI LA+W I ENI 

+CARNEGIE, OUNWOOOI E, DURKIN+ ( SLAC+CARL+OTT A) J P 
+CHANOLEE, B I El, HEPPELM ANN,+ t Rtic H+FNAL+MI NNI 
+GU I SAN, MARTIN, MUHL EMANN,WE J LLt +( GEVA+lAUS) 
+MUSGRAVE, AMMAR, OAVI S, ECKL~NO, + ( ANL +KANS I 

..................................................... ·.oo······· ******** 
****** ......... ********* ••••••••••••••••••••••••••• ***'****** '***'*'**** 

Since all the recent high-statistics experi­

ments investigating the partial-wave contents of 

the Kmr system diffractively produced on protons 

(BRANDERBURG 76, OTTER 76, VERGEEST 79, DAUM 81) 
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Data Card Listings 
For· notation, see key at front of Listings. 

I 0,(1280) I " Oli1280,JP=I+I !=112 

28" Qll12801 MASS IMEVI 

M PRODUCED BY BEAMS OTHER THAN K MESONS 
M A 1242.0 9.0 10.0 ASTIER 69 HBC 
M A THIS IS THE C MESON. 
M 4511300. I CRENNELL 67 HBC 0 b PI- PoLK2PI 

0 4.5PI-F',LK2PI 

PI 
P2 
P3 
P4 
P5 
P6 
P1 
P8 

40( 1300. I CRENNELL 72 "HBC 
31011294. I ( 10·.1 RODEBACK 81 HBC 4 PI-PoLAM K 2PI 

PRO OUCE C BY K-, B AC KW ARCS SCATTERING, HYPERON EXCHANGE 
700 1275.0 10.0 GAVllLET 78 HBC + 4.2 K-P,XI-KPIPI 

PRODUCE 0 BY K 
( 1260.1 
( 1234.1 
( 1300.1 
( 1289.0) 
( 1270.01 
( 1300.01 

1270. 

BEAMS 

(12. I 
APPROX. 

(25.01 
APPRO X. 
APPRO X. 

10. 

DAVIS 
FIRESTONE 
BRANOENB 
CARNEGIE 
OTTER 
VERGEEST 
DAUM 

12 HBC + 12.-K+ P 
72 DAC + 12. K+ 0 
76 ASPK +- 13 K+-P,(KPIPIJP 
77 ASPK +- 13 K+-P,P KPIPI 
76 HBC - 10-14-16K-P 
79 HBC +- 4.2 K-P,K PI PI 
81 CNTR - 63 K-P,I< 2Pt P 

FROM A MODEl DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO 
BRANDENBURG 76 DATA. 

28 Qlt12801 WIDTH (MEVI 

PRODUCEC BY BEAMS OTHER THAN K MESONS 
127.0 7.0 25.0 ASTIER 

45 (60. I CRENNEll 
40 ( 60. I CRENNELL 

310 (66.1 (15.1 RODEBACK 

69 HBC 
67 HBC 
72 HBC 
81 HBC 

0 PBAR P 
0 b PI- P 
0 4.5PI-P,LK2Pl 

4 PI-PoLAM K 2PI 

PRODUCED BY K-, BACKWARDS SCATTER lNG, HYPERON EXCHANGE 
700 75.0 15.0 GAVIllET 78 HBC + 4.2 K-P,Xt-KPIPI 

PRODUCED BY K BEtiMS 
(120. I 
fl88. I 
(200., 
(150. 001 
1150.0 I 

90. 

t21. I 
APPRO X. 

(71.01 
APPRO X. 

8. 

SEE· NOTE E ABOVE. 

DAVIS 
FIRESTONE 
BRANDENB 
CARNEGIE 
VERGEEST 
OAUM 

72 HBC + 12. K+ P 
72 OBC + 12. K+ 0 
76 ASPK +- 13 K+-PtfKPIPIJP 
77 ASPK +- 13 K+-P,P KPlPI 
79 HBC +- 4. 2 K-P, K PI PI 
81 CNTR - 63 K-P,K 2PI P 

28 Ql( 12801 PARTIAL DECAY MODES 

QU1280) INTO K*(8921 PI 
Qll12801 If\TO K RHO 
Q1U2BOI INTO K PI 
Qlt1280' INTO K ETA 

.QU12801 INTO K OMEGA 
Q1Cl2801 INTO K PI PI 
Q1U280t INTO KAPPA PI 
Ql(12801 INTO 1<. EPSILON 

·DECAY MASSES 
891+ 139 
497+ 769 
497+ 139 
497+ 548 
497+ 782 
497+ 139+ 139 

1350+ 139 
497+1300 

9/69 

1/67 
12/72 
1/82* 

4178 

12/72 
2113 

12/15 
12/77 
12/77 
12179 
1/82• 

9/69 
7/67 

12/12 
1/82* 

4/78 

12172 
12175 
12175 
12/77 
12/79 

1182* 

give consistent evidence for the existence of two 28 ollt28o> PARTIAL wroHrs <MEv> 

strangeness-one axial vector mesons, we_have split 

the "Q region" entry of our last edition into two 

entries.: one for the Q1 (1280) resonance, with a 

mass around 1280 MeV, a width of the order of 100 

MeV, and mainly coupled to the Kp channel; and 

another one for the Q2 (1400) resonance, with a 

mass around 1400 MeV, a width of the order of 180 

MeV, and mainly coupled to the K*n channel. 

Notice that, whereas both Q1 (1280) and Q2 (1400) 

are produced in diffractive processes, the non-dif­

diffractive reactions (ARMENTEROS 64, CRENNELL 67, 

72, ASTIER 69, GAVILLET 78, ETKIN 80, RODEBACK 81) 

select preferentially the production of one of the 

two states. 

•••••• ••••.-eo••• ..................................................... . ..................................................................... 

WI 
WI 
WI 

"' W1 AVG 

W2 

" W2 
W2 
W2 AVG 

W3 
W3 
W3 
W3 
~3 AVG 

W4 
W4 

W5 

" 

QU12801 INTO K RHO 
75.0 6.0 
57 .. 0 5.0 

64.4 8.9 

QU12801 INTO K* PI 
2. 0 2.0 

14.0 n.o 

2.4 2.0 

QUi2801 INTO K OMEGA 
24.0 3.0 
4.0 4.00 

16.8 9.6 

Q1U2801 INTO KAPPA PI 
26.0 b. 0 

Q1C12801 INTO EPSILON K 
22.0 5.0 

(G21 
CARNEGIE1 17 ASPK +- 13 K+-P,(KPIPIIP 12178 
MAZZUCATO 79 HBC + 4.2 K-P,XI-KPIPI 12/79 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.31 

tGll 
c·ARNEGIE1 11 ASPK +- 13 K+-Pt (KPIPIIP 12/78 
MAZZUCATO 79 HBC + 4.2 K-P, XI-KPJPI 12/79 

AVERAGE I ERROR INCLUDES SCALE FACTOR. OF 1.DI 

f G51 
CARNEGIE! 71 ASPK +- 13 K+-P,tKPIPIIP 12178 
MAZZUCATO 79 HBC + 4.2 K-P,XI-KPIPI 12/79 

All ERAGE tERROR INCLUDES SCALE FACTOR OF 4. 0 I 

t G7J 
CARNEGIE! 11 ASPK +- 13 K+-P, ( KPIPIIP 12178 

IGBt 
CARNEGIE1 77 ASPK +- 13 K+-P,IKPIPIJP 12178 

28 01112801 BRANCHING RATIOS 

Rl Q1 INTO K* PI 
Rl F 0.16 0.05 

I Pll 
0AUM 81 CNTR 63 K-P,K 2PI P 1/82* 

Rl Q1 INTO K RHO I P21 
R2 F 0.42 0.06 DAUM 81 CNTR 63 K-P,K 2PI P 1/82* 
R2 DOMINANT RODEBACK 81 HBC 4 PI-P,LAM K 2PJ 1/82* 

R3 Ql. INTO K OMEGA I PSI 
R3 F 0.11 0.02 OAUM 81 CNTR 63 K-P,K 2PI P 1/82* 

R4 Q1 INTO KAPPA PI ( P11 
R4 F 0.28 0.04 OAUM 81 CNTR 63 K-P,K 2PI P 

R5 Q1 INTO K EPSILON I PB I 
R5 F 0.03 O.OZ OAUM Bl CNTR 63 K-P,K 2Pt P 1/82* 

R6 Q1 INTO IK OMEGAIIlK RHO) IP.51/(P2J 
R6 (0.301 OR LESS Cl::.95 RODEBACK 81 HBC . 4 PI-P,LAM K 2PI 1/82* 

R9 DIS RATIO FOR Q1 INTO K*l8921 PI 
R9F 1.0 0.7 DAUM 81 CNTR 63 K-P,K 2PI P 1182* 

R F AVERAGE FROM UiW AND HIGH T DATA. 
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Data Card Listings 
For notation, see key at front of Listings. 

ARMENTER 64 DUBNA CONF 1 517 
ALS 0 64 DUBNA CONF 1 617 

ARMENTER 64 Pl 9 207_ 
ALSO 66 PR l't5 1095 

ALMEIDA 65 PL 16 184 

REFERENCES FOR QU12801 

ARMENTEROS, EDWARDS, [rANDtAU + 
R ARMENTEROS (RAPPORTEUR) 
ARMENTEROS, EDWARDS, Q-ANDLAU, + 
BARASH, KIRSCH, MILLER, TAN 

( CERN+CDEF I 

I CERN+CDEF I 
I COLUMBIA) 

ALMEIDA, ATHERTON, BVER, DORNAN, FORSON+ (CAVE I 

SHEN 66 PRL 11 726 +BUTTERWORTH,FU,GOLOHABERS,TRilliNG (LRU 
ALSO 66 (PRIVATE COMMUNJGERSON GOLOHABER CLRU 

BASSOMPI 67 Pl 268 30 BASSOMPlERRE,GOLOSCHf-HOT+ ICERN+BRUX+BIRMIIJP 
BERLINGH 67 PRL 18 1087 BERLINGHIERI+FARBER+FERBEL+FORMAN IROCHIIJP 
CRENNEll 67 PRL 19 44 +KALBFLEISCH,LAI,SCARR,SCHUMANN IBNUI 
DE BAERE 67 NC 49A 374 +OEBAISIEUX+FAST+FiliPPAS+ CCERN+8RUXJ 

ALSO PRIVATE COMMUNICATION BY B. JONGEJANS 
GOLOHABE 67 PRL 1'9 976 G.GOLOHA8ER tl8ll 

BARTSCH 
80MSE 
DENEGRI 

68 NP 8 8 9 
68 PRL 20 1519 
68 PRL 20 1194 

ALEXANOE 69 ~p 8 13 503 
ANDREWS 69 PRL 22 7'31 
ASTIER 6'9 NP B 10 65 
BARBARO 69 PRL 22 1207 
BETTINI 69 NC 62 A 1038 
8 I SHOP 69 NP B 9 403 
CHI EN 6'9 Pl 298 433 
CHUNG 69 PR 182 H43 
COLLEY 69 NC A 59 519 
ERWIN 69 NP 8 9 364 
FRIEDMAN 69 UCRL-18860 
WERNER 69 PR 188 2023 

ABRAMS 
ANT ICH 
BOWLER 
FARBER 

70 PR D 1 2433 
70 NP B 20 201 
70PL31B318 
10 PR 0 1 78 

BARNHAM 71 NP 825 4~ 
DENEGRl 11 ~p B 28 13 
FOR MAN 71 PR D 3 2610 
GARFINKE 71 PRL 26 1505 

ANDERSON 72 PR 0 6 1823 
BINGHAM 72 NP 8 48 589 
8RANDENB 72 NP 8 45 397 
8RANDENB 72 PRL 28 932 
CRENNEll 72 PR 0 6 1220 
DAVIS 72 PR 0 5 2()88 
F !RESTON 72 PR 0 5 505 
F IRESTON172 NP 8 47 348 
FRATI 72 PR 0 6 2361 
HAATUFT 72 NP 8 48 78 

BARLOUTA 73 NP 8 59 374 
BINGHAM 73 ~p 8 52 31 
DE JONGH 13 NP 8 58 110 
JONES 73 NP 8 52 383 
LEWIS 73 NP 8 60 283 
WERNER 73 PR O· 7 1275 

ANGELOPO 74 NC 20A 49 
BOWLER 74 NP 874 493 
DAVIDSON 74 PR 09 77 
OEUTSCHM 74 PL 498 388 

ANTIPOV 75 NP 886 3e1 
BOWLER 75 NP 897 227 
OORE 75 lNC 13 265 
DREVILLO 75 PL 55 8 245 
OUNWOOOI 75 NP 891 189 
OTTER! 75 NP 884 333 
OTTER2 75 NP B'93 365 
OTTER3 75 NP 896 29 
TOVEY 75 NP 8'95 10'9 

BAS DEVAN 
80AL 
BOWLER 
BRAN DENS 
OTTER 
VERGEEST 

76 PRL 37 917 
76 PR D 14 2998 
76 JPG 3 715 
76 PRL 26 703 
76 NP 8 106 77 
76 PL 62 8 471 

CARNEGIE 77 NP 8 127 509 
CARNEGI E177 PL 8 68 287 

BEUSCH 78 PL 74 8 282 
GAVILLET 78 PL 76 B 517 
WOHL 78 NP 8 132 401 

BASDEVAN 79 PR 0 19 246 
MAZZUCAT 79 NP B 156 532 
VERGEEST 79 NP B 158 265 

BACON 
DlONISI 
ETKIN 
IRVING 
RADFORD 

80 NP B 162 189 
80 NP 8 169 1 
80 PR 0 22 42 
80 JPG 6 153 
80 NP B 16 7 18 1 

DAUM 81 NP 8 187 1 
OTTER 81 NP 8 18 1 1 
RODEBACK 81 ZPHY C 9 9 

+COCCON I,+ t AACH+BERL+CERN+LO IC+V I ENI 
+80RENSTE IN, C ALLAHAN,COLE,COX ,+ C JOHNHOPK J 1 + 
+CALLAHAN+ETTLINGER+GlLLESPIE+ CJOHNHOPKI l+ 

G. ALEXANDER 1 F I RESTONE, GCLOHABER,+ C LRL I 
+LACH, LUDLAM, SANOWE ISS, BERGER.+ t YALE+LRU 
HIARECHAL, MONTANET ,+ CCDEF+CERN+IPNP+LIVPI I JP 
BAA.8ARD-GAL TIER I .DAVIS, FLA TTE ,+ C LRLI 
+CR ESTI, U MENTAN I, BERT AUZA, 8 I GI +t PADO+P IS AI I 
+GOSHAW,ERWIN,WALKER CWISCI 
+HA LA MUD, MELLEM AoRUDNI CK, SCHLEIN+ t UCLA I 
+EJ SNER+BALI+LUERS t BNLJ 
+EA STWOQO, + IBIRM+GLAS +LO I C+~P IM+OXF+RHEL I 
+WALKER ,GOSHAW, WEINBERG ( W ISC+PRI N+VANOI 
J.FRIEDMAN 1 PH.D• THESIS (LRLJ 
+AM MAR, DAY I So KROPAC, VARC::ER, CHQ, '4- t NWES+ANLI 't+ 

+E I SENSTE I N,KI M, MARSHALL,D-HALLORAN, + I IlL I 
+CARSON,CHIEN,COX,OENEGRI,ETTLINGER,+ CJHUJ l+ 
M.G.SOWLER COXFOROI 
+FERBEL,SLATTERY,YUTA CROCHI 1+ 

+COLLEY,GRIFFITHS,ALPER, + tBIRM+GLAS+OXFI 
+ANTICH,CALLAHAN oCARSON ,CHI EN ,CQX, + C JHUI 1 + 
+GELFAND 1 LEARY, MOSER, SEIDL, WOLFSON t EF I J 
GARFINKEL, HOLLAN DoC ARMONY, LANDER+( PURD+UCO I 1 + 

+FRANKLIN, GODOENoKOPELMANt ll BBY, TAN I COLO I 
+EISENSTEIN oGRARO, H ERQUET, + I C ERN+BRUXI 
BRANDENBURG, BRODY, JOHNSCN, LEITH, LOOS+ t SLACJ 
BRANDENBURG,JOHNSON, LEITH, LOOSo LUSTE+ C SLAC I 
+GDROON,KWAN-WU LAioSCARR fBNLI 
+ALSTON, BARBARO, FLATTE, FR t EDMAN, LYNCH+ I LBL J 
FIRESTONE ,GOLOHABERoL I SSAUER, n ILLING f lBU 
A.F IRESTONE I C tTl 
+HALPERN, HARGIS, SNAPE,C ARNAHAN, +I PENN+C INC I 
+ARNOLO,HAGUEN,&,UER,+ I BERG+SnB+EPOL+friiADRJ 

+OREVILLON,SHAHo+ ISACL+EPOL+RHELJ JP 
+FARWElo+ ILBL+ORSAV+BNL+SACLAV+frlllLANJ JP 
+CORNET ,CHARR I ERE,+ I BRUX+MONS+C ERN+MP IM I 
G.T .JONES tCERNJ JP 
+ALLEN, JACOBS, OANYSZ, BORG,+ C LOWC+LOIC+COEF I 
+SLATTERY,FERBEL (ROCHESTER) 

ANGELOPOULOS 1 FIll PP AS+ I ATHU+ATEN+LI VP+Vt EN J J P 
+OA INTQN, KAOOOURA, A lTCHISON C OXF I 
+CHAPMAN,GREEN,LYS,ROE CMICHJ 
DEUTSCHMANN,+ CAACH+BERL +C ERN+LO IC+V I ENJ J P 

+ASCOLI, BU SNELLO,K I ENZLE+ I SERP+CERN+ILLI J P 
+GAME, A ITCH I SON, DAINTON I OXf+DARE J 
+GU I DONI oLAAKSO• MAR IN I, CONFORTO+I ROMA+RHEL I 
OREVILLON,80RENSTEIN+ CEPOL+BOHR+COEFJ JP 
OUNMOODJE,GRANT+ CCERN+BELG+MONS+MPIMJ JP 
+ CAACH+BERL+CERN+LOIC+VtEN+ATHU+ATEN•LtVPt JP 
+RUOOLPH,RUMPF+ C AACH+BERL+CERN+LOIC+VIENJ JP 
+RUDOLPH, SEYFERT+( AACH+BER L+CERN+LOIC+V I EN I I, JP 
+HANSEN, BORENSTEI No BORG+ ( RHEL+EPOL+S ACl t I, J P 

8ASOEVANT, BERGER C FNAL+ANl t 
+EDWARDS, KAMAL, TORGESON C ALBERTA I 
M.G.BOWLER IOXFORDJ 
BRANOEN8URG,CARNEG IE, CASHMORE,OAVI ER+ f SLAC I J P 
+ I AACH+BERL +CERN+LOIC+VIEN+LPNP+RHEL+SACL I J P 
+ENGELEN,JONGEJANS,+ IAMST+CERN+NIJM+OXFJ JP 

+CASHMORE, OAVI ER ,QUNWOODI E, LAS INSK I• C SLACI 
+CASHMORE, OUNWOOOI E, LAS INSK I,+ I SLACJ 

+BIRMAN, KON IGS, OTTER,+ 
+OIAZ,OIONISI,+ 
+PALER ,C HAURANO, + 

BASDEVANT, BERGER 
MAZ ZUCATQ, PENN 1 NGTON+ 
+JONGEJANS, DION 1 51,+ 

tCERN+AACH+ETHt JP 
tAMST+CERN+NtJM+OXFJ JP 

t LPNP+RHEL +SACLAVI 

UNLI 
ICERN+ZEEM+NtJM+OXF J 
(Nl JM+AMST+CERN+OXFI 

+BARREY, BUTTERWORTH, ANSORGE, + ILOIC+CAVEJ 
+GAll lllET, ARMENTEROS+ ( CERN+MAOR+COEF+STOH I 
+FOLEY, LINDENBAUM, KRAMER,+ C BNL +CUNY J J P 
A.C.tRVING (ltVPJ 
RADFORD, BRANDENBURG I Ml TJ 

+HERTZ BERGER+ I AMST +CERN+CRAC+MP I M+OXF+RHEL J 
( AACH+8 ERL +LO IC+Vl EN +B IRM+BELG+C ERN+MONS J 

+SJOGREN, ARMENTEROS, + ( CERN+COEF+MAOR+STOHJ ....... ......... .......... .......... ........... .......... ............ ........ . ........ .......... ............ ••••••••• ••••••••• ••••••.oo•• ................... . 

I t<,(1350) I " KAPPA!t350,JP•O+I l•l/2 

The isodoublet S-wa~e ~TI phase shift 0~ is 

compatible with elastic unitarity up to the ~n' 

threshold. It grows monotonically, reaching 90° 

Mesons 
o.( 12ao). t<,( 1350) 

at about 1350 MeV (MERCER 71, BINGHAM 72, FIRE­

STO~ 71,72, MATISON 72,74, GALTIERI 73, YUTA 73, 

FOX 74, BAKER 75, LAUSCHER 75, BOWLER 77, ESTA­

BROOKS 78, ASTON 81). The ambiguous "up" solution 

* in the region of the K (892) has been ruled out 

conclusively (MATISON 72,74, GALTIERI 73, BOWLER 

77 1 ESTABROOKS 78). 

The first inelastic two-body threshold is Kn, 

which, however, is very weakly coupled to K, in 

accordance with the SU(3} prediction for the KKn 

coupling. 

In the energy range 1350-1450 MeV the phase 

shift exhibits rapid motion (BOWLER 77, ESTABROOKS 

78, MARTIN 78), which has been taken as an indi­

cation for a K resonance at 1500 MeV (ESTABROOKS 

79). However, the phase-shift behavior can also 

be understood as a cusp effect due to the nearby 

Kn' threshold at 1455 MeV (TORNQVIST 82). Above 

this energy the inelasticity due to Kn' is impor­

tant. The phase shift can be fitted up to about 

1500 MeV in a unitary coupled-channel analysis 

with proper analytic structure with one resonance, 

the K(l350), without background (TORNQVIST 82). 

This supports earlier interpretations (FIRESTONE 

71,72, FRAT!· 72, ROUGE 72, CORDS 73, LAUSCHER 75, 

MOHGJ>.N 75, ENGEL EN 78, ASTON 81) that the K mass 

indeed is where o~ passes through 90°. 

At still higher energies some evidence for a 

second scalar resonance exists (ASTON 81). 

PI 
P2 
P3 

See also Appendix IIC. 

11425. J 
( 1450.0) 
11278. I 
( 1400.1 
( 1350.) 

19 KAPPA MASS fMEVJ 

APPROX. 
APPRO X. 
t50. I 

APPRDX. 

ESTABROOK 78 ASPK 
MARTIN 78 SPEC 
LA.NG 79 RVUE 
ASTON 81 LASS 
TORNQI/IS 82 RVUE 

13 K+- P 
10 K+-P,KS PI P 

11 K-P,K- PI+ N 
13 K+- P 

FROM ELASTIC K PI PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW J 
POLE EXTRAPOLATION USING FIRESTONE 72 AJIID MATtSON 74 DATA. 

19 KAPPA WIDTH tMEVJ 

200-300 APPROX. ESTABROOK 78 ASPK 
1540. I I 106. I LANG 79 RVUE 
(250. I APPROX. ASTON 81 LASS 
f435. J OR MORE TORNQVI S B2 RVUE 

13 K+- P 

11 K-P,K- PI+ N 
13 K+- P 

FROM ELASTIC K PI PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW J 
POLE EXTRAPOLATION USING FIRESTONE 72 AND MAliSON 74 DATA • 

19 KAPPA PARTIAL DECAY "'ODES 

KAPPA INTO K PI 
KAPPA INTO 1<. ETA 
KAPPA INTO .K ETA PRIME 

19 KAPPA BRANCHING RATIOS 

DECAY MASSES 
497+ 134 
497+ 548 
497+ 957 

t Pll 

12/77 
12178 
1/82* 
l/62* 
1/82* 

12/77 
1/82* 
1/82• 
1/82* 

R I 
Rl 
Rl 

KAPPA INTO CK PI JITOTAL 
10.851 APPROX. 
(0.931 APPROX. 

ASTON 81 LASS 0 11 K-P,K- PI+ N 1/82* 
TORNQVIS 82 RVUE 13 K+-P 1/82* 

********* •••••o••• ********* ********* ********* ********* ******** 



Mesons 
K(1350), Q2(1400) 

REFERENCES fOR KAPPA 

TRIPPE 68 Pl 28 B 203 +CHI EN, MALAMUD, MELLEMA, SCHL El N, + (UCLA I 

CRENNELL 69 PRL 22 487 +KARSHON,LAI,Q.NEALL,SC~RR IBNLI 
DODO 69 PR 177 1994 +JOlOERSMAoPALMER.SAHIOS {8NU 
GOLDBERG 69 PL 30 8 434 SABRE COLLABOR. ISACL+AMST+BGNA+REHO+EPOLI 
SCHLEIN 69 ARGONNE Cm.jF. 446 P.SCHLEIN (UCLAJ 

FTRESTON 1l PRL 26 1460 
MERCER 71 NP 832 381 
YUTA 11 PRL 26 1502 

AGUILAR 12 PR 0 6 11 
BINGHAM 72 NP B 41 1 
BUCHNER 72 NP 8 45 333 
CH.JNG 72 PRL 29 1570 
CRENNELL 72 PR D 6 1220 
DIEBOLD 72 BATAV.CONF. V.3 
ENGElMAN 72 PR 0 5 2162 
F !RESTON 72 PR D 5 2188 
FRATI 72 PR 0 f: 2"361 

A.FtRESTONE,G.GOLDHABER,Q.L ISSAUEP CLRU 
+ANTICHoCALLAHAN,CHIEN,CQX.,+ (JOHN HOPKINS) 
+OERR ICK, ENGELMANN, MUSGRAVE I ANL+EF I I 

AGUILAR-BENTTEZ,CHUNG,EISNER I BNU 
+ C INTERNATIONAL K+ COLLABORATION I 
+DEHM 1 CHARR I ERE, CORNET,+ I MPI H+C ERN+BRUXI 
+EISNER,AGUJL6.R-BENITEZ IBNLJ 
+GORDON, KW AN-WU LA I, SCARR ( BNL J 

11R .. OIEBOLO RAPPORTEUR TALK UNLJ 
ENGELMANN, MUSGRAVE, FORMAN,+ I ANL +EF I J 
+GOLDHABERr LIS SAUER, TRilliNG C LBUPWA 

MAliSON 72 LBL 1537 (THESISI 
+HALPERN, HARGIS • SNAPE, CARNAHAN, +I PENN+C INC I 
REVISED VERSION WILL GO TO PHYS.REV. LBL 
+VIDEAUtVOLTEoOE BRION,+ CEPOL+SACLJ ROUGE 72 NP 8 46 29 

CORDS 73 NP B 54 109 
GALTIERI 73 LBL 1712 
L JNGLIN 73 NP B 55 408 
YUTA 73 NP 8 52 70 

FOX 
MATI SCN 
MORGAN 

74 NP 880 403 
74 PR 09 1872 
74 PL 51B 71 

SAKER 75 NP 899 2:11 
LAUSCHER 75 NP 886 18c:l 
MORGAN 75 ARGONNE CONF. 45 

CHI EN 76 NP 8 106 355 

BOWLER 11 NP B 126 31 
SPIRO 11 NP B 125 162" 

BALDI 78 NP B 134 365 
ENGELEN 78 NP 8 134 14 
ESTA8ROO 78 NP B 133 490 
MARTIN 78 NP B 134 392 

ESTABROO 79 PR 0 19 2678 
LANG 79 PR 0 19 956 

+CARMONY ,LANDER t ME I ERE,+ ( PURD+UCO+ I UPU) 
+MAT I SON,GARNJOST, FLATT Eo FRIEDMAN+ C LBLI 
D .. LINGLlN CCERNI 
+ENGE LMANNo MUSGRAVE, FOR MAN,+ I ANL+EF I I 

G.C.FOX,H.L.GRtSS ICITJ 
+GALT I ER I, GARNJOST, FlAT TEo FRIEDMAN,+ t LBLJ 
Q. MORGAN I RHEL) 

+BANERJEE, CAMPBELL• ALLEN, MARCH+ I LOt C+LOWCJ 
+OTTER,WIECZOREK,+ CABCLV COLLABORATIONI 
D.MORGAN CRHEll 

+FE lOCK, LUCAS, P EVSNER, ZOANI S IBALTIMOREJ 

+OA I NTON, DRAKE, WILLIAMS I OXFORD I 
+BARLOUTAUDoCOMBER oPALERo + I SAC L+RHEL+EPOLI 

+BOHR INGER, DORSA z, HUNGERBUHLER+ I GEVA I 
+JONGEJANS o HEMINGWAY,+ I NI J M+ZE EM+C ERN+OXF I 
EST A BROOKS, CARNEGIE t + t MONT +C ARL+OURH+SLAC I 
+ SH I MACA, BALD I, BOHR INGER,DORS AZ+ I OURH+GEVA J 

P.ESTABROOKS 
C. B. LANG, A. MAS-PAR AR EOA 

ICARU 
IGRAZJ 

ASTON 
TOAFF 

81 PL 106 B 235 
81 PR D 23 1500 

+CARNEGIE, DUN WOODIE, OUR KIN+ ( SLAC+CARL+OTT AI J P 
+MUSGRAVE, "M14AR, OAVI S, ECKLUND,+ I ANL+KANSI 

HJRNQVI S 82 HU-TFT-82-1 N.A.TORNQVIST IHELSJ ........................................................................................ .................................................................. ·~~~······ 
I Q ( 1400) I·· 0211400.JP•l+l 1•112 

2 SEE MINI-REVIEW UNDER Q1U2801 

( 1420.) 
( 1368. J 
( 1400. J 
11404.01 
I 1400. OJ 

64 Q211400J MASS CMEVI 

DAVIS 12 HBC + 12:. K+ P 
FIRESTONE 72 DBC + 12. K+ 0 
BRANOENB 76 ASPK +- 13 K+-P,IKPIPIIP 
CARNEGIE 11 ASPK +- 13 K+-PrP KPIPI 
VERGEEST 79 HBC +- 4.2 K-P,K PI PI 
ElKIN 80 MPS 0 6 K-P,KO PI+ Pl-

12/72 
12/77 
12175 
12177 
12/79 
1/82* 

170 

Data Card Listings 
For notation, see key at front of Listings. 

64 Q2(1400) BRANCHING ~AT10S 

Rl Q2 INTO K* PI 
R1 F 0.94 0.06 

R2 Q2 INTO K RHO 
R2 F 0.03 D.03 

R3 Q2 INTO K OMEGA 
R3 F D.Ol o.o1 

R4 Q2 INTO KAPPA PI 
R4 F (0.001 APPROX. 

R5 
R5 F 

Q2 INTO K EPSILON 
o.02 0.02 

I Pl1 
DAUM 81 CNTR 63 K-P,K 2PI P 

I P21 
DAUM 61 CNTR 63 K-P,K 2PI P 

I P51 
DAUM 81 CNTR 63 K-P ,K 2Pt P 

C P7 I 
OAUM 81 CNTR 63 K-P ,K 2P1 P 

I PSI 
DAUM 81 CNTR 63 K-P,K 2:PI P 

R9 
R9 F 

DIS RATIO FOR QH INTO K*l8921 PI 
O. 04 O. 01 OAUM 81 CNTR 63 K-P,K 2Pl P 

R F AVERAGE FROM LOW AND HIGH T DATA. ...... •••••* .... ********* ......... •• •••••• ••• • ••• *** ** •••••••• 

ARMENTER b4 DUBNA CONF 1 517 
AlSO 64 DUBNA CONF 1 617 

ARMENTER 64 PL 9 2D7 
ALSO 66 PR 145 1095 

ALMEIDA 65 PL 16 184 

REFERENCES FOR Q2114001 

ARMENTEROS,EDWARDSoO-ANOLAU + 
R ARMENTEROS !RAPPORTEUR) 
ARMENT EROS 9 EDWARDS, D-AN OLAU, + 
BARASH, Kl RSCH, MILlER, TAN 

(CERN+COEFI 

(CERN+CDEFJ 
ICOlUMBIAI 

ALMEIOA,ATHERTONoBYER, DORNAN, FORSON+ ICoWEJ 

SHEN 66 PRL 11 726 +BUTTERWORTHtFUrGOLOHABERSrTRILLING (LRLI 
ALSO 66 (PRIVATE CDMMUNJGERSON GDlDHABER ILRU 

BASSOMPI 67 PL 26B 30 BASSOMPIERRE,GOLDSCHMIDT+ ICERN+BRUX+BIRMIIJP 
BERLINGH 67 PRL IS 1087 BERLINGHIERI+FARBER+FERBEL+FORMAN IROCHJIJP 
CRENNELL 67 PRL 19 44 +KALBFlEISCHoLAirSCARR,SCHUMANN tBNLJI 
DE BAERE 67 NC 49A 374 +DEBAISIEUX+FAST+FtLIPPAS+ ICERN+BRUXI 

ALSO PRIVATE COMMUNICATION BY B. JONGEJANS 
GOLDHABE 67 PRL 19 916 G.GOLOHABER (LBLJ 

BARTSCH 
BOMSE 
OENEGRt 

68 NP 88 9 
68 PRL 20 1519 
68 PPL 20 1194 

ALEXANDE 69 NP B 13 503 
ANDREWS 69 PRL 22 131 
ASTIER 69 NP B 1D 65 
BARBARO 69 PRL 22 1201 
BETTINI 69 NC 62 A 1038 
BISHOP 69 NP 8 ~ 4C3 
CHIEN 69 PL 29B 433 
CHUNG 69 PR 182 1443 
COLLEY 69 NC A 59 519 
ERWIN 69 NP B c; 364 
FRIEDMAN 69 UCRL-18860 
WERNER 69 PR 188 2023 

ABRAMS 
ANT ICH 
BOWLER 
FARBER 

70 PR 0 1 2433 
70 NP B 20 201 
70 Pl 31 8 318 
10 PR D l 18 

BAR.NHAM 71 NP B25 4~ 
DENEGRI 71 NP B 28 13 
FORMAN 71 PR D 3 2610 
GARFINKE 1l PRL 26 1505 

+COCCONI I+ I AACH+BERL +CERN+LO IC+VtEN) 
+BORENSTEIN ,cALlAHAN, CO LEo COX,+ I JOHNHOPKJ 1 + 
+CALLAHAN+ETTLINGER+GILLESPIE+ CJOHNHOPKJ 1+ 

G. ALEXANDER, FIRESTONE, GOLDHABER, + I LRL 1 
+LACHt LUDLA~1t SANDWEI SS, BERGER,+ ( 'Y"AL E+LRLI 
+MARECHAlr MONTANET ,+ ( CDEF+CERN+IPNP+L IV PI I JP 
BAR BARD-GALT IER I ,DAVIS, FLATTE,+ C LRU 
+CREST I, ll MENTAN I, BERT AUZA • B I GI +I PAOO+P ISAJ I 
+GOSHAW,ERWIN,WALKER IWISCJ 
+MALA MUD ,MELLEMArRUDNI CK, SCHLEIN+ (UCLA) 
+EI SNER+BAL I+LUERS ( BNLJ 
+EA STWDOD, + ( 8 t R14+GLAS+LO IC+MP IM+OXF+RHEL I 
+WALKER, GO SHAW t WEINBERG C W ISC+PR I N+VANDI 
J,FRJEOMAN,PH.O. THESIS ILRLJ 
+AMMAR 0 0AVtS.KROPAC 1 Y.MtCER,CHO.+ INWES+ANLI l+ 

+EISENSTEIN ,KIM, MARSHAL Lt O-HALLORAN,+ I ILLJ 
+CARSONtCH lEN, COXr DENEGRI, ETTLINGER,+ ( JHU J 1 + 
M.G.BOWLER IOXFOROJ 
+FERBEL,SLATTERY,YUTA IROCHJ 1+ 

+COLLEY ,GRIFF JTHS, ALPER, + ( 8 IRM+GLAS+OXF) 
+ANTICHtCAllAHAN,CARSON rCHl EN oCOXt + I JHUI 1 + 
+GE LFANO,l EARY, MOSER, S E IOL, WOLFSON I EF J I 
GARF JNKEl, HOLLAND, CARMONY, lANDER+! PURD+UCOI 1 + 

1/82* 

1/62* 

1/82* 

1/82* 

1/82* 

1415. 
1410. 

ClB. I 
APPROX. 

(lQ.OJ 
APPRO X. 

15. 
25. DAUM 81 CNlR - 63 K-P,K 2PI P 1/82* 

ANDERSON 12 PR D 6 1823 
BINGHAM 12 NP 8 48 589 
BRANOENB 72 NP B 45 397 
BRANOENB 72 PRL 28 c:l32 
CRENNELL 12 PR 0 6 1220 
DAVIS 72 PR D 5 2688 
F IRESTON 72 PR 0 5 505 
FIRESTON172 NP 8 47 348 
FRAT I 72 PR D 6 2361 
HAATUFT 72 NP B 48 78 

+FRANKL[ Nt GODDEN, KOPELMAN, L I B8Y, TAN (COL OJ 
+E I SENS TE IN 9 GRARD, HERQU ET, + I CERN+BRUXJ 
BRANDENBURG, BRODY, JOHNSON, LE ITH,LOOS+ I SLAC J 
BRANDENBURG, JOHNSON, LEI THo LOO S, LUSTE+ I SLAC I 
+GDRDON,KWAN-WU LAirSCAPR IBNU 
+ALSTON, BARBARO t FLA.TTE, FRt EDMAN, LYNCH+ ( LBL I 
FIRES TONE, GOLDH ABER, l I SSAUER, TRIllING t LBL I 
A.FIRESTONE ICITJ 
+HALPERN, HARGIS, SNAPE ,c ARNAHANt +I PENN+C INC J 
+ARNOt o, HAGUENAUER, + ( BERG+STRB+EPOL +MAORI 

Pl 
P2 
P3 

•• 
P5 

•• P7 

•• 

Wl 
Wl 

W2 
W2 

W3 
W3 

AVG 

AVG 

1413.7 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

FRO~ A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO 
BRANDENBURG 16 DATA. 

ceo .. 1 
1241 .. 1 
(160. I 
(142.01 
1200.01 
180 .. 
195. 

64 Q2114001 WIDTH IMEVI 

130. I 
APPROX. 

116 .. 0) 
APPROX. 

10. 
25. 

DAVIS 
Fl RES TONE 
BRANDENB 
CARNEGIE 
VERGEEST 
ElKIN 
OAUM 

72 H8C + 12. K+ P 
72 DBC + 12. K+ 0 
76 ASPK +- 13 K+-P, I KPI PI) P 
17 ASPK +- 13 K+-P,P KPIPI 
79 HBC +- 4.2 K-P,K PI PI 
80 MPS 0 6 K-P,KO PI+ Pl-
81 CNTR - 63 K-P,K 2PI P 

182.1 9. 3 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

SEE NOTE E ABOVE. 

64 Q2C 1400) PARTIAL DECAY MODES 

Q2l14001 INTO K*CB92) PI 
Q2(14001 INTO K RHO 
Q2( 14001 INTO K PI 
Q2(14001 INTO K ETA 
Q2C 14001 INTO K OMEGA 
Q2{14001 INTO K PI PI 
Q2U4001 INTO KAPPA Pt 
Q2(1400J INTO K EPSILON 

64 Q211400J PARTIAL WIDTHS IMEVJ 

DECAY MASSES 
891+ 139 
497+ 769 
4 1H+ 139 
497+ 548 
497+ 782 
497+ 139+ 139 

1350+ 139 
497+1300 

I G21 

12172 
12175 
12/75 
12/77 
12179 
l/82* 
1/82* 

Q2 INTO K RHO 
2.0 

'· 0 
CARNEGIE! 11 ASPK +- 13 K+-P,IKPIPIIP 12/78 

Q2 INTO K* PI IGll 
117.0 10.0 CARNEGIEl 77 ASPK +- 13 K+-P,CKPIPIIP 12/78 

Q2 t NTO K OMEGA CG51 
2:3.0 12.0 CARNEGIE\ 77 ASPK +- 13 K+-P,IKPIPIJP 12178 

BAR LOUT A 
BINGHAM 
DE JONGH 
JONES 
LEWIS 
WERNER 

13 NP 8 
73 NP B 
73 NP B 
73 NP B 
73 NP 8 
73 PR D 

59 374 
52 31 
58 110 
52 383 
60 283 
1 12:75 

i\NGELOPO 74 NC 20A 4c:l 
BOWLER 74 NP B74 4'i3 
DAVIDSON 74 PR 09 77 
DEUTSCHM 74 Pl 498 388 

ANT IPOV 75 NP 886 381 
BOWLER 75 NP B97 227 
CORE 75 LNC 13 2:65 
()REVILLO 75 PL 55 B 245 
()UNWOODI 75 NP 891 189 
OTTER\ 75 NP 884 333 
OTTER2 75 NP 893 365 
OTTER3 75 NP B'i6 29 
TOVEY 75 NP 895 109 

BASDEVAN 76 PRL 37 977 
BOAL 76 PR D 14 2998 
BOWLER 76 JPG 3 775 
BRANDENB 76 PRL 26 703 
OTTER 76 NP 8 106 11 
1/ERGEEST 76 PL 62 8 471 

CARNEGIE 71 NP B 127 509 
CARNEGIE171 PL B 68 287 

BBJSCH 78 PL 74 B 282 
GAVILLET 78 Pl 76 8 517 
WOHL 78 NP B 132 401 

BASDEVAN 79 PR D 19 246 
MAZ ZUCAT 79 NP B 156 532 
VERGEEST 79 NP B 158 265 

BACON 
DIONISI 
ElKIN 
IRVING 
RADFORD 

80 NP B 162 189 
8D NP B 169 1 
80 PR D 22 42 
80 JPG 6 153 
eo NP e 167 181 

+DREVILLON. SHAH,+ C SACL+EPOL+RHELJ JP 
+FARWEL,+ ILBL+ORSAY+BNL+SACLAY+MILANI JP 
+CORNET 1 CHARR t ERE,+ I BRU X+foi.ONS+CERN+MPI M I 
G.T.JONES (CERN) JP 
+ALLEN, JACOBS ,OANY sz, BORG,+ ILOWC+LOIC+CDEF I 
+SLATTERYoFERBEL (ROCHESTERI 

ANGELOPOULOS, FIll PPAS+ ( ATHU+ATEN+L IVP+VI EN I J P 
+OA I NTON, KADDOURA, A lTC HI SON t OXF I 
+CHAPMAN,GREEN,LYS,ROE (MICHl 
DEUTSCHMANN•+ (AACH+BERL+CERN+LOIC+VtENJ JP 

+ASCOllrBUSNi:LLOoKIENZLE+ ISERP+CERN+ILLI JP 
+GAME, A I TCHI SON, DA 1 NTDN I OXF+OAR E I 
+GU lOON I ,LAAKSO, MAR I Nl, CONFORTO+ C R OHA+RHEL J 
OREVILLON,BORENSTEIN+ CEPOL+BOHR.+CDEFI JP 
DUNMOOOt E, GRANT+ I CERN+BELG+MONS+MPI MJ J P 
+ C AACH+S ERL+CERN+LOIC+VIEN+ATHU+A TEN+LIVP I J P 
+RUDOLPH, RUMPF+ I AACH+BERL+C ERN+LOIC+VI EN I JP 
+RUDOLPH, SEYFERT+( AACH+ BERL +CERN+LOIC+V lEN I I, JP 
+HANSEN, BORENSTEIN o BORG+ ( RHEL+EPOL+SACL I I ,J P 

BAS DEVANT, BERGER I FNAL+ANU 
+EDWARDS, KAMAL, TORGESON I ALBERT AI 
M. G,. BOWLER I OXFORD) 
BRANDENBURG ,CARNEG I Er CASHMORE oOAVI ER+ t SLAC I J P 
+ I A.ACH+BERL +CERN+ Lot C+Vl EN+LPNP+RHEL+SACL I JP 
+ENGELEN,JONGEJANS,+ UMST+CERN+NIJH+OXFJ JP 

+CASHMORE, DA VI ER,DUNWOOOI E, L ASI NSK I+ I SLAC I 
+CASHMORE, OUNWOODI E, LAS INSK I,+ t SLAC J 

+8 I RMAN, KON IGS, OTTER,+ 
+OIAZoDIONISI,+ 
+PALER, CHAURANO,+ 

BAS DEVANT, BERGER 
MAZ ZUCATO, PENNINGTON+ 
+JONGEJANS, DI ON I SI, + 

(CERN+AACH+ETHI JP 
IAMST+CERN+NIJM+OXFJ JP 

( LPNP+RHEL+SACLAYJ 

IANLI 
C CERN+ZEEM+NIJM+OXF I 
(Nt JM+AMST +CERN+OXF J 

+BARREY, BUTTERWORTH,ANSORGE ,+ I Lot C+CAVE) 
+GAVI ll ET, ARMENTEROS+ ( CERN+MAOR+CDEF+ STOHl 
+FOLEY,LINOENBAU"',KRAMER,+ IBNL+CUNYI JP 
A.C.IRVING tliVPJ 
RADFORD,BRANOENBURG 114ITI 
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Data Card Listings 
For notation, see key at front of Listings. 

DAUM 61 NP 6 187 1 +HERTZ BERGER+ ( AMST+CERN+CRAC+MPI"1+0XF+RHEL t 
( AACH+BERl+lO IC+VI EN+BIRM+BELG+C ERN+MONS I 

+SJOGREN. ARMENTEROS, + I CERN+COEF+MA.OR+STOHl 
OTTER 81 NP 6 181 1 
ROOEBACK 81 ZPHY C 9 9 

.................................. ***•••••• •••••••••••••••••••••••••• •••••• ......... ••••••••• •••••••*• ................................... . 
I K' ( 1400) I 21 K PR!MEI1400,JP•O-I 1•112 

M A 
M 

) OBSERVED INK PI PI PARTIAL-WAVE ANALYSIS. 
NOT SEEN BY VERGEEST 79. 
MAlT CONFIRMATION. OMITTED FROM TABLE. 

21 K PRIME MASS IMEVJ 

( 1400.1 APPRO X. BRANOENBU 76 ASPK +- 13 K+-P.KPIPI 
( 14&0.) APPRO X. DAUM 81 CNTR - 63 K-P,K 2PI P 

M A COUPLED MAINLY TO K EPSILON. DECAY INTO K*IB921 PI SEEN. 
M 

21 K PRIME WIDTH IMEVI 

W A 1250. I .&PPROX. BRANOENSU 76 ASPK +- 13 K+-P.KPIPJ 
w 1260. I APPRO X. DAUM 81 CNTR - 63 K-P,K 2PI P 

W A COUPLED MAINLY TO K EPSILON. DECAY INTO K*f892J PI SEEN. 

a K PRIME PARTIAL DECAY MODES 

P1 PRIME INTO K•I892J PI 
DECAY MASS!:S 

891+ 139 
P2 PRIME INTO I< RHO 493+ 769 
P3 PRIME INTO KAPPA PI 1350+ 139 

21 K PRIME PARTIAL WIDTHS (MEVI 

W1 
W1 

W2 
W2 

W3 
W3 

K PRIME INTO 1<*(8921 PI 
fl09. I APPRO X. 

K PRII1E INTO I< RHO 
( 34 .. I APPROX. 

K PRIME INTO KAPPA PI 
fll7. I APPRO X. 

1Gl1 
OAUM 81 CNTR 63 K-P,K 2Pl P 

(G21 
DAUM 81 CNTR 63 K-P,K 2Pl P 

IG31 
DAUM 81 CNTR 63 K-P,K 2PI P .................................................................... 

REFERENCES FOR K PRIME 

12/77 
1/82* 

12/77 
1/82* 

1/82• 

1/82* 

BRANOENB 76 PRL 3~ 1239 

VERGEEST 79 NP 8 158 265 

BRANDENBURG, CARNEGIE oCA SHMDRE,QAVI ER+ I SLAC J J P 

+JONGEJANS,OIONISI ,+ INI JM+AMST+CERN+OXFI 

DAUM 81 NP 8 187 1 +HERTZ BERGER+ I AMST+CERN+CRAC+MP IM+OXF+RHEL J ...... ......... ......... ......... ......... ......... ......... ....... . ...... ......... .......... .......... ......... ......... ......... ....... . 

CHARGED ONLY t 

0 39 1423. 
D 63 1427.0 

220 1416. 0 
0 60 1414. 

1400 1420.0 

22. K*ll43Q,JP=2+J 1==1/2 

WE CONSIDER THAT PHASE-SHIFT ANALYSES PROVIDE MORE 
REliA.BLE DETERMINATIONS OF THE MASS AND WIDTH. 
SEE RHOI770J MINI-REVIEW. 

22 K*Cl4301 MASS IMEVJ 

WIH FINAl STATE K 
11.0 
12.0 
10.0 
13.0 

PI 
SASSANO 67 HBC - 4.6-5.0K-P,KOPI-
SCHWEINGR 68 HBC - 5.5 K- P IK PII 
CRENNELL 69 OBC - 3.9 K-N IKOPI-1 
LIND 69 HBC + 9. K+ PIKO Pl+l 
AGUILAR1 11 HBC - 3.9,4.6 K- P 

"' 0 225 1425. 
3.1 
B.O 
4.6 
4.6 

( 5.01 
I 5.61 
5.0 

BARNHAM 11 HBC + K+ P1 K0 PI+ P 
8 1428.0 
8 1423.8 
0 579(1448.51 
0 292( 1431.81 

935 1423.0 

AVG 1422.6 

NEUTRAL ONLY 
2200 1421. 1 
1800 1419.1 
600 1416. 

1100 1427. 
c 1420.1 

BOO 1421.6 
( 1423.0) 

300 1420.0 
1440.0 
1434.0 
1450. 
1428. 

AVG 1426.4 

1.9 

2.6 
3. 7 
6. 
3. 
4.3 
4.2 

I 3.01 
7. 0 

10.0 
2.0 

30. 
3. 

MARTIN 78 SPEC + 10 K+-PoKS PI P H 
MARTIN 78 SPEC - 10 K+-P,KS PI P H 
DElFOSSE 81 SPEC + K+-P,K+- PIO P 
DELFOSSE 81 SPEC - K+-P,K+- PIO P 
TOAFF 81 HBC - 6.5 K-P,KO PI- P 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

DAVIS 69 HBC 
AGUilAR1 71 HBC 
CORDS 71 08C 
BUCHNER 72 DBC 
LINGLIN 73 H8C 
MCCUBBIN 75 HBC 
ETKIN 76 SPEC 
HENDRICKX 76 OBC 
BOHLER 77 DBC 
ESTABROOK 78 ASPK 
ElKIN 80 SPEC 
ASTON 81 LASS 

0 12. K+ i>(K+Pl-1 
0 3.9,4.6 K- 'P 

0 9. K+ N,K+ PI- P 
0 4.6 K+ N,K+ PI-P 
0 2-13 K+P,K+PI-

0 3.6 K-P 1 K-PI+N 
06.K-P,KO PI+PI-

8.25 K+N,K+PI 
0 5.5 K+DtK PI P P 
0 13K+-PoP K PI 
0 6.K-P,KO PI+PI-N 
0 11 K-P,K- PI+ N 

2 .. 0 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.9) 
ISEE IDEOGRAM BELOW I 

B 
c 

SYSTEMATIC ERROR ADDEO BY US. 
FROM POLE EXTRAPOlATION, USING WORLD K+P OST 

M 0 ERRORS ENLARGED BY US TO GAMMAfSQRTINJ. SEE TYPED NOTE ON K* 
M E SEE MORE RECENT PARTIAL HAVE ANALYSIS fETKIN 801 
M p FROM PHASE SHIFT ANALYSIS. 
M W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US 

12/75 
12/77 
7/69 

12/77 
11/71 
12/75 

1/82* 
1/82* 
1/82* 

9/69 
11/71 
2172 

12/72 
12/75 
12175 
7/77 
7/77 

12177 
12/77 
3/82* 
1/82* 

Mesons 
Q2( 1400), K'( 1400), K'(1430) 

WEIGHTED AVERAGE= 1426.4 ± 2.0 
ERROR SCALED BY 1.9 

·ASTON 81 LASS 
·ETKIN 80 SPEC 
·ESTABROOK 78 ASPK 
·BOWLER· 77 DBC 
·HENDRICKX 76 DBC 
·MCCUBBIN 75 HBC 
·LINGLJN 
·BUCHNER 
·CORDS 

73 HBC 
72 DBC 
71 DBC 

CHISQ 
.3 

1 4. 6 

1 . 9 

0.8 
I . 3 

2. 1 

0.0 
3.0 

·AGUILAR1 71 HBC .8 
·DAVIS 69 HBC 4.1 

32.0 
(CON LEV 

1400 1440 1480 1520 =0.000) 

NEUTRAL K 0 (1430) MASS (MEV) 

22 K*ll4301 WIDTH IMEVI 

CHARGED ONLY, STATE K PI 
1400 94.7 

WITH FINAl 
15.1 12.5 AGUILAR! 71 HBC - 3.9.4.6 K- P 

96.5 
97.7 

0 579 118.9 

3. B 
4.0 

20.0 
22.5 
16.0 

MARTIN 
MARTIN 
DELFOSSE 
DELFOSSE 
TOAFF 

78 SPEC + 10 K+-P,KS PI P 
78 SPEC - 10 K+-P.KS PI P 
81 SPEC + K+-P,K+- PIO P 

0 292 96.0 81 SPEC - K+-P,K+- PtO P 
935 85.0 81 HBC - 6.5 K-P,KO PI- P 

AVG 97.0 2.6 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

NEUTRAL ONLY 
2200 101. 
1 BOO 116.6 

DllOO 109. 
c (61.01 

BOO 116. 
Cl70.01 

98.0 
140. ... 

10. 
10.3 
14.0 

114. OJ 
lB. 

120.01 
5. 0 

30. 
B • 

15.5 
DAVIS 69 HBC 
AGUILAR 1 11 HBC 
BUCHNER 72 DBC 
Ll NGlt N 73 HBC 
MCCUBBIN 75 H8C 
BOWLER 77 DBC 
ESTABROOK 78 ASPK 
ElK IN 80 SPEC 
ASTON 81 LASS 

012-K+PfKPII 
0 3.9,4.6 K- P 

0 4.6 K+ N,K+ PI-P 
0 2-13 K+P,K+PI-

0 3.6 K-P,K-PI+N 
0 5.5 K+D,K PI P P 
0 13K+-P,P K PI 
0 6.K-P,KO P[+Pl-N 
0 11 K-P,K- PI+ N 

AVG 101.7 3. 5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

W C FROM POLE EXTRAPOLATION, USING WORLD K+P DST 
W 0 ERRORS ENLARGED BY US TO 4*GAMMA/SQRTINI. SEEK* TYPED NOTE • 
W P FROM PHASE SI-'IFT ANALYSIS • 
11 W NUMBER OF EVENTS IN PEAK REEAVALUATEO BY US 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

22 K*fl4301 PARTIAl DECAY MODES 

K*f 14301 INTO K PI 
K*fl4301 INTO K*(8921 PI 
K*ll4301 INTO K RHO 
K*(l4301 INTO K OMEGA 
K*( 14301 INTO K ETA 
K*(143DI INTO K*l8921 PI PI 
K*lllt301 INTO K OMEGA PI 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
493+ 139 
891+ 139 
493+ 769 
493+ 782 
493+ 548 
891+ 139+ 139 
493+ 782+ 139 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, P 1, as follows: The diagonal elements are Pi* OPi. where 

Opi = '\)\6P10Pi), while the off-diagonal elements are the~ correlation coeffi­

cients (0Pi0Pj) /(OPi. OPj), For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to L 

P1 P.2 P3 P4 P5 P6 
P 1 .4479+-e0226 
p 2 .. 0842 • 2458+-. 0201 
p 3 -.0109 .4180 .0879+-.0108 
p 4 -.1587 -.2389 - .. 1755 .0415+-.0152 
p 5 - .. 4414 -.4415 -.3130 -.0918 .0470+- .. 0266 
p 6 -.3913 -.4361 -.3126 -.0987 -.1155 .1299+-.0255 

R1 
R! 
R1 
R! 
R1 
R 1 AVG 
R1 FIT 

22 K*ll4301 BRANCHING RATIOS 

K*fl4301 INTO IK PIJ/TOTAl fPll 
0.49 0.02 ESTABROClK 78 ASPK +- 13K+-P,P K PI 
0.43 o. 01 ASTON 81 LASS 0 11 K-P,K- PI+ N 

FROM PHASE S~IFTS ANALYSIS. 

0.442 0.024 AVERAGE IERROR INClUDES SCALE FACTOR OF 2.71 
0.448 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.71 

R2 K*ll4301 INTO IK*(8921 Pll/tK PI+ K PI Pll IP21/1Pl+P2+P31 
- 3.0 K-P R2 QR 10.451 10.131 SADlER 65 HBC 

R2 Q 10.471 10.101 SASSANO 67 HBC -o 4.6. o;.o K- P 

11/71 
12/78 
12/78 
1/82* 
1/82* 
1/82• 

9/69 
11/71 
12/75 

1/74 
12/75 
12/77 
12/77 
3/B2* 
1/82* 

12/77 
1/82* 

1/78 
10/67 
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Mesons 
K"( 1430), L( 1580) 

R3 K*ll4301 INTO (K RHOIII K Pi'+ K PI PI I IP31!(Pt+P2+P31 
R3 QR 10.141 (0.071 BAOIER 65 HBC - 3.0 K-P 
R3 Q 10.141 I 0.101. SASSANO 67 HBC -0 4.6, S.O K- P 

R4 
R4 
R4 0 
R4 
R4 0 
R4 
R4 AO 
R4 
R4 
R4 • 
R4 
R4 
R4 

R5 
R5 
R5 
R5 · 
R5 
R5 
R5 
R5 
R5 
R5 

R6 
R6 
R6 
R6 
R6 

AVG 
FIT 

,R 

AVG 
FIT 

R6 0 
R6 
R6 
R6 
R6 
R6 
R6. 
R6 
R6 AVG 
R6 FIT 

R7 
R7 
R7 
R7 P 
R·7. AN 
R 7 P 
R7 P 
R7 
R7 N 
R 7 A 
R7 P 
R7 
R7 AYG 
R7 FIT 

R8 
R8 0 

R9 
R9 0 

RIO 
RlO 
RIO 
RlO 
R 10 
RIO 
R 10 FIT 

K*H4301 INTO (KCtl8921 PI) I IK PI I IP21/1Pll 
0.65 o. 20 SHEN 66 HBC 0 N• PRODUCED 

{0.'631 I 0.201 SHEN 66 HBC + NO N* PRODUCED 
0.52 0.12 SCHWE INGR 68 HBC 0 4.1+5.5 

·- p 84 10.931 I 0.111 81 SHOP 69 HBC 3.5 K+ P 
0.47• o. 08 AGUILAR! 11 HBC 3.9,4.6 K- p 

150 10.651 ( 0.25) ANTI POl/ 75 .ASPK - 40 K-P,K•- P 
o. 54 0.16 OEHM 74 OBC 0 4.6 K+ N 
0.62 0.19 LAUSCHER · 75 HBC 010,16 K-P,K-Pl+N .. PI SIGNAL FROM PARTIAl WAVE ANALYSIS OF IK-PI+PI-1 SYSTEM 

o. 517 ·0 .. 056 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1-01 
0.549 a. ost FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.2) 

K*( 1430) INTO IK OMEGA) I K PI (P4JIIPll 
0.19 O.lb SADlER 65 HBC - 3.0 K-P 

(0. OBI OR lESS SHEN 66 HBC 4.6 K+P 
'(0. 2) OR lESS BASSDMPIE 69 HBC + 5 K+ p 

0.13 o. 01 BASSOMPIE 69 HBC 0 5 K+ P 
0.05 o. 04 A.GUILAIU 11 H8C 3.9-4.6 K- p 

·10. 21 OR LESS Cl=.95 CHUNG 74 HBC - 7.3· K-P,K•-· P 

0.075 0.034 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
0.093 0.035 FROM FIT I ERROR INCLUDES SCALE· FACTOR OF·1.1J 

KOC<(l4301 INTO IK RHO) I (K P11 {P31/IP1J• 
10.091 OR LESS CHUNG 65 HBC + 0 3.9-4.2 Pt- P 

O. 26 0.16 SCHWEINGR 68 HBC 0 4.1+5.5 K- P 
10.21 OR lESS BASSOMPIE 69 HBC •+ 5 K+ P 
10.3) OR LESS BASSOMPIE 69 HBC 0 5 K+ P 

15 10.111 (0.061 BISHOP 69 HBC 3".5 K+ P 
0 . .16 0.05 AGUILAR! 71 HBC 3.9,4.6 K- P 
0.02 0. 10 0.02 OEHM 74 OBC 0 4.6 K+ N 

10.241 I 0.141 UUSCHER 75 .HBC 010,16 K-P,K-Pit-ti 
USES RESUlTS OF OTTER 75 tSEE R7 BELOW). WE 00 NOT AVERAGE THIS 
STATISTICAllY REDUNDANT RATtO, BUT KEEP THE LAUSCHER 75 RESULT 
FOR R4 ABOVE. 

0.111 0.054 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.4) 
0.196 0.026 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.4) 

K*l 14301 INTO IK RHOJ I IK*(8921 Ptl IP311CP21 

130 

(0.391 OR LESS 
(0.40) OR LESS Cl=.90 
o. 13 0.·09 

10.031 (0.031 
o. 36 ·o.to 

(0.331 APPRQX. 
o. 39 0.03 

BASSOMP IE 67 HBC 
FIELD 67 HBC 
OTTER 75 HBC 
ANTIPOV 75 ASPK 
YERGEEST 76 HBC 
ElKIN 80 SPEC 
DAUM 81 CNTR 

+ 5 • K+ P 
- 3. 8 K- P 

OB, 10,16 K-P,K* N 
- 40 K-P,K•- P 
0 4.2 K-P,P KOPIPI 
0 6.K-PtKO PJ+Pl-N 

63 K-P,K 2PI P 
K RHO MODE NOT OBSERVED 
FROM PARTIAL WAVE ANALYSIS 
FROM PARTIAl WAVE ANALYSIS 

OF IK-PI+Pl-1 SYSTEM 
OF IKO PI+ PI-I SYSTEM 

0.364 0.053 AVERAGE tERROR INCLUDES SCALE FACTOR, OF 1.91 
0.358 0.041 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.61 

K*(14301 INTO (K OMEGAI I IK*I8921 ptJ {P41/IP21 
(0.10) ( O. 041 FIELD 67 HBC - 3.B K- P 

K*ll4301 INTO (K ETAI I IK*(B921 PIJ IP5JIIP21 
10.071 10.041 FJELD .67 HBC - 3.B K- P 

K*I1430J INTO (K ETAJ I IK PII 
0.05 o. 06 

t0.065JOR LESS 
(0.02) OR LESS 
10.041 OR LESS Cl=.95· 

SADlER 65 HBC 
BASSOMPIE 69 HBC 
BISHOP 69 HBC 
6.GUILAR1 -11 HBC 

CP5J/IPlJ 
- 3.0 K-P 

5.0 K+P 
3.5 K+. P 
3.9-4.6 K- P 

0.105 0.062 FROM FJT.(ERROR INCLUDES SCALE FACTOR OF 1.21 

KOC<Il430'1 INTO (K*IB921 PI .PIJ/TOTAL IP6J . 

1/78 
10/67 

10/66 
10/66 
10/67 
9/69 

11/71 
12/75 
12175 
12175 

1/78 
8166 
9169 
9169 

11/71 
12/75 

8166 
10167 
9169 
9169 
9169 

11/71 
12/75 
12175 

9167 
6/67 

12/75 
12/75 
12177. 
3/82* 
1/82• 

6167. 

6167 

1/78 
117B 
9/69 . 

11/71 

Rll 
RllT 
Rll 

0.12 0. 04 GOLDBERG 16 HBC - 3 K-P,P KOPtPIPI 12/77 

Rll FIT 0.130 0.026.\ FROM FIT CERROR INCLUDES SCALE FACTOR OF loll 

Rl2 K*C14301 INTO (K*CB92J PI PII/IK PIJ (P61f(Pll 
Rl2T R 0.21 . O.OB . JONGEJANS-7B HBC - 4K-P,P KOOPIPIPI 4/78 
Rl2 
R12 FIT 0.290 * 0.064 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.21 

Rl3 
Rl3 

K*(l4301 INTO (K OMEGA PIJITOTAL (UNITS 10**-3) (P71 
0 10.721 OR LESS' CL=0.95 JONGEJANS 78 HBC 4 K-P,P KO 4PI 

Q FOLLOWING SUGGESTION BY AGUILAR 70, WE 00 NOT MAKE ·use OF MEASURE-
Q MENTS WHERE THE (K PI PI) BACKGROUND SUBTRACTION IS DIFFICULT DUE 
Q TO THE NEARB'f' Q REGION. • 

R RESTATED BY US. 
ASSUMING PI ·PI SYSTEM HAS ISO-SPIN 1, ·WHICH IS SUPPORTED. BY 
THE DATA ......... ········· .................................... . 

SADlER 
CHUNG 
FOCAROI 

65 PL 19 612 
65 PRL 15 325 
65 Pl 16 351 

REFERENCES FOR K*( 1430 I 

BAD I ER, DEMOUL JN, GOLDBERG+ I EPOL+SACL+AMSTJ 
+DAHL, HARDY, HE SS,J ACOBS ,K I R Z, MILLER I LRL J 
FOCAROI, Ml NGUZZI R ANZ I , SERR A+C BOLOGNA+$ ACLI 

SHEN 66 PRL 11 726 +BUnERWORTH,FU,GOLOHABERStTRilliNG ILRLI 
AlSO 66 (PRIVATE COMMUNIGERSON GOLDHABER · ILRU 

SASSANO 67 PRL 19 968 
SASSOMPt 67 PL 268 30 
CRENNELL 67 PRL 19 44 
DAHL 67 PR 163 1317 

ALSO 65 PRL 14 401 
DE BAERE 67 NC 51 A 401 
FIELD 67 Pl 248 638 
GOLDHABE 67 PRL 19 c;iz 

+GOLDBERG, GOZ, BARNES, LEITNER+ IBNL+SVRACUSE I . 
BASSOMPI ERR E, GOLDSC H""l OT+ I CERN+BRUXf.B IRMI I JP 
+KALBFLE I SCH,LA I, SCARR; SCHUMANN C·BN( I 
+HARDY+HESS+KlRZ+MILLER (LRU 
HARDY, CHUNG,i>AHlt HESS, K iRZ, Mt i..LER ( LRLI 
+GOLOSCHMI DT-ClERMONT, HENR t + I BRUX+CERNJ 
+HEN OR ICKS+P ICC ION I +YAGER ·I LAJOLLA I 
G."GOLDHABER, F l REST ONE i SHEN C LRL J 

4/78 

Data Card Listings 
For .. notation, see key at front of Listings. 

AOERHOLZ 68 NP 8 ·s ~67 
ALSO 66 Pl .22 357 

ANTICH 68 PRL 21 1!!42 
DUBAL 6B THESIS 1456 
KANG 68 PR 176 15B1 
SCHWEING 68 PR 166 1317 

ALSO 67 THESIS 

BASSOHPJ 69 NP B13 189 
8 IS HOP 69 NP B 9 403 
CRENNELL 69 PRl 22 487 
DAVIS 69 PRl· 23 1011 
DE BAERE.69·NC 61 A .'397 
FRIEDMAN 69 UCRL-1,8860 
LIND 69 ~p 8 14 1 

ABRAMS 70 PR a· 1 2433 
AGUILAR 70 PRL 25 1:362 

AGUILAR! 11 PR D 4 2583 
6 ARNHAIII 11 NP 8 28 171 
CORDS 71 PR D 4 1974 

BUCHNER 72 NP 8 45 333 
CRENNet.L 12 PR 0 6 1220 
OEUTSCHIII .72 NP B 36 313 
ENGELMAN 72 PR 'D 5 2162 
FRA TI 72 PR 0 6 2361 
ROUGE 12 NP B 46 29 
TIECKE 72 NP 8 39 596 

+DEUTSCHMANN+ tAACH+BERL+CERN+LOlC+VI ENNAJ 
BARTSCH, DEUTSCHMANN, MORRISON+ (ABCU TC1VJ 

+CAllAHAN,CARSON,COXo.DENEGRI,+ CJHUJ 
l.DUBAL (~ENEVEI 
Y.W.KANG (IOWA I 
SCHWE I NGRUBER• DERRICK, FIELDS+ ( ANl+NWESI 
F .t. SCHWE I NGRUB.ER (NORTH WE STERN, EVANSTON J 

BASSOMPIERE,GOlDSCHMIOT-CLERiol.+ ICERN+8RUXI JP 
+GOSHAW,ERWIN,WALKER tWJSCl 
+KARSHON,LA I, ONEALL, SCARR ( BNL J 
+DERENZO,FLATTE, AlSTON, LYNCH, SOLMITZ ( LRL I 
+GOLOS'cHMI D'r-CLERMONT, HENRI,+ C BELG+tER'N) 
J.FRIEOMAN,PH.O. ·THESIS . ILRU 
+ALEXANOER,FIRESTbNE,FU,GOlDHABER CLRLI JP 

+EISENSTEIN ,"KtM,MARSHALL,O.HALLORANt+ I ILU 
AGU tLAR-BEN IT EZ, SASSANO, EISNER,+ I BNL+ PUR OJ 

+EISNERoKI~SON lBNLJ 
+COLLEY ,JOBES, GRIFFITHS ,HUGHES, +I B IRM+GLA Sl 
+CARMON'f', ERWIN, ME JERE,+ ( PURO+UCD+ IUPU I 

.+OEHM,CHARR I ERE ,CORNET,+ I HPIM+CERN+BRUX J 
+GDRDON,KWAN-WU LAI,SCARR (BNLI 

·DEUTSCHMANN,+ IABCLV COLLABORATION) 
ENGELMANN, MUSGRAVE tFORMAN,+ ( ANL +EF I J 
+HALPERN, HARGIS, SNAPE.; CARNAHAN,+( P ENN+C INC I 
+VIOEAU,VOLTE,DE BRION,+ tEPOL+SACU 
+GRIJNS,HEINEN,DE GROOT.+ CNIJM+AMSTJ 

CHARRIER 73 "'P .e 51 317 CHARRIERE,DRIJARD,OE BAERE,+ ICERN+BELGI 
CCERNJ 

(OXFORD I 
(.8RUX+MONS+CERN+MP1 M I 

CCERNJ 
tlBU 

.. ALSO 75 (PRIVATE COMMUNICATION) GOLDSCHMIDT-CLERMONT 
CLARK 13 NP B 54 432 +LYONS,RADOJICTC 
DE JONGH 73 NP B 58 110 +CORNET,CHARRIEREi+ 
liNGLIN 13 NP 8 55 4C8 D.llNGliN 
WALUCH 73. PR 0 8 2E37 +FlATTE,FRIEOMAN 

CHUNG 
DEHM 

74 Pl 51B 413 
74 NP 875 47 

+EISNER, PROTOPOPESCUt SAfi!IOS, STRAND I BNL J 
+GOEBEL ,WJ TTEK, WOLF,+ ( MPI M+8RUX+MONS+CERNJ 

+AS COLt, BUSNEllO,Kl ENZLE+ ( SERP+CERN+ILU ANTIPOY 75 NP BB6 361 
LAUSCHER 75 "'P 886 \Bq 
IIICCUBBIN 75 NP BB6 13 

+OTTERoWIECZOREKo+ tABCLV COLLABORATIONI JP 
N.A.MCCUBBJN,L.LVONS IOXFI 

OTTER 75 "'P 884 333. + C AACH+BERL+CERN+LOIC+VtEN+ATHU+A.TEN+ll VP J 

ElKIN 76 PRl 36 14B2 . +FOLEYoGOLOMAN,LlNDENBAUM,KJM,+ t BNl+CUNYJ 
J.GOLOBERG > CHAIFAJ 
+V IGNAUD, BURLAUD,+ t MONS+SACl+LPNP+BELGJ 
+KLE I N.COUNIHAN 9 +( AACH+BERL +CERN+LO tC+W lEN I 

GOLDBERG 76 LNC 17 2~3 
HENDRICK 76 NP 8 .112 189 
KIRK . 76 NP 8 ll6 99 
VER.GEEST 76 PL 62 B ·471 +ENGELEN,JONGEJANS,t~ UM.ST+CERN+NIJM+OXFI JP 

BOWLER 11 NP B 126. 31 

BALDI 78 NP 8 134 365 
BOHM 78 PRL 41 ll61 
ENGELEN 78 NP B 134 14 
ESTABRDO 78 NP B 133 490 

ALSO '7B PR 0 1J'. 65B 
JONGEJAN 18 NP 8 139 3B3 
MARTIN 78 NP B 134 392 

+DA IN TON, DR~KE tWILL IA~S COX FORD I 

+BOHR INGER, DORSAl, HUNGERBUHLER:f". I GEVA J 
'+VAN DALEN,+ CAACH,UCR+CERN+HARV+MUNI+NWESI 
+JDNGEJANS, HEMINGWAY,+ t Nl J M+ZEEM+CERN+OXF I 
ESTABROOKS, CARNEGIE,+ I MONT+CARL+OURH+SLACJ 
ESTABROO!tS, CARNEGIE+ { MONT+CARL+OURH+SLACI 
JONGEJANS, CERRADA, + ( ZEEM+CERN+NI JM+OXF I 
+SHIMADA, BALDI, BOHR INGER, OORSAZ+toURH:t-GEVAI 

ElKIN 80 PR D 22 42 ' +FOLEY, L lND'eNBAUM, KRAP'IER,+ CBNL+CUNYI JP 

ASTON Bl PL 106 B 235 +C ARNEGIEt DUNWOODI E, OUR KIN+ ( SLAC+CARL+OTT AJ J P 
OAUM 81 NP 8 1B7 1 +HERTZ BERGER+ ( A,ST+CERN+CRAC+MPIM+OXF+RHEl I 
DELFOSSE B1· NP 8 1B3 349 
TOAFF 81 PR 0 23 15DO 

+GUI SAN, MARTIN, MUHLEMANN, w·E I llt +( GEVA+LAUSJ 
+MUSGRAVE, AMMAR, DAVIS, ECKLUND,+ I ANL+KANSJ ........................................................................ ............... ••••'!'•••• ........................................... . 

1 L(isao) r 
) 

39 li15601 JP=2-I 1=112 

~EEN IN PARTIAL WAVE ANALYSIS OF THE K-PI+PI- SYSTEM 
CCTTER 7BI. SEE U17701 MINIREVIEW. 
HED CONFIRMATION OMITTED FROM TABLE. 

Pl 
P2 

39 lll580.J MASS (MEVI 

C 15BO. I APPRO X .. OTTER 79 

~9 li1580J WIDTH tMEVI 

CliO. I APPRO X. OTTER 79 

39 'Lil5BOI PARTIAL DECAY MODES 

U 15801 INTO I<*( 8921 PI 
Ll 15BOI INTO K*( 1~3DI PI 

- 10,14,16 K- p 

lOt 14,16 K- p 

DECAY MASSES 
891+ 139 

1434+ 139 

_...:,.. ___ ---~-- ----- -------- __ .:_ _____ ~--- ------- ------
39 LH5BOI BRANCHING RATIOS 

Wl lll5801 INTO K*f 8921 PI I Pll 
Wl SEEN OTTER 79 HBC - 10,14,16 K- p 

W2 Lll5801 INTO K*l 14301 PI ( P2J 
W2 POSSIBLY SEEN OTTER 79 HBC - lOt lit, 16 K- p ...................................................................... 

REFERENCES_ FOR LC15BOJ 

12/79 

12179 

12179 

12179 

OTTER 79 NP B 147 1 +RUDOLPH,+ IAACH+BERL+CERN+LOIC+KIENI JP 

........................................... ·····•-o.•• .................. . ...... ......... .......... ......... .......... .......... .......... ....... . 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
K'(t650), L(l770), K'(t780) 

IK.(t65o)l 2 • 

) 
THIS ENTRY CONTAINS VARIOUS PEAKS CBSERVED IN THE 
1- WAVE OF THE K PI AND K PI PI SYSTEMS. 
WAtT CONFJRMATION.OMITTED FROM TABLE. 

Pl 
P2 

Rl 
Rl 

29 K*l 16501 MASS I MEV I 

( 1660. I 
I 1650. I 

1500. 
1800. 

11700. I 

APPRO X. 
30. 
70. 

APPRO X. 

CHARRIERE 73 H.BC 
ESTABROOK 78 ASPK 
ElKIN 80 HPS 
ElKIN 80 MPS 
ASTON 61 LASS 

AVERAGE MEANINGLESS (SCALE FACTOR ., 3.9) 

29 .. K*fl6501 WIDTH IMEYI 

160. I 
25D-300 APPROX. 
170. 30. 
500. 100. 

(200.) APPRO X. 

CHARRIERE .73 HBC 
ESTABROOK 78 ASPK 
ElKIN 80 MPS 
ElKIN 80 MPS 
ASTON 81 LASS 

AVERAGE MEANINGLESS (SCALE FACTOR "' 3.21 

29 1<*116501 ~ARTIAL DECAY MODES 

1<*(16501 INTO K PI 
K*l1650) INTO K ETA 

29 K*ll6501 BRANCHING RATIOS 

0 5. K+ P,K P 3PI 
0 13 K+-P,K+-PI+-N 
0 6 K-P,KO PI+ PI-
0 6 K-P,KO PI+ Pl-
0 11 K-P,K- PI+ N 

0 5. K+ P, K P 3PJ 
0 13 K+-P 1 K-Pl+-N 
0 6 K-P,KO PI+ Pl-
0 6 K-P,KO PI+ Pl-
0 ll K-P,K- PI+ N 

DECAY MASSES 
497+ 134 
497+ 548 

I Pll K*ll6501 INTO IK PIJITOTAL 
(0. 351 APPROX. ASTON 81 LASS 0 11 K-P,K- PI+ N 

REFERENCES FOR K*l16501 

CHARRIER 73 NP B 51 317 CHARRlERE,DRIJARO,DE SA ERE,+ ICERN+BELGI 

ESTABROO 78 NP B 133 490 ESTABROOKS .CARNEGIE,+ I MONT +CARL +OURH+SLACI 

1/13 
12178 

1/82* 
1/82* 
1/82* 

1/13 
12/78" 

1/82* 
1/82* 
1/82* 

l/82* 

ElKIN 80 PR 0 22 42 +FOLEY, L I NOENBAUM, KRAMER,+ I BNL+CUNYj JP 

ASTON 81 Pl 106 6 235 +C ARNEGJE, OUNWOODl E, DURKIN+ I SlAC+CARL +OTTA I J P ............... : .................................................... . ........ ......... ......... ......... ......... ......... ......... ....... . 
IL(t77o)l 23 LI177Q, JP=2-I I = 1/2 

The L(l770) is seen as a bump at a mass ·-1.8 

GeV in the diffractive-like processes KN + (Knn)N. 

The effect is largely dominatea by the JP=2-·par­

tial waves. 

The long-standing questions concerning the 

resonant nature of the enhancement as well as its 

possible decay modes have been largely clarified 

since our last edition. A detailed partial-wave 

analysis based on 200,000 diffractive K-p -+ 

K- n+ n-p events (DAUM 81) establishes re·sonance'­

like phase variations.and isolates several decay 

modes. The behavior of the extracted 2- waves re­

quires the existence of at least one L meson, but 

there are indications suggesting the presence of 

a second state in this mass region. 

1145.0 
1780.0 

11760.01 
M X 1765.0 

.11740.01 
1767. 

M P 306 1730. 
M 60 1710. 

I 1820. I 

AVG 1758.9 

23. U17701 MASS IMEVI 

20.0 
15.0 

(15.01 
40.0 

6. 
20. 
15. 

APPRO X. 

10.0 

AGUILAR 70 ,H6C. - 4.6 1(- P 
BARTSCH 10 H8C - 10.1 K- P 
LUDLAM 70 HBC - 12.6 K- P 
COLLEY 71 HBC + 10.K+P,K 2PI 
DENEGRt 71 OBC - 12.6 K-O,K 2PI 0 
BLIEDEN 72 MMS - 11.-16. K- P . 
FIRESTONE 72 OBC + 12. K+ 0 . . 
CHUNG 74 HBC - 7.3K-P,K-OMEGA P 
OAUM 81 CNTR - 63 K-P,K 2PI P 

AVERAGE !ERROR INCLUDES SCALE FACTOR OF 2.1) 

PRODUCED IN CCNJUNCTION WITH D* 
SYSTP\ATIC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 

6/70 
1/71 
1/73 
1/13 
5/71 

12/72 
(/73 

12/75 
1/82* 

W X 
w 
w 
w p 
w 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
PS 
P9 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

AVG 

Rl P 
Rl 
Rl P 
Rl R 
Rl R 

306 
60 

100.0 
138.0 
150.0) 
90. 

1130.01 
100. 
210. 
no. 

(200. I 

23 Ll17701 WIDTH (MEVI 

50.0 
40.0 

140.0) 
70. 

26. 
30. 
50. 

APPRO X. 

( 20.01 

AGUILAR 
BARTSCH 
LUDLAM 
COLLEY 
DE NEGRI 
Bl I EDEN 
FIRESTONE 
CHUNG 
DAUM 

70 HBC - 4.6 K- P 
70 HBC - 10.1 K- P 
70 HBC - 12.6 K- P 
71 HBC + 10.K+P.K 2PI 
71 DBC - 12.6 K-O,K 2PI 0 
12 MMS - 11.-16. K- P 
72 OBC + 12. K+ 0 
74 HBC - 1.3K-P,K-OMEGA P 
81 CNTR - 63 K-P 1 K 2PI P 

135.1 20.9 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 

PRODUCED IN CONJUNCTION WITH 0* 
SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 

23 U17101 PARTIAL DECAY "10DES 

INTO K PI PI 
INTO K*l14301 PI 
INTO K PI PI PI 
INTO K*l8921 PI 
INTO K*l8921 RHO 
INTO K*C8921 OMEGA 
INTO K*l8921 PI PI 
INTO K OMEGA 
INTO K F 

23 llt7701 BRANCHING RATIOS 

L INTO IK*Cl430J Pll I (K PI PI I 
IK*Il4301 INTO K Pll 

Cl.OI BARBARO 
Q. 2 O. 2 AGUILAR 

llaOJ OR LESS BARTSCH 
U.OI OR LESS COLLEY 
(1.01 APPRO)(. FIRESTONE 
10.6) APPRO)(. OAUM 

PRODUCED IN CONJUNCTION WITH D* 

DECAY MASSES 
49h 134+ 134 
134+1434 
497+ 134+ 134+ 134 
891+ 134 
891+ 769 
891+ 782 
891+ 134+ 134 
497+ 782 
497+1213 

IP21/IPU 

69 HBC + 12.0 K+ P 
70 HBC - 4.6 K- P 
10 HBC - 10.1· K- P 
11 HBC 10. K+ P 
72 OBC + 12. K+ D 
81 CNTR 63. K-P, K 2PI P 

FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY 
MODES SEE HUGHES n,SLATTERY 7l,EISNER 74a 

R2 L INTO (K OMEGA I /TOTAL IPS I 

6/70 
1/71 
1/13 
1/73 
5/71 

12/72 
12172 
12/75 
1/82* 

1/71 
1171 
1/11 

11/71 
12/72 
1/82* 

R2 SEEN CHUNG 
OTTER 

14 HBC - 7.3K-P,K-OHEGAP 1/82* 
R2 ' SEEN 81 HBC +- 8.25,10,16 K+-P 1/82* 

R3 
R3 

L INTO tK*I8921 PI liCK PI PII IP41/IP11 
10.241 APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 

R4 
R4 
R4 

L INID (K FliCK PI Pll I P91/ ( Pll 
IF INTO PI PI I 

10.161 APPRO)(. DAUM 81 CNTR 63 K-P,K 2PI P . .................................................................. . 
BARTSCH 66 Pl 22 357 

BERLINGH 67 PRL 18 1087 
CARMONY 67 PRL 18 615 
JOBES 67 PL 268 4'1 

BARTSCH 
OENEGRI 

ANDREWS 
BARBARO 
COLLEY 

AGUILAR 
BARTSCH 
LUDLAM 

COLlEY 
DENEGRI 

68 NP 88 9 
68 PRL 20 1194 

69 PRL 22 7:31 
69 PRL 22 1207 
69 NC A 59 519 

70 PRL 25 54 
70 PL 33 8 186 
70 PR 0 2 1234 

71 NP 8 26 71 
71 NP 6 28 13 

ANDERSON 72 PR 0 6 1823 
BLIEDEN 72 PL 39 8 668 
FIRESTON 72 PR 0 5 505 

8ARLOUTA 13 NP 8 59 374 
8 INGHAM 73 ~p 8 52 31 
CHARRIER 73 NP 8 51 317 

CHJNG 74 Pl 51B 412 
DEUTSCHM 74 PL 49e 388 
EISNER 74 BOSTON CONF. 

ANTIPOV 75 NP 886 381 
OTTER 75 NP 893 365 

OTTER 

DAUM 
OTTER 

79 NP B 147 1 

81 NP 8 187 
81 NP 8 181 

REFERENCES FOR Ul7701 

+DEUTSCHMANN,+ I AACH+ BERL +CERN+LO IC+V I EN I 

BERLI NGHIER J+FARBER+FERf!EL +FORMAN+ ( ROCH II 
D. CARMONY, T .HENDRICKS, L.LANOER I LA JOLLA) 
+BASSOMPIERRE,DE BAERE + IBIRM+CERN+BRUXI 

+COCCONI,+ I AACH+BERL +CERN+LOIC+VI ENJ 
+CALLAHAN+ETTL I NGER+GI LLESP IE+ I JHU I 

+LACH,LUOLAM, 5 ANDWEI 55, BERGER,+ I YALE+LRLI 
BAR BARD-GAL TIER I tDAV IS, FlA TTE, + ILRLJ 
+EASTWOOD,+ 18 tRM+GLAS +LO IC+MPIM+OXF+RHELI 

AGUILAR-BEN tTE Z, BARNES, BAS 5 ANO,CHUNG, +I BNLI 
+DEUTSCHMANN,+ I AACH+SERL+CERN+LOIC+V I ENI 
+SANDWEISS,SLAUGHTER IYALEI 

+JOBES ,KENYON, PATHAK,HUGHES, + I B IRM+GLAS I 
+ANTICH,CAllAHAN,CARSON,CHIEN,COX,+ IJHUI JP 

+FRANKLIN, GOODEN, KOPEL~AN, l I SBY, TAN I COLO I 
+FINOCCHIARO, BOWEN, EARLES,+ I STON+NEAS I 
Fl R ESTONE, GOlOHABER ,Lt 5 SAUER, TRILLING I LBl J 

+DR EV Ill ON, SHAH,+ ( SACL+EPOL +RHELI 
• +FARWEL,+ ILBL+ORSAY+BNL+SACLAY+MILANJ 

CHARRIERE, DRI JARDt DE SA ERE,+ tCERN+BELG' 

+EISNER, PROTOPOPESCU, SAMIOS, STRANO I BNL I 
DEUTSCHMANN,+ I AACH+BERl +CERN+LO IC+V I EN I JP 
R.L.EISNER REVIEW TALK IBNLJ 

+ASCOLI, BUSNELLO,K I ENZLE+ I SERP+CERN+ ILLI JP 
+RUDOLPH, RU"''PF + I AACH+ BERL +CERN+LO IC+V I EN I JP 

+RUDOLPH,+ I AACH+BERL+CERN+LOIC+W I EN) JP 

+HERTZ BERGER+ I AMST+CERN+CRAC+MP I M+OXF+RHEL J 
I AACH+8ERl +LO IC+VI EN+BIR M+B ELG+C ERN+MONS I 

• ....................... ••••••et•• ••••••••••••••••••••••••••••••••••• 
•••••• ••••••••• .......... ........... ••••••••• ••••••••• ••••••• 101 ••••••••• 

I K'( 1780) I 00 K*ll780,JP•3-I I. l/2 

All the recent high-statistics experiments 

studying the Kn system in KN -+ KnN interactions 

have shown clear evidence for the existence of a 

resonant effect at -1800 MeV in the JP=3- pa~tial 

wave (BALDI 76, BRANDENBURG 76, CHUNG 78, CLELAND 

80, ASTON 81). The intensity of the 3- partial 

1/82* 
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Mesons 
K'(1780), K'(2060) 

wave of the. K~~ system produced .in the charge-ex­

change process K-p + K 0 ~+~-n also shows,resonance­

like behavior at -1800 MeV (BEUSCH 78, ETKIN 80). 

Since the mass values quoted for the K~ and K~~ 

modes are not significantly different, i't seems 

natural to consider them as alternative decay 

mOdes of a single resonance. 

There appears to be some disagreement in the 

values of· the width obtained using the K~ channel. 

The measured values tend to become larger when the 

number of angular moments included in. the fit in­

creases. For the time being the observed'discrep­

ancies seem to originate from the explicit para­

metrization of the experimental distributions 

rather than fr'om the data themselves. 

• • .. 
• M 
M 
M 
M 
M 

AVG 

60 K*ll7801 MASS (MEVI 

1779.0 11.0 BALDI 76 SPEC + 10 K+P,KO PI+P 
1716. 26. BRANDENB 76 ASPK 013 K+-P,K+-PI-+ 
1812.0 28.0 BEUSCH 78 OMEG lOK-PtKO Pt+PI-N 
1186.0 8.0 CHUNG 78 MPS Q K-P,K-Pt+N 6 GEV 
1154. 9. CLELAND 80 SPEC +- 50.K+-P,KS PI P 
1850. 50. ElKIN 80 MPS 0 6 K-P,KO PI+ Pf-
1786. 15. 

18<!. 
"ASTON 1 81 SPEC Oll.K-P,K- PI+ N 

1753. 25. ASTON 2 81 LASS 0 11 K-P,K- PI+ N 
190 1162.0 9. 0 TOAFF 81 HBC - 6.5 K-P,KO PI- P 

1172.7 5.5 AVERAGE (ERROR lN~LUOES, SCAL·E fACT~~ OF lo31 
ISEE IDEOGRAM BELOW I 

CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS 77,Yt.ELDS JP-:.,3-
FROM A FIT TO Yl6,0l MOMENT. 
FROM ENERGY INDEPENDENT PWA. , 
FROM A FIT TO Y(6 9 ZI MOMENT. JP=3- FOUND. 

WEIGHTED AVERAGE= 1772. ± 5.5 
ERROR SCALED BY 1.3 

12177 
12/75 

4178 
1/78 
2/81• 
1/82* 
2/81* 
1182* 
1/82* 

CHI SO 
·TOAFF 81 HBC 1 '4 
·ASTON 81 LASS 0. 
·ASTON 1 81 SPEC 0. 
·ETKIN 80 MPS 
·CLELAND eo SPEC 4 .3 
·CHUNG 78 MPS 2.8 
·BEUSCH 78 OMEG .0 
·BRANDENB 76 ASPK 0.0 
·BALDI 76 SPEC _Q_:1__ 

12.4 
(CON LEV 

1700 1800 1900 2000 =0.087) 

K"(1780) IAASS (IAEV) 

60 K*( 17801 WIDTH C MEV I 

M 135.0 22.0 BALDI 76 SPEC + 10 K+P,KO PI+P 12177 

E 1270.1 (70.1 BRANDENB 76 ASPK 013 K+-P 9 K+-PI-• 12175 

0 181.0 44.0 BEUSCH 78 OMEG LOK-P 1 KO PI+PI-N 4178 
96.0 31.0 CHUNG 78 ~PS 0 K-P 9 K-PI+N b GEV 1178 
70. 60. ClElAND 80 SPEC .+- 50.K+-P.KS PI P 2/81• 

240. so. ElKIN 80 "'PS 0 6 K-P,KO. PI+ PI- 1/82* 
225. 60. ASTON 1 81 SPEC Oll.K:_P.K....: PI+ N 2/81* 
300. 170. 80. ASTON 2 81 LASS 0 11 K-P,K- .PI+ N 1/82* 

190 (80.1 APPRO X. TOAFF 81 HBC - 6.5 K-P,KO PI- P 1/82* 

AVG 144.2 21.1 AVERAGE IERROR INCLUDES SCAlE fACTOR OF 1.41 
!SEE IDEOGRAM BELOW I 

0 ERRORS ENLARGED BY US TO 4*GAMMA/SQRT(NI. SEE K* TYPED ~OTE. 
E ESTAB.ROOKS 77 FIND THAT BRf.NDENBURG 76 DATA ARE CONSISTENT 
E WITH 175 MEV WIOTH.NOT AVERAGED. 

J FRD"' A FIT TO Y!6,0I MOMENT. 
FRO~ ENERGY INDEPENDENT PWA. 
FROJIIII A FIT TO Yl6r21 MOMENT. JP:c:3- FOUND. 

Data Card Listings 
For notation; see key at front ·of Listings. 

-100 

K"(l780) 

WEIGHTED AVERAGE=· 144.2 ± 21,1 
ERROR SCALED BY 1.4 

·ASTON 81 
·ASTON 1 81 
·ETKIN eo 
·CLELAND 80 
·CHUNG 78 
·BEUSCH 78 

BALDI 76 

100 300 500 

WIDTH (IAEV) 

CHI SO 
LASS 
SPEC 1 .8 
MPS 3. 7 
SPEC 1 ,5 
MPS 2.4 
OMEG 9· 7 
SPEC 0.2 

.1 0. 3 
(CON LEV 
=0.067) 

---- ------ ----=--- -------- -------- -------- ------- -----·---· 

P1 
P2 
P3 
P4 
P5 
P6 

60 K*l 17801 PARTIAl DECAY MODES 

K*l17801 INTO K PI 
K*l17801 INTO K*C8921 PI 
K*l17801 INTO K RHO 
K*U7801 INTO K*ll4301 PI 
K*ll7801 INTO K PI PI 
K*U1801 INTO K*f8921 RHO 

60 K*C17801 ·BRANCHING "RATIOS. 

K*U7801 INTO IK PI 1/TOTAL 

DECAY IIIASSES 
493+ 139 
a~n+ ·139 
493+ 769 

1434+ 139 
493+ 139+ 139 

1275+ 769 

I Pll R4 
R4 
R4 
R4 

0.19 0.02 .. 
o.16 o.o1 

ESTABROO 78 ASPK 0 13 K+-P.K PI 
ASTON 2 81 LASS 0 11 K-P,K- PI+ N 

12/77 
1/B2* 

R4 AVG 0.166 0.012 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 

. ............................................................................................ . 
CARMONY 71 PRL 27 1160 
FIRESTON 71 PL 36 B 513 

AGUILAR 73 PRL 30 672 
WALUCH 73 .PR 0 8 ·2837 

BALDI 76 PL 63 B 344 
SRANOENB 76 PL 60 B 478 
SPIRO 76 PL 60 B 389 

BOWLER 77 NP B 126 31 
CARMONY 77 PRO 16 1251 
GRASSLER 77 NP B 125· 189 

BEUSCH 78 PL 74 8 2B2 
CHLJNG 7B PRL 40 355 

REFERENCES FOR K*,ll1.~0} 

+CORDS,CLOPP, ERWIN, ME 1 ERE,+ { PURD+UCDt I UPUI 
FIRE STONE • GOlOHABER; L 1 SSAU ER, TRIllING ( lBll 

+CHUNG. EISNER, PROTOPOP ESCU • SAM1.DS. + ( BNLI 
+f:LAT.TE,FRIEOMAN (LBLf 

+80EHR INGER • DORSAl, HUNGERBUHLER, + I GENEVA I J P 
BRANDENBURG, CARNEGIE, CASHMORE ,OAVI ER+( SLAC I J P 
+8ARLOUT AUD. PALER, CHAUR AND+ I SACL+RHEL+EPOLI J P 

+OAINTON,ORAKE,~ULLIAMS (QICFOROI JP 
+C LOPP.LANDER, ME I ERE • YEN.+ I PURO+UCOt tUPU I 
+KLUGOWt + ( AACHEN~BERl IN+CERN+lOI C+VI ENNAI 

+BIRMAN,KONIGS.OTTER.+ fCERN+AACH+ETHI JP 
+ElKIN t FLAM 1 NO+ . I BNL + BRAN+CUNY+MASA+PENN I J P 

,ESTABROOKS,CARNEGIE,+ tMONT+CARl+OURH•SLACI JP. ESTABROO 7B NP B 1"33 490 
ALSO 7B PR 0 17 658 

CLELAND 
ENGEL EN 
ElKIN 

ASTON 1 
ASTON 2 
TOAFF 

80 Pl 978 465 
80 ~P B 167 61 
BOPR02242 

B1 PL 99 8 502 
81 PL I 06 B 23 5 
81 PR D 23 1500 

ESTABROOKS, CARN.EG t E+ I ~ONT +CAR.L +DURH+SLAC I 

+DORSAl ,Mf.RTI N. NEF, + I PITT +GEVA+L AUS•OURH I J P 
+JONGEJANS,DIONISJ+- INIJM+AMST+CERN+OXFI JP 
+FOLEY.UNOENBAU~oKRAMER,+ tBNL+CUNYI JP 

+OUNWOODI E, DURKIN, F I EGUlH+ ( SLAC+CARL •oTT A·J"JP 
+C ARNEG I Eo OUNWOOOI Et OURK IN .f. ( SLAC+CARLt·OTTAJ J P 
+MUSGRAVE t Alii! MAR, OAVI S .' ECKL~NO, + ·I ANl•KANSJ ............................................................................. ................................................................. ········· 

I K'(2060) I 
) 

"35 K*(2060,JP=4+1 1=1/2 

OMITTED FROM TABLE. 

35 K*( 20601 MASS tMEVI 

488 2115. 46. CARMONY 77 HBC 0 9 K+D.K+ PIONS 12178 

AVG 

2024. 20. CLELAND BO SPEC +- 50.K+-PoKS PI p 
2023. 10." CLELAND 80 SPEC +- 50.K+-PtKS PI P 
2092. 21. ASTON 1 81 LASS Oll.K-P,K- PI+ 1'\ 
2070. 100. 40. AS!ON 2 B1 LASS Oll.K-P,K- PI+ N 

2036.1 16.2 AVERAGE (ERROR INCLUDES 5CAL"E FACTOR OF 2.0) 

FROM A FIT TO Yl6tOI, y(6,2J AND Y(B,QI MOMENTS. 
FROM A FIT TO 9 MOMENTS. 
FR_oM A FIT TO YC5,0I, Yt7 1 01 AND Yl8 9 01 MOMENTS. 
FROM ENERGY INDEPENDENT PWA. 

1/82* 
1/B2* 
1/B2• 
1/B2• 
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Data Card Listings 
For notation, see key at front of Listings. K•(2060), K•(2200), D"'. D0

, 

Mesons 
o·"'(2010). n·0(2010) 

PI 

Rl 
Rl 

AVG 

35 K*l20601 WIDTH IMEVJ 

300. 
136. 
324. 
205. 
240. 

zoo. 
65. 
45. 
10. 

500. 

CARMONY 
CLELAND 
CLELAND 
ASTON 1 
ASTON 2 

77 HBC 0 9 K+O,K+ PIONS 
80 SPEC +- SO.K+-Prii.:S PI P 
80 SPEC +- 50.K+-P,KS OJ p 

55. 
100. 

81 LASS Oll.K-P,K- PU N 
81 LASS Oll.K-P.K- PI+ N 

249.2 .r.s.s AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

FROM A FIT TO Y(6,QI, Yl6r21 AND Yl8 1 0t MOMENTS. 
FROM A Ftl TO 9 MOMENTS. 
FROM A FIT TO Yf5,0ir Yl7,01 AND YIB,OI MOMENTS. 
FROM ENERGY INDEPENDENT PWA. 

35. K*f2060J PARTIAL DECAY MODES 

K*l20601 INTO K Pt 

35 K*I2060J BRANCHING RATIOS 

K*f2.0601 INTO IK PI )/TOTAL 
o.o1 o.ot ASTON 2 81 LASS 

DECAY MASSES 
493+ 139 

fPll 
0 11 K-PrK- PI+ N 

••••••••••••••• ********* •••••••••••••••••••••••••••••••••••••••••••• 

CARMONY 

CARMONY 

11 PRL 27 1160 

77 PRO 16 1251 

BROMBERG BO PR 0 22 1513 
CLELAND 80 PL 'HB 465 

ASTON 1 81 PL 99 B 502 

REFERENCES FOR K*I2060J 

+CORDS, CLOPP, ERWIN, MEl ERE,+ I PURD+UCD+ I NO I 

+CLOPP, LANDER, ME JERE, YEN,+ I PURO+UCO+ I UPUI 

+HAGGERTY, ABRAM S,oz I ER BA(C IT +FNAL+ I llC+ I NOJ 
+DORSAZ, MART IN ,NEF ,+ I PITT +GEVA+L AUS+DURHJ JP 

+DUNWOODI E, OURK IN, Fl EGUTH+ ( SLAC+CARL +OTT AI JP 

12178 
1/82• 
1/82• 
1/82* 
1/82• 

ASTON 2 81 PL 106 8 235 +CARNEGIE, OUNWOOOI Er DURKIN+ I SLAC+CARL+OTT AI J P .................................................................... .................................................................... 
40 K*I2200,JP= I K.(2200) I 

) THIS ENTRY CONTAINS VARIOUS PEAKS IN STRANGE MESON 
SYSTEMS REPORTED IN THE 2100-2500 MEV REGION AS WELL AS 
ENHANCEMENTS SEEN IN ANTtHYPERON NUCLEON fiiASS 

" " c 
" " 

2012240. I 
12200.1 

371 2147. I 
2235. 
2260. 
2320. 
2490. 

SPECTRA. OMITTED FROM THE TABLE. 

40 K*C22001 MASS (fiiEVJ 

120.1 
APPRO X. 

14. I 
50. 
20. 
30. 
20. 

ll SSAUER 70 HBC 
SLATTERY 71 RVUE 
CHLIAPNIK 79 HBC + 
BAUBILLJE 81 HBC -
CLELAND 81 SPEC +-
CLELAND 81 SPEC +-
CLELAND 81 SPEC +-

AVERAGE MEANINGLESS (SCALE FACTOR = 5.01 

9. K+ P 
8-13 K+ P 
K+P TO LAM-BAR P 
8. K-P,LAM PBAR 
50 K+P,lAM PBAR 
50 'K+P,LAM PBAR 
50 K+P,LAM PBAR 

M C COMPILATICN OF .fANTIHYP.-NUCLEONI MASS INK+ P 8.-13. GEV/C 
M P JP=3+ FR0f4 MOIENTS ANALYStS. 
M Q JP=2- FROM MOMENTS ANALYSIS. 
M R JPclt- FROM MCMENTS ANALYSIS. 

40 K*I2200J WIDTH CMEVI 

w 
w c 
w 

20 180. I 
1200. I 

37 140. I 
1200.1 
210. 

1250.1 
1250.1 

120. I 
APPRO X. 
APPROX. 
APPRO X. 

30. 
APPRO X. 
APPROX. 

L1 SSAUER 70 HBC 
SLATTERY 71 RVUE 
CHLIAPNIK 79 HBC + 
BAUBJLLJE 81 HBC -
CLELAND 81 SPEC +-
CLELAND 81 SPEC +-
CLELAND 81 SPEC +-

9. K+ P 
8-13 K+ P 
K+P TO LAM-BAR P 
8. K-P.LAM PBAR 
50 K+P,LAM PBAR 
50 K+P,LAM P8AR 
50 K+P,LAM PBAR 

W C COMPILATION OF CANTIHYP.-NUCLEONI MASS IN K+ P 8e-13. GEV/C 
W P JP=3+ FROM MCMENTS ANALYSIS. 
W Q JP=2- FROfl MCMENTS ANALYSIS. 
W R JP=It- FROM IIIICMENTS ANALYSIS. .................................................................... 
ALEXANOE 68 PRL 20 755 

LIS SAUER 70 NP B 18 41Jl 

·REFERENCES FOR K*l22001 

ALEXANDER, Ft RESTONE ,GOLOHAB ER,S HEN 

+ALEXANDER, FIRE STONE ,GOLDHABER 

ILRU 

·CLBLJ 

SLATTERY 71 UR-875-332CPREPI PeSlATTERY,A REVIEW OF. STRANGE MESONSIROCHJ 

CHL IAPNt 79 NP B 158 253 CHL IAPNIKOV ,GEROYUKOV+ I CERN+BELG+MONS I 

11171 
11171 
. 1/80 
1/82* 
1/82* 
1/82• 
1/82* 

11/71 
11171 
1/80 
1/82• 
1/82* 
1/82* 
1/82* 

BAUBILLI 81 NP 8 183 1 
CLELAND 81 NP B 184 1 

BAUBllliER I+ 
+NEF,MARTJN,+ 

(BIRM+CERN+GLAS+MSU+LPNPI JP 
I PITT+GEVA+LAUS+OURHJ JP ...... ......... ......... ......... ......... ......... ......... ....... . ...... ......... ......... ......... ......... ......... ......... ....... . 

C=± 1 MESON STATES .................................................................... ...... ......... ......... ......... ........... ......... ......... ....... . 
31 CHARGED 011869,JP=O-J I=l/2 

SEE STABLE PARTICLE DATA CARD LISTINGS .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

32 NEUTRAL Ot1865,JP=O-I 1::1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS ..................................................................... 
•••••• ••*·-··· **••••••• .............................................. . 

I D '"'( 20 10) L, CHARGED O*I2010,JP=l-l 1=112 

t 2008. I 
12008.61 

t)2 CHARGED D*l 20101 MASS IMEVI 

t 3. I 
( 1.01 

GOLDHABE 77 SMAG +- E+E­
PERUZZI 77 SMAG +- E+E-

MASS 2010e 1 0.7 FROM 00 MASS CTRILLING 81 RVUEI AND 
MASS DIFFERENCE BELOW 

OM 
OM 
OM 
OM 
OM 
D"t AVG 

FROM SIMULTANEUS FIT' TO D*+,D*O,D+,AND DO,NOT INDEPENDENT OF 
FELDMAN 77 M~SS DJFFERE"lCE BELOW. 
PERUZZI 77 MASS NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE 
BELOW AND PERUZZI 17 00 MASS VALUE. 

30 145.3 
2 145.2 

U4-5.51 
60 145.5 

145.41 

t2 10*+1 - IDOl MASS DIFFERENCE IMEVI 

o. 5 
0.6 

APPRO X. 
0.3 

FELDMAN 77 SMAG 
BL I ETSCHA 79 BEBC 
AVERY 80 SPEC 
FITCH 81 SPEC 

0*+ TO 00 PI+ 
NEUTRINO P 
GAMMA A 
PI- A 

0.24 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1.01 

62 10*+1 - ID*OI MASS DIFFERENCE CMEVI 

12177 
12177 

12177 
12/79 
1/82* 
1/82• 

EM 2.6 1. 8 PERUZZI 77 SHAG +- E+E- 12171 
EM NOT INDEPENDENT OF FELDMAN 17 MASS DIFFERENCE ABOVE, PERUZZI 17 
EM DO MASS, AND GOLOHABER 77 D*O MASS. 

'" EM OMASS 2e9 1.3 FROM 10*+1-IDOI AND ID*OI-1001 
EM MASS 01 FFERENCES 

62 CHARGED D*l20101 WIDTH IMEVI 

18 120.01 OR LESS PERUZZI 76 SMAG +- E+E-,PSII40301 1177 
30 12.01 cq LESS CL=.90 FELDMAN 77 SHAG 0*+ TO DO PI+ 12/77 

PI 
P2 
P3 

Rl 
Rl G 
Rl G 

R2 
R2 

R3 
R3 

62 CHARGED 0*(20101 PARTIAL DECAY MODES 

0*+( 20101 INTO DO PI+ 
0*+1 20101 INTO 0+ GAMMA 
0*+120101 INTO 0+ PIO 

DECAY MASSES 
1864+ 139 
1869+ 0 
1869+ 1:34 

D*-120101 MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

t2 CHARGED D*l20101 BRANCHING RATIOS 

0*+120101 INTO COO PJ+)/TOTAL CPIJ 
O. 6 O. 15 GOlOHABE 77 SMAG + E+E-

ASSUMING THAT tSOSPIN IS CONSERVED IN THE DECAY 

0*+1 2010 I INTO I 0+ GAMMA )/TOTAL tP2t 
0.08 0.07 KIRKBY 79 RVUE E+ E-

O*+t20101 INTO tO+ PIOJITOTAL t P31 
0.28 0.09 KIRKBY 79 RVUE E+ E-

REFERENCES FOR CHARGED 0*( 20101 

PERUZZI 76 PRL 37 569 +PICCOLO, FELDMAN, NGUYEN ,WI SS ,+ I SlAC+LBLI 

FELDMAN 77 PRL 38 1313 
PERUZZI 77 PRL 39 1301 
GOLDHABE 77 PL 69 B 503 

+PERUZZI, P tCCOLO,ABRAMS ,ALAM+ I SLAC+LBL I 
+PICCOLO, FELDMAN, PERL,+ ISLAC, LBL,NWES+HAWAI 
+WI SSt A8RA!4S, ALAM, BOYAR SKI,+ ( LBL+ SLAC I 

BLIETSCH 79 PL 86 8 108 BLIETSCHAU,+ I AACH+BONN+CERN+MPJ M+OXF I 
ISLACJ KIRKBY 79 BATAVIA CONF.107 J. KIRKBY 

AVERY 80 PRL 44 1309 +WI 55, BINKLEY • AllY A,+ ( lLL+FNAL+COlUI 

FITCH 81 PRL 46 761 
TRILL lNG 81 PRPL 75 51 

+DEVAUX tCAVAGL IA,MAY I+ tPR I N+SACL+TORI +BNL I 
G.H.TRILLJNG tLBL+UCBI .................................................................... ....... ••••**••• .................................................... . 

I n·0(20 1 0) I·· NEUTRAL o•I20lO.JP=l-l l•l/2 

J CONSISTENT WITH 11 VALUE 0 RULED OUT I NGUYEN 771 • 

61 NEUTRAL D*( 20101 MASS (MEV I 

I 2006. t 11.51 GOLDHABE 77 SMAG E+E-
FROM SIMULTA~EUS FIT TO 0*+, 0*0, D+, AND 00 • 

MASS 2007e2 2e 1 FROM DO MASS ITRILLING 81 RVUE) AND 
MASS Dl FFERENCE BELOW 

----'--- ------:'-- ------- ____ ..:. ____ -------- ------ ------- -------

12177 

12179 

12/79 

12171 
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Mesons . ' 

0•0(2010), Ft. F•(2140), 8, EXOTIC MESONS 

OM G 
DM 
OM G 
OM 
OM AVG 

PI 
P2 

61 (·0*01 - IDOl MASS DIFFERENCE IMEVI 

142.7 1. 7 GOLOHABE 11 SMAG 0 E+E-
142.2 2.0 SAOROZIN 80 CBAL 0 0*0 TO 00 PIO 

FROM SIMULTANEOUS FIT TO D*+, 0*0• 0+, AND 00. 

142.5 lo 3 AVERAGE ·(ERROR INCLUDES SCALE FACTOR OF l.OJ 

61 NEUTRAL 0*(20101 WIDTH IMEVI 

15. I DR LESS GOLOHAB2 76 'SMAG E+E- TO" D*D* 

61 NEUTRAL D*l 20101 PARTU.l DECAY MODES 

0*01 20101 INTO DO PIO 
0*01 20101 INTO DO GAMMA 

DECAY MASSES 
1864+ 134 
1864+ 0 

D*OI 20101BAR MODES ARE CHARGE CONJUGATES Of ABOVE. MODES 

6i NEUTRAL 0*120101 BRANCHING RATIOS 

Rl 0*0120101 INTO (00 GAMMAI/(00 PIO + DO GAMMA) tPZIIIPl+Pil 
Rl G 0.45 0.15 GOLOHABE 71 SMAG HE-
Rl G WE QUOTE THE NORMAL FIT VALUE FROM TABLE ·r. THE ISO-SPIN 
Rl G CONSTRAINED FIT IS NOW KNOWN TO GIVE A 00 .GAMMA FRACTION WHICH IS 
Rl G TOO LARGE. SEE DETAILS IN FOOTNOTE 21 OF FELDMAN 77 REVIEW. 

0*01201()1 INTO COO PlOt/TOTAL I Pll R2 
R2 O. 55 0.15 KI~KBY 19 RVUE E+ E-

***0** .................... ********• ********* .......................... . 

REFERENCES FOR ~EUTRAL 00120101 

GOLDHABi 76 PRL 37 255 
GOLOHAB2 76 .SLAC .CONF. 379 

GOL OHABERt PIERRe, ABRAMS, AL AMt + I LBL+SLAC I 
G.GOLDHABER IAVAIL. AS LBL-55341 ILB.L+SLACI 

GOLOHABE 71· Pl 69 B 503 GOLOHABER, ABRAMS,ALAM+ 
ALSO 77 BANFF SUM.tNST 75 G.J.FELDMAN 

ILBL+SLACI' 
. CSLACI 

3/82* 
3/82* 

3/11 

12177 

12179 

NGUYEN 71 PRL 39 262 ' +WI SS, ABRAMS, ALAM, BOYAR SKI,+ IL_Bi..+SL~CI J • · 

KIRKBY 79 BATAVIA CCNF.IiJ7 J. KIRKBY 

SA_DROZIN 80 MADISON CONF. 681 SAOROZINSKit+' 

TRILLING 81 PRPL 15 51 G.H. TRILLING 

'I SLAC) 

CPRIN+CIT+H~RV+SLAC+STANJ · 

-ILBL+UCBI 

****** ........................................................... b••••··· 
......................... ********* •••••••••••••••••• *.******** •••••••• 

34 F+-12020,JP::: 1 1::: 

SEE STABLE PARTICLE DATA CARD LISTINGS 

............... ********* ********* ********* ............................ . 
****** ............ ***'****** ••••••••• ********* ••••••••• **'******• •••••••• 

1 r'(214o) I 
) CMfTTEO FROM TABLE. 

74 F* MASS I MEVJ 

2140.0 60. BRANOELIK 71 DASP +- E+E-,PI 3 GAMMA 12177 

OM 

PI 

Rl 
Rl 

74 IF*+I - IFOI MASS DIFFERENCE IMEVJ 

uo. . .. BR.ANDELIK 19 ·DASP +- E+E-,F GA~MA, 

74 F* PARTIAL DECAY HODES 

DECAY MASSES 
F* INTO F GAMMA 2021+ 0 

14 F* BRANCHING RATIOS 

I Pl1 Fo INTO (F GAMMAJ/TOTAL 
PROBABLY SEEN BRANDEL IK 77 DASP E+E-

****** ********* ********* ********* ****0***0 .................. ******** 

12179. 

12171 

Data Card Listings 
For notation; see key at front of Listings. 

BRANDEL t 11 Pl 70 B 132 

BRANDEL 1 18 Pl 76 8 "361 

BRANDEL I 79 Pl 80 B 412 

REFERENCES FOR F*l21401 

BRANDEL IK, CORDS t+ ( AACH+DESY +f-IAHB+MPIM+ TOK Yl 

BRANDEL tK, C:.ORDS .+I AACH+ OESY +1-AMB+MPI M+TOKY I 

BRANDEL IK.COROS • + ( AACH+CESY+~AHB+MPI M+tOKY I 

••••• ********* ********* ********* .......... ********* ********* ******** 
............... "******0** **.******* ·······~· .......... ********* ******** 

B=± 1 MESON STATE 
****** *****!*** ********* ********O ********* ********* ********* ***O**** 
...... ********* ********* ********* ••••••••• ********* ................. . 

. . 
;9 BOTTOM MESON 8(5200,JP:::. I 

.SEE 'STABLE PARTICLE DATA CARD LISTINGS 

OOO'*Ili*0$0 0000000** ********* ********* 000000000 ******** 
****** ********* ********* ********* ********* ••••••ooo ********* ******** 

EXOTIC MESON STATES 
......................... ·••••••*** •••••••••••••••••• . ...•... .................................................................... 
I EXOTICS I 

) 
50 EXOTICS 

THE PURPOSE OF THIS ENTRY IS TO PROVIDE A ll ST OF 
REFERENCES FOR EXOTIC MESON SEARCHES (SEE MAIN :rExT. 
SECa 3 A"NO TABLE 11, AS WELL AS THEORETICALLY BASED 
SUGGESTIONS FOR EXPEP.IMENTS. NOTE THAT liPKIN 13 
PROPOSES EXPERIMENTS. WHICH AR'E CONCLUSIVE EVEN IF 
NEGATIVE RESULTS ARE OBTAINED. 

*'"'*** *******:"* ••••••••• ********* *****0*** ................... ******** 

REFERENCES FOR EXOTICS 

REPORT~ ON SEARCHES 

ROSENFEL 68 PHILA.CCNF.P.455 A.H.ROSENFELO ILRLI 

fBNLI' DODO ·69 PR 17-7·1991 • +JOLOERSMA·,:,PALMER;· SAMIOS 

·tHO 70 Pl 32 8 409 +DERRICK.JOHNSQN,MUSGRAVEo+ .I"ANL+NWES+I(ANSI 
GJACOMEL 70 Pl 33 B 373 G.GIACOMELll 1+ 18GNA+SACL+'AMST+REHO+EPOLJ 
LYS 70 PR 0 2 2525 J.LYS+ IMICHI 
ROSNER 70 EXFJ:.·MESON SPECTROSCOPY, EO. C .B~L TAY AND A.oH.ROSENFELO,P.499 

BUHL 12 NP 8 37 421 

COHEN 73 NP 8 53 1 
OURUSOY 73 PL r.~ B 517 

.UAM 
COHEN 
OREN 
SAL lAY 
DAVIS 

74 PL 53B 2C7 
74 BOSTON 
74· NP B71 15q' 
75·PL 578 zen 
75 NP. eq6 -426 

BRUNOIER 76 PL 64 B 107 

BOUCROT 71 NP B 121 251 
HOOGLAND 11 NP B 126 109 
HOOGLAND 77 "'P a· "126 '109 
MOSER 77 NP B 129 28 

ALAM 78 PRL 40 l6e5 
AR"'STRON 78 PL 77 B 447 

+ClJNE,TERREll IWI?CONSINI 

+FERBElt SLATTERY ,WERNER (ROCHESTER I 
+BAUB ILL I ER, GEORGE, Afl:MENIS E, + I LPNP+B ARl) 

+BRAS SON oGAUOWAY t + I INO+PURO+SLAC+VAND) 
D.COHEN REVIEW TALK • .(COLUI 
+COOPER, FIELDS, RHINES, WHITMORE,+ I ANL +OXF I 
+CAUT IS, COHEN, KALELKAR, PIS ELLO, +(COLU+B t NGI 
+AMMAR, KROPAC, YARGER,+ ( KANS+CCAC+ANL) 

BRUNO I ERS, _BRUN, F.LUR I,+ ( FR E I BURG+ SAC L +ETH J 

+NAVACH, Rl VET,+ ILALO+CERN+CO.EF+E POll 
+GR. ~YER, H_YAMS, BLUJIII,_OITL,+ I A/IIIST +C ERN+MP IM I 

'+GRAVER, HYAMS, BLUM, Olli... ,+ ( AMST +CERN+ .. PI M I 
F.L.MOSER IEFJJ 

+BAGGETT, SA.GLIN, BONA MY+ IINO+PURD+SL AC+VANDJ 
AMSTRDNG, FRAME, HUGHES, B IENLE JN+ ( GLAS+DESYJ 

LEMOIGNE 79 BATAVIA CONF.524 +ABOLINS,SARATE+ (SAC L +LO IC+SH"'P+ I NO J 

KOOIJMAN 80 PRL 45 316 

AGUILAR 81 ZPHY C 6 109 
APEL 81 NP. B 193 269 
BIONTA 81 PRL 4t: 970 
EVANGEL I. 81. NP B 178 l'H 
FRAME 81 PL 107 8 301 
IRVING 81 NP B_, 193 1 

ROSNER 68 PRL 21 950,1468 

+AR ENTON; AYRES, DIE BOLD, MAY+ IANl"+EFI J 

+ALBAJAR, SJOGREN,+ -( CERN+.COEF+MAOR+STOHI 
+AUGENSTEIN ,"BERTOLUCC I , DONSKOV, +( S ERP+CERNJ 
+CARROLL, EOEL STEIN,+ I BNL+CARN+FNAL+SMAS I 
EVANGELIST A+ I BAR I +BONN+CER N+OAR E+L IVP+M ILA I 
+H.JGHES • COLLEY, ARMSTRONG,+ I GLAS +B IRM+C ERNJ 
+LOVERRE, AGUilAR,+ I CER N+COEF+MAOR+STOH) 

SUGGESTIONS FOR SEARCHES 

J.L.RDSNER ITEL-AVIVJ 

ROSNER 70 EXP.HESON SPECTROSCOPY.,ED. C.BALTAY AND A.H.ROSENFELO,P.499 

O.FA t MAN, G. GOLOHABER, Y. ZARM I ( C ERNJ 
H.J.LIPKtN· ' (ARGONNE+FNALJ 

FAIMAN 13 PL 43 B 307 
LIPKIN 73 PR 0 7 2262 

HOLMGREN 78 PL 11 B 30-4 +PENNINGTON ISTOH+CERNJ 

***~** **•***•** ********* ••••••••• ********* ********* ***O***** ***O**** 
......... ********* •••••••••••••••••• ********* ••••••••• ********* ........ . 
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Data Card Listings 
For notation, see key at front of Listings. 

Note on N's and A's 

I. Introduction 

For this edition, three N's and one n have 

been promoted to the Baryon Table, and several new· 

resonances that are not yet established appear in 

the Data Card Listings. Table I.1 lists all the. 

entries in the Listings, and gives our. evaluation 

of the status of each, both overall and channel by 

channel •. 

The masses, widths, and branching fractions of 

the N and n resonan~es .come mainly from a few 

comprehensive partial-wave analyses. There are 

also several other recent analyses based on more 

limited data sets and/or energy ranges. Production 

and total-cross-section experiments can be valuable 

in establishing the existence of high mass bumps, 

but at lower energies these experiments have lim­

ited statistics compared to formation experiments, 

and it is seldom clear .which ·of .several states hav­

ing nearly the same mass is being observed. 

Even when there are good scattering data, 

there are two main problems in obtaining reliable 

resonance parameters froin partial-wave. analyses. 

First, there is sometimes disagreement among ana­

lyses on the partial-wave amplitudes themselves. 

This obviously depends on the quality and quantity 

of the scattering data and on the procedures used 

to determine the amplitudes from the data. 

Secondly, even if smooth curves were available for 

the amplitudes, there would still be some 

parametrization-dependent uncertainty about the 

values of the usual Breit-Wigner resonance parame­

ters. From a theoretical standpoint, the most 

unambiguously defined resonance parameters are the 

pole position and residue, and· it has been found in 

practice that, given sufficiently precise partial­

wave amplitudes, these quantities can be extracted 

in a stable and parametrization-independent way, in 

spite of the fact that an extrapolation away from 

the physical region is required. This point has 

been discussed in detail with regard to the n(1232) 

in earlier editions of this review. 1• 2 Pole param­

eters have now been determined for many of the N 

and n resonances, and these are included in the 

Data Card Listings. In most cases, we specify pole 

parameters by giving the real and imaginary parts 

TABLE l.l. STATUS OF N• RESONANCES 

Baryons 
N's and !J.'s 

THOSE WlTH AN OVERALL STATUS OF ***OR**** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SHN IN --

OVERALL TOTAL~ OTHER 
PARTICLE LIJ STUUS CR.S. PI N ETA N K LAM K SIG PI OE GAM N CHANN. 

Nl9391 Pll 
N 11440) Pll 
NU520J 013 
NIL5351 Sll .... 
N(15401 P13 . 
NU6501 Sll 
Nfl6751 015 
Nt 16801 Fl5 
N( 17001 013 
N{lllOJ Pll 
Nf1720J P13 
NU990J Fl7 ... 
Nl20001 Fl5 .. 
Nl20801 013 ... 
Nl21001 Sll . 
Nl21001 Pll . 
NI2190J G17 
Nl22001 015 
NI2220J H19 
NI2250J G19 .... 
NI2600J 1111 ••• 
NI2700J Kll3 * 
Nl28001 G19 . 
N0030J ... 
N«3245J . 
N06901 
N (3 755) 

OELI1232IP33 
DELfl5501P31 
DELU6001P33 *** 
DEL(16201S31 **** 
DEU 1700)033 
OELfl9001S31 ••• 
DELU905JF35 **** 
DELl 191DIP31 
OELfl9201P33 
DELI19301D35 
OELf 19401033 • 
OELI19501F37 **** 
DEL121501 531 * 
0Elt21601 
OELI2ZOOIG37 ** 
DELI23001H39 ** 
DELI23501035 * 
OELI2400JF37 * 
DELf 2400IG39 • 
DELI24ZOIH311 *** 
OEU275011313 • 
OELI28501 *** 
DEL( 29501K315 * 
OEL(32301 

... ... 

... . 

... 

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

... . 

.... . ... 

F 
0 

•••• F 
• 0 

• 
B 

**** R * B 

I 

I 

0 
0 

•• 0 
•• 0 

F 
0 

• 
8 

** I 
• 0 

E 
N 

E 
N 

GOOD, CLEAR, A~D UNMISTAKABLE. 

... . 

... ... .. ... 

.. . 

GOOD, BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 
NEEDS CONFIRMATION. 

* WEAK. 

EPS N 
RHO N 
RHO N 
R.HO N 
RHO N 
RHO N 
RHO N 
RHO N 
RHO N 
RHO N 

RHO N 
RHO N 
RHO N 
RHO N 

RHO N 
RHO N 

RHO N 

'II ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

of the pole position and residue. It should be 

noted that these real and imaginary parts tend to 

be highly correlated. In particular, the absolute 

value of the residue is often better determined 

than is the phase. For further discussion, see the 

relevant references, e.g., NOGOVA 73, SPEARMAN 74, 

BALL 75, LICHTENBERG 75, VASAN 76, LONGACRE 77, 

ZIDELL 78, CUTKOSKY 79, MIROSHNICHENKO 79, ZIDELL 

80, and CUTKOSKY 80. 

The following sections discuss various recent 

developments in experimental N and n spectroscopy. 

For a discussion of earlier results, see our 1980 

edition3 and the reviews of R.L. Kelly, 4 R. Koch, 5 

and A.J.G. Hey and R.L. Kelly. 6 

References for Section I 

1. Particle Data Group, Rev. Mod. Phys. 43, Sl14 
(1971). 
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2. Particle Data Group, Phys. Lett. 39B, 103 
(1972). 

3. Particle Data Group, Rev. Mod. Phys. 21. Sl75 
(19SO). 

4. R.L. Kelly, in Proceedings of .the IVth Inter­
national Conference on Baryon Resonances 
(Toronto, 19SO), ed. N. Isgur, P• 149. 

5. R •. Koch, in Proceedings of the Conference on 
Low and Intermediate' Energy Kaon-Nucleon 

Physics (Rome, 19SO), p; L 

6. A.J.G.,Hey and R.L. Kelly, Physics Reports~ 
(to be published). 

II.· Two-Body Partial-Wave Analyses 

and New Resonances 

(by R.E. Hendrick, St. Bonaventure University) 

Several new partial-wave analyses:have 

appeared and several older analyses have been 

extended to include new scattering data since our 

19SO edftion. 1 For TIN+ TIN reactions, we have 

included results of new analyses by CUTKOSK~ SO, 

ZIDELL SO, KOCH SO, and CHEW SO. CUTKOSKY SO 

includes new elastic cross-section and polarization 

data and extends the mass range of the CUTKOSKY 79 

analysis up to 2500 MeV. This analysis reports 

several new baryon states and confirms several ten­

tative states in the 2000-2400 MeV region. A brief 

discussion of the revised status of these N and b. 

states is given below. ZIDELL SO performs an 

energy-dependent partial-wave analysis from thres­

hold to 350 MeV. Deviations from isospin invari­

ance are reported, and new masses, widths, and pole 

positions of the 6° and b.++ are given. KOCH SO 

performs an energy-independent analysis over a 

similar low-energy range, but finds little evidence 

of isospin invariance violation. CHEW SO uses a 

Barrelet-zero technique to analyze n+p·elastic data 

between 1550 and 2100 MeV and reports several new 

S31 and P31 states, but disagrees with the parame­

ters of the two 4-star S31 and P31 resonances esta­

blished· by other analyses. 

Two new inelastic analyses have been reported: 

an energy-dependent· analysis of 1T-p + AK0 below 

1900 MeV by MUSETTE SO, and an energy-dependent 

analysis of the three isospin-coupled reactions 
+ - 00 + ++ rr -p + I-K , rr p + I K , and 1T p + I K up to 2000 

MeV by LIVANOS SO. A number of resonance masses~ 

widths, and TIN to K!: branching ratios have been· 

included from this analysis. 
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This year, four new N and b. resonances have 

been promoted from 2-star to 3-star status and 

added to the Baryon Table: the Dl3 N(20SO), Dl5 

N(2200), S31 6(1900), and P33 6(1920). The D35 

6(1930), already listed in the Baryon Table, has 

been promoted from 3-star to 4-star status. 

A number of W!!ak, higher-mass states have been 

added to the N and b. Listings. These include a 

third Pll at 2100 MeV, a second D33 at 1940 MeV, a 

third S31 at 2150 MeV, a second D35 at 2350 MeV, 

and a second F37 at 2400 MeV. The G37 6(2200) has 

been separated from_the 6(2160) listing and has 

been given a separate' listing with 2-star status. 

The H39 6(2300) has been promoted from 1-star to 

2-star status. In addition, a number of nominal 

resonance masses have been changed from our last 

edition to put them in better agreement with recent 

results. 

Figure II.l shows the partial-wave amplitudes 

obtained by HOEHLER 79 and by CUTKOSKY SO. 

Reference for Section II 

1. Particle Data Group, Rev. Mod. Phys. 21. Sl 
(19SO). 

III. The nN + rrrrN Channel 

(by R.L. Crawford, University of Glasgow) 

A general rrN + 1TTrN event may be described by 

the center-of-mass energy W, three angles a, S, and 

v, and two sub-energies, say ~·Nand w • Unlike 
I 1f 1f1f 

2 + 2-body reactions, fits of rrN + nrrN distribu-

tions at single values of W cannot be parametrized 

in terms of a set of constants without introducing 

some assumptions irtto the analysis. All fits· to 

rrN + Tr1TN use the isobar model, which notes that 

almost all such events lie in quasi-2-body bands in 

the Dalitz plot. Thus it is assumed that any 

purely 3-body interaction is negligible and that 

the reaction proceeds by the formation of quasi-2-

body intermediate states. 

The basic form used for the amplitudes is 

T(rrN + rrrrN) =2:: ( Ti;LL' (W)•BW6(w1TN)·Xi;LL' 

JILL' JILL' 
+ TN*rr (W)•BWN*(w1TN)·XN*n 

+ TJILL' (W)·BW (w )·XJILL' 
pN p rrn pN 

+ TJILL' (W)•BW (w )•XJILL' 
EN E Tr1T EN 
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1.00 111(511) 

1700 2000 2300 -.so -.~~:s 

llfERGY (MeV) 

1rN ELASTIC S 11 AMPLITUDE 

2300 

II'IERGT (llhV) 

1.00 Ili(PU) 

RE(P13 

1rN ELASTIC P13 AMPLITUDE 

2300 

llfiRGY (MeV) 

Z30D 

ENERGY (MeV') 

1.00 UI(PU) 

Baryons 
. N's and f:l's 

zooo 

1700 2000 2300 
ElfERGY (MeV) 

1rN ELASTIC P 11 AMPLITUDE 

!:SOO 

1400 1700 2000 2300 
ENERGY (YeV} 

1rN ELASTIC D13 AMPLITUDE 

Fig. II.l(a). The L•21·2J = Sll, Pll, Pl3, and Dl3 partial-wave amplitudes for TIN elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are·at integral multiples of 50 MeV, and the established resonances are shown at their nom­
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections .of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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-.15 . 

2000 

2300 

!lfl:RCY (I .. V) 

-.so -.t& •• o .. 15 

JtOO 

!lttRGT (lhY) E!I'!RGT (MeV') 

l!ooo .noo 

2300 

rrN. ELASTIC F15 AMPLITUDE 

1400 1100 2000 2300 
!KERGY (KeY) 

rrN ELASTIC G17 AMPLITUDE 

Fig. II.l (b). The L· 21 • 2J = Dl5, Fl5, Fl7, and G17 partial-wave amplitudes· for TIN elastic scattering • The 
upper plot for each amplitude is from HOEHLER'79 and the lower one is· from CUTKOSKY 80. Iil the Argand 
plots, the ticks are at integral multiples of 50 MeV,. and the· established. resonances are shown at their nom­
inal pos.itions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment 'with the· Argand plots (in the proj ectioils of the CUTKOSKY 80 amplituoes, the "data points" are 
results of energy-independent fits, lin:i the turires are· from an energy-dependent fit to join them); 
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1600 

!:lf!.RGT (lhV) 

I 
I 
I 
I 
I 

,Q 

EftERCOT (JhV) 

e:aao 

2800 

1rN ELASTIC G19 AMPLITUDE 

ENERGY (MeV) 

··~~~~~~--~.-~~ 
.05 .10 1800 2000 uoo 2800 

EIIERGY. (MeV) 

1rN ELASTIC Hlll AMPLITUDE 

2800 

ENERGY (MeV) 

I 
N(2220) 

:os 

J:RERCT (l,_V) ENERGY (MeV) 

Baryons 
N's and ll's 

2800 

1rN ELASTIC H19 AMPLITUDE 

Fig. ll•l(c). The.L•2I·2J = Gl9, Hl9, and Hlll partial-wave amplitudes for nN elastic scattering., The 
upper plot for each amplitude is from BOEHLER 79 and the lower one is.from CUTKOSKY 80. In the Argand 
plots, .the ticks are at integral multiples of 50 MeV, an!~ the· established resonances 'are shown at. their nom­
inal positions. The real and imagina·ry parts, of th~ amplitudes as.furictions 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 curv!'!S are .frpm.ari e~ergy-dependent fit to join them) • 
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1700 

2000 

2300 

EIIZROT (KIV) 

·zooo 2000 

2300 

ENERGY (MeV} 

1.00 llf(P:U) 

eooo zno 

1400 1700 2000 2300 
J:KUGT_(IIeVl. 

1rN ELASTIC P3t' AMPLITUDE 

1.00 III(DU) 

z:soo 

1rN ELASTIC D33 AMPLITUDE 

Fig. II.l(d). The L•2I-2J = S31, P31, P33, and D33 partial-wave amplitudes for 1TN elastic. scattering. The 
upper plot for each amplitude is. from HOEHLER 79 and the-lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples· of 50 MeV, and· the established resonances are shown·at their nom­
inal positions. The real and imaginary parts of the amplitudes as functions of energy_ a~e shown projected 
in alignment with the ·Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points~' a.re 
results of energy-independent fits, and the·curves are. from an energy~dependent fit to joi~ them). 
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•(1930) 

EMRGT (lhY) EMERGY (MeV) 
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ENERGY (K~y> 

2000 
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1400 1100 2000 
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... 

HOO 
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.. 
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2000 

2300 

ENERGY (MeV) 

Baryons 
N's and f::.'s 

rrN ELASTIC F35 AMPLITUDE 

1400 11'00 

1400 1700 2000 2300 
ERERGY (llleV} 

rrN ELASTIC G37 AMPLITUDE 

Fig. II.l(e) • The L•2I•2J = D35, F35, F37, and G37 partial-wave amplitudes for TIN elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is. from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom­
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with .the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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£400 

2000 rrN ELASTIC H39 AMPLITUDE 

2400 

Zaoo 2800 

ERIRCY '(KeV) 

Fig. II.l(f). The L·2I·2J ~ G39, H39, and HJll partial-wave amplitudes for ~N.elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV,. and the established resonances are shown at their ·nom­
.inal positions. The real and imag.inary parts of the amplitudes as functions of et,1ergy 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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where in present analyses 6 is the 6(1232), N* is 

the N( 1440), p is the p(770), and E is the S.,-wave, 

I=O ~~ enhancement (not all these isoba~s are 

included in every analysis). Here, BW denotes the 

appropriate Breit-Wigner or corresponding 2-body 

amplitude from ~N or ~~ analyses, and X is a well­

defined function containing all the angular infor­

mation. The decays of the resonances that are 

formed in the reaction are described by the 
JILL' partial-wave amplitudes T 6~ , etc., where~ is 

the total angular momentum and I is the total iso­

spin of the state formed, and L and L' are the 

orbital angular momenta in the initial 2-body and 

the final quasi-2-body states. So J = L + S = 
-+1 +, . , 
L + S , where S and S are the initial and final 

total spins. For the pN amplitude, it is necessary 

to add the suffix 2S', equal to 1 or 3, to indicate 

the total pN spin. The partial-wave amplit~des are 

often denoted by 6•L•L'·2I•2J, p2s,•L•L'•2I·2J, 

etc. 

The Listings give the results from four ana­

lyses. 

LONGACRE 75 (LBL-SLAC) is an analysis of 200K 

~-P ->- ~-~0p, ~-P ->- ~-~+n, and ~+P->- ~+~OP events 

for 1300 ~ W ~ 2000 MeV. Approximate unitarity 

constraints are imposed using a simplified K-matrix 

formalism that links the ~~N channel to the ~N 

channel. This gives smooth solutions and elim­

inates the overall phase ambiguity at each energy. 

The 6~, pN, and EN intermediate states are 

included. Couplings and T-matrix pole positions 

are given for 14 resonances. 

LONGACRE 77 (Saclay) is a coupled-channel 

analysis similar to LONGACRE 75 that fits lOOK 

events for 1380 ~ W ~ 1740 MeV. The couplings and 

pole positions are found for 16 resonances, includ­

ing a Pl3 N(l540) and a P31 6(1550) suggested for 

the first time by this analysis. 

NOVOSELLER 78 (CIT) is an analysis of 

~ p 
-0 - -+ + +0 ->- ~ ~ p, ~ p ->- 11 ~ n, and ~ p ->- ~ ~ p for 1630 

~ W < 1990 MeV based on the LBL-SLAC energy-
, . . 1 

independent analysis. Again the 6~, pN, and EN 

states are used, but the resonances are fitted 

using a simple Breit-Wigner amplitude rather.than 

the K-matrix formalism of LONGACRE 75. Single-pion 

exchange with ~~ rescattering is used to calculate 

the higher partial waves (taking account of a cri­

ticism made of earlier analyses), and it is con­

cluded that this improves the fit above 1800 MeV 

and helps eliminate the phase ambiguity. Another 

study of the importance of single-pion exchange has 

been made by Aaron et al., 2 who also find that it 

can give important corrections to the angular 

dependence. NOVOSELLER 78 gives two solutions, the 

second including the effects of pion exchange. 

They·are given in the Listings as fits to LONGACRE 

75 and NOVOSELLER 78. 

BARNHAM 80 (Imperial College) is an analysis 
+ +0 + ++ of 44K ~ p ->- ~ ~ p and ~ p ->- ~ ~ n events for 1440 

~ W ~ 1700 MeV. It thus concerns only the 6 reso­

nances, and it uses data that were not available to 

the other analyses. The intermediate states are 

6~, pN, and ~N(l440), the last being necessary to 

account for the difference between the ~+~Op and 

~+~+n cross sections. Also included is the effect 

of single-pion exchange leading to the S-wave ~~ 

state with I 2. · The phase ambiguity is resolved 

by requiring that the ~6 amplitude for the 033 

6(1700) have a Breit-Wigner phase. The parameters 

are found for four r'esonances, including the P31 

6(1550), but since some of the data were also used 

by LONGACRE 77 it. is not clear that this resonance 

is 'being confirmed. However, there is now some 

evidence that it has also been seen in single-pion 
3 photoproduction. 

There have also been analyses of ~-p ->- ~-~+n 
for W ~ 1400 Mev, 4•

5 
a range dominated by the low 

energy tail of the Pll N(l440), with EN as the dom­

inant intermediate state. The energy range of 

these analyses. is too low for them to determine 

decay coupling constants, and they do not appear in 

the Listings. 

It is difficult to assess the systematic 

uncertainties of these analyses or of the quoted 

couplings of the resonances to the isobar states. 

However, those that are indicated in the Listings 

as. being well determined by LONGACRE 77 do in gen­

eral agree., .. at least in sign, with the values from 

the other analyses, although some of the' p3 cou­

plings have not been measured elsewhere. The 

Imped.al College group also claims clear measure-

* ments of the signs of p1SS31, p1DD33, and N PP33. 
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All existing isobar models can be criticized 

for neglecting possible sub-energy dependence of 

the partial-wave ·amplitudes, which makes them pos­

sibly inconsistent with unitarity. 6 This has been 

studied by Aitchison and Brehm, 7 who derive an iso­

bar expansion that is consistent with Bose symmetry 

and with sub-enei:gy·analyticity and unitarity. The 

resulting coupled integral equations are suitable 

for both dynamical and phehomen<~iogic'al studies of 

rrN + mrN. They·estima.te the sub-energy corrections 

to the isobar model and conclude that such correc­

tions may not be significant for existing" isobar 

fits but that· they could become so with better 

data. 8 A rough estimate of: these corrections has 

also been made by the Imperial College group, 9 who 

also find that they are small. 
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IV. Photoproduction and Compton Scattering 

(by R.L. Crawford, University of Glasgow) 

The YN couplings of an N or ~ resonance can be 

studied in any photon-induced formation process in 

which the coupling of the resonance to the final 

state is well known. In practice, this limits 

accurate sources for such information to partial­

wave analyses of single-pion photoproduction, where 
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there is a large amount of data and where the final 

state is well known from rrN +'rrN partial-wave ana­

lyses. Recently, however, some couplings have been 

obtained from Compton scattering on protons. All 

·photoproduction a~alyses rely heavily on 1TN + 1TN 

analyses for the existence, masses, and widths of 

the resonances. In only a few photoproduction ana­

lyses are the masses and widths treated as free 

parameters. However, the photoproduction resul.ts 

for the masses and widths are of interest since 

they give access to the chaz:ge +1 states. 

The most important analyses. of single-:-pion 

photoproduction are reviewed below. The formalism 

has been described in an earlier edition of this 
1 Review; to which the reader is referred for addi-

tional information. There are three basic methods 

of analysis. All have to cope with the stability 

problems of having four independent complex spin 

amplitudes at any energy and angle, but only six 

(and frequently fewer) independent experimental 

measurements. 

(a) Simple isobar model: .This is the simplest 

form of energy-dependent analysis. The partial 

waves are parametrized as a smooth background• to 

which Breit-Wigner resonances are added. Usually 

the electric but not the magnetic Born terms are 

:f,ncluded explicitly to reproduce the forward peak 

in charged pion production. This method is suffi­

ciently flexible to give·efcellent fits to the 

data, but there are in principle difficulties con­

cerning the uniqueness of the solution due to the 

large number of waves involved. This problem is 

eliminated by the form of the parametrization, but 

it is not clear how this .may bias the solution. 

The most extensive analysis of this type is 

METCALF 74 (for references in this form, see the 

Data Card Listings), which is an extension of the 
. 2 . + 

earlier W~lker analysis. It fits yp + 1T n, 
0 yp + 1T p, and Yn + 1T-p from the first to the fo~rth 

resonance regions. FELLER 76 is a similar analysis 

which does not fit Y~ + 1T-p, but uses data that 

.were not available to METCALF 74. Other isobar 

analyses are ROSSI 73, HEMMI1 73, HEMMI2 73, 

BENEVENTANO 74, 'KRIVETS 74, TAKEDA 80, and BRA~ 
TASHEVSKIJ 80; these have used relatively small and 

sometimes restricted data sets, usually in associa­

tion with a particular experiment. ISHII 80 is an 
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isobar analysis of proton Compton scattering for 

laboratory photon energies from 550·MeV to 950 MeV, 

covering the second resonance region. 

(b) Fixed-t dispersion relations (FTDR): This 

technique uses the apparent resonance dominance of 

the photoproduction amplitudes to get a relatively 

simple parametrization of their imaginary parts. 

Fixed-t dispersion relations are then.used to cal­

culate the real parts; sometimes a few but usually 

no additional free parameters are introduced. 

Since there are fewer free parameters, the proba­

bility of having multiple solutions is reduced, and 

the requirements of analyticity are automatically 

satisfied. However, the method is inflexible com­

pared to the isobar model and gives poorer fits. 

Also, as has been described in NOELLE 78 and else-
3 where, the divergence of the partial-wave expan-

sions for the dispersion integrals does not allow 

the use of data at all angles above the third reso­

nance region. Some but not all analyses satisfy 

the constraints of unitarity and time reversal 

invariance as given by Watson's theorem. 4 

FTDR analyses have been made by groups at 

Berkeley (MOORHOUSE 73, KNIES 74, and MOORHOUSE 

74), at Lancaster (DEVENISH 73 and DEVENISH2 74), 

at Glasgow (CRAWFORD 75, BARBOUR 76, BARBOUR 78, 

and CRAWFORD 80), at Yerevan (AZNAURYAN 77), and at 

Tokyo (ARAI 80 and FUJII 81). NOELLE 78 is a 

hybrid analysis incorporating FTDR in a coupled­

channel isobar calculation. 

(c) Energy independent analyses: These evalu­

ate the partial waves by making fits at a set of 

essentially single energies, and are thus the least 

biased of all analyses. It is necessary to use 

Watson's theorem to fix the complex phases of many 

of the partial waves and thus to get a unique solu­

tion. Due to the onset of inelasticity, this 

becomes difficult above the first resonance region, 

and only BERENDS 77 extends into the second reso­

nance region. This analysis gets significantly 

different couplings from the other analyses for the 

Dl3 N(l520). 

New analyses in the Data Card Listings: ARAI 

80 is an FTDR analysis of Yp + TI+n, yp + TI0p, and 

Yn +TI-p using 7768 data points for energies from 

1168 to 2078 MeV and for momentum transfers t out 

Baryons 
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to -1.6 (GeV/c) 2• A K-matrix formalism is used to 

parametrize the resonances, and a Regge formalism 

is used for the high energy part of the)dispersion 

integrals. 

CRAWFORD 80 is an extension of earlier Glasgow 

analyses to include more data and more resonances. 

The imaginary parts of the partial waves are 

parametrized as Breit-Wigner amplitudes plus back­

ground in the S and P waves. The high energy parts 

of the dispersion integrals are parametrized using 

a Regge formalism, and data are fitted at all ener­

gies for yp + TI+n, yp + TI 0p, and yn + TI P• A total 

of 8838 data points are used for energies up to 2.5 

GeV and for tout to -1.5 (GeV/c) 2• Evidence is 

found to suggest that the P31 ~(1550) is photopro­

duced, but it is not conclusive. 

BRATASHEVSKIJ 80 is an isobar analysis of 
0 Yp + TI p using recoil proton polarization data from 

Kharkov and is essentially a variation of METCALF 

74. 

TAKEDA 80 is similarly a variation of METCALF 

74 to fit new recoil proton polarization data in 

Yn + TI-p. 

FUJII 81 is based on the ARAI 80 analysis and 

includes new neutron target data. 

Resonance couplings and errors in the Data 

Card Listings: The Listings give the results of 

all recent and extensive analyses. If no error is 

given, only a unique result is quoted. The Berke­

ley analyses and CRAWFORD 75 give for errors the 

spread of solutions around a central value. The 

Lancaster group gives for errors the change of 

value that is required to increase the ''best pos­

sible x2'' by 1%. METCALF 74, FELLER 76, AZNAURYAN 

77, and ARAI 80 quote similar errors. In BARBOUR 

78 and CRAWFORD 80, the systematic differences due 

to the different methods of analysis are considered 

to be at least as important as the purely statisti­

cal errors, and the errors quoted are obtained by 

comparing with other analyses as well as from the 

spread of parameters over a number of fits. Thus 

there is often a wide variation in what the errors 

quoted in the Listings mean. 

Table IV.1 gives a compilation of the YN decay 

couplings from METCALF 74, KNIES 74, MOORHOUSE 74, 

DEVENISH2 74, BARBOUR 76, BARBOUR 78, ARAI 80, and 

CRAWFORD 80. The errors quoted are a combination 
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Table IV.1. A compilation of measured YN ·decay 
couplings and of predictions of the,qua~k model. 
Sources are given in the text. 

-1/2 -3 Couplings (GeV . X10 ) 

Resonance Heli- Partial-Wave 
Target city Analyses 

Quark Model 
Predictions 

P
11 

N(l440) 

, 
n13 N(l520) 

s
11 

N(l535) 

s
11 

N(l650) 

n15 N(l675) 

F 15 N(l680) 

n13 N.(1700) 

P
11 

N(l710) 

P13 N(1720) 

F17 N(l990) 

G17 N(2190) 

, 
p 33 11( 1232)-

,, 
p33 Ll(1600) 

s)1 11(1620) 

D33 11 (1700) 

F35 11(1905) 

p~1 11(1910) 

n35 11(1930) 

, 
F37 11(1950) 

p 
n 

p 

n 

p 
n 

p 
n 

p 

n 

p 

n 

p 

n 

p 
n 

p 

p 

n 

p 

n 

p 

p 

p 

p 

p 

p 

p, 

p 

1/2 
1/2 

1/2 
3/2 
1/2' 
3/2 

1/2 
1/2 

-70 ± 9 
+42 ± 19 

-17 ± 11 
+166 ± 7· 

-69 + 14 
-136 :± 14 

+67 + 15 
-.78 :± 29 

1/2 +45 ± 17 
1/2 ~23 ± 33' 

1/2 +13 ± 8 
3/2 +22 + 12 
1/2 -37 :± 24 
3/2 -54 ± 24. 

1/2 -13 ± 10 
3/2 +132 ± 15 
1/2 +29 ± 15 
3/2 -28 ± 16 

1/2 
3/2 
1/2 
3/2 

1/2 
1/2 

1/2 
3/2 
1/2 
3/2 

1/2 
3/2 
1/2 
3/2 

1/2 
3/2 
1/2 
3/2 

1/2 
3/2 

1/2 
3/2 

1/2 

1/2 
3/2 

1/2 
3/2 

1/2 

1/2 
3/2 

1/2 
3/2 

-20 ± 12 
+1+ 
o+ 

+8 :± 
17 
50 
42 

+3. + 15 
+9 :± 30 

+60 ± 36 
-34 + 26 
-6 :± 25 

-26 ± 90 

+17 + 35 
0 :± 20 

-82 + 25 
-86 :± 40 

-43 + 40 
+131 :± 100 < 

-64 ± 45 
-60 ± 130 

-141 + 6' 
-258 :± 8 

+2 ± 30 
-3 ± 30 

+23 ±, 38 

+109 + 31 
+73 :± 35 

+33 + 10 
-38 :± 19 

-24 ± 15 

-46 + 50 
+13 :± J5o 

-73 + 1.2 
-85 :± 13 

-5 to -50 
+4 to +38 

-41 to +6 
+95 to +174 
-23 to -52 

-102 to -144 

+68 to +147 
-83 to -119 

-9 to +95 
-45 to +4 

0 to +12 
0 to +16 

-31 to -55 
-44 to -78 

-7 to +24 
+47 to +154 
-32 to +27 
-25 to +2 

-z t'o +9 
to +33 
to · +25 
to •76 

-12 
-15 
-17 

·-7 to ·-37 
-21 to +29 

-133 to +74 
-65 to +46 
-23.to +57 
-61 to +12 

-8 to -10 
-10 to -13 
-18 to -19 

.-23 to -25 

.:.94 to -127 
-162 to -220 

-61 to +2 
-107 to +4 

+43 to +86 

+7.8 to +106 
·+78 to +105 

-10 to +44 
-41 to +15 

-16 to +15 

-17 
-24 

-25 to -48 
-32 to -69 
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of the stati'stical errors 'from these analyses and 

the systematic differences between them. Also 

shown for comparison are the range of predictions' 

for the couplings from recent quark model calcula-
5-8 < ·-

tions. While the quantitative agreement bet~een 

the quark models and the .measured couplings :j.s not 

yet good, there is qualitative agreement to the 

extent that at ~east one quark model gives the 

correct sign i~ the cases where the sign has been 

clearly measured. 
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v. Electroproduction 

(by F. Foster, University of Lancaster) 

Introduction: Since 'this .. review of· resonance 

electroprodilcti:on was last revised (1978), several 

new data sets on virtual photoproduction of single 

pions have become available. The DESY group has 

completed its detailed survey of the whole reso­

nance region at values of'Q2 from 0.6 to 3.0 Gev2• 

The new data on n+ and n° ·production and an 

analysis using the fixed-t dispersion relation 

methodsof Devenish and Lyth1 are available in 
2 3 internal DESY reports, ' and those on n production 

2 4 5 are available in reports ' and a publication. 
2 • 

Data at smaller·Q continue to appear from the Bonn 
- 6 < 2 2 

group, for n production at Q = 0.4 GeV and.for 
+ 0 7 2 2 n and n production at.Q = 0.3 GeV. The 

Lancaster-Manchester group working at Daresbury has 

also completed new da~a sets at 0. 5 and 1.0 Gev2 

using both hydrogen8•9 and deuterium as tar­
gets.10-12 

Analysis· of the new data in terms of the 

appropriate resonance multipole amplitudes has been 
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facilitated by the availability of the Devenish- great difficulty in fitting the shape of the Ml+ 

Lyth fitting program, which uses fixed-t dispersion variation with mass, and also in accommodating the 

relation constraints. 1 Ch, Gerhardt has analyzed observed background excitation, particularly above 

much of the data available to 1978, 13 while Daven- 1300 MeV. An unfortunate consequence is that the 

port and Morris have analyzed recent Daresbury program cannot give unambiguous results for the 

data 14 and v. Gerhardt has analyzed the recent DESY excitation of the Pll N(l440) Roper resonance. 

data. 3 There are now quite consistent results for, 

in addition to the P33 !'1(1232) and the Sll N(l535) 

resonance multipoles, the Dl3 N+(l520) and the Fl5 

N+(l680) multipoles for Q2 up to 3.0 Gev2, and 

there are some clear indications of the behavior of 

the D33 1'1+(1700). Analysis of the Daresbury "neu­

tron target" data 12 has also given good results for 
0 0 2 the Sll N (1535) and Dl3 N (1520) multipoles at Q 

= 0.5 GeV2 and allowed significant tests of the 

generalized SU(6)W or single-quark exci'tation 

models. On the theoretical side, Alcock et a1. 15 

have presented an excellent review of all recent 

quark models for resonance.electroproduction, as 

well as their own proposals for suitable quark 

models on a proper relativistic basis. They con­

clude that the single-quark transition model can 

reproduce qualitatively the observed behavior of 

the orbit-flip, spin-flip, and spin-orbit parame­

ters for the excitation of members of the [70,1-] 

multiplet. 

First resonance region: Excitation of the P33 

1'1(1232) resonance proceeds mainly via the magnetic 

Ml+ multipole; the electric El+ multipole is con­

sistent with zero as is expected from SU(6) and the 

quark model. The scalar multipole has a small but 

significant negative value with s 1+ being between 5 
2 and 10% of Ml+' and as Q increases the background 

amplitudes EO+ and M1_ account for an increasing 

fraction of the single-pion cross section. The new 

DESY data2•3 at Q2 = 3.0 GeV
2 

give El+/Ml+ ~ 0.05 ± 

0.05 and s 1+/M1+ ~ -0.12 ± 0.05 at 1230 MeV, and 

the background ratios are E0+/M1+ ~ 0.5 and M1_/M1+ 

~ -0.3 near resonance. From its measurements of 

Ml+' the DESY group also obtains a value for the 
* 2 2 2 transition form factor GM(Q ) at.Q = 3.0 GeV that 

is much less subject to systematic error than were 

the earlier "single arm" measurements of the total 

cross section. The results confirm that C:<Q
2
) 

2 falls more rapidly with Q than does the nucleon 

"dipole" form factor. It is also clear ·that at the 
2 high values of Q the Devenish-Lyth program has 

·The [70,1-] resonances: Table V.l gives the 

results of the various dispersion-relation fits for 

the low-lying negative-parity resonances Sll 

N(l535), Dl3 N(l520); Sll N(l650), and D33 1'1(1700) 

from the [70,1-] multiplet. It is difficult to 

Table v.l. Results of recent fits to rr0 , rr+, and n 
data for members of the [70,1-] multiplet. 

Multipole 

Resonance (rr+) IJbl/2 

{ Dl3 N+(l520) E2- 0.34 ± 0.03 
2 2 M2- 0.58 ± 0.06 Q = 0.3 GeV 

Bonn 
N+(l535) (Refs, 7, 17) Sll EO+ 0.60 ± 0.07 

Sll N+(l650) EO+ 0.33 ± 0.04 

D13 N+(l520) E2- 0.37±0.13 

2 . 2 M2- 0.53 ± 0.07 
Q = 0.5 GeV 

s2- 0.10 ± 0.10 
Lancaster-
Manchester D33 !'1+(1700) E2- 0.23 ± 0.13 (Ref, 14) 

M2- -0.17 ± 0.03 

s2- -o.o5 ± o.o5 

D13 N+(l520) E2- 0.08 ± 0.02 

q2 = 1.0 GeV2 M2- 0.43 ± 0.05 

s2- o.o 
Lancaster-
Manchester D33 1'1+(1700) E2- 0-18 ± 0.07 (Ref. 14) 

l 
M2- -0.06 ± 0.02 

s2- -0.04 

Multipole DESY data (Ref. 3) 

Resonance (rr+) b1/2 

Q2=0.6 1.0 2.0 3.0 GeV2 

Sll N(l535) . EO+ 0.52 0.51 0.39 0.32 

SO+ -0.30 o.oo -0.11 -0.10 

D13 N(l520) E2- 0.13 -0.04 -0.11 -0.08 

M2- 0.47 0.35 0.17 0.063 

s2- 0.06 o.oo o.oo o.oo 
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assign uncertainties to these results, but where 

this has been done it reflects the spread observed 

in independent fits to the same experimental data. 

Also, the S11 N(1535) multipoles may be regarded as 

being very well determined since they are extracted 

from n electroproduction data of high accuracy. 
2 The low-Q data from Bonn were analyzed for the 

helicity 1/2 couplings only, and the multipoles 

here have been extracted by combining the helicity 

3/2 couplings from the analysis of Ch. Gerhardt. 13 

The trends in the data are clear: the EO+ mul­

tipole falls off very slowly so that the S11 

N(1535) is the dominant component of the second 

resonance at Q2 > 1.0 Gev2• Using only n produc­

tion cross sections and resonance peak heights from 

total-cross-section measurements, the following 

results are obtained: 3 

Q2 (GeV2) 0 2eak ()lb) S11 ()l b) D1J ()lb) 

2.0 15.0 ± 1.0 10.07 + 0.56 5.0 + 1.2 
3.0 7.7 ± 1.1 6.85 :± 0.37 0.88 :± 1.2 

It has also been demonstrated ~hat the ef!ect is 

unlikely to be due to scalar/longitudinal photon 

excitation, since the following results are 

obtained for cr1 /crT using n production cross sec­

tions at different values of the photon polariza­

tion: 

Q2 (GeV2) crL/cri Reference 

0.4 0.23 ± 0.14 6 
0.6 0.25 ± 0.23 4 
1.0 -0.13 ± 0.16 4 

In contrast, the electric multipoles for the D13 

and D33 resonances fall rather rapidly with q2• 

This is particularly noticeable for the D13 
1/2 2 N(l520), where E2_ falls from 1..05 )lb at Q = 0 

1/2 2 2 to less than 0.1 )lb at Q = 1.0 GeV , while the 

magnetic multipole 112_ falls much more slowly. The 

effect is associated with the well-k)lown rapid 

changes in excitation of the resonances from mainly 

helicity 3/2 at q2 = 0 to mainly helicity 1/2 at Q2 

> 1 Gev2• More detailed discussions may -be found 

elsewhere (e;g., Ref. 17). An alternative and more 
. .· 2 

instructive point of view is to compare the Q 

variation of the single-quark-transition-model 

(SQTM) parameters A, B, and C which describe the 
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excitation of all the members of the [70,1-] multi­

plet: A and B correspond to orbit- and spin-flip 

excitation, and C corresponds to simultaneous spin 

and orbit excitation. The SQTM works well in the 

photoproduction limit where the parameters are 

necessary and sufficient to describe all the exci­

tation16 and A, B, and C are roughly in the ratio 

9:4:4. The relations between A, B, and C and the 

dominant multipole amplitude are given in Ref.. 17, 

and it is straightforward to determine A, B, and C 

as functions of Q2 using the results outlined in 

Table v.1. Figure v.1 shows these results, and it 
2 is certain that at high Q the spin-flip amplitude 

B dominates. This behavior is expected from most 
15 17 explicit quark models, ' and Fig. v.·1 also shows 

' 18 the results of a recent quark model calculation 

based on the successful photoproduction model of 

Kubota and· .Ohi:a. 19 Two points may b~ mentioned: 

(1) agreement between the explicit model and the 

data could only be achieved by including an effec­

tive quark "form factor;" and (2) at high Q2. the 

spin-orbit term C seems to go significantly nega­

tive in contradiction to quark model expecta­
tions.15,20 

The SQTM may be further tested by comparing 

the predictions for the neutron-target multipoles 

of I=1/2 resonances calculated from the observed 

values of A, B, arid C with the results of the 

Daresbury deuterium-target experiments. This has 

been dorie with some degree of success by the Dares­

bury group; 10- 12 • 17 and their results are. given in 

Table v.2. 

The P11 N(1440): Interest in this enigmatic 

resonance persists because two rather different 

theoretical approaches both predict that the M 
2 1-

multipole sign will change as Q increases from 

zero. In photoproduction, M1_ has the wrong sign 

according to the simplest _quark. models, but con­

sideration o.f the large spin-orbit contribution to 

the excitation in an explicit mode1 19 gives rough 

agreement with experiment. As in the [70,1-] mul­

tiplet, spin-orbit excitations become less impor-
. 2 . 

tant as Q increases, so the multipole should 
18 revert quickly to its nominal sign. The same 

. 21 
effect is predicted by Gavela using a_ "bag" model 

for electroproduction. Experimentally the situa­

tion is still far from clear, but such sign changes 
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· 17 the E3_ and M3_ multipoles for this [56,2+] multi-are certainly not ruled out. 

The F15 N(1680): All analyses of the data 

near the third resonance give consistent values for 

A 

® 0
2
=0 

• BONN [7) 
• NINA [14) 
• DESY [3) 
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Fig. v.1. The Q2 variation of the orbit-flip, 
spin-flip, and sein-orbit-flip parameters A, B, and 
C for the [70, 1 ] multiplet. .The curves are from 
Ref. 18. 

plet member. Table v.3 shows the results, and 

again the electric multipole falls much more 

rapidly than the magnetic multipole. This clearly 

agrees with the quark model expectation that spin-
. . 2 

flip amplitudes must dominate at high Q • 
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VI. Production Experiments 

Partial-wave analyses of· course separate par­

tial waves, whereas a peak in a cross section or an 

invariant mass distribution usually cannot be 

disentangled from background and analyzed for its 

quantum numbers·; and more· than one resonance aiay be 

contributing to. the peak. Thus results from pro­

duction experiments are kept under separate head­

ings in .the Listings (e.g., 1520 MEV REGION-- PRO­

DUCTION EXPERIMENTS), and they are not used for 

getting numbers in the Baryon Table. 

There is .not much·new on Nand~ resonances 

from production experiments in this edition, so we 

refer to the previous edition for a lengthy review 

of the diffractive production of Nn:and Nnrr sys­

tems.1 

1. 

Reference for Section VI 

Particle Data Group, Rev. Mod. Phys. 2,.S188 
(1980). 
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Data Card Listings 
For notation, see key at front of Listings . 

...... ......... •••• ,. ........................ ********* ••••••••••••••••• 
****** ********* ********* *****O*** o:******** ********* ********* ••••••o• 

5=0 I= 1/2 NUCLEON STATES (N) 

• ................................. ********* ••••••••• *****0*** ••••et••• 
• ................................. ********* ........................... . 

16 PROTONI938', J=l/21 J:::l/2 

SEE STABLE PARTICLE DATA CARD liSTiNGS 

*•*** ............................................................... . 
...... : ................................................ ********* ........ . 

11 NEUTRONI939, J::l/21 1=1/2 

SEE STABLE PA.RTICLE.DATA CARD LISTINGS 

. ....................................................................... . 
jN(1440)j 61 N•1121H40. JP•l/2+1 l•l/2 I p'fll . 

M 
M 

• M 

RE 
RE 

MASS ·AND WIDTH ARE BEST. DETERMINED FRO~ .. PARTIAL WAVE 

-~~~l~~~SNEx~E E~i~~ ~~O~~~t~~iT~~~~~IMI;:~TS S_EP.ARATELY --

HEO 76 CLAIMS TWO P11 STATES IN THE .. t'500 Mev REGION. 
H TENTATIVELY liST BOTH HERE. • . . . 

61 N*1/2114401 MASS.I_MEVI 

I l370aOI BRANDSEN 65 RVUE PHASE-SHIFT ANAL 9/66 
( 1380.01 ROPER 65 RVUE. PHASE~ SHIFT ANAL 9/66 
( 1470.01 BAREYRE 68 RVUE PHASE-SHIFT ANAl.11/&7 

WHERE CROSS·SECTION IS GREATEST- EYEBALL FIT 
C 1466a0) OONNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
I 1461.01 AVED 70 IPWA 117,1 

FROM ENER. a·EPa FIT OF ARGANO DIAGRAM 
I 14-62a 01 DAVIES 70 RVUE P-S ANAl SOL A 8/69 
I \470. I ALMEHED 72 IPWA 2!72 

1405. TO 1420. CRAWFORD 75 OPWA PI N PHOTOPROO.. 117"6 
L 1415. OR 1390. LONGACRE 75 IPWA Pl N TO 2P1 N 11175 
L THE 2 SETS OF PARAMETERS ARE FROM METHOD'S" 1 AND 2 0~ LONGACRE. 75 • .,.. 11.175 

2 I 1413. I AYEO 76 ·J PWA 11177 
2 I 1532.1 AV.EO 76 lPWA 11/17 

_2: AYED 76 FINDS 2 DIFFERENT Pll RESONANCES IN THIS REGION IN CONTRAST 11/71 
2 TO ALL otHER PWA·s. WE LIST SOfH TOGETHER HERE UNTIL 11177 
2 SITUATION IS FURTHER CLARIFIED. 11177 

( 1404. I BARBOUR 76- bPWA PI N PHd'rOPROO. 1176 

' ' ' 9 

I 1460. I BERENDS 77 IPWA PI-N PHOTiJPROO. '1!78 
I 1380. I LONGACRE 71 JPWA PI N TO 2Pl N 11177 

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEP:r FOR. THE POLE rl/77 
POSITION WHICH IS FROM ·sOLUTION's ··st AND Cl. 11177 

I 1417.1 . . BARBOUR 78 OPWA PI-N PH0TOPROO.. 3/79 
9 SUPERSEDES BARBOUR 76. 3179 

5 I lft72.1 BAKER 79 OPWA 0 Pt- P TO ETA N 12179 
( 1450. I 130.1 CUTKOSKY 79 JPWA PI N TO PI N 12!79 

1410. 12. HOEHlER 79 1 PWA PI N TO P f N 12179 
I 1411.01 CRAWFciRO 80 OPWA PI N PHOTOPROO. 12/81* 

1440. 30. CUTKOSKY 80 IPHA PI N TO PI N .1/82* 

AVERAGE MEANINGLESS (SCALE FACTO.R " 1.01 

l 
2 
2 

8 
9 

5 

1255 .. 01 
1211. OJ 
1164.01 
(391. J 
1220. I 
255. TO 
"tao. oR 
1182. I 
175. I 

f330.1 
(279. I 
1200. I 
1331. I 
(113.1 
(370.1 
135. 

1334.01 
340. 

61 N*1/2114401 WIDTH IMEVI 

39"6. 
200. 

(SMALLER MASSI 
(L_ARGE_R MASSI 

(80. I 
10. 

70. 

8AREVRE 
OONNACH1 
AYEO 
DAVIES 
ALMEHEO 
CRAWFORD 
LONGACRE 
AYEO 
AVEO 
BARBOUR 
BERENDS 
LONGACRE 
BARBOUR 
BAKER 
CUTKOSKY 
HOEHlER 
CRAWFORD 
CUTKOSKY 

AVERAGE ""'EANINGLESS C SCALE FACTOR "" 1.01 

68 PVUE 
68 RVUE 
70 I PWA 
10. RVUE 
.72 I PWA 
75 DPHA 
75 IPWA 
76 I PkA 
16' 1 PWA 
76 OPWA 
77 IPWA 
11 1 PWA 
78 OPWA 
79 OPWA 
79 I PWA 
79 IPWA 
80 OP\oiA 
80 I PWA 

SEE THE NOTES ACCOMPANYING. THE MASSES QUOTED. 

P-S. &.NAl SOl A 

PI N PHOTOPROO. 
PINT02PIN 

PI N PHOTOPROO. 
PI-~ PHOTOPROO. 
PINT02PIN 
PI-N PHOT0PROO. 

0 PI- P .TO ETA N 
PI N TO PI N 
PINTOPIN 
PI N PHOTOPROD. 
PINTO'PIN 

H N_IO:l/2114401 REAL PART OF POLE POSITION tMEVI 

( 1375.1 15.1 73 

11/67 
6/68 
1/71 
8/b9 
2172 
1/76 

11175 
11177 
11177 

1176 
1178 

11177 
3179 

12179 
12/79 
12179 
12/81* 
1182* 

1/74 

RE 8 
( 1381. I 

1360. OR 
11369. I 

l3'15. 

133?· 

30. 

LE.E 
LONGACRE 
LONGACRE 
(UTKOSKY 
CUTKOSKY 

75 I P.WA 
77 I PWA 
79 IPWA 
80 I PWA 

FIT TO AlMEHE072 
PI N TO 2Pt N 
PINT02PIN 

1174 
11175 
11/77 
12179 
1/82• 

·RE 
~ RE 

PI N TO PI N 
PI N TO PI N 

. . .. ----- ------ --------- -------- ---------· ------ ------ --------

. IM 
IM 
I M 8 
I M 
,IM 

(216., 
.(209.1 

167. OR 
1178. I 
180. 

61 N*l/2114401 -2*11'1AG PART OF POLE POSITION tMEVI 

t to. 1 

234. 

40. 

LEE 
LONGACRE 
lONGACRE 
CUTKOSKY 
CUTKOSKY 

73 
75 1 PWA 
11 IPkA 
79 IPWA 
80 IPWA 

FIT TO AlMEHED12 
PI N TO 2PI N 
PI N To 2PI N 
PI N TO PI N 
PtNTOPtN 

___ .:...._ -------- _____ .__ -------- --------- :._ ____ _ 

RER 
RER 

1-9.) 
-9. 

61 N'*1/204401 REAL PART OF ELASTIC PGLE RESIDUE IMi:VI 

31. 
CUT KOSKY 79· I PWA 
C UTKOSK Y 80 I P WA 

PI N TO PI N 
PtNTOPtN 

1174 

1174 
11175 
11177 
12179 
. 1/82* 

12179 
1/8210: 
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Data Card Listings 
For notation, see key at front ofListings. 

Baryons 
N( 1440) 

H N*l/21 14401 !MAG PART OF ELASTIC POLE RESIDUE I ME VI 

IHR 
IHR 

(-48. I 
-51. 1. 

CUTKOSKY 79 I PWA 
CUTKOSKY 80 IPkA 

PI N TO PI N 
PINTOPIN 

61 N*l/2114401 ABSOLUTE VALUE OF POLE RESIDUE ("'EVI 

ASS 
ASS 

I Hoi 
52. 

I 5. I 
5. 

LEE 73 
CUTKOSKV 80 IPkA 

f(T TO ALMEHED72 
PI N TO PI N 

El N*l/2(14401 PHASE OF POLE RESIDUE CRAOIANSI 

PH 
PH 

" P2 
P3 
P4 
P5 

•• 
P7 
PB 
P9 
PIO 
Pll 
Pl2 

(-1.41 
-1.75 0.61 

LEE 13 
CUTKOSKY 80 IPWA 

61 N*l/2114401 PARTIAL DECAY MODES 

N*l/2114401 II'HO PI N 
N*l/2114401 INTO N EPSILON 
N*l/2(14401 INTO N*3/2tl2321 PI 
N*l/2(14401 INTO N PI 'PI 
N*l/2114401 INTO GAMMA N 
N*l/2114401 INTO N RHO 
N*l/2114401 INTO GAM p, HEliCITY.,L/2 
N*l/21 14401 INTO GAM N, HELICITV=l/2 
N*l/2114401 INTO ETA N 
N•l/21llt40J INTO K li\MBOA 
N*l/2(14401 INTO N RHO,S=l/2,P-WAVE 
N•l/2(1440) IHO N RHO,S=3/2,P-WAVE 

61 N•112114401 BRANCHING RATIOS 

FIT TO ALMEHE072 
PINTOPIN 

DECAY MASSES 
139+ 938 
938+1300 

1232+ 139 
938+ 139+ 139 

0+ 1;38 

938+ 769 
0+ 938 
0+ 939 

939+ 548 
497+1115 
'i38+ 769 
938+ 769 

R.1 N•l/204401 I~TO IPI NJ/TOTAL IPll 
Rl 10.681 SAREVRE 68 RVUE 
R.l 10.6581 DONNACH1 68 RVUE 
Rl 10.5641 AVEC 70 IPWA 
R1 10.491 DAVIES 70 RVUE P-S ANAL SOL A 
Rl 10.67) I 0.181 SAXON 70 HBC AT 1400 MEV 
Rl 10.581 10.091 SAXON 70HBC. 
R.1 10 .. 65} ALMEHEO 72 IPWA 
R.l 10.541 (SMALLER MASSI AVEC 76 IPWA 
Rl 10.161 (lARGER MASSI AVEC 76 IPWA 
R1 A A AND 8 CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON THRE 
Rl B BODY DECAYS, ASSUMING ONLY Pl, P2 AND P3 DECAYS PRESENT. 
R1 10.651 I 0.051 CUTKOSKY 79 IPWA PI N TO PI N 
Rl 0.51 0.05 HOEHLER 79 IPWA PI N TO PI N 
R1 0.68 0.04 CUTKOSKY 80 IPWA PI N TO Pt N 

•• Rl AVERAGE MEANINGLESS ISCALE FACTOR., 2.11 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTeD. 

R2 N•112114401 INTO IN EPSJLONJ/TOTAL IP21 
R2 DOMINANT INELASTIC DECAY THURNAUER 65 RVUE -
R2 DOMINANT INELASTIC DECAY NAHYSLOWS 66 RVUE -
R 2 DOMINANT tNELASTI C DECAY ROSENFELD 67 RVUE -
R2 DOMINANT INElASTIC DECAY HORGAN 68 RVUE ISOBAR MODEL 
R2 10.161 DIEM 70 tPWA 3 BODY ANALYSIS 
R2 ASSUMING Rl .. 0.61 
R2 I 0,. 301 I O. 201 SUON 70 HBC 
R2 B 10.201 10.121 SAXON 70 HBC 
R2 A AND B CORRESPO,._D TO THE 2 BEST SOLUTIONS, SEE NOTE IN R1. 

R3 N•l/211440) INTO IN•312112321 PU/TOTAL IP31 

12179 
1/82• 

1/74 

1/74 
1/82• 

1/74 

1174 
1/82• 

11/67 
6/68 
1171 
8/69 
6/70 
6170 
2/72 

11177 
11/77 

12/79 
12/79 
1/82• 

11/67 
11/67 
11/67 
6/68 
1/71 

6/70 
6/70 

R3 10.171 DIEM 70 JPWA 3 BODY ANALYSIS 1171 
R3 ASSUMING R1• 0.61 
R3 (0.031 (0.201 SAXON 70 H8C 6170 
R3 B 10.22t 10.12t SAXON 70 HBC 6/70 
R3 A AND 8 coq,RESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN Rl. 
R3 R 10.20t MAKAROV 71 IPWA 0 PI- P TO PI PI N 3/72 
R3 R ASSUMES R1 111 0.6. MAX11'4UM CH ENERGY ANAlYZED WAS 1435 HEY. 

R4 N•lt211440t l~TO IGAMIIIIA NII(PI NJ CPSIIIPLI 
R4 F STRONG INDICATION ROSSI 73 OSC 0 GAM N TO PI-P 
R4 F DISAGREES WITH OTHER DATA 

N•1/2C14401 I~TO IN RHO 1/TOTAL IP61 

2/73 
2173 

R5 
R5 
R5 

(0.071 DIEM 70 IPWA 3 BODY ANALYSIS 1171 
ASSUMING Rl: 0.61 

N•112(14401 INTO IGAMMA NI/TOTAL IP51 •• •• •• 
(0.0006) MICKENS 71 THEORETICAL EST. 10/71 

TOTAL WIDTH TAKEN AS 250 MEV • 

R7 
R7 
R7 
R7 
R7 
R7 
R7 
R7 

N•112(14401 FRCM PIN INTO ETA N SQRTIP1•P91 2/74 
1+0.231 LE~OIGNE 73 OPWA 1488 TO 1685 MEV 2/74 
(+0.3281 FELTESSE 75 OPHA 0 1488 TO 171t5 MEV 11/75 

SUPERSEDES LEMOIGNE 73, USES M AND W OF AYED 76 (LARGER MASSI. 11175 
AN ALTERNATIVE WHICH CAN NOT BE DISTINGUISHED FROM THIS IS TO HAVE 11175 
A Pl3 RESONANCE WITH M .. 1530, W=19, AND COUPLING:+.271 11/75 
BAKER 79 FINDS A COUPLING OF THE N•ll4401 TO THE ETA N CHANNEL 12/79 
NEAR (BUT SLIGHTLY BELOWI THRESHOLD. 12/79 

R8 N•112(14401 FP:OM PI N TO K LAMBDA SQRT(Pl•P101 
RB C -0.296 0.068 OEVENISH 74 0 FIXED T DISP REl 
R8 C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESI-CLD. 

R9 N•1/2Clft401 FROM PI N TO N•3/2Cl2321 PI SQRTIP1•P31 
R9 L I-0.3010R -0.37 LONGACRE 75 IPWA PI N TO 2P1 
R9 8 1-0 .. 411 LONGACRE 77 IPWA PI N TO 2P1 
R9 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R10 N•112tl4401 FROM PIN TON RHO,S•l/2,P-WAVE 
R10 L (0.01 OR -0.23 LONGACRE 75 IPWA 
R10 8 1+0.111 LONGACRE 77 IPWA 

SQRTCPl*Pl11 
PI N TO 2P1 
PINT02PI 

Rll 
Rll ... N•11211440) FROM PI N TO N RHO,Sc3/2,P-WAVE SQRTIPl•P121 

C-0.181 LONGACRE 77 IPWA PI N TO 2PI N 
LONGACRE 17 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

R12 N•l/2U4401 FllOM PI N TO N EPSilON SQRTIP1•P2t 
Rl2 L 10.181DR +0. 23 LONGACRE 75 IPWA PI N TO 2P1 
Rl2 8 1+0.181 LONGACRE 77 IPWA PI N TO 2PI 

4/75 
4/15 
4175 

11175 
11/75 
11/77 

11175 
11/75 
11177 

11177 
11/77 

11/75 
11175 
11/77 

61 N•l/2(14401 PHOTON DECAY AMPLIGEVU-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, S~E MINI­
REVIEW PRECEOJt.G THE BARYON LISTINGS. 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al .. .. 
Al .. .. .. .. .. .. 
Al .. 
Al .. .. 
Al .. 

N•1/2114401 I"'TO GAM p, HEllCITY=l/2 IGEV .. -1/21 
-0.096 0.022 OEVENISH 73 OPWA PI N PHOTOPROO. 

1-0.0801 HEMMil 73 + FWD PIO PHTOPROO 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI Ill PHOTOPROO. 
PI-N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PIO PHTPRO,SOL 1 
PIO PHTPRO.SOL 2 
PI-N PHOTOPROD. 
PI-N PHOTOPROO • 
PI-N PHOTOPROO. 

-0.055 Q. 028 MOORHOUS 73 01'WA 
-0.019 0.012 DEVENIS2 74 D1'WA 
-0.066 0.013 KNIES 74 OPWA 
-0.070 Q. 023 METCALF 74 OPkA 
-0.087 0.002 MOORHOUS 74 OPWA 
-0.070 O. 040 CRAWFORD 75 DPWA 

1-0.071) KRIVETS 75 OPWA 
1-0.0531 BARBOUR 76 OPWA 
-0.087 0. 006 FELLER 76 OPWA 
-0.038 0.013 AZNAURVAN 11 OPWA 
-0.019 0.011 AZNAURYAN 77 OPWA 

1-0.0761 BERENDS 71 IPWA 
-0.075 0.015 BARBOUR 78 DPWA 

1-0.125) NOEllE 78 
CONVERTED TO OUR CONVENTIONS USING M=1.486, W==.613 FROM NOEllE 78. 

PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
Pl N PHOTOPROO. 
PI N PHOTOPROO., 
P COMPTON SCAT 

-0.069 O. 004 ARA I 80 OPWA 
-0.066 0.004 ARAI 80 OPWA 
-0.079 O. 009 BRATASHEV 80 DP\IiA 
-0.068 0.015 CRAWFORD 80 DPWA 
-0.0584 0.0148 ISHJJ 80 OPWA 

Al AVERAGE "4EANJNGLESS ISCALE FACTOR= 2.71 

A2 N•l/2(14401 tHO GAM No HELICITY=1/2 CGEV .. -1/21 
A2 0.089 0.056 OEVENISH 73 DPWA PI N PHOTOPROO. 
A2 8 1-0.0011 HEHM12 73 0 GAM N TO PIO N 
A2 B CONVERTED TO OUR CONVENTIONS USING M AND W FRCM WALKER69 AND )(c.55 
A2 +0. 002 O. 025 MOORHOUS 73 OPWA PI N PHOTOPROO. 
A2 F 0.111 0.011 ROSSI 73 OPWA 0 GA"'l N TO PI-P 
A2 F CONVERTED TO OUR CONVENTIONS USING H AND W FROM ROS$173 AND X:.55 
A2 5 10.0831 BENEVENT. 74 OPWA 0 GAM N TO PI- P 
A2 5 CONVERTED TO OUR CONVENTIONS USING M=1470 MEV. W=230 MEV, X= .51J 
A2 0.041 0.025 OEVENIS2 74 OPWA P.I N PHOTOPROO. 
A2 0.000 0.013 KNIES 74 DPWA PI N PHOTOPROD. 
A2 0.043 0.035 METCALF 74 OPWA PI N PHOTOPROO. 
A2 0.033 0.013 MOORHOUS 14 OPkA PI N PHOTOPROO. 
A2 +0. 044 0,. 007 CRAWFORD 75 OPWA PI N PHOTOPROD. 
A2 1+0.058) BARBOUR 76 OPWA PI N PHOTOPROD. 
A2 +0. 059 0. 016 BAfi:BOUR 78 OPWA PI-N PHOTO PROD. 
A2 10.0621 NOELLE 78 PI-N PHOTOPROO. 
A2 CONVERTED TO OUR CONVENTIONS USING M=l.486, W:c.613 FROM NOELLE 78. 
A2 0.023 0.009 ARAI 80 OPWA PI N PHOTO FIT 1 
A2 0.019 0.012 ARAI 80 OPkA PI N PHOTO FIT 2 
A2 0.056 0.015 CRAWFORD 80 DP~A PI N PHOTOPROD. 
A2 -0.029 O. 035 TAKEDA 80 OPWA PI N PHOTOPROD. 
A2 0.030 O. 003 FUJI I 81 DPWA PI N PHOTOPROD. 
A2 
A2 AVERAGE MEANINGLESS ISCALE FACTOR== 2.81 

BRANDSEN 65 PR 139 B156.6 
ROPER 65 PR 138 8190 
THURNAUE 65 PRL lit 9e5 

NAMVSLOW 66 PR 157 1328 

ROSENFEL 67 IRVINE CCNF 

BAREYRE 68 PR 165 1131 
DONNACH1 68 PL 268 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

MORGAN 68 PR 166 1731 

AVED 
DAVIES 
DIEM 
SAXON 

70 KIEV CONF 
70 NP B21 359 
70 KIEV CONF. 
70 PR 02 1790 

MAKAROV 71 SJNP 13 510 
MICKENS 71 LNC 1 707 
ALMEHEO 72 NP 840 157 

OEVENISH 73 PL 47B 53 
HEMMI1 73 PL 438 7<; 
HEI4MI2 73 NP B55 333 
lEE 73 PRl 31 1029 
LEMDIGNE 73 PURDUE CONF. 93 
MOORHOUS 73 PL 43B 44 
ROSSI 73 NC 13A 59 

ALSO 71 LNC 2 1183 

BENEVENT 74 NC 19A 529 
OEVENISH 74 NP 881 330 
OEVENIS2 74 PL 5 2B 227 
KNJ ES 74 PRO 9 2680 
METCALF 74 NP 876 253 
HOORHOU S 74 PRO 9 1 

CRAWFORD 75 NP aq1 125 
FEL JESSE 75 NP 893 242 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 ~L 55B 415 

ALSO 78 PRO 11 1195 

4YEO 
BARBOUR 
FELLER 

76 CEA-N-1921 
76 NP 8111 358 
76 NP 8104 219 

AZNAURVA 77 EFI-2641571-77 
BERENDS 77 NP 8136 311 
LONGACRE 77 NP B 122 493 

ALSO 76 NP B108 365 

BARBOUR 
NOElLE 
SAKER 
CUTKOSK Y 
HOEHLER 

78 NP B141 253 
78 PTP 6C 718 
79 NP 8156 93 
79 PRO 20 2839 
79 HANDBOOK OF PI-N 

ALSO 80 TORONTO CONF 3 
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R E MICKENS 
+LOVELACE 

IIOFFE INSTJIJP 
I FISK» 

ILUNO,RUTGI1JP 

OEVEN I SH.R ANK I Nt LVTH tLOUC+BONN+LANC II JP 
HEMMI, INAGAKI + ( KYOTO+SAGA+KEK+TOKY I I JP 
+ 1 NAGAI<. loKI KUCHI, MAK lo MIYAKE+ (KYOTO. TOKYOI I JP 
LEE,SHAH (UCI+ROYAL HOllOWAY COLLEGEIIJP 
+GR ANET, MARTY, A YEO ,BAR EYRE, BORGEAUO, +I SACL I 1 JP 
MOORHOUSE, OBERLACK IGLAS+LBLJIJP 
+PIAZZA, SUS INNO,+ I ROMA, FRAS, NAPl, P AV I All JP 
CARBONARA, FlORE,+ I NAPL, FRAS, PAVIA, ROHAl I JP 

BENEVENTANO, DANGELO, NOT ARtS T EFANI, + I ROMA .IJP 
OEV EN 1 SH, FROGGA TT, "'ART I NIOESY ,NORD I TAt lDUCJ 
DEV ENI SH, L YTH, RANKIN I OESV t LANC, BONN II JP 
KNIES, MOORHOUSE ,QB ERLACK I LBlo GLASt I JP 
W J METCALF,R L WAlKER CCITJIJP 
MOORHOUSE, OBERt ACK, ROSENFE LO I GLAS+L BL J I JP 

R L CRAWFORD IGLASIIJP 
+AYED, BAR EYRE, BORGE AUO, CAY I o, ERNWE IN +I SAC ll I JP 
+M tRDSHNICHENKOo NI KI FOROV, SAN IN+ I KIEV II JP 
KR I VETS, N I K tFOROV, SAN IN ,SHALATSK I I I KIEV I I JP 
+ROSENFELD, LASt NSK t, SMAOJA+ I LBL, SLAC J I JP 
LONGACRE, LAS INSK I, ROSENFELD+ I LBL, SLAC I 

AVEC ITHESISJ ISACLJIJP 
I. M. BARBOUR,R. L. CRAWFORD IGLASHJP 
+FUKUSHt HA ,HQRI KAWA, KAJ IKAWA+ INAGOYA+OSAKAI I JP 

+AKOPOV,BAGOASARYAN (YEREVAN PHYSICS INST.IIJP 
F. A .BERENDS, A. DONNACHI E IL E lOt MCHS I I JP 
LONGACRE, DOL BEAU ( SACL I I JP 
DOL BEAU. TR tANTI S.NEVEU, CAD I ET I SACU I JP 

BAR SOUR ,CRAWFORD, PARSONS I GLAS I 
P. NOELLE INAGOI 
+BROWN,CLARK, OAVI ES, DEPAGT ER, EVANS+ I RHEl t I JP 
+FORSYTH ,HENDRICK, KELLY I CARN+LBLil JP 

SCATTERING, PHYSIK OATEN VOL.12-l 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
R.KOCH IKARLSRUHEIIJP 

2/74 
2/74 
2173 
4/75 
2/74 
2174 
2174 
1176 
1/78 
1176 
2177 

12179 
12179 

1/78 
3/79 
l/80 
1/80. 

12181• 
12181• 
12181* 
12181* 
12181• 

2174 
4175 
4/75 
2/73 
4/75 
4/75 
4175 
4/75 
4/75 
2174 
2/74 
2174 
1/76 
1176 
3/79 
1/80 
1/80 

12181• 
12181• 
12/81• 
12/81• 
12181* 



Baryons 
N(1440) 

ARA I 80 TORONTO CONF 93 J.' ARA I ( TOKYJ 
BRATASHE 80 NP 8166 525 BRATASHEVSKIJ.GORBENKO.OEREBCHINSKIJHKHARI 
CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFDRD IGLASI 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH.BABCOCKoKEllYoHENDRICK ICARN+LBUIJP 
ISHII 80 NP 8165 189 ISHII ,EGAWA,KATQ,HIYACHI+ IKYOT+TOKYI 
TAKEDA 80 NP 8168 11 TAKEQA,ARAJ,FUJII,JKEOA,JWASAKI+ ITOKYI 
FUJII 81 NP. 8187 53 FUJII, HAYASHII dWATA,KAJIKAWA+ tTOKYJ 

BAR EYRE 
BAREVRE 
OAL lTZ 
JOHNSON 
OCNNACH I 
WALKER 
ltYEO 
BERARDO 
AYEO 

PAPERS NOT REFERRED TO IN DATA CARD_S 

64 PL 8 137 +BRICMAN,VALlADAS,VIllET, + 
65 PL 18 342 +BRICMANo STIRLING, V1llET 
65 PL 14 159 R H OALITZ, R G MOORHOUSE 
67 UCRL-11683 THESIS C H JOHNSON 
69 NP 108 433 A OONNACHtE, R KIRSOPP 
69 PR 182 112q R L WALKE~ 
10 PL 31B 598 +BAREYRE,VILLET 
70 PRL 24 419 +HAOOOCK,NEFKENS, •• ,PARSONS+ •• 
12 AI\TAVIA CONF R AYEO,P BAREYRE, Y LEMOIGNE 

C SACLAY,CAENJ IJ 
C So\CLAYI I JP 

COXF,~HEL) 

HRU 
IGLAS+EDINI 

ICITJIJP 
ISACLAYI 

(UCLA+lRLI 
( SACLJ 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N*l/21 14401 -­
CNIElS BOHRI 

(LRLI 
IUCLA,UCI, UCSOI 

fCORf4ElU 

RESNICK 66 PR 150 12qz l RESNICK 
SCHWARZ 66 PR 152 1325 J H SCHWARZ 
BALL 67 PR 155 1125 JS BAllo Gl SHAW, DY "'ONG'. 
GOLDBERG 67 PR 154 155B H GOLDBERG ....................................................................... ...... ......... .......... .......... ......... .......... ............ ....... . 

1440 MEV REGION - PRODUCTION EXPERIMENTS 
'1 1 N*1/2( 1440, JPc I t=-1/2 PRO~UCTiON EXPERIMENTS 

UNDER THIS HEADING WE INCLUDE All BUMPS WHICH liE WELL 
BElOW 1500 MEV. SEE THE MINI-REVIEW PRECEDING THE N 
AND DELTA liSTINGS FOR A "OISCUSSitJN ·oF PRODUCTION 
EXPER IHENTS. 

'H "N*1/2114401 MASS IMEVl IPROO.EXP .. I 

( 1400. I APPRO X CDC CONI 64 CNTR + 
( 1425. I APPRO X ADElMAN 65 HBC + 
( 1430. I APPRO X ANKENBRAN 65 CNTR + 
( 1400. I APPRO X BEllETTIN 65 SPRK + 
I 1405. I ( 15. I ANDERSON 66 SPRK + 
( 1410.1 (15.1 BLAIR 66 CNTR + 
C 1400. I no. I FOLEY 67 CNTR 
(1450.1 C17.1 ALMEIDA 68 HBC + 
11420. I ·APPRO X BELL 68 HBC 
I 1400.) APPRO X LAM SA 68 HBC 

115(1446.1 (11.1 SHAPIRA 68 OBC 
THE EFFECT OF SHAPIRA 68, WITH MUCH IMPROVED DATA, 
DISAPPEARED CYEKUTIELl 721. 

PP 3.6-12 GEV/C 
K-P 1.45 GEV/C 
PP 7.1 GEV/C 
PP,O 10-26 GEV/C 
pp, 6-30 GEV/C 
PP 2.8-7.9 GEV/C 
PI+- P AND PP 
PP-P2Pl, 10GEV/C 
PI+- P, 6 GEV/C 
PI-P, 8 GEVIC 
INTO PPI,PN 7.0 
HAS AlMOST 

11390.1 120.1 TAN 68 HBC PP TO·PtP, 6.1 
120( 1443. I ( 15. I RHODE 69 HBC PP 22 GEV/C 

( 1410.1 (13.1 ANDERSON 70 MMS - PI- P TO PI- MMS 
I 1430. I 120. t BALLAM 71 HBC PI+-P' AT 16GEV 
( 1460. I BEKETOV 71 HBC + PI- P 4.45GEV/C. 
I 1461.1 110.1 BOESEBEC 71 RVUE PP,PI-P,K-P PRCO 

12011462. OJ 16.01 120/80 MA 11 HBC + P P TO P N PI 
11425. I 125.1 RUSHBROOKE71 HSC + PP TO P2PI l6GEV 
f 1411.01 110.01 EDELSTEIN 72 MMS + PP 6 TO 30 GEV 

64( 1410.01 (33.01 GAGE 72 0 PO 5.9GEV/C 
11464.01 C1.01 45/45 KARSHON 72 0BC + PD--P02PI 7 GEV 
11440. I 115.1 RONAl 72 HBC Pt+P TO 3PI P 
I 1479.1 C8.1 LICHTMAN 74 HBC + PI+P TO 3Pl P 
( 1430. J (B. I LICHTMAN 74 HBC + PJ-P TO" 3PI P 
( 1450.) BlOBEL 75 HBC + PP TO PCPI+PI-PI 

PWA INDICATES PI+PI-P ENHANCEMENT IS PRIMAPILY AN 
S-WAVE OELTA++Pt- SYSTEM WITH I,JP;-1/2 9 3/2-. 

11450. I (16.1 CAVALLI 75 SPEC + PP 'TO 2N*•W=23GV 
11462.1 lll.l CAVALLI 75SPEC+ PPT02N*,W=31GV 
( 1466. I 128. I CAVALLI 75 SPEC + PP TO 2N*,W=53GV 
11390. J C\0. I MUSGRAVE 75 HBC K+ P TO K PI N 

1350. TO 1400. sn.ACHHA 75 BC N8AR (N PIJ 
I 1450. I 110. I ATHERTON 76 HBC PSAR P 5.1 GEV 

1400. TO 1420. RUSHBR00 76 HBC P PI- 51-WAVE 
1400. ·TO 1425. RUSHBROO 76 HBC P PI- P1-WAVE 

(1458.1 120.1 APPLE 77SPEC+ PPTOPIPPIOI 
I 1473. I ( 5. I APPLE 77 SPEC + P P TO P IN Pl+l 
( 1460. I I 10. J HEINEN 17 HBC + K-P TO K- N*+ 
I 1470.1 CIO.J HEINEN 77 I-IBC 0 K-P TO KOSAR N*O 
11490. I 120.1 EKELOF 78 SPEC + P HE--P PI PI HE 

W 70711454.1 120.1 KENNEDY 78 HBC + PI+ P 10.3 .GEV/C 
W WIDTH Fl XED AT 180 MEV. 

G 87011419. I 17. I APELOOOPN" 79 HBC +- PBAR P 7.2 GEV/C 
G 300( 1409. I I 7. I APElOOORN 80 HBC +- PBAR P 12 GEV/C 

M . G PEAK COULD NOT BE FITTED WlTH SINGLE BRElT-WIGNER. GAUSSIAN OF 
G SIGMA 51 MEV FOtOEO IN. 

1KC 1451. 1 C7. I FUKUNAG"A BO HBC + PI+P TO PI PI N 

WE LIST BELOW THOSE (PI Nl ENHANCEMENTS PEAKING WELL BELOW 1400 MEV 
AND PRODUCED kiTHOUT CHARGE EXCHANGE AT LOW MOMENTU"' TR.ANSFER. 

11250.) LISSAUER 72 OBC 0 K+N TO K+N .. "12GV 
11250.) BERUNO 74 HBC +0 ISOSPIN ANALYSIS 

B ( 1230. 1 BRAUN2 75 BC PBAR P AND D,5. 7 
B { 1230. I STRACHMA 75 BC NBAR IN PI 1 
8 8RAUN2 75 AND STRACHMAN 75 ANALYSE THE SAME DATA. 

I ( 1350. I CHADWICK 78 HYBR + PI+-P 14 GEV/C 
M I CHADWICK 78 CONCLUDE THAT AN INTERPRETATION OF THEIR PEAK AS A. 

I RESOr.,ANCE IS HIGHLY IMPROBABLE. 
600( 1344. I ( 5. I FUKUNAGA eo HBC + PI+P TO PI PI N 

<;I N*l/2114401 WIDTH IMEVJ IPROO. EXP.) 

( 100. I BEll 6e HBC PI+- P AND PP 
s 175 t 198. I 140. l SHAPI.RA 68 DSC 

(150. I 160.) TAN 68 HBC .. 
120 1100. 1 I 15., RHODE 69 HBC PP 22 GEV/C 

1210. I (15. I A.NOERSON 10 MHS - PI- P TO PI- HMS 
1150. I 140. I SAL LAM 71 HBC PI+-P AT 16GEV 
HOO. t BEKETOV 71 HBC . P PI+ PI- MASS 

16·0. I 120. I 80ESEBEC 11 fi:VUE PP,PJ-P,K-P PRC.D 
T 120 (54. 01 112.01 120/BO MA 11 HBC + P P TO P N PI 

NARROW WIDTH SUGGESTS THIS 1 S NOT THE USUAL N*f 14401. 
1125., 125. I RUSHBROOKE71 HBC . PP TO P2PI 16GEV 
(188.0) 13B.OJ EDElSTEIN 72 ..,..Ji'IS . PP 6 TO 30 GEV 
(212.01 (62.0) GAGE 72 OBC 0 PO 5.9GEV/C 
(124.0 I 120.01 KAP SHON 72 OBC . PD--P02PI 7 GEV 

7/66 
7/66 
7/66 
7/66 
7/66 

11/67 
10/69 
6/6e 
6/68 

10/69 
11/77 
11/77 
10/69 
10/69 
2/71 
2/72 
"3172 
3/72 

10171 
2172 
1/73 

12/72 
12/72 

2173 
4/75 
4/75 
1/76 
1/76 
1/76 
1176 
1176 
1/76 

11/75 
1/76 
2171 
2177 
2/77 
1/18 
1/78 
1/78 
1/78 
1/78 
3"/79 

12179 
2/e2• 

12179 
12/79 
2/82* 

1/7e 
10/74 
11175 
1/76 
1/78 
1178 
1/78 
1178 
2/82* 

6/68 
10/69 
10/69 
10/69 
2/71 
2/72 
3172 
3/72 

10/71 
10/71 
2172 
1/73 

12172 
12172 
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Data Card Listings 
For notation, see key at front of Listings. 

w flOO. I 130. I RON AT 72 HBC Pt+P TO 3PI p 
. w (50., 125.1 LICHTMAN 74 HBC . PI+P TO 3PI P 

w (62.) cts. 1 llCHTMAN 74 HBC . PI-P TO 3Pl p 

w 1250. I 195. I CAVALLI 75 SPEC + PP TO 2N*,W=23GV 
w 1249.1 190., CAVALli 75 .SPEC + PP TO 2N•,W=31GV 
w 1205. I 1105.) CAVALLI 75 SPEC + PP TO 2N•,W=53GV 
w 1145.1 (35.1 MUSGRAVE 75 HBC K+ P TO K PI N 
w Cl45ol ClB. I. ATHERTON 76 HBC PBAR P 5. 7 GEV 
w 1145.1 130. I RUSHBROO 76 HBC P PI- 51-WAVE 
w (273. I t90. I RUSHBROO 76 HBC P PI- P1-WAVE 

1120. I 120~ I APPLE 77 SPEC + PPTOPIPPIOI 
(30. J (30.1 APPLE 77 SPEC + PPTOPINPI+I 

1120. I 120. I HEINEN 77 HBC . K-P TO K- N*+ 
190.1 {30.1 HEINEN 77 HBC 0 K-P TO KOSAR N*O 

1200. I EKElOF 78 SPEC + P HE--P ~ t PI HE 
870 1120. I (10. I APELDOORN 79 HBC +- PBAR P 7.2 GEV/C 
300 187.1 11.1 APELOOORN eo HBC +- PBAR P 12 GEV/C 
PEAK COULD NOT BE FITTED WITH SINGLE 8REIT-WIGNER. GAUSS IAN OF 
SIGMA 51 MEV FOLDED IN. 

1K 113~.1 122.1 FUKUNAGA so Hsc . PI+P TO PI PI N 

(PI NJ. ENHANCEMENTS PEAKING WELL BELOW 1400 MEV. 
1300. I LI SSAUER 72 OBC 0 K+N TO Kt-N* 12GV 

600 166.1 (14. I FUKUNAGA 80 HBC + Pt+P Tb PI PI N 

91 N*L/2114401 PARTIAL DECAY MODES IPROD. EXP.J 

DECAY -.ASSES 
PI 

" P3 ,. 
P5 

N*l/2(1440 I 1 NTO P 1 N 
N*l/2U4401 INTO N PIPJ(J,J=OI 
N*1121H401 INTO N*3/2fl2321 PI 
N*1/2f 1440} INTO N PI PI 
N*l/211440 I INTO GAMMA N 

139+ 93e 
'138+ 139+ 139 

1232+ 139 
'138+ 139+ 139 

0+ 93B 

" N61/ 21 1440 I INTO N RHO 'ij38+ 769 

91 N*l/2114401 BRANCHING RATIOS IPROD. EXP.I 

Rl N*1/21 1440 I INTO IPI Nl/TOTAL I Pll 
R1 10.661 TAN 68 HBC PP TO PIP, 6.1 

R2 N*1/.2fl4401 INTO I N*3/2f 1232 I PIIITOTAL IP31 
R2 PROBABLY SEEN JESPERSEN 6e HBC PP 22 BEV/C 
R2 PROBABLY SEEN LAMSA 68 HBC PI-P 8 BEV/C 
R2 DOMINANT BLOBEL 75 HBC . PP TO PI~I+PI-PI 

R3 N*l/2114401 INTO CN*3/2112321 PIJIIN P Pll fP3JIIP41 
R3 P o. 5 0.2 HEINEN 77 HBC . K-P TO K- N*+ 
R3 P FOR THE P PI+ PI- FINAL STATE ONLY •. .............................................................................. 
COCCONi 64 PL 8 134 
ADELMAN 65 PR.l 14 1043 
ANKENBRA 65 NC " 1C52 
BELLETTI 65 PL 18 167 
ANDERSON 66 PRL 16 855 
BLAIR 66 PRL 17 789 

FOlEY 67 PRL 19 ~97 

ALMEIDA 68 ·PR 174 1638 
BELL 68 PRL 20 164 
JESPERSE 68 PRL 21 1368 
LAHSA 6e PR 166 1395 
SHAPIRA 6e PRL 21 1E35 
TAN 68 PL 288 1'15 
RHODE 69 PR 1e1 1844• 
ANDERSON 70 PRL 25 69'1 

BALL AM 7l PR 04 1 '146. 
BEKETOV 71 SJNP 13 605 
BOESEBEC 71 NP 833 445 
MA 11 PRL 26 333 
RUSHBROO 11 PR 04 3213 

EOELSTE I 72 PR 05 1C13 
GAGE 72 ~p 846 21 
LISSAUER 72 PRO 6 1852 
KARSHON 72 NP B37 371 
RONAT 72 NP 838 20 
YEKUTIEl 72 NP "840 77 

BERLAND 74 NP 875 9"3 
ALSO 74 PL 51B 187 

LICHTMAN 74 NP 881 31 

BLDBEL 75 NP 897 201 
BRAUN2 75 NP 895 503 
CAVALLI 75 LNC 14 353 

ALSO 75 LNC 14 345+359 
MUSGRAVE 75 NP s'e7 365 
STRACHMA 75 NP 89e 120 

ALSO 76 NP B107 330 

A.THERTDN 76 NP B103 381 
RUSHBROO 76 PRO 13 11335 
APPi..E 17 LNC 18 167 
HEINEN 77 NP 8122 443 

CHADWICK 78 PRO 17 1113 
EKELOF 7B NP 8132 212 
KENNEDY 78 PRO 1·7 288e 
APELDOOR 79 NP B156 111 
APE LOOOR eo NP B 169 365 
FUKUNAGA 80 NC 5 SA 199 

ALSO 7q NC 50A 120 

GELLERT 66 PRL 17 884 
ALBER I 68 PR 176 1631 
WALKER 68 PRL 20 1"33" 
CLEGG 69 NP 913 222 
ALEXANDE 73 NP B52 221 
ANSORGE 73 NP B63 93 
BEAUPRE 73 NP 866 93 
COOPER 74 NP- 87'1 25CJ 
OEUTSCHM 75 NP 899 397 
OCHS 75 NP 8e6 253 

REFERENCES FOR N*l/2( 14401 I PROD. EXP.I 

+ULLETHUN,SCANLONoSTAHLBRANOT, + ICERNJ 
S L A.OELMAN ICAMBRIOGE(C:E!!l.NI I 
ANK ENBRANOT.,CL YOE 1 CORK, KEEFE, KERTH+ ILRLI 
BELLETTINI,COCCONJ,QIOOENS + ICERN,. 
+BlESER, COLLINS, FUJI I,+ I BNL, CARNI 
+TAYLOR, CHAPMAN,+ {HARWELL ,QUEENHARY, RHEL I 

+JONE $, LI NOENBAUM, LOVE, OZAKI+ ( 13NL) 
+RUSHBROOK E, SCHARENGUI VEL+ {CAVE, OESYI 
+CR ENNEll, HOUGH, KARSHON, LA I+ ( BNL, CUNY) 
JESPERSEN,KANG,KERNAN+ {IOWA STATEI 
+CASQN,BISWAS,QERADO.GROVES,+ (NOTRE DAME) 
+SENARY, E I SENSE RG, RON AT, YAFFE+ ( REHOJ 
TAN, PERL, HART I No VH JNOWSKU + I SLAC+LRL +UC II 
RHODE, LEACOCK, KERNAN, JESPERSEN,+ I I SUI 
+BLESER, BLI EDEN, COLLINS++ ( BNlo CARNJ 

+CHADWICK 1 GUIRAGOSSIAN,JOHNSON,++ ISi..ACI I 
+ZOMBKOVSKJI ,KONOVAlDVo KRUCHININ,++ C ITEPII J 
BOESEBECK 1 GRAESSLER,KRAUS,+++ IABBCHlVI I 
+COLTON I MSU+lBLJ I 
RUSHBROOKE, WIlL IAMS+BAR EFORO++ I CAVE,LO I C I IJ 

EOELSTE 1 N, c"ARR I GAN, HI EN ,MCMAHON, +I CARN+BNL I 
W GAGE.E COLTON 9 W CHINOWSKt ILBU 
+FIRE STONE ,GJ NE STET, GOL OHAB ER, TRILLING I LBL I I JP 
+YEKUTIELJ,YAFFE,SHAPIRA,RONAT,+ (REHO) I 
+EISENBERG, LYONS, SH API RA, TOAFF+ I REHOJ 
YEKUTIEU,YAFFE,SHAPIRA,RONAT + IREHOI 

BERlAND,HABER, HODOUS,HULSI ZER,+ I HIT J J 
BERLAND, HABER, HOOOUS, HULS tl ER ,+ I MIT 1 I 
L ICHTHAN,S I SWAS, CASON, K E~EY, MCGAHAN+ I NOAMI I 

+ESKR EYS, FESEFELOT, FRANZ+ I BONN+HAMS+MP I MJ I JP 
+GERSER,"'AURER,MICHAUJN,SCHIBY+ STBRB,LPNP I 
CAVAlli-SFORZA, CONT A+ l PAY I A+P~ I NJ 
CAVALLI-SFORZA, CONT A+ (PAY I A+PR INI 
+PEETERS, SCRE 1 NER, WHITMORE, YUTA C ANL J 
STR ACHMAN, BRAUN ,GER BFR, MAURER+ (L PNP+STRBI I 
STR ACHttiiAN I L PNP II 

ATHER TON, FRENCH, SKURA, BOHM+ ( CERN+PRAGI 
RUSHRBOOKE,RAJA,ANSORGE,CARTER,NEALE ICAVEI JD 
+ASH, CHENG, COYNE, GROSSMAN+ ( PR I N+PAVI A I 
+ENGELEN,Kt TTEL,HETZGER+ IN IJM+AMST+CERNII JP 

+CARROLL ,CHALOUPKA, BALL AM+ I SLAC+C IT +LBU I JP 
+HERZ 1 HAGS ERG 1 KUll ANDER+ I CERN+UPPS+LOUC I I J 
+ZEMANY, BE AUFAYS, KEY, L USTE, PRENTICE+ ( TNTOI 
VAN APELDOORN,HARTING,HOLTHUIZEN+ (AMSTI 
VAN AP ELDOORN 1 HARTING+ ( AMS T+HELS+ll VP+"STOHI 
+HAMATSUo HIROSE ,KITAMURA, YAMAGATA I TOKYI l 
HI ROSE, KANA. I, KITAMURA, KOBAYASHI ( TOKY I I 

PAPERS NOT REFERREO TO IN DATA CARDS 

+SMITH,WOJCICKI,COLTQN,SCHLEIN + CLRL,UCLAJ 
+APPEL, BUDN IT z, CHEN, DUNNING, GOI TEl N+ I HARV J 
+THOMPSON, ROBERTSON ,OH, lEE, HARTUNG,+ (WI SCI 

. ClEGG I LANCJ 
ALEXANDER, SENARY+ (TEL- AVIV+HE IDELBERG+DESY I 
ANSORG E, MADEN, NEALE, RUSHSROOKE I CAVE I 

( A.AC H+BERL+BONN+CERN+NDAM+P ENN+ TOHO II 
COOPER, SE 1 DL, VANDERVELDE ( M ICH I I JP 
DEUTSCHMANN+ I AACH+BONN+BERL +C ERN+CRAC+HE 1 OJ 
+OAVI DSON, 0 Z I ERe A, Fl P.ESTONE + (( IT+SLAC.+LBL )I JP 

2/73 
4/75 
4175 
1/76 
1/76 
1/76 

11/75 
2117 
2117 
2117 
1178 
1/78 
1/78 
1178 
1/7e 

12179 
2182* 

2/B2* 

1/7e 
2/82,* 

10/69 

11/68 
ll/6e 
1/7e 

1178 
1/7B 
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CARNEY 76 NP 6110 248 +COLLEY, JONES, KENYON• ( 81 RM+BRUX+C ERN+ MONS I I JP 
+NAGY, REGLER, BRANDT+ (CER N+HA MB+ I PN+V lEN I OEKERRET lb Pl 638 471,483 

RUSHBROO 76 PRO 13 1835 
SOTIRIOU 76 NP 8107 457 

RUSHBROOKE, RAJA, AN SORGE .CARTER ,NEALE (CAVE I I JP 
O.SOTIRIOU CCEQ.NIIJP 

BACON 11 NC 42.6 431 +BARNHAM, DORNAN, EASON, POLLOCK+ ( LOIC I I JP 
HARRIS 77 NP 8119 189 +LUBA TT I ,MQR tv ASU, BINGHAM+ f WASH+UCB I 
OTTER 11 NP 8130 349 +RUDOLPH, WIECZOREK+ I AACH+BERL +BONN+CERN II JP 
BIEl 78 PR() 18 3079 

ALSO 76 PRL 36 504,507 
GOGGJ 1 78 Pl 798 165 

ALSO 77 PL 728 261 
GOGGI2 78 NP 8143 365 

+FERBEL; SLATTERY+ f ROCH+NWES+FNAL+SLAC t 
BIEL, BLESER,FERBEL + ( ROCH+FNAL +SLAC+NWE S I 
+CAVALLI-SFORZA ,CONTA+ fC ERN+PAV I I 
GOGGI, MANTOVAN I ,CAVALLI-SFORZA+ fCERN+PAVI J 
+CA.VALLJ-SFORZA,CQNTA+ CCERN+PAVll 

JDSCHOK 78 NC 4BA 395 
ALSO 75 BLaBEL 

OTTER 78 NP 8139 .365 
MUHLEMAN 78 NP 8133 189 

+SCHRODER, BLOBEL, FRANZ+ f BONN+HAMB+MP_t Mil JP 

BAKKEN 79 NC 49A 465 

+RUDOLPH+ ( AACH+BERL+CERN+LO IC+V I EN I 1 JP 
MUHLEMANN, CARITHERs, FER BEL, LAM+ f ROCH+ MCGI J 
+JACOB SEN,GENNOW+ C OSLO+STOH+HElS +ABO I 

GOGG I 79 NP 8161 14 +CONT A, FRATERNALI ,L I VAN+ f CERN+PAVI + TRS T I 
HACGREGO 80 LNC 28 85 M.He MACGREGOR ( LLU 

••••••••••••••••••••••••••••••••••••••••••••••••••• ********* **•••••• 

T~( ;·~;~; r::··:;.:::::::~· J:::::::·:.:::··r~·::r···· ········ 

RE 

THIS RESONANCE IS WELL ESTABLISHEDe 

62 N*1/2115201 MASS fMEVI 

C 1530.0 I BRANDSEN 65 RVUE 
I 1536. OJ ROPER 65 RVUE 
( 1510.01 BAR EYRE 6B RVUE 

WHERE CROSS SECTION IS GREATEST - EYEBALL 

PHASE-SHIFT ANAL 
PHASE-SHIFT" ANAL 
PHASE-SHifT ANAL 
FIT 

( 1541.01 DONNACHl 68 RVUE PHASE-SHY FT ANAL 
( 1523.01 AYED 70 IPWA 

FROM ENER. DEP. FIT OF ARGANO DIAGRAM 
I 1512. OJ . DAVIES 70 RVUE P-S ANAL SOL A 
( 1520. I ALI'IEHED 72 t PWA 

1501. TO 1503. CRAWFORD 75 DPWA PI N PHOTOPROO. 
1524. OR 1520. LONGACRE 75 IPWA PI N TO 2Pt N 

THE Z SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
{ 1525. J AYED 76 JPWA 
( 1503~ J BARBOUR 76 OPWA PI N PHOTOPROO. 
(1510.1 BERENDS 77 IPWA PI-N PHOTOPROD. 

8 I 1510. J LONGACRE 77 JPWA PI N TO 2Pt N 
8 All LONGACRE77 PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR THE POLE 
8 POSITION WHICH IS FROM SOLUTIONS Sl AND Ct.. ' 

A ( 1503. I BARBOUR 78 OPWA PI-N PHOTOPROO. 
A SUPERSEDES BARBOUR 76. 

C1525. I fl5. I 
1519. 4. 

t 1504.01 
1"525. 10. 

CUTKOSKY 
HDEHLER 
CRAWFORD 
CUTKOSKY 

62 N*1/2( 15201 WIDTH fMEVI 

(125 .. 01 
(149.01 
(131 .. 01 
fl.06. 0 I 
U20.1 
115. TO 150. 
120. OR 150. 

U22.1 
fl37. I 
1105.1 

8 fllO. J 
A U35. I 

fl83. I 
{125.1 (25.1 
114. 7. 

fl24. 0 I 
120. 15. ............. 

BAR EYRE 
OONNACH1 
AYEO 
DAVIES 
ALMEHED 
CRAWFORD 
LONGACRE 
AYEO 
BARBOUR 
BERENDS 
LONGACRE 
BARBOUR 
BAKER 
CUTKOSKY 
HOEHLER 
CRAWFORD 
CUTKOSKY 

AVERAGE MEANINGLESS (SCALE FACTOR= 1.01 

79 IPWA 
79 IPWA 
80 OPWA 
80 IPWA 

68 RVUE 
68 RVUE 
70 IPWA 
70 RVUE 
72 I PWA 
75 DPWA 
75 I PWA 
76 I PWA 
76 OPWA 
77 tPWA 
77 tPWA 
7B DPWA 
79 OPWA 
79 IPWA 
79 IPWA 
80 DPWA 
BO IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

PINTO PIN 
PI N TO PI N 
PI N PHOTOPROO. 
PINTOPIN 

P-S ANAL SOL A 

PI N PHOTOPROO. 
PI N TO 2P1 N 

PI N PHOTOPROO. 
PI-N PHOTOPROO. 
PINTD2PIN 
PI.:..N PHOTOPROD· 

0 PI- P TO ETA N 
PINTOPIN 
PI N TO PI N 
PI N PHOTOPROD. 
PI N TO PI N 

62 N*l/2(15201 REAL PART OF POLE POSITION·CMEVI 

11514.) 
RE 6 
RE 

1508. OR 1505. 
( 1510.1 

LONGACRE 75 1 PWA 
LONGACRE 77 I PWA 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 I PWA 

PI N TO 2Pt N 
PI N TO 2PI N 
PINTOPIN 
PI N TO. PI N RE 

IM 
IM 6 
IM 
IM 

1510. 5. 

62 N*l/2115201 -2•tMAG PART OF PCLE POSITION IMEVI 

(146. J 
109. OR 107. 

(114.) 
lH. 10. 

LONGACRE 75 I PWA 
LONGACRE 71 I PWA 
CUTKOSKY 79 I PWA 
CUTKO SKY 80 I P WA 

PI N TO 2Pt N 
PI N TO 2PI N 
PI N TO Pi N 
PI N TO PI N 

62 N*l/2115201 REAL PART OF ELASTIC PCLE RESIDUE fMEVJ 

9/66 
9/66 

11/67 

6/68 
1/71 

8/69 
2172 
1/76 

11/75 
11/75 
11/77 
1/76 
1/78 

11/17 
11/77 
11/77 
3/79 
3/79 

12/79 
12/79 
12/81* 
1/82* 

11/67 
6/68 
1171 

2172 
1176 

11175 
11/77 

1176 
1178 

11/77 
3/79 

12/79 
12179 
12/79 
12/81• 
1/82• 

11/75 

11175 
11177 
12179 
1/82• 

11/75 

11/75 
11177 
12179 

1182* 

RER (34.1 CUT KOSKY 79 IPWA PI N TO PI " 12/79 
RER 34. 2. CUTKOSKY 60 IPWA PI N TO PI N 1/82• 

----- ----- ------ -------- -------- ------ -----
62 N*l/2(15201 I MAG PART OF ELASTIC PCiLE RESI()UE (MEV I 

IMR (-8.1 CUTKOSKY 79 IPWA PI N TO PI N 12179 
IMR -7. 3. CUT KOSKY 60 IPWA PI N TO PI " 1182• 

--·--- -------- ------ -------- ------- -------- -------- ---"'-----

Baryons 
N(1440), N(1520) 

Pl 
P2 
P3 
P4 
P5 
PO 
P7 
P6 
pq 
PlO 
Pll 
Pl2 
PI3 
Pl4 
PIS 
Pl6 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

62 N*l/211520) PARTIAL DECAY MODES 

N*li2Cl520J l"TO PI N 
N*1/2fl520J INTO N*3/2( 12321 PI 
N*l/2{1520) Jto.TO N PI PI 
N*1/2fl5201+ INTO NEUTRON PI+ 
N*l/205201+ J"'TO PROTON PI+ PI­
N*112fl5201 INTO N ETA 
N*1/2f15201 INTO N EPSILON 
N*1/2fl520J III.TO N RHO 
N*1/2115201 INTO GAM P, HELICITY:J/2 
N*1/2Cl520J INTO GAM P, HELICITY:3f2 
N*1/2fl520J INTO GAM N, HEL1CJTY:::1/2 
N*1/2U520J INTO GAM N, HELICITY:::3f2 
N*l/2{15201 INTO K LAMBDA 
N*1/2(l5201 INTO N*3/2112321 PI,S-WAVE 
N*l/2(15201 INTO N*3/2(l2321 PJ,D-WAIJE 
N*1/2fl5201 INTO N RHO,S=3/2,S-WAVE 

62 N*l/21 15201 BRANCHING RATIOS 

N•l/2(15201 INTO f PI NIITOTAL 
(0.541 BAR EYRE 68 RVUE 
(0.5091 DONNACHl 68 RVUE 
(0 .. 5931 AYEO 70 I PWA 
10.451 DAVIES 70 PVUE 
10.581 ALMEHED 72 I PWA 
10.561 AYED 76 I PWA 
(0.561 ( 0.061 CUT KOSKY 79 I PWA 
o. 54 o .. o3 HOEHLER 79 I PWA 
0 .. 58 0.03 CUTKOSKY 80 1 PhA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

DECAY MASSES 
139+ 938 

1232+ 139 
<;38+ 139+ 139 
939+ 139 
<;38+ 139+ 139 
<;39+ 548 
<;38+1300 
938+ 769 

0+ 938 
O+ 938 
0+ 939 
O+ 939 

497+1115 
1232+ 139 
1232+ 139 

'138+ 769 

(plJ 

P-S ANAL 

PI N TO PI 
PI N TO Pt 
PI N TO PI 

SOL A 

N 

Rl AL"40ST THE ENTIRE INELASTICITY IS IN N PI PI CONLY N ETA COULD CO"!PETE. 
Rl AND IT DOES NT I • THE N PI PI SEEMS TO BE MAINLY N*3/2112321 PI, IN BOTH 
Rl S AND D WAVES. 
Rl ....... 
Rl AVERAGE MEANINGLESS f SCALE FACTOR " 1.01 

R2 N*1/2115201 INTO CN*3/2U2321 PI 1/TOTAL C P41 ., 0.20 0.05 Kl RZ 66 HSC 0 ASSUMING R1:::0. 72 
R2 DOMINANT IN EL DECAY OLSSON 66 RVUE PI P TO PI PI N 
R2 (0.40) DIEM 70 I PWA 3 BODY ANALYSIS 
R2 ASSUMING R1= 0.5 

R3 N*l/2Cl520 I INTO I N•3121 1232 I PII/(N PI PI I IP2JifP3l 
R3 LARGE THURNAUER 65 RVUE -
R3 LARGE NAMYSLOWS 66 RVUE -
R3 LARGE ROBERTS 67 RVUE -
R3 LARGE ROSENFELD 67 RVUE -
R3 LARGE MORGAN 68 RVUE ISOBAR ~OOEL 

R4 N*1/2f15201 INTO CN EPSILONJ/TOTAL I P71 
R4 PROBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL 
R4 to. 021 DIE~ 10 IPWA 3 BODY ANALYSIS 

•• ASSUMING Rl• 0.5 

R5 N*112fl5201 INTO fN ETAI/TOTAL fP61 
R5 ·0 10.0061 APPROX DAVIES 67 RVUE 
R5 DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA. All ARE SMALL 
R5 B 10.014) BOn<E 69 MPWA T POLE+ RESON. 
R5 B (0.0031 (0.0011 DEANS 69 MPWA T POlE+ RESON. 
R5 B . I0.0021CR 0.004 CARRERAS 70 MPWA T POLE+ RESON. 
R5 B PARA"1ETRtZATtON USED COULD BE IN DANGER OF OOUBLE COUNTING 
R5 SEEN LEMOJGNE 73 OPWA 1488 TO 1685 MEV 

•• •• •• 
N*1/2f 15201 INTO f N RHO I/ TOTAL 

10.071 DIEM 
ASSUMING R1c 0.5 

(PSI 
70 IPWA 3 BODY ANALYSIS 

R7 N*l/2(15201 FROM PI N TO K LAMBDA SQRTfPl*Pl31 
R7 C -0.076 0.032 DEVENISH 74 0 FIXED T DISP REL 
R7 C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD. 

R6 
R6 L 
R6 6 

R9 
R9 L 
R9 6 
•• 6 

RlO 
RIO L 
RIO 8 
RIO 8 

N*l/2U5201 FRCM PI N INTO N EPSILON 
10.01 OR +0.11 LONGACRE 75 IPWA 

(+0.131 LONGACRE 71 IPWA 

SQRTI P1*P71 
PINT02PI 
PINT02Pt 

N•1/2fl5201 FROM PI N TO N•312H2321 PI ,S-WAVE SQRHP1*P141 
(+0.27IOR +0.24 LONGACRE 75 tPWA PI N TO 2PI 
1+0.261 LONGACRE 11 IPWA PI N TO 2PI 

LONG~CRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

N*1/2Cl5201 FROM PI N TO N*3/2fl2321 PI,D-WAVE SQRTCPl*Pl5 
(+0.2410R +0.30 LONGACRE 75 IPWA PI N TO 2PI 
(+0.211 LONGACRE 11 IPWA PI N TO 2Pt 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

Rll N*i/2fl5201 FROM PIN TO N.RHO,S::3/2,S-WAVE SQRTIPl*Pl6J 
RU L f+0.32lOR +0.24 LONGACRE 75 IPWA PI N TO 2Pt 
RU 8. (+0.351 LONGACRE 11 IPWA PI N TO 2PI 
Rll B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R12 N*1/2(15201 FROM PI N TO ETA N SQRTfP1*P61 
R12 9 (+O.OlliOR +0.05B FELTESSE 75 OPWA 0 1488 TO 1745 MEV 
Rl2 9 SUPERSEDES LEMOIGNE 73, USES M AND W OF AYED 76. 
R12 (0.021 BAKER 79 DPkA 0 PI- P TO ETA N 

., 
Al 
Al ., 
Al ., 
Al 
Al ., ., ., ., 

t2 N*1/2fl5201 PHOTON DECAY AMPUGEV**-112) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*l/211520) INTO GAM P, HELICITY=l/2 CGEV**-1121 
o.oto 0.022 OEVENJ SH 73 DPWA PI " PHOTOPROD. 

{-0.0261 HEMMil 73 . FWD PIO PH TO PROD 
-a. 026 o. 015 MOORHOUS 73 DPWA PI N PHOTOPROO. 
-o. oo8 0.015 OEVENI 52 74 OPWA PI N PHOTOPROO. 
-o. 019 0.008 KNIES 74 OPWA PI N PHOTOPROO. 
-0.006 o.oo6 METCALF 74 DPWA PI N PHOTOPROD. 

!).000 0.006 MOORHOUS 74 OPWA PI N PHOTOPROD. 
-o. oo9 o. 004 CRAWFORD 75 OPWA PI N PHOTOPROD .. 

(+0.0111 KRIVETS 75 OPWA PI-N PHOTOPROD .. 
1-0.0121 BARBOUR 76 OPWA PI N PHOTOPROO. 
-0.005 0.005 FELLER 76 OPWA PI N PHOTOPROO. 

11/67 
6/68 
1/71 
8/69 
2172 

ll/77 
12/79 
12/79 
1/82• 

9/66 
9/66 
1/71 

11/67 
11/67 
11/67 
11/67 
6/68 

6/68 
1/71 

11/67 

10/!:19 
5/70 
5/70 

2/74 

1/11 

4/75 
4175 
4/75 

11/75 
11/75 
11/77 

11175 
11175 
ll/77 

11/75 
11/75 
11/77 

11/75 
11/75 
11177 

1/76 
l/76 

11/77 
12179 

2/74 
2/74 
2/73 
4/75 
2174 
2/74 
2/74 
1/76 
1/78 
1/76 
2171 



.llaryons 
N( 1520) 

•• -a. oo3 
•• -0.030 

•• (-0.0211 .. -0.016 

•• (-0.0081 

o.oo3 A.ZNAURYAN 11 OPWA 
0.002 AZNAURYAN 77 OPWA 

BERENDS 11 IPWA 
o. 008 BARBOUR 78 OPWA 

NOELLE 18 

•• CONVERTED TO OUR CONVENTIONS USING M=1.528, W=.187 

•• -0.032 o.oos ARAt 80 OPWA 

•• -0.032 o.oo• ARAJ 80 OPWA 

•• -0.031 0.009 BRATASHEV 80 OPWA 

•• -o. ot9 0.007 CRAWFORD 80 DPWA 

•• -0.0430 o. 0063 ISHil 80 OPWA 

•• •• AVERAGE MEANINGLESS I SCALE FACTOR = 3.21 

A2 N*l/2( 15201 INTO GAM P, HELICITY=3/2 IGEV**-1121 
A2 0.180 o.on DEVENISH 13 OPI'IA 
A2 +0.194 0.031 MOORHOUS 13 OPWA 
A2 0.111 o.o12 DEVENIS2 74 OPWA 
A2 0.169 0.012 KNIES 74 DPWA 
A2 +0.165 o.ou METCALF 74 OPWA 
A2 0.174 0.006 MOORHOUS 74 DPWA 
A2 +0.162 0.004 CRAWFORD 75 OPWA 
A2 (+0.138) KRIVETS 75 OPWA 
A2 (+0.158J BARBOUR 76 DPWA 
A2 +0.164 o. 008 FELLER 76 OPWA 
A2 +0.182 0.006 AZNAURYAN 77 DPWA 
A2 +0.-133 o. 002 AZNAURYAN 77 OPWA 

PIO PHTPRO,SOL 1 12/79 
PIC PHTPRO.,SDL 2 12179 
PI-N PHOTOPROO. 1/78 
PI-N PHOTOPROO. 3/79 
PI-N PHOTOPROO. 1/80 
FRO"! NOEllE 78. 1/80 
PI N PHOTO FIT 1 12/81* 
PI N PHOTO FIT Z 12/81• 
PI N PHOTOPROQ. 12/81* 
PI N PHOTOPROO. 12181* 
P COMPTON SCAT 12181* 

PI N PHOTOPROO. 2174 
PI N PHOTOPROO. 2/73 
PI N PHOTOPROD. 4/75 
PI N PHOTOPROO. 2174 
PI N PHOTOPRQO. 2174 
PI N PHOTOPROO. 2/74 
PI N PHOTOPROO. 1176 
PI-N PHOTOPROO. 1178 
PI N PHOTOPROO. 1/76 
PI N PHOTOPROD. 2117 
PIO PHTPRD.SOl 1 12/79 
PI 0 PHTPRO, SOL 2 12/79 

196 

Data Card Listings 
for notation, see key at front of Listings. 

DEVENISH 73 Pl 478 53 
HEMMil 73 Pl 438 79 
HEHMI2 73 NP 855 333 
lEMOIGNE 73 PURDUE CONF • 93 
MOORHOUS 73 Pl 43B 44 
ROSSI 73 Nt 13A 59 

ALSO 11 LNC 2 1183 

BENEVENT 74 NC 19A 52ljl 
DEVENISH 74 NP 881 330 
DEVENIS2 74 Pl 529 227 
KNIES 74 PRO 9 2680 
METCAlf 14 ~p B76 253 
MOORHOJS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
FEL TESSE 75 NP B93 242 
KRIVETS 75 SJNP 20 430 

ALSO 7-4 SJNP 19 112 
LONGACRE 75 Pl 558 415: 

AlSO 78 PRO 17 1 HS 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FEllER 76 NP StOlt 219 

DEY ENI SH. RANK JN.l YTH ILOUC+BONN+LANC) I JP 
HEMMI, I NAGAKI + I KYOTO+SAGA+KEK+TOKY I I JP 
+ tNAGAKI, KIKUCHI .MAK 1 t M tYAKE+ I KYOTOo TOKYOI I JP 
+GRANET, MARTY, AYEQ, BAR EYRE, BORGEAUD, +{ SAClll JP 
MOORHOUSE, OBERLACK I GLAS+LBLII JP 
+P t AZZAt SUS INNO • + I ROMA • FRASo NAPL. PAV lA) I JP 
CARBONARA, FlORE,+ I NAPL, FRAS, PAVIA, ROMA II JP 

8ENEVENTANO t DANGELO, NOT ARtS TEFANI. + I RD"'A J I JP 
OEVENISH.FROGGATTtMARTIN(OESY,NOROJTAolOUCI 
OEVEN ISH, l YTH, RANK IN I OESY ,LANC, BONNJI JP 
KNIEStMOORHOUSE .OBERLACK llBl, GUS) IJP 
W J "tETCAlf,R l WALKER ICtTliJP 
MOORHOUSE, OBERLACK, ROSENFELD I GLAS+lBl I IJP 

R l CRAWFORD IGLASIIJP 
+AYEQ, BAREYRE, BORGE AUD t CAV.I D. ERNWE IN+ I SACLII JP 
+MIROSHNICHENKO,NIKIFOROV, SAN IN+ I KIEVJ lJP 
KR I VETSt NI K IFORQV, SANI N, SHALATSK I I C K lEV )J JP 
+ROSENFElD, LAS tNSK I • SMADJA+ ( lBL • SLAC IIJP 
LONGACRE, lAS INSKI, ROSENFELD+ llBlo SLAC J 

AYED ITHESIS) ISACUIJP 
1. M. 8ARBOUR,R. l. CRAWFORD IGLASJIJP 
+FUKUSHIMA, HOR I KAWA, KAJ IKAWA+ INAGOYA+OSAKAJ I JP 

+AKOPOV.8AGDASARYAN !YEREVAN PHYSICS INST.JIJP 
A2 (+O.a15J BERENDS 11 IPWA PI-N PHOTOPROO. 1178 .. 

AZNAURYA 11 EFI-26-41571-77 
BERENDS 11 NP 8136 311 
LONGACRE 11 NP B 122 oiilljl3 

F. A .BERENDS • A. OONNACHl E ll E tO. MCHSI IJP 
A2 • +0.157 a.oa7 BAPBOUR 18 OPWA Pl-N PHOTOPROO. 
A2 N ca.206l NOEllE 18 PI-N PHOTOPROO. 
A2 N CONVERTED TO OUR CONVENTIONS USING Mc1,.528. W=.187 FROM NOEllE 18. 
A2 0.178 a. aa3 ARAI. 80 OPWA PI N PHOTO FIT 1 
A2 a.162 o.ao3 ARAI 80 OP~A PI N PHOTO FIT 2 
A2 0.166 0.005 BRATASHEV 80 DPWA PI N PHOTOPROO. 
A2 0.167 o.o1o CRAWFORD 80 OPWA PI N PHOTOPROO. 
A2 0.16<;15 o.oa14 ISHll 80 DPWA P COMPTON ·SCAT 
A2 . . 
A2 AVERAGE MEANINGLESS C SCALE FACTOR = 5.3t 

A3 N01/2(152at INTO GAM N, HELICITY=1/2 CGEV••-1/ZJ 
A3 -a. o75 0.037 DEVENISH 73 DPWA PI N PHOTOPROO. 
A3 -o. o85 0.014 MOORHOUS 13 OPWA PI N PHOTOPROD .. 
A3 2 +0.037 O~D12 ROSSI· 73 DPWA 0 GAM N TO PI- P 
A3 2 CONVERTED TO OUR CONVENTIONS USING M AND W FRCM ROSSI73 AND X=.56 
A3 10., BENEVENT 74 OPWA 0 GAM N TO PI- P 
A3 -a. OB9 o. 019 OEVENIS2 1't DPWA PI N PHOTOPROO. 
A3 -o. on 0.005 KNIES 74 DPWA PI N PHOTOPROO. 
A3 -o .. a66 o.o1o METCALF 74 OPWA PI N PHOTOPROO. 
A3 -a. 088 0.007 MOOP.HOUS 74 OPWA PI N PHOTOPP.OO. 

. A3 -o. 067 0.004 CRAWFORD 15 OPWA PI N PHOTOPROQ. 
A3 c-a.0561 BARBOUR 76 OPWA PI N PHOTOPP.OO. 
A3 -0.055 o.014 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A3 1-0.0601 NOEllE 18 PI-N PHOTOPP.OO. 
A3 CONVERTED TO OUR CONVENTIONS USING M=-1.528, W=.l87 FROM NOEllE 78. 
A3 -o. o76 0.006 ARAI 80 OPWA PI N PHOTO FIT 1 
A3 -0.011 o.ou ARAI 80 OPWA PI N PHOTO FIT 2 
A3 -o. o56 o .. ou CRAWFORD 80 OPWA PI N PHOTOPROO. 
A3 -o .. o5o 0.014 TAKEDA 80 OPhA PI N PHOTOPROO. 
A3 -0.067 o. 004 FUJII 81 OPWA PI N PHOTOPROD. 
A3 ....... 
A3 AVERAGE MEANINGLESS (SCALE FACTOR= 2.8t .. N*1/211520) INTO GAM No HELICITY=3/2 CGEV**-112l 
A4 -0.126 0.028 DEVENISH 73 DPWA PI N PHOTOPROO. 
•• 8 1-0.0811 .HEMMI2 13 0 GAM N TO PIO N 
•• 8 CONVERTED TO"OUR CONVENTIONS USING M AND W FROM WALKER69 AND X=.56 
•• 2 -0.016 0.016 0.018. ROSSI 13 OPWA 0 GAM N TO P.I- ·p 

•• -0.124 0.013 MOORHOUS 13 DPWA PI N PHOTOPROO. 
•• 5 1-0.035 J BENEVENT 74 OPWA 0 GAM N TO PI- P 
•• 5 CONVERTED TO OUR CONVENTIONS USING M=1520 MEV, W=120 MEV, )(c.56 

•• -0.155 0.019 DEVENIS2 74 OPWA PI N PHOTOPRCIO. 

•• -0.120 o. 010 KNIES 74 OPWA PI N PHOTOPROD. 

•• -0.118 0.013 METCALF 14 OPWA PI N PHOTOPROQ. 

•• -0.119 o.a25 MOORHOUS' 74 OPWA PI N PHOTOPROD. 

•• -0.133 o. 003 CRAWFORD 75 OPWA PI N PHOTOPROO. 

•• 1-0 .. 1361 BARBOUR 76 OPWA PI N PHOTOPROO. .. -0.141 0.015 BARBOUR 78 OPWA PI-N PHOTOPROO. 

•• (-0.1271 NOELLE 18 PI-N PHOTOPROO. 

•• CONVERTED TO OUR CONVENTIONS USING Mc1.52B. wc.187 FROM NOEllE 78. 

•• -0.147 o.oo8 ARAI 80 DPWA PI N PHOTO FIT 1 

•• -0.14B 0.009 ARAI 8a OPWA PI N PHOTO FIT 2 

•• -0.144 0.015 CRAWFORD 80 DPWA PI N PHOTOPROD. 

•• -0.118 0.011 TAKEDA BO DPWA PI N PHOTOPROD. 

•• -0.158 0.003 FUJII B1 OPWA PI N PHOTOPROO. 

•• ...... 
•• AVERAGE MEANINGLESS I SCALE FACTOR c 3.11 

.................................................................... 
REFERENCES FOR N*1/211520J 

SEE A PREVIGUS EDITION IRMP 37, 633, 1965J FOR EARLIER REFERENCES. 

BRANDSEN 65 PR 13<;1 B1566 
ROPER 65 PR 138 8190 
THURNAUE 65 PRl 14 9E5 

+OOONNEllo MOORHOUSE 
lD ROPER,RM WRIGHToBT FELO 
P G THURNAUER 

fOURHAM. RHELIIJP 
( LRL-l VMR, Ml TJ I JP 

IROCHJ 

KIRZ 66 PRIVATE COMM J KIRZ llRll 
NUMBER EXTRACTED FROM DATA DISCUSSED IN KlRZ 63. l 63 .. 

NAMYSLOW 66 PR 151 132B NAMYSLOWSKI,RAZMI,ROBERTS (STAN,EDIN,LOTCJ 
OLSSON 66 PR 145 1~0<;1 M G OLSSON, G B YOOH IWISC.UMOI 

DAVIES 67 NC 52A 1112 A T DAVIES, R G MOORHOUSE I GLASGOW, RHELI 
ROBERTS 67 PREPR tNT R G ROBERTS COURHAMJ 
RDSENFEl 67 IRVINE CONF A H ROSENFELD. P SOOING llRll 

BAR EYRE 68 PR 165 1131 P SAREYRE. C BR ICMAN. G VI llET CSAClAYJIJP 
DONNACH1 68 Pl 26B '" A OONNACHIE, R G KIRSOPP, C LOVELACE ICERNJIJP 

ALSO 68 VIENN.II 139 OONNACHIE RAPPORTEUR.S TALK CGLASI 
ALSO 6B THESIS R G KIRSOPP ( EDINJ 

MORGAN 68 PR 166 1131 0 MORGAN CRHELI 

BOTKE 69 PR 180 1417 J C BOTKE IUCSBJ 
DEANS 69 PR 1B5 1797 S DEANS, ·J WOOTEN IUNIV S HOP IDA I 

AYEO 70 KIEV CONF R AYED,P BAREYRE, G VlllET C SACUl JP 
CARRERAS 1a NP 168 35 8 CARRERAS• A DONNACHI E IOARE.MCHSJ 
DAVIES 10 NP 821 35ljl A DAVIES I GLASt 
DIEM 10 KIEV CONF. + SMADJA, CHAVANON, DELER, OOLBEAU+ ( SACLl 
ALMEHEO 12 NP 840 157 +lOVELACE tLUNO. RUTGI I JP 

3/79 
1/80 
1/80 

12/81* 
12/81* 
12/81* 
12/81* 
12/81* 

2/H 
2/73 
4/75 
4/75 
"4/75 
4/75 
2/74 
2174 
2/74 
1176 
1/76 
3179 
1/80 
1180 

12/81* 
12/81* 
12/B1• 
12/81* 
12/81* 

2/74 
4/15 
4/75 
4175 
2/73 
4/75 
4/75 
4/75 
2/74 
2/74 
2/74 
1/76 
1/76 
3/79 
1/80 
1/80 

12/81* 
12/81* 
12181• 
12/81• 
12/81• 

LONGACRE, OOLBEAU I SACLII JP 
ALSO 76 NP 8108 365 DOLBEAUtTR IANTJ S.NEVEUtCAOt ET f SACLJ I JP 

BARBOUR 78 NP Bllt1 253 BARBOUR,CRAWFORD.PARSONS CGLASI 
NOEllE 78 PTP 60 778 P. NOEllE (NAGOI 
BAKER 79 NP .8156 ljl3 +BROWN,CLARK, OAVI ES, OEPAGTER, EVANS+ I RHELI J JP 
CUTKOSKY 79 PRO 20 2839 +FORSYTHoHENDRlCK.KEll Y CCARN+lBU IJP 

SCATTERING, PHYSIK DATEN VOL.12-1 HOEHLER 79 HANOBCOK OF P t-N 
+KAISER,KOCH,PIETARINEN /KARLSRUHE JJP 

AlSO 80 TORONTO i:ONF 3 R.KOCH CKAR.LSRUHEI IJP 

ARA 1 So TORONTO i:oNF 93 t. ARAI ITOKYJ 
BRATASHEVSK IJ, GDRBENKO, OEREBCHINSK I J+ I KHARJ BRATASHE 80 NP 8166 525 

CRAWFORD 80 TORONTO CONF 
CUTKOSKY 80 TORONTO CONF 

101 R .. L.CRAWFORO CGLASI 
19 +FORSYTH. BABCOCK, KEllY, t-ENOR ICK I CARN+lBll JJP 

ISH I I 80 NP 6165 189 ISH II, EGAWA, KATO,M IYACH I+ I KYOT +TOKY J 
TAKEDA 80 NP Bl68 17 TAKEDA, ARA I ,FUJI t, IKEDA, IWASAKI+ I TOKY J 
FUJII B1 NP 6187 53 FUJ I.lt HAYASHI It IWATA, KAJIKAWA+ I TOKY J 

KIRZ 
BAR EYRE 
CROUCH 
OERADO 
MERLO 

THE 
JDiNSON 
DEANS 
D!liNACHI 
WALKER . 
AYEO 

PAPERS NOT REFERRED TO IN DATA CARDS 

63 PR 130 2481 J KiRZ, J SCHWARTZ, R 0 TRIPP llfl.LJ 
65 Pl 18 · 342 + BR ICMANo STIRLING. V lllET I SAC LAY Jl JP 
65 OESY CONF 11 21 CBROWN,CEA,HARVARDtMIT,PAOOVAoWEIZ"''ANNJ 
65 ATHENS CONF 244 +KENNEY.LAMSA, + !NOTRE OA"'E.KENTUCKYJ 
66 P ROY SOC 289 489 J P "'ERLO, G VAllADAS I SACLAY) 

ABOVE PAPERS 01 SCUSS INELASTIC CHANNELS NEAR THE REONANCE. 
67 UCRL-11683 THESIS C H JOHNSON 
69 PRL 117 2623 S R DEANS 
69 NP 10B 433 A OONNACHIE. R KJRSOPP 
69 PR 1B2 112<;1 R L WALKER 
10 Pl 31B 5Q8 +BAREYRE+VIllET 

ILRU 
IUNIV S FlORIDAJ 

I GLAS+EOI NJ 
(CITIIJP 

ISACLAYI 

..................................................................... . .................................................................... . 
1520 MEV REGION - PRODUCTION EXPERIMENTS 

• • • • 
" c 
M C 

1507.0 
1503. 
1500.0 
1512.0 
1460. TO 

t. 1.,1/2 PRODUCTION EXPERIMENTS 

SEE THE MINt-REVIEW PRECEDING THE N AND DElTA lt STINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

B N*1/2f15201 MASS IMEVJ {PROD. EXP.J 

6. 0 A-BORELL I 67 HBC 0 PBAR P 5.7 GEV 
6. ANDERSON 70 MMS - PI- P TO PI- M~S 

10.0 AMALDl 71 SAS PPATZ'I-GEV 
2.0 Ell IS 71 CNTR MMS PP 3.7 GEV/C 

1510. MORSE 11 HBC +0 PI-Pt 7 GEV/C 
11510.01 120.0) MORSE 11 HBC + PI-Pt 25 GEV/C 

1501.0 5.7 EDELSTEIN 72 MMS + PP 6 TO 30 GEV 
( 1500., OH 12 DBC 0 PI-N TO P-I-PI-P 

DETERMINE J=3/2,Dl3 PROBABLE 
1515. "· COOPER 74 HB( 0 D P CEX 

c 1490.1 BRAUN! 75 HBC PBAR P 5.7 GEV 
1510. 1. MUSGRAVE 75 HBC 1<.+ P TO K PI N 

( 1500.1 STRACHMA 75 8C NBAR IN PU 
1500. 8. WEBB 75 ISO + P P TO P N• 
1515. 5. ROUGE 11 ~MEG 0 PI-P <;1,12 GEV/C 

BACKWARD PRODUCTION • PI- P --> CP PI-I PIO 
IK 1515. 6 • FERRER 78 OMEG 0 PI-P 9.12 GEV/C 
BACKWARD PRODUCTION. PI- P --> IP PI-t PI+ PI-

202 1518. to. FERRER 78 OMEG + PI-P 9,12 GEV/C 
BACKWARD PRODUCT I ON. PI- P --> IP PI+ PI-t PI-

8 N•i/2115201 WIDTH IMEV1 IPROO. EXP.I 

55.0 15.0 A-BORELL 1 67 HBC 0 PBAR P 5.7 GEV 
120. 10. ANDERSON 10 .MMS - PI- P TO PI- MMS 
llB.O zo. 0 AMALOt 11 SAS P P AT 24 GEV 
ll8.0 2.0 ElliS 71 CNTR "'MS PP 3.7 GEV/C 
80. TO 120. MORSE 11 HBC + PI-Po 7 GEV/C 

llOO.rit 130.0J MORSE 11 HB( + PI-P, 25 GEV/C 
140.0 43.0 EDElSTEIN 12 "'MS + PP 6 TO 30 GEV 
106. 39. 33. COOPER' 74 HBC 0 0 P CEX 

1200. I BRAUNl 75 HBC PBAR P 5.7 GEV 
101. 26. MUSGRAVE 15 HSC K+ P TO K PI N 
150. 50. WEBB 75 ISR + P P TO P "'* 
105. 11. ROUGE 11 OMEG 0 PI-P 9,12 GEV/C: 

IK 105. 10. FEPRER 7B OMEG 0 PI-P 9,12 GEV/C: 
202 112. 15. FERRER 18 OMEG + PI-P <;1,12 GEV/C 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 

------ ----- --------- -------- ------- ------- --------

10171 
2/71 

10171 
10/71 
11111 
11177 
1/13 
2/73 
2173 
4/75 

11175 
11/75 
1/76 
1/76 
l/78 

3179 

3/79 

10111 
2/71 

10171 
1a/71 
11/77 
11177 
1/73 
4/15 

11175 
11/75 

1176 
1118 
3/79 
3179 
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Data Card Listings 
For nota'tion, see key at front of Listings. 

P1 
P2 
P3 
P4 ., .. 
P7 
P8 

8 N•l/2115201 PARTIAL DEr:AY'MOOES (PROD. EXP.I 

N*l/2H5201 INTO ·PI N 
N*l/2115201 INTO N*3/2112321 PI 
N*l/2115201 INTO N PI PI 
N*l/2tl5201+ INTO NEUTRON PI+ 
N*l/2(15201+ INTO PROTON PI+ PI-
N*l/2(15201 tHO N ETA . 
N*l/2115201 INTO N PIPILJ.t=OI 
N*l/2115201 INTO N RHO 

DECAY MASSES 
139+ 938 

1232+ 139 
<';38+ 139+ 139 
'339+ 139 
938+ 139+ 139 
<;139+ 548 
c;l39+ 139+ 139 
938+ 769 

B N*l/2(1520) BRANCHING RATIOS !PROD. EXP.J 

Rl N*l/21l5201 INTO IN Pll/TOTAL (Pll 
Rl N*ll5201 INTO IN PIIITOTAL PRODUCTION EXPERIMENTS 
Rl O. 78 ·0.24. BASSOMPIE 67 HBC + K+P TO K* N* 

RZ N*l/2(15201 INTO INEUTP.ON PI+I/IP ·PI+ PI-I IP41/IP51 
R2 0.17 0.45 ALEXANDER 67 HBC + PP 5.5 BEV/C 

R3 N*l/2fl520l INTO (N PII/IN PI PIJ. 1Pli/IP31 
R3 1~2'> 0.44 0~.71 A-BORELLI 67 HBC 0 PBAR P 5. 7 BEV/C 

R4 N*1/2115201 INTO IN*3/2112321 PII/CN PI PII (P21/IP31 
R4 0.00 Q. 09 A-BORELLI 67 HBC 

R5 N*l/2115201 INTO' (N PI PII/TOTAL CP31 
R5 (0.081 OR LESS BASSOMPIE 67 HBC + K+P TO K* N* 

R6 N*li211520J INTO IN ETAI/TOTAL IP61 
R6 0.22 0.14 BASSOMPIE 67 HBC + K+P TO K* N• 

N*l/2115201 INTO CPt NI/IPI N*3121123211 IP111CP21 

11/68 

9/6b 

9/66 

9/66 

11/68 

11/68 

R7 
R7 .10.4"21 OR LESS LEE 67 HBC PI-P 3.6 GEV/C 11/67 

N*l/2Cl5201 I~TO IN PIPIIJ,I:QHITOTAL IP71 R8 
R8 MAIN CECA't MODE MORSE 71 HBC + P~-P 7~25 GEV/C 11171 ..................................................................... 
A-BORELL 67 r--.JC 47 2"32 
AlEXANOE 67 PR 154 1284 
BASSOMPI 67 PL 25B 440 
LEE 67 PR 159 1156 

ANDERSON 70 PRt.: 25 699 

AMALDI 
Ell IS 
MORSE 

71 Pl "348 435 
71 PRL 27 442 
71 PR 04 133 

REFERENCES FOR N*l/2115201 !PROD. EXP.I 

· ALLES-aORElLI ,FRENCH.FR JSK, MICHEJOA I CERN I 
ALEXANDER, BENAR't ,C ZAPEK ,+ ( WEIZMANNI CERN II 
BASSOMP I ERRE, + I CERN, BRUXELLESI 
+MOE8S,ROE,SINCLAIR,VANOER VELDE IMICHI 

+BLESEq, • Bl I EDEN, COLLINS++ IBNL.CAR":'I 

+BIANCASTELLI,BOSIOt+ II SANITA ROMA+CERNI 
+MAGLICH,NOREM, SANNES ,SILVERMAN I RUTGJ 
+OH,WALKER,CARROLL,LYNCH + IWISC+TNTOIIJ 

EDELSTE I 72 PR 05 1C13 
JOHNSTAO 72 ~p B42 588 
DH 72 PL 42B 4'H 

EDELSTEIN, CARRIGAN, HI EN ,MCMAHON, +I CARN+BNL I 
+MOLLERUD+ ••• +JACOBSEN I BOHR, HEL S, ("'IS LO, STOHl I JP 
+FUNG, KERN AN, POE, SCHALK, SHEN I UCRII JP 

COOPER 74 NP B7'7 259 

BRAUN! 75 NP B95 481 
MUSGRAVE 75 NP B87 365 
STRACHMA 75 NP 898 120 

ALSO 76 NP B107 330 
WEBB 75 PL 55B "331 

ALSO 75 Pl 558 336 

ROUGE 77 PL 698 115 

COOPER, SEIDL, VANDERVELDE I MICHl 

+GERBER; MAURER, M ICHALDN, SC HI BY+ 
+PEETERS, SCRE I NER, WHITMORE, YUTA 
STR ACHMAN, E!RAUN ,GERBER, MAURER+ 
STRAtHMAN 

C STRB.LPNPJ J 
I &.NLI 

IL PNP+STRBJ J 
ILPNPII 

C AAC H+UCLA+UCR+CERNJ +'rR Ill lNG, TELEGDI+ 
+TRIllING, TELEGDI + I AACH+UCLA+UCR+CERN I 

+DE ROSNV, FLEUR 't, Rl VET+ llPNP+CDEF+lALOI 
FERRER 78 NP B142 77 +BOUQUET, D. ALMAGNE+ C LALO+CERN+C DEF+ EPOlll, J P 

PAPERS ·NOT REFERRED TO IN· DATA CARDS 

RUSHBROO 76 PRO 13 1835 
SOTIRIDU 76 NP B107 457 
BIEl 78 PRO 18 "3079 

RUSH BROOKE, RAJ A, ANSORGE ,CARTER, NEALE (CAVE J I JP 
D.SOT JIHOU I CERN II JP 
HERBEL, SLATTERY+ I ROCH+NWE S+FNAL+ SLAC l 

ALSO 76 PRL 36 504,507 
CHADWICK 78 PRO 11 17t3 

B IEL, BLESER ,FERBEL+ C ROCH+FNAL+SLAC+NWESJ 
+CARROLL ,CHALOUPKA, BALL AM+ I SLAC+C I f+LBLI I JP 

GOGGI2 78 NP 8143 365 +CAVA Lli-SFORZA,CONT A+ I CERN+PAV I J 
GOGGI 79 NP B 161 14 +CONT A, FRATERNALJ,L IVAN+ ( CERN+PAVI + TRST I ..................................................................... ...... .............. .......... .......... ......... ......... ......... ....... . 
IN(1535)1 63 N*l/2(1535, JP=l/2-1 1=1/2 

THIS RESONAN[:E IS WEll ESTABLISHED. 
IT COUPLES STRONGLY TO THE ETA NUCLEON CHANNEL. 

63 N*1/2C15351 MASS CMEVI 

(1519.01 HENOR't 65 RVUE ETA N + S11 PI N 
( 1570.01 MICHAEL 66 RVUE FITS BAREYRE Sll 
( 1551.01 OR 1565.0 UCHIYAMA- 66 RVUE FITS N ETA DATA 

FITTING GIVES TWO SOLUTIONS. PROBLEMS MATCHING PI P PHASE SHIFT 
11535. OJ BAR EYRE 6B RVUE PHASE-SHIFT ANAL 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
( 1591. OJ DONNACH1 6B RVUE PHASE-SHIFT ANAL 
(1535.01 (10.01 DELCOURT 69 CNTR PHOTOPRODUCT. 

6 11534.01 AVEO 70 IPWA 
6 FROM ENER. OEP;, FIT OF ARGANO DIAGRAM 
4 11502.0) DAVIES 70 RVUE P-S ANAL SOL A 
7 C 1500. I ALMEHED 72 I PWA 

2 11551.1 HICKS 73 MPWA GAM P-ETA P 
2 ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LJSTTNGS. 
2 M AND W ARE FROM SOLUTIO~ C2,BR:SQRTCGI/W WITH G FROM TABLE VII. 

1507. TO 1530. C'tAWFORD 75 OPWA PI N PHOTOPROO. 
1520. OR 1510. LONGACRE 75 IPWA PI N TO 2PI N 

L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
11519 • .1 AVEO 76 JPWA 
( 1501 .. 1 BARBOUR 76 OPWA PI N PHOTOPROO. 

. ( 1500. I BERENDS 77 IPWA PI-N PHOTOPROD. 
1547. 6. BHANDARI 77 DPWA 0 USES ETA N CUSP 

B 11520 .. I LONGACRE 77 IPWA PI N TO 2PI. N 
B All LONGACRE17 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
8 POSITION WHICH IS FROM SOLUTIONS Sl AND Cl. 

E ( 1511. I . BARBOUR 7B OPWA PI-N PHOTOPROO. 
E SUPERSEDES BARBOUR 76. 

9/66 
7/b6 
9/66 

11/67 

6/b8 
8/69 
1171 

8/69 
2172 
9/73 
9/73 
9/73 
1/76 

11175 
11/75 
11177 

117b 
1178 
1/78 

11/77 
11/77 
11/77 
3179 
3/79 

Baryons 
N(1520), N(1535} 

11540. I 
1526. 

c 1513.01 
1550. 

t2·o. I 
7. 

40. 

CUTKDSKY 
HOEHLER 
CRAWFORD 
CUTKOSKY 

79 I PWA 
79 I PWA 
80 DPWA 
80 I PWA 

AVERAGE MEANINGLESS I SCALE FACTOR = 2.3) 

b 
4 
7 

2 

8 
E 

63 N*l/2(15351 WIDTH IMEVI 

(130.01 
cno .. 01 
1150. OJ 0~ 144.0 
(155.01 
(26B.OI APPROX 
1120.01 
196. OJ 
136.01 
150. I 

11"34. I 
114. TO 167. 
75. OR 100. 

175. I 
1128. I 
(57.1 
139. 3"3. 

1135.) 
(1"32.) 
llBO~ I 
(270. I t 50. I 
120. 20. 

tl30. 0 I 
240. 80. 

HENDRY 65 RVUE 
MICHAEL 66 RVUE 
UCHIYAMA- 66 RVUE 
BAREVRE 
DONNACHl 
DEl COURT 
AYEO 
DAVIES 
ALMEHED 
HICKS 
CRAWFORD 
LONGACRE 
AYED 
BARBOUR 
BERENDS 
BHANOAR I 
LONGACRE 
BARBOUR 
BAKER 
CUTKOSKY 
HOEHLER 
CRAWFORD 

"CUTKOSKY 

68 RVUE 
68 RVUE 
69 CNTR 
70 1 PWA 
70 RVUE 
72 IPWA 
13 ~PWA 
75 DPWA 
75 IPWA 
76 I PWA 
76 OPWA 
77 IPWA 
77 OPWA 
77 IPWA 
78 DPWA 
79 OPWA 
79 I PWA 
79 I PWA 
80 OPWA 
BO I PWA 

AVERAGE MEANINGLESS !SCALE FACTOR= 1.11 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

PINTO-PIN 
PINTO PIN 
PI N PHOTOPRCJD. 
PI N TO PI N 

SEE NOTE ON MASS 

PHOTOPRODUCT. 

1>--S ANAL SOl A 

GAM P-ETA P 
PI N PHOTOPROO. 
PI N TO 2PI N 

PI N PHOTOPROD. 
PI-N PHOTOPROD. 

0 USES ETA N CUSP 
PINT02PIN 
PI-N PHOTOPROD. 

0 PI- P TO ETA N 
PI N TO PI N 
PINTO PIN 
PI N PHOTOPROO. 
PI N TO PI N 

12/79 
12/79 
12/81* 
1/82* 

9/66 
7/66 
~/60 

11/67 
6/68 
8/69 
1171 
8/69 
2172 
9/73 
1/76 

11/75 
11/77 

1176 
1/78 
1178 

11/77 
3179 

12/79 
12/79 
12179 
12/81* 
1/82• 

t3 N*l/2(15351 REAL PART OF POLE POSITION IMEVJ 11175 

RE ., 
RE 8 
RE 
RE 
RE 

t 1496. I 
1519 .. 
1525. OR 

c 1465., 
1510. 

'4. 
1521. 

50. 

LONGACRE 
BHANDARI 
LONGACRE 
CUTKOSKY 
CUT KOSKY 

RE AVERAGE MEANINGLESS I SCALE FACTOR: 1.01 

75 IPWA 
77 OPWA 
77 IPWA 
79 IPWA 
BO I PWA 

PI N TO 2PI N 
0 USES ETA N CUSP 

PINT02PIN 
PINTOPIN 
PINTOPIN 

63 N*112115"351 -2*IMAG PART OF PGLE POSITION IMEVI 

!M 
!M 
1M 8 
!M 
1M 
1M 

1103. I 
140. "32. 
135. OR 123. 

1256. I 
260. ao. 

LONGACRE 
BHANOAR I 
LONGACRE 
CUTKOSKY 
CUTKOSKY 

IM AVERAGE MEANINGLESS CSCALE FACTOR: 1.41 

75 IPWA 
17 DPWA 
77 I PWA 
79 IPWA 
80 I PWA 

PI N TO 2Pt N 
0 USES ETA N CUSP 

PINT02PIN 
PI N TO PI N 
PINTOPIN 

63 N*l/2115"351 REAL PART OF ElASTIC POLE RESIDUE IMEVI 

RER 
RER 
RER 
RER 

20. 
148. I 
116. 

21. 

4b. 

RER AVERAGE MEANINGLESS !SCALE 

BHANDARI 
CUT KOSKY 
CUT KOSKY 

FACTOR "' l.CJ I 

77 OPWA 
79 IPWA 
BO I PWA 

0 USES ETA N CUSP 
PINTOPJN 
PI N TO PI N 

63 N*1/2C15351 IMAG PART OF ELASliC POLE RESIDUE IMEVI 

1MR 
!MR 
IHR 
1MR 

13. 
C-67. I 

31. 

8. 

92. 

BHANOAR I 
CUTKOSK 't 
CUTKOSKY 

17 OPWA 
79 IPWA 
80 I PWA 

IMR AVERAGE "'EANINGLESS !SCALE FACTOR"' l.OJ 

6~ N*li2C 15351 PARTIAL DECA't ~ODES 

P1 N*1/2115"351 INTO PI N 
P2 N*l/2115351 INTO N ETA 
P3 N*1/2C15351 t~TD N PI PI 
P4 N*l/2(15351 INTO N EPSILON 
P5 N•1/2( 15351 INTO N*3/2C 12321 PI 
P6 N*l/2115351 INTO N RHO 
P7 N*l/2(15351 INTO GAM P9 HELICIT't=l/2 
P8 N*l/2115351 It.TO GAM N, HELICJT't:1/2 
P9 N*l/2(15351 ·INTO K LAMOBA 
PlO N*1/2115351 INTO N RHO,S=l/2,S-WAVE 

R1 
R1 
R1 
R1 N 
R1 
R1 3 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

63 N*l/2115351 BRANCHING RATIOS 

N*1/2115351 HTO IPI NI/TOTAL 
(0.691 
co. 321 
co.111 oR 0.28 
(0.311 OR 0.43 
(0.6961 
10.331 
(0.3971 
10.361 
(0.251 
to. 341 
0.2~7 

(0. 451 
o. 38 
0.50 

0.026 
( 0.061 
a. 04 
0.10 

HENDRY 65 RVUE 
MICHAEL 66 RVUE 
UCHIYAMA- 66 RVUE 
DAVIES 67 RVUE 
DONNACH1 68 RVUE 
DELCOURT 69 CNTR 
AVEC 70 IPWA 
DAVIES 70 RVUE 
ALMEHED 72 IPWA 
AYEO 76 IPWA 
BHANDARI 71 DPWA 
CUTKOSKY 79 I PWA 
HOEHLER 79 I PWA 
CUTKOSKY 80 IPWA 

R1 AVERAGE MEANINGLESS I SCALE FACTOR= 1.71 

0 USES ETA N CUSP 
PINTOPIN 
PI N TO PI N 

DECAY MASSES 
139+ 938 
CJ39+ 548 
<;38+ 139+ 139 
CJ38+1300 

1232+ 139 
938+ 769 

0+ 93B 
0+ 9"39 

497+1115 
CJ38+ 769 

C Pll 

SEE NOTE ON MASS 
PIP TO N ETA,B,C 

P-S ANAL SOL A 

0 USES ETA N CUSP 
PI N TO PI N 
PI N TO PI N 
PINTOPIN 

11175 
1178 

11171 
12179 
1/82• 

11175 

ll/75 
1/78 

11/77 
12/79 
l/82* 

1178 
12/79 
1/B2• 

1/78 
12/79 
1/82* 

CJ/66 
9/66 
9/66 

11/67 
6/6B 
B/69 
1171 
8/69 
2/72 

11177 
l/78 

12179 
12179 
1/82* 



Baryons 
N( 1535), N( 1540) 

N*l/2115351 INTO IN HAl/TOTAL ISEE RB ALSO. I IPZI R2 
R2 
R2 
R2 N 
R2 
R2 8 
R2 

DOMINANT tNEL DECAY HENDRY 65 RVUE 
10.681 MICHAEl 66 fWUE 
{0.291 OR 0.11 UCHIYAMA- 66 PYUE 
(0.691 OR O.lt5 DAVIES 67 RVUE 
IO.ltl 10.11 DEANS 69 MPWA 

9/66 
9/66 

SEE NOTE ON MASS. 9/66 
PIP TO ~ ETAtB,C 11/67 
T POLE+ P:ESDN. 5170 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 

R4 
R4 
R4 

R5 
R5 
R5 

Rb 
Rb 
Rb 
Rb 

R7 
R7 

RB 
RB 
RB 
RB 
R8 

10.661 OELCOURT 69 MPWA 
(0.691 OR 0.696 CARRERAS 70 MPWA T POLE+ RESON. 

PI\RAMETR IZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
THE VALUES OF RZ LISTED ABOVE ARE INCOMPATIBLE WITH THE RESULTS 
OF DIEM ET AL. (701 ' 
THE BRANCHING RATIO INTO ETA NEUTRON FOUNC BY BHANCARI 77 IS 
0.70 (R.BHANOARt, PRIV. COMM., 19791. 

N*l/2115351 INTO IN*3/2(12321 PI) /TOTAL (PSI 
10.07} DIEM 10 IPWA 3 BODY ANALYSIS 

ASSUH lNG Rl= 0.34 

N•l/2115351 INTO ( N EPS ILONIITOTAL CP41 
{Q. 261 DIEM 70 IP~A 3 BODY ANALYSIS 

ASSUJ11 NG R1= 0.34 

N*1/2(15351 INTO C N RHO I /TOTAL I P61 
{0.201 DIEM 70 IPWA 3 eoDY ANALYSIS 

ASSUMING R1= 0.34 

N*l/2(15351 INTO GAMMA PROTON/TOTAL IP71 
5 0.0042 0.0014 DEANS 72 ~P~A P ETA PHOTOPROD. 
5 BREWEANS72 RADIATIVE WIOTHI/1 MJMINAL FULL WIOTH=100 MEV I 
5 THE HICKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP. 

N*1/2C15351 FRCM GAMMA PROTON TO ETA PROTON 
C0.03661 HICKS 73 MPWA 

N*1/2(15351 FROM PIN INTO ETA N tSEE R2 ALSO.) 
1+0.431 LEMOIGNE 73 DPWA 
(+0.481 FELTESSE 75 DPWA 

SUPERSEDES LEMOIGNE 73, USES M AND W OF AYEO 76. 
t+O. 331 BAKER 79 DPWA 

SQRTC P2*P71 
GAM P-ETA P 

SQRTCP1*P21 
1488 TO 1685 MEV 

0 14ee TO 1145 MEV 

0 Pt- P TO ETA N 

R9 N*1/2115351 FRCM PI N TO K LAMBDA SQRTtPl*P91 
R9 C -0.691 0.214 Oi::VENISH 7tt 0 FIXED T DISP REL 
R9 C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD. 

RIO 
RIO 
RIO 

Rll 
Rll 
Rll 

Rl2 
Rl2 
Rl2 

AI 
AI 
AI 
AI 
AI 
Al 
AI 
Al 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
Al 
AI 
AI 
AI 
AI 

• 

• 

• 

N*1/211535) FRCM PI N TO N*3/2H2321 PI SQRTIP1•P51 
L (Q.OI OR -0.06 LONGACRE 75 IPWA PI N TO 2PI 

10.001 LONGACRE 77 IPWA PINT02PI 

N•1121l5351 FROM PI N TON RHO,S=1/2,S-WAVE SQRTI P1*P101 
L I +0.121 OR +0,. 09 LONGACRE 75 lPWA PI N TO 2Pl 

1+0 .. 101 LONGACRE 77 IPWA PI N TO 2Pl 

N*1/2C15351 FPGM PI N TO N EPSIlON SQRT(P1*Pitl 
L {0.11 OP -0.09 LONGACRE 75 IPWA PI N TO 2PI 

c-o. oet LONGACRE 77 lPWA PI N TO 2Pl 

63 N*1/2ll5351 PHOTON DECAY AMPLIGEV••-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*1/2115351 INTO GAM Pt 
o. 042 o. 023 

10.015} 
+0.053 
o. 018 
0.056 

+0 .. 063 
0.036 

+0.082 
1+0 .. 0621 
1+0.063) 
+0.010 
•o. 046 
+0.101 

1+0.0341 
E +0.082 
N {0.0461 

0.020 
0.020 
0 .. 020 
0.013 
0.002 
0.007 

o.oo4 
o.oo1 
0.012 

0.019 

HEllCJTYc1/2 IGEV**-1/21 
DEVENISH 73 DPWA PI N PHOTOPROD. 
HEMMil 13 + FWD PIO PHTOPROD 
MOORHOUS 73 OPWA PI N PHOTOPROD. 
DEVENIS2 74 ·DPWA PI N PHOTOPROD. 
KNIES 74 DPWA PI N PHOTOPROD. 
METCALF 71t OPWA PI N PHOTOPROO. 
MOORHOUS 74 OP~A PI N PHOTOPROD. 
CRAWFORD 75 DPWA PI N PHOTOPROO. 
KRIVETS 75 DPWA PI-N PHOTOPROO,. 
BARBOUR 76 OPWA PI N PHOTDPROO. 
FEllER 76 DPWA PI N PHOTOPROD. 
AZNAURYAN 77 DPWA PIO PHTPRO,SOL 1 
AZNAURYAN 71 OPWA PIO PHTPRO.SOL 2 
BERENDS 77 IPWA PI-N PHOTOPROQ,. 
BARBOUR 78 DPWA PI-N PHOTOPQ.OO. 
NOEllE 78 Pt-N PHOTOPROQ. 

N CONVERTED TO OUR CONVENTIONS USING M=1.548, Wo.073 FROM NOELLE 7B,. 
o. 083 o. 007 ARAI eo OPWA -PI N PHOTO FH l 
o.oeo o.oo1 ARAI 80 DPWA PI N PHOTO FIT 2 
0.029 0.007 BRATASHEY 80 DPWA PI N PHOTOPROO. 
0.065 0.016 CRAWFORD 80 DPWA PI N PHOTOPROO. 
o. o7o4 o. 009r ISHII eo OPWA P COMPTON SCAT 

A1 • • 
A1 AVERAGE MEANINGLESS ISCALE FACTOR'"' 4.11 

A2 N*l/2115351 INTO GAM N, HELICITY.,l/2 IGEV**-1/21 
A2 -0.02b 0.029 DEVENISH 73 C.PWA PI N PHOTOPROD. 
A2 -0.048 O. 021 MOORHOUS '73 OPWA PI N PHOTOPROO. 
A2 B -0.031 0.024 ROSSI. 73 OPWA 0 GAM N TO PI-P 
A2 8 CONVERTED TO OUR CONVENTIONS USING M AND W FROM ROSSl73 AND X=.36 
A2 9 1-0.0781 BENEVENT 74 DPWA 0 GAM N TO PI- P 
A2 9 CONVERTED TO OUR CONVENTIONS USING Mc1520 MEV, W.,BO "tEV, X"'o36 
A2 -0.037 O. 023 OEVENI S2 74 OPWA PI N PHOTOPR00. 
A2 -0.052 0.005 KNIES 74 OPWA PI N PHOTOPROO. 
A2 -0.051 0.021 METCALF 71t OPWA PI N PHOTOPROD. 
A2 -0.027 0.009 MOORHOUS 74 OPWA PI N PHOTOPROD. 
A2 -0.088 0. 011 CRAWFORD 75 OPWA PI N PHOTOPROO. 
A2 (-0.1091 BARBOUR 76 OPWA PI N PHOTOPROO. 
A2 -0.112 0.034 BARBOUR 78 DP\o.A PI-N PHOTOPROO. 
A2 1-0.0481 NOELLE 78 PI-N PHOTOPROO. 
A2 CONVERTED. TO OUR CONVENTIONS USING M=1.548, W=.073 FROM NOELLE 78. 
A2 -0.075 0.019 ARAI 80 OPWA . PI N PHOTO F.IT 1 
A2 -0.075 0.018 ARAI 80 OPWA PI N PHOTO FIT 2 
A2 -0. 09e O. 02b CRAWFORD 80 DP\o!A PI N PHOTOPRGO. 
A2 -0.011 0.017 TAKEDA 80 OPWA PI N PHOTOPROO. 
A2 -0.062 O. 003 FUJI I B1 OPWA PI N PHriTOPROO. 
A2 
A2 AVERAGE MEANINGLESS tSCALE FACTOR., 1.9) 

...... •••• .. ••• •••••o••• ••••••••• ••••••:t•• ••••••••• ••••••••• •••••••• 
REFERE~CES FOR NtE1/2C15351 

HENDRY 65 Pl 18 171 A W HENDRY • R G MOORHOUSE I RHELI 
REVIEWS EARLY PHASE-SHEFT-ANALVSIS RESULTS AND PI-P TO ETA N 
EXPERIMENTS. WE TAKE NUMBERS FR0!'4 THE SOLUTION USING BRANDSEN 65. 

MICHAEl 66 Pl 21 93 C MICHAEL IOXFI 
UCHIYAII!A 66 PR 149 1220 F UCHIYAMA-CAMPBELL, Fl. K LOGAN C llliiJP 
DAVIES 67 ~ 52A 1112 AT OAVIESo R G MOORHCUSE CGLASGOW.~HEU 

8/69 
5110 

12/79 
12179 

1171 

1/71 

1/71 

9173 
9173 
9/73 
9/73 

9/73 
9/73 

2174 
2174 

11175 
11177 
12/79 

4/75 
4/75 
4/75 

11175 
11/75 
11177 

11/75 
11/75 
11/77 

11175 
11/75 
11177 

2/H 
2171t 
2/73 
lt/75 
2/74 
2174 
2/llt 
1176 
1/78 
1176 
2177 

12/79 
12/79 
1/78 
3/79 
1/80 
1/80 

12/81• 
12/B1• 
12/e1• 
12/81• 
12/B1• 

2174 
2173 
't/75 
4/75 
4175 
4/75 
4/75 
2/74 
2/74 
2/74 
1176 
1176 
3/79 
1/80 
1/80 

12/B1• 
12/81• 
12/B1• 
12/81• 
12/B1• 
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Data Card Listings 
For notation, see key at front of Listings. 

BAREYRE 68 PR 165 17'31 
"D~NACH1 68 PL 26B 1b1 

ALSO 68 VlE!iNA 139 
ALSO 6e THESIS 

DEANS 69 PR 185 1797 
DELCOURT 69 PL 298 75 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP 821 359 
DIEM 70 KIEV CONF. 

ALMEHEO 12 NP B40 157 
DEANS 72 PN 3 217 
DEYENISH 73 Pl 478 53 
HEMMU 73 PL 438 7Cj 
HICKS 73 PRO 7 2614 
LE"'OIGNE 13 PURDUE CONF,. 93 
"'OORHOUS 73 Pl 438 41t 
ROSSI 73 NC 13A 59 

ALSO 11 LNC 2 1183 

BENEYENT 71t NC 19A 529 
OEVENISH 74 NP B81 330 
OEYENIS2 74 PL 52B 227 
KNJ E S . 74 PRO 9 2680 
METCALF 74 NP B7b 25~ 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP B97 125 
FEl TESSE 75 NP 893 242 
KRl VETS 75 SJNP 20· 430 

ALSO 14 SJNP 19 112 
L~GACRE 75 PL 558 415 

ALSO 7e PRO 17 1795 

AYED 7b CEA-N-1921 
BARBOUR 7b NP 8 1ll 35e 
FELLER 76 NP 8104 219 

AZNAURYA 77 EFI-264151}-17 
BERENDS 71 NP B136 ~17 
BHANOAR I 77 PRO 15 192 
LONGACRE 17 ~p B122 493 

ALSO 76 NP 8108 365 

BARBOUR 78 NJ' 8141 253 
NOELLE 78 PTP bO 178 
SAKER 79 NP S15b ~3 

P BAREYREt C 8RICMAN, G VILLET ISACLAYIIJP 
A DONNACHIEo R G KIRSOPP, C LOVELACE ICERNHJP 
DONNACHIE PAPPORTEUR.S TALK IGLASI 
R G KIRSOPP IEOJNI 
S DEANS, J WOOTEN tUNIV S FLORIOAI 
DElCOURT, L EFRANCOl S, PEREZ-Y-JORBA, + I ORSAJ 

R AYED,P BAREYRE, G VILLET ISACLIJJP 
8 CARRERAS, A OO!iNACHIE COARE.MCHS1 
A DAVIES IGLASI 
+ SMADJA, CHAYANON, OELERt OOLBEAU+ ISA.CLJ 

+LOVELACE . I LUND, RUTG II JP 
+JACOBS, LYONS, HICKS IU S FL TAMPA+CARNl 
OEVENISH,RANKIN,LVTH (LOUC+BONNHANCl J JP 
HEM HI, 1 NAGAKI + C KYOTO+SAGA+KEK+TOKYI I JP 
+DEANS, JACOBSel YONS+ I CARN+ORNL+SOUTH FLA. J I JP 
+GRANET, MARTY, AYED, eAR EYRE, BORGEAUD, +I SACLI I JP 
MOORHOUSE, OBERLACK I GLAS+LBUJJP 
+PIAZZA, SUS tNNO ,+ t ROM At FRAS, NAPL,PAVIA )I JP 
CARBONARA, FIORE,+ I NAPL, FRAS! PAVIA, ROMAII JP 

BENEVENTANOoOANGELO,NOTARJ STEFANI t+ I ROHAl IJP 
DEY ENI SH, FROGGA TT, fi!ART I NIOESY ,NORD ITA, LOUC J 
DEVENI SH, L YTH, RANK IN t DESY ,U.NC, 80NNII JP 
KNIES, MOORHOUSE ,OBERLACK ILBLt GLAS J IJP 
W J METCALF,R l WALKER ICJTJIJP 
MOORHOUSE, OBERLACK,ROS ENFEL D I GLAS+LBL J IJP 

R L CRAWFORD IGUSJIJP 
+AYED, 8AREYRE, BORGEAUD, OAV I O, ERNWE IN+ I SACLll JP 
+"' JROSHNICHENKO, Nt K t FOROV, SAN IN+ t K lEVI I JP 
KR I VETS, Nl K IFOROV, SANI N, SHALATS K II I K-IEV II JP 
+ROSENFELD, LAS I NSK I, SMADJA+ { lBLt SLAC J I JP 
LONGACRE,L AS INSK t, ROSENFELD+ ILBL• SLACJ 

AYEO CTHESISI tSACLJIJP 
I. M. BARBOUR,R. l. CRAWFORD CGLAStiJP 
+FUKUSHIMA ,HORI KAWA, KAJ IKAWA+ INAGClYA+OSAKA) I JP 

+AKOPQV,SAGDASARYo\N (YEREVAN 
F. A • BERENDS, A. DONNACHI E 
R BHANDARI, Y-A CHAO 
LONGACRE, DOL BEAU 
DOL BEAU, TR IANTI S ,NEVEU, CADI ET 

PHYSICS INST.HJP 
ILEID,~CHSIIJP 

ICARNII JP 
I SACLJIJP' 
ISACUIJP 

BARBOUR ,CRAWFORO,PARSONS I GlAS I 
P. NOHLE CNAGOI 
+BROWN, CLARK, DAVIES, DE'PAGT ERt EVANS+ I RHEl I I JP 
+FORSYTH,HENDRI (K, KELLY f CARN+lBL J I JP CUTKOSKY 79 PRO 20 2B39 

HIJEHLER 79 HANOBCOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO.CONF 3 R.KOCH IKA.RLSRUHEIIJP 

ARA 1 80 TORONTO CONF 93 I. ARAI ITOKYI 
BRAT ASHEVSK I J • GDRB ENKO, DERE BC HI NSK I J+l KHAR I BRATASHE 80 NP 8166 525 

CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFDRD . IGLASI 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, So\BCOCI<.,KELL Y, HEN ORICK I CARN+lBLJ 1 JP 
ISHII 80 NP 8165 18CJ ISH t I, EGAWA ,KAT0,"1 (YACHt+ f KYOT+ TOKYJ 
TAKEDA 80 NP 8168 17 TAKEDA, ARA I, FUJI I, I KEOA, IWASAKI+ C TOKYI 
FUJII 81 NP 8187 53 FUJI t, HAYA SHII, tWA TA, KAJIKAWA+ I TOKYI 

PAPERS NOT REFERRED TO IN OAT A CARDS 

BAREYRE 65 Pl 18 342 + BRJCP'IAN, STIRLING, VJLLET ISACLAYIIJP 
IOURHAK, RHELJ IJP BRANDSEN 65 PR 139 81566 +ODONNELL, MOORHOUSE 

BASIS OF NUMBERS WE QUOTE FROM HENDRY 65 .. 
JOHNSeN 67 UCRL-17683 THESIS C H JOHNSON · llRLI 

ICERNJIJP 
IGLAS+EOINJ 

ISACLAYI 

LOVELACE 67 HEIDELBERG C. 79 C LOVELACE 
O()'.INACHI 69 NP 10B 433 A DONNACHIE, R KIRSOPP 
AYED 70 PL 31B 51Q8 +BAREYRE+VIllET 

BULOS 
BACCI 
JONES 
R TCHAROS 
PRE POST 
BLOOM 
BULOS 
HEUSCH 
BINNIE 

BALL 
DOBSON 
"tiN AMI 
DEANS 
LOGAN 
MENCUCC I 
"11NAMI 
MOSS 
DEANS 
PAL 
·BAll 
LEFIEVRE 

THE FCLLOWING ARTICLES DEAL WITH THE REACTIONS PI- P TO ETA N 
AND GAMMA P TO ETA P NEAR THRESHOLD. THE DATA AND THE THEORETICAl 
ARTICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE S11 AMPLI­
TUDE AS DETERMINED IN PI P PHASE-SHIFT ANALYSES. FURTHER REFERENCES 
MAY BE FOUND IN THEM. 

MAINLY EXPERIMENTAL --
64 PRL 13 lt86 + te.ROWN,PRANDEJSoHARVARQ,MtT,PADOVAI t 
66 NC lt5A 983 +PENSO,SALVINJ,MENCUCCINI,+ IROMA,FRASCATIIIJP 
66 PL 23 597 +BINNJE,DUANE,HORSEY,MASON,+ ILOJC,RHEU 
66 PRL 16 1221 +CHIU,EANDI,HELMHOLZ,KENNEY,+ CLRl,HAWAtll JJ 
b7 PRL 18 82 R PREPOST, 0 LUNDQUIST, D QUINN ISTANFORDI 
68 PRL 21 1100 +HEUSCH, PRESCOTT, ROCHESTER ICtT} 
69 PR 187 te27 +LANOU,BORONER,-SASTIEN+IBOST+HARV+MIT+PE~N} 
70 PRL 25 1381 +PRESCOTT,ROCHESTER,WINSTEIN ICITI 
73 PRO 8 2789 +CAMillERI,DEBENHAM,OUANE,+ ILOICoSHMPI 

MAINLY THEORETICAL -- . 
66 PR l't'9 1191 J S ~All 
66 PR 146 1022 P ~ DOBSON 
66 PR 147 1123 S MINAMI 
67 PR 161 1466 S ~ DEANS, W G HOllADAY 

I UCLA) 
IHAWAI II 

IOSA.KAJ 
(VANDERBILT! 

67 PR 153 lb34 R K LOGAN, F UCHIYAMA-CAMPBELL CILLJ 
CFRASCATIJ 

IOSAKAJ 
ILSUI 

IVANOERBILTI 
I NPL NEW IJELHII 

CUCLA+UCil 
ICDEFJ 

b1 NC 48o6 579 C MENCUCCINI. A REALE 
67 PR 162 1619 S MINAMI 
67 PR 163 1785 T A MOSS 
6B PR 16 5 Hl8b S R DEANS, W G HOllADAY 
68 PR 167 1350 8 K PAL 
69 PR 177 2257 +GARG+SHAW 
70 NC 66A 349 +LERUSTE 

•*•••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •o•*•••• 
*"**• •••••oo•• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 

I N( 1540) l•o• N•ll21 1540, JP•l/2+1 1•112 ~ 
---~) --------- ------- ------- ------ ----~- -------

1M N*l/2115401 IUSS IMEV1 

11/77 

11177 

11540. J LONGACRE 77 "tPWA PI N TO 2PI N 11177 
All LONGACRE77 PARAMETERS ARE FR0"1 SOLUTION 52, EXCEPT FOR THE POLE 11/77 
POStTHlN WHICH IS FROM SO.LUTIONS S1 AND Ct. 11/77 

109 N*l/2115401 WIDTH IMEVI 11/77 

1200.1 LONGACRE 11 IPliA. PI N TO 2Pt N 11/71 
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Data Card Listings 
For notation, see key at front of Listings. 

10~ N*l/2(l5401 REAL PART OF POLE POSITION IMEVI 

RE B 1535. OR 1482. LONGACRE 77 IPWA PI N TO ZPI N 

109 N•1121 15~01 -Z*IMAG PARf Of POLE POSITION IMEVJ 

!M B 207. OR 314. LONGACRE 71 I PWA PI N TO 2Pt· N 

Pl 
P2 
P3 
P4 
P5 

109 N*lf21 15401 PARTIAl DECAY MODES 

N*l/2115401 INTO PI N 
N*l/2(15401 INTO N RHO,S,.l/Z,P-WAVE 
N*l/2(15401 INTO N RHQ,$:3/Z,P-WAVE 
N*l/2Cl5401 INTO N*3/2112321 PI,P-WAVE · 
N*l/2(15401 INTO N EPSILON 

10':1 N*l/2115401 BRANCHING RATIOS 

DECAY MASSES 
139+ 938 
lii38+' 7b9 
S38+ 769 

1232+ 139 
llj)8+1300 

Rl N*l/2(15401 FROM PI N TON RHO,S=t/2,P-WAVE SQRHPl*P21 
Rl 8 {-0.081 LONGACRE 11 IPWA PI N TO 2PI N 

R2 N*l/2(15401 FRGM PI N TON RHO,Sc3/2,P-WAVE SQRTIPL*P31 
R2 8 10.001 LONGACRe 77 IPWA PI N TO 2PI N 

R3 N*l/2115401 FROM PI N TO N*3/2(12321 PI,P-WAYE SQRT(Pl*P41 
R3 8 (+0.111 ~ LONGACRE 11 IPWA PI N TO 2PJ N 

R4 N*1/2fl5401 FROM PIN TON EPSILON SQRT(Pl*P51 
R4 8 10.001 LONGACRE 77 IPWA PI N TO 2PI N 

•••••••••••••••••••••••• ********"* ••••••••••••••••••••••••••••••••••• 

REFERENCES FOR N*l/21 15401 

LONGACRE 11 NP B 122 4C':I3 
ALSO 76 NP BlOB 365 

LONGACRE, DOL BEAU 
DOL BEAU. TR I ANTIS ,NEVEU, CAD I ET 

ISACUIJP 
f SACU JJP ..................................................................... ...... ......... .......... ......... ......... ......... .......... ....... . 

IN(165o)l r?ls" 
66 N*l"/2fl650, JPc1/2-l 1=1/2 t...::.JJ.J 
THIS RESONANCE IS WELL ESTABLISHEC. 

66 N*l/21 16501 MASS (MEV I 

11695.01 
11700.01 
11110.01 

WHEPE CROSS SECTION 
I 1710.01 
( 1705.01 ( 10-01 
( 1689.0) 

BRANDSEN 65 JI.VUE 
MICHAEL 66 RVUE 
BAREYRE 68 RVUE 

IS GREATEST - EYEBALL 
·DONNACHl 68 RVUE 
ORITO 69 RVUE 
AYEO 70 I PWA 

FROM ENER. DEP. FIT OF 
( 1766.01 

ARGANO DIAGRAM 

( 1678.01 
'1685. 01 

A THERE ARE 3 SI"!ItAR SOLUTIONS 

DAVIES 70 RVUE 
SCHORS"cH 70 OPWA 
WAGNER 71 IPWA 

7 11670. I ALMEHED 72 JP\<IA 

PHASE-SHIFT ANAL 
FfTS BAREYRE Sll 
PHASE-SHIFT ANAL 
FIT 
PHASE-SHIFT ANAL 
K LAMBDA PS ANAL 

P-S ANAL SOL A 
K .lAM PHOTOPRO. 
PI-P TO K lAMB 

2 ( 1699. I HICKS 73 MPWA GAM P-ET A P 
2 ONLY STATES FRO"! TABLE VII OF HICKS13 ARE INClUDED IN LISTINGS. 
2 M AND W ARE F~OM SOLUTION C2,BR=SQRTIGIIW WITH G FROM TABLE VII. 
1 ( 1R60.1 LANGBEIN 73 IPHA PI N-K SIGtSOl 2 
1 Sll AMPLITUDE LARGE BUT NOT RESONANT I~ SOLUTION 1 Of LANGBEIN73 
l DEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SlG"'A+ DATA OF 
1 WINNIK77 AROUND 1920 MEV. 

( 1675.1 KNASEl 75 OPWA 0 PI- P TO KO LAM 
1675. DR 1660. LONGACRE 75 I PWA PI N TO 2Pt N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 CF LONGACRE 75. 
(1673.1 AYED 76 IPWA 
( 1676. I BARBOUR 76 DPWA PI N PHDTOPROO. 
11100.1 (5.1 BAKER 77 IPWA 0 PI-P TO K lAM. 
11680. I BAKER 77 DPWA D PI- P TO K LAM. 

THE TWO ENTRIES FOR BAKER 17 ARE FOR AN IPWA USING THE BARRELET 
ZERO METHCD .&NO A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

( 1700. I LONGACRE 77 )PWA PI N TO 2Pt N 
ALL LONGACREH PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR THE POlE 
POSITION WHICH IS FROM SOLUTIONS S1 AND C1. 

I 1680. I BAKER 78 DPWA 0 PI- P TO K LAM 
9 I 1694. I BARBOUR 78 OPWA PI-N PHOTOP'I.OD. 
9 SUPER.SEDES BAPBOUR 76. 

( 1640. I 130. I 
1670. a. 

( 1689.01 
1650. 

I 1675. I 
11672. I 
( 1680.1 

30. 

CUTKOSKY 
HOEHLER 
CRAWFORD 
CUTKOSKY 
UVANOS · 
MUSETTE 
SA)(ON 

. 19 IPWA 
79 I PWA 
80 DPitrjA 
80 IPWA 
80 OPWA 
80 IPWA 
80 OPWA 

PI N TO PI N 
PINTOPIN 
PI N PHOTOPROO. 
PINTOPlN 
PI· P TO K SIGMA 
PI- P TO K LAM 
PI- P TO K LAM 

AVERAGE "''EANINGLESS (SCALE FACTOR= 1.01 

A 
7 

2 
1 

66 N*1/2( 165DI WIDTH IMEVI 

1240.01 
1260.01 
1300.0 I 
1104.0 I U 5. OJ 
1166.01 
(404. 01 

SOL B Gl YES 121 MEV 
199.01 

·HlO.OIORI140.0I 
1120. I 
(195. I 
1200. I 
(110. I 
150. OR 130. 

(150. I 
1194.1 
f130.1 110. I 
190. I 

1170.1 

MICHAEl 
BAR EYRE 
DONNACHl 
OR ITO 
AYEO 
DAVIES 

SCHOP.SCH 
WAGNER 
ALMEHED 
HICKS 
LANGBEIN 
KNASEL 
LONGACRE 
AYED 
BARBOUR 
BAKER 
BAKER 
LONGACRE 

66 RVUE 
68 RVUE 
68 RVUE 
69 RVUE 
10 I PWA 
10 RVUE 

70 DPWA 
11 I PWA 
72 I PWA 
73 MPWA 
73 I PWA 
75 DPWA 
75 IPWA 
76 I PWA 
76 OPWA 
71 I PWA 
17 OPWA 
17 I PWA 

P-S ANAL SOL A 

K LAM PHOTOPRO. 
PI-P TO K LAMS 

GAM P-ETA P 
PI N-K SIG.SOL 2 

0 PI- P TO KO LAM 
PI N TO 2PI N 

PI N PHOTOPROO~ 
PI- P TO K LAM. 
PI- P TO K LAM. 
PI N TO 2PI N 

11177 

11177 

11/71 

11177 

11/17 

11177 

11177 
1117~ 

11177 
11177 

11177 
11177 

11177 
11/17 

9/66 
7/66 

11/67 

8/68 
8/69 
1111 

8/69 
10/71 

1171 

2172 
9/73 
9173 
9173 
9/73 
9173 
1178 
1178 

11175 
11/75 
11/75 
11/77 
1/76 
1/78 
1/78 
1178 
1/78 

11/17 
11177 
11/71 
3/79 
3/79 
3/79 

12/79 
12/79 
12/81* 
1/82• 
1/82* 
1/82* 

12/79 

7/66 
11/67 
8/69 
8/69 
1/71 
8/69 
2/73 

10171 
1171 
2172 
9/73 
9/73 

11/75 
11175 
11177 

1176 
1178 
1/78 

11/77 

Baryons 
N{1540), N(1650) 

190~ I 
(193.1 
(140.1 
180. 

U83.0I 
150. 

uoo.J 
(179.) 
(120. I 

(40.1 
20. 

40. 

BAKER 
BARBOUR 
CUTKOSKY 
HOEHLER 
CRAWFORD 
CUTKOSKY 
LIVANOS 
MUSETTE 
SAXON 

AVERAGE MEANINGLESS ISCALE FACTOR: 1.01 

78 DPWA 
18 OPWA 
79 I PWA 
79 IPid 
eo OPWA 
eo I PWA 
80 OPWA 
80 I PWA 
80 OPWA 

SEE THE NOTES ACCOMPANYING THE "'ASSES QUOTED. 

0 PI- P TO K LAM 
PI-N PHOTOPROO. 
PI N TO PI N 
PI N TO PI N 
PI N PHOTDPROO. 
PI N TO PI N 
PI P TO K SIGMA 
PI- P TO K LAM 
PI- P TO K LAM 

66 N*l/2(16501 REAL PART OF POLE POSITION IMEVI 

RE ( 1648.1 
RE B 1699. OR 1698. 
RE I 1639.1 
RE 1640. 20. 

LONGACRE 75 I PWA 
LONGACRE 17 I PWA 
CUTKOSKY 79 I PWA 
CUTKOSKY 80 IPHA 

PINT02PIN 
PI N TO 2PI N 
PI N TO PI N 
PI N TO PI N 

3179 
3/79 

12/79 
12179 
12/81* 
1/82* 
1/82* 
1/82* 

12/79 

11175 

11/75 
11/77 
12/79 
1/82• 

66 N*l/206501 -2*IMAG PART OF PCLE POSITION tMEVI 11175 

IM 
IM B 
(M 
!M 

RER 
RER 

!MR 
!MR 

(117.1 
17't. OR 173. 

U40.1 
150. 30. 

LONGACRE 75 IPWA 
LONGACRE 77 IPWA 
CUTKOSKY 79 I PhA 
CUTKOSKY 80 I PWA 

PI N TO 2PI N 
PI N TO 2PI N 
PI N TO PI N 
PI N TO PI N 

66 N*1/21 16501 REAL PART OF ELASTIC POLE RESIDUE (MEV I 

(3. I ... 
1-513.1 
-sa. 

25. 
CUTKDSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PJNTOPIN 
PI N TO PI N 

66 N*l/2fl6501 IMAG PART OF ELASTIC PCLE RESIDUE (MEVI 

12. 
CUTKOSKY 79 I PWA 
CUTKOSKY 80 JP~trjA 

E:6 N*l/2(16501 PARTIAL DECAY MODES 

PI N TO PI N 
PI N TO PI N 

P1 N*l/2(16501 11\TO PI N 
DECAY MASSES 

139+ 938 
P2 N*1/2116501 INTO N ETA 939+ 548 
P3 N*l/2(16501 INTO LAMBDA K 1115+ 497 
P4 . N*1/2(16501 INTO GAM P, HELICtTYcl/2 0+ 938 

0+ 939 P5 N*l/2(16501 INTO GAM N. HELICITY"l/2 
P6 N*l/2{16501 11\TO N PI PI li38+ 139+ 139 

938+1300 P7 N*1/2(16501 INTO N EPSILON 
PS N*l/2( 16501 INTO N RHO '938+ 769 

4q3+ll8q P9 N*l/2116501 INTO K SIGMA 
P10 N*1/2116501 INTO N RHQ,S:1/2,S-WAVE 938+ 769 
P11 N*li2U6501 INTO N RHO.S:3f2.D-WAVE li38+ 769 
Pl2 N*1/2(16501 INTO N*3/2112321 PI 1232+ 13q 

Rl 
Rl 
R1 
Rl 
R 1 
Rl 
Rl 
R1 
R1 
R1 
R1 

66 N*l/21 16501 BRANCHING RATIOS 

N*l/2116501 INTO IPI NI/TOTAL 
I 1.01 APPROX 
co. 791 
10.642 I 
10.561 
(0. 51 
10.541 
(0.601 10.051 
0.61 0.04 
0.65 0.10 

MICHAEL 
DONNACHl 
AYED 
DAVIES 
ALHEHED 
AYEO 
CUTKOSKY 
HOEHLER 
CUT KOSKY 

66 RVUE 
68 RVUE 
10 IPWA 
10 RVUE 
72 IPWA 
16 IPWA 
19 IPWA 
19 I PWA 
80 1 PWA 

( Pll 

P-S ANAL SOL A 

PINTOPIN 
PI N TO PI 
PINTO PI 

R1 AVERtr.GE MEANINGLESS !SCALE FACTOR: 1.01 

R2 
R2 
R2 A 
R2 
R2 
R2 0 
R2 E 
R2 F 
R2 F 
R2 F 
R2 H 
R2 H 

., 
R3 
RJ 

R4 
R4 
R4 
R4 
R4 
R4 

R5 
R5 
R5 ., 
R6 .. 
R7 
R7 1 
R 7 5 
R7 5 
R7 
R 7 

RB 
RB L 
RB B . , . 

N*1/2( 16501 FPCM PI N TO K LAMBDA SQRT(P1*P31 
(0.201 ( d.OSI OR ITO 69 RVUE 
(0.21JOR 0.23 WAGNER 71 IPWA PI-P TO K LAMB 
-o.l7q 0.033 DEVENlSH 74 0 FIXED T DISP REL 
(0.121 KNASEL 75 DPWA 0 PI- P TO KO LA~ 

1-0.231 CO.OU BAKER 77JPWA OPt-PTOKLAM. 
C-0.251 BAKER 77 DPWA 0 PI- P TO K LAM. 
f-0. 251 BAKER 78 OPWA 0 PI- P TO K lAM 

THE IUI-iDETERNINEDI OVERALl PHASE OF ALL COUPLINGS FROM BAKER78 
HAS BEEN CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. 

(-0. 221 SAXON 80 DPWA 0. PI- P TO K LAM 
SUPERSEDES BAKER 78. 

N*l/2116.501 INTO (LAMBDA KJ/TOTAL (P31 
( O. 028 I APPRO X. RUSH 68 MPWA T POlE + RESON. 

PARA"''ETR 1 ZATtON USED COULD BE IN· DANGER OF DOUBLE COUNTING 

N*1/2(16501 tr-.TO IN ETAI/TOTAL 
10.0131 BOTKE 69 MPWA 
10.031 (0.021 DEANS 69 MPWA 
(0.191 OR 0.27 CARRERAS 70 MPWA 

(P21 , 
T POLE + RESON. 
T POLE + RESON. 
T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE 
CARRERAS 70 USES REGGE POLES + RESONANCES. VALUES 

COUNTING 
SUSPICIOUSLY LARG 

N*l/2(16501 FROM GAMMA PROTON TO K LAMBDA 
(0.00210R LESS 0RIT02 69 CNTR 
(0.00721 .SCHORSCH 70 DPWA 
(0.00601 DEANS 72 MPWA 

N•1/2tl650l FROM GAMMA PROTON TO ETA PROTON 
CO.OlOlJ HICKS 73 MPWA 

N*l/2116501 FROM PIN TO K SIGMA 
(0.111 LANGBEIN 73 IPWA 
I0.0661TO 0.137 DEANS 75 DPWA 

RANGE GIVEN 1~ FROM FOUR BEST SOLUTIONS. 
10.201 KNASEL 75 OPWA 

(-0.2541 liVANOS 80 DPWA 

SQRTI P3*P41 
K lAM .PHOTOPRO 
K LAM PHOTOPRO. 
GAM P-K LM.SOL 0 

SQRT( P2*P41 
GAM P-ETA P 

SQRTIP1*P91 
PI N-K SIG,SGL· 2 
PI N TO K SIGMA 

0 Pt- P TO KO lAM 
PI P TO K SIGMA 

N*1/2f16501 FROM PIN TO N*3/2(12321 PI SQRT(P1*Pl21 
(-0.1610R -0.15 LONGACRE 75 IPWA PIN TO 2PI 
(-0.291 LONGACRE 77 IPWA PI .N TO 2Pt 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED • 

11/75 
11177 
12179 
1/e2• 

12/79 
1/82• 

12/79 
1/82* 

7/66 
8/69 
1/71 
8/69 
2/72 

11/77 
12/79 
12/79 
1/82* 

4/75 
4/75 
4/75 
4175 

11175 
1178 
1/78 
3/79 
3179 
3179 

12/79 
12/79 

8/69 

10/69 
8/69 
5/70 

9173 
10/71 
10171 

9173 

9173 
9173 

9173 
9/73 

11175 
11/75 
11/75 
1/62* 

11175 
11175 
11/77 



Baryons 
N(1650), N(1675) 

R9 N*l/2(16501 FRCM PIN TON RHQ,S:=t/2,5-WAVE SQRH Pl*PlOI 
PINT02PI 
PINTOZPI 

R9 L (Q.2310R +0.16 LONGACRE 15 IPWA 
R9 6 (-0.111 LONGACRE 77 I PWA 

R10 
R10 
R10 

N*L/2CL650l FROM PIN TON RHO,S=312t0-WAVE SQRTIPl*Plll 
(-0.291 LONGACRE 77 IPWA PI N TO 2P[ N 

LONGACRE 17 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

Rll 
Rll L 
Rll 8 

N*l/2(16501 FROM PI N TO N EPSILON SQRT(PL*P1J 
I-0.2310R -0.25 LONGACRE 75 IPWA- PI N TO 2PI 

I O. 001 LONGACRE 11 IPWA ~I N TO 2PI 

R12 
R12 
R12 
R12 

N*l/2(1650! FRCM PI N TO ETA N SQRTIPl*P21 
1-0.091 BAKER 79 OPWA 0 PI- P TO ETA N 

THIS COUPLING WAS FIXED DURING FITTING, BUT THE NEGATIVE SIGN 
RELATIVE TO NU5351 IS WELL DETERMINED. 

66 N*l/2( 16501 PHOTON DECAY AMPL IGEV**-1121 

FOR OEFINITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BA.RYON LISTINGS. 

A1 N*1/2( 1050 I INTO GAM P, HELICITY=1/2 I GEV**-1/21 
A1 0.024 0.033 OEVENISH 73 OPWA PI N PHOTOPROO. 
A1 +0. 066 0.042 MOORHOUS 73 OPWA. PI N PHOTOPRQQ. 
A1 o. 029 a. a18 DEVENIS2 74 OPWA. PI N PHOTOPROQ. 
A1 o.a58 0.018 KNIES 74 OPWA. PI N PHOTOPROQ. 
A1 +0.012 0.015 METCALF 74 OPWA PI N PHOTOPRQO. 
A1· 0.054 0.005 MOORHOUS 74 OPWA PI N PHOTOPROO. 
Al +0. 044 a. 018 CR.AWFORO 75 OPWA PI N PHOTOPROO. 
A1 (+0.0441 BARBOUR 76 OPWA PI N PHOTOPROO. 
A1 +O. 068 a. oo9 FELLER 76 OPWA PI N PHOTOPROO. 
Al +0.,004 0.004 AZNAURYAN 77 OPWA PIO PHTPRO,SOL 1 
A1 +0. 003 0.004 AZNAURYAN 77 OPWA PtO PHTPRDoSOL 2 
A1 +0. 048 o. 017 BARBOUR 78 OPWA PI-N PHOTOPROQ. 
A1 0.065 o.oos ARAI 80 OPWA PI N PHOTO FIT 1 
A1 o.a61 o. 005 ARAI 80 OPWA PI N PHOTO FIT 2 
A1 0.031 o. 017 CRAWFORD 80 OPWA PI N PHOTOPROO. 
A1 ...... 
A1 AVERAGE MEANINGLESS (SCALE .FACTOR = 4.5) 

A2 N01/2( 1650 J INTO GAM No HELICITY=1/2 CGEV**-1/2} 
A2 o.o1o 0.043 OEVENISM 73 OPWA PI N PHOTOPROQ. 
A2 -0.072 0.066 MOORHOUS 73 OPWA PI N PHOTOPROO. 
A2 -o. oo6 o. 031 OEVENIS2 74 OPWA PI N PHOTOPROQ. 
A2 -0.015 0.035 KNIES 74 OPWA PI N PHOTOPROO. 
A2 -a.a19 0.022 METCALF 74 OPWA PI N PHOTOPROO. 
A2 -a. 021 a. oo9 MOORHOUS 74 OPWA PI N PHOTOPROO. 
A2 -o.ta3 0.010 CRAWFORD 75 OPWA PI N PHOTOPROD. 
A2 (-0.0221 BARBOUR 76 OPWA PI N PHOTOPROD. 
A2 -o. o45 0.024 BARBOUR 78 OPWA PI-N PHOTOPROQ. 
A2 0.010 0.020 ARAI 80 OPWA PI N PHOTO FIT 1 
A2 o. 008 a.019 ARAI 80 OPWA PI N PHOTO FIT 2 
A2 -a. a68 0.040 CRAWFORD 80 DPWA PI N PHOTOPROO. 
A2 -0.011 o.ou TAKEDA 80 DPlr!IA PI N PHOTOPROO. 
A2 0.004 o. 004 FUJI I 81 OPWA P! N PHOTOPRQO. 
A2 ...... 
A2 AVERAGE MEANt NGLESS I SCALE FACTOR = 3 .• 61 

................ 0 ···>lo••o•• ................... ·····••o• ................ . 

BRANDSEN 65 PL 19 420 

MICHAEL 66 PL 21 93 

BAREYRE 68 PR 165 1731 
OONNACHl 68 PL 268 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68 PR 173 1176 

BOTKE 
DEANS 
OR ITO 
ORI T02 

69 PR 180 1417 
69 PR 185 11'77 
69 LNC 1 936 
69 INS J 113 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP 821 359 
SCHORSCH 70 NP 825 179 

WAGNER 11 Nl> 825 -411 

ALMEHED 72 NP 840 151 
DEANS 12 PRO 6 1906 
DEVENISH 73 PL 478 53 
HICKS 73 PRO 1 2614 
LANGBEIN 73 NP B53 251 
MOORHOUS 73 PL 43B 44 

DEVENISH 74 NP 881 330 
DEVENIS2 74 PL 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOU S 74 PRO 9 1 

CRAWFORD 75 NP 891 125 
DEANS 75 NP 896 90 
KNASEL 75 PRO 11 1 
LONGACRE 75 PL 55B 415 

ALSO 78 PRO 17 1195 

AYEO 
BARBOUR 
FELLER 

76 CEA-N-1921 
76 NP Bill ~58 
76 NP Bl04 219 

AZNAURVA 17 EFI-2641571-77 
BAKER 17 NP Bl26 365 
LONGACRE 17 NP Bl22 ~93 

REFERENCES FOR N*l/2116501 

+ODONNELL, MOORHOUSE (DURHAM, RHEU I JP 

C MICHAEL IOXFI 

P BAREYRE, C BRitMAN, G VILLET ISACLAYHJP 
A OONNA'cHJE, R G KlRSOPP, C LOVELACE CCERNIIJP 
OONNACHtE RAPPORTEUR.$ TALK IGLASI 
R G KIRSOPP tEOINI 
J E RUSH (UNIV ALABAMA} 

J C BOTKE 
S DEANS, J WOOTEN 
S ORITO,S SASAKI 
S ORITO CTMESISJ 

R AYEO,P BAREYREt G VILLET 
B CARRERAS, A OONNACHIE 
A DAVIES 
+T I ETGE, WE I LNBOECK 

F WAGNER, C LOVELACE 

IUCS81 
IUNIV S FlORIDAJ 

( TOK YD-OSAKAI 
(TOKYO} 

ISACUIJP 
IDAREoMCHSJ 

IGLASJ 
I MPIMJ 

ICERNJ 

+LOVELACE ILUNp,RUTGJIJP 
DEANS.JACciBS, LYONS,MONTGOMERY !SOUTH FLA.IIJP 
OEV ENI SH, RANK 1 N • LYTH I LOUC+BONN+LANCJ I JP 
+DEANS.JACOBSoLYONS+ ICARN+O~NL+SOUTH FLA.JIJP 
LANGBEINoWAGNER IMUNICHJIJP 
MOORHOUSE, 08ERLACK CGLAS+LBLIJJP 

DEV EN iSH, FROGGA TT, MART IN IDES Y ,NORD I TAt LOUC I 
OEVEN ISH, L YTH, RANKIN I OESY, LANC, BONN I I JP 
KNIES, MOORHOUSE tOB ERLACK I LBL, GLASJ 1 JP 
W J METCA.LF,R L WALKER (CtTIIJP 
MOORHOUSE, OBERL ACK • ROSENFELD I GLAS+LBL J 1 JP 

R L CRAWFORD IGLASJIJP 
+M ITCMELL • MONTGOMERY • + ISFLA, ALABAMA II JP 
+ll NO QUIST, NELSON+ tCH IC,WUSL 1 OSU 1 ANi..J I JP 
+ROSENFELD, LAS I NSK It SMAOJA+ ILBL, SLACJ I JP 
LONGACRE, LAS INSKI,ROSENFELO+ I LBL, SLACJ 

AYEO ITMESISI ISACUIJP 
1 .. M. BARBOUR,R. L .. CRAWFORD CGLASIIJP 
+FUKUSHIMA, HOR I KAWA, KAJ IKAWA+ INAGOYA+OSAKAJ I JP 

+AKOPOV,BAGOASARYAN (YEREVAN PHYSICS INST .JJJP 
+BL I SSET • BLOODWORTH, BROOME, HART+ I RHELI I JP 
LONGACRE,OOLBEAU ISACLIIJP 

11175 
ll/75 
11/77 

11111 
11/77 

11175 
11/75 
11177 

12/79 
12/79 
12179 
12179 

2/74 
'2/73 
4/75' 
2/74 
2/74 
2/74 
1176 
1/76 
2/77 

12/79 
12/79 
3/79 

12/81* 
12/810 
12/81* 

2/74 
2/73 
4/15 
2/74 
2/74 
2/74 
1/76 
l/76 
3/79 

12/81* 
12/81• 
12/81* 
12/81* 
12/810 

ALSO 76 NP BlOB 365 DOL BEAU, TR I ANTI So NEVEU, CADI ET I SACL I I JP. 

BAKER 78 NP B141 29 
BARBOUR 78 NP 8141 253 
BAKER 79 NP BlS6 93 
CUTKOSKY 7q PRO 20 2f!39 

~ HOEHLER 79 HA.NDBGOK OF PI-N 

ALSO 80 TORONTO CDNF 3 

+Bll SSET ,BLOODWORTH, BROCME+ (RL+CAM81 I JP 
BAR BOURoCRAWFORDoP ARSONS ( GLASI 
+BROWN, CLARK, DAVIES, OEPAGTER, EVANS+ I RHELI I JP 
+FORSYTH tHENORJ CK, KELLY I CARN+LBL} 1 JP 

SCATTERING, PHYSIK OATEN VOL.12-l 
+KAISER, KOCH, PI ETAR I NEN /KARLSRUHE ·I JP 
R.KOCH IKARLSRUHEJIJP 

200 

Data Card Listings 
For notatio'n, see key at front of Listings. 

ARAI 
CRAW FOR 0 
CUTKOSKY 
L IVA NOS 
MUSETTE 
SAXON 
T AKEOA 
FUJI I 

BAR EYRE 
JOHN SO~ 
DEANS 
OGlNACH 1 
AYEO 
WINNIK 

l 

B 
B 
B 

5 
5 

80 TORONTO CONF 
80 TORONTO CONF 
80 TORONTO CONF 
80 TORO"lTO CONF 
80 NC 57A 31 
80 NP B 162 522 
80 NP B 168 17 
81 NP 8187 53 

65 PL 18 3~2 

93· I. ARAI ITOKYI 
107 R.L.CRAWFORO IGLASI 
19 +FORSYTH, B ABCOCK,K Ell Y, HEN DR lCK I CARN+LBLII JP 
35 +BATON,COUWRES,KOCHOWSKJ.NEVEU ( SA.CLIJJP 

M. MUSETTE I BRUXI IJP 
+BAKER, BELL, BLISSETT, BL OODWOPTH+ I RHEL +BR IS I J JP 
T AKEOA 9 ARA I • FUJI 1, I KEOA, IWASAKI+ ITOKY I 
FUJ 1 I, HAYASHI I, IWATA,KAJIKAWA+ I TOKYI 

PAPERS NOT REFERRED TO IN DATA CARDS 

61 UCRL-17683 THESIS 
+ BRICMAN. STIRUNGt VILLET 
C H JOHNSON 

ISACLAYIIJP 
ILRLJ 

IUNIV S FLORIDA) 
(GLAS+EOtNI 

69 PR 177 262 3 
69 NP lOB 433 
70 Pl 318 598 
11 NP B128 66 

S R DEANS 
A DONNACHI E, R K IRSOPP 
+BAREYRE+VI LLET 
+ TOAFF • REVEl • GO LOBERG, BERNY 

64 N*l/21 16751 MASS CMEVJ 

( 1650.01 APPROX BRANDSEN .65 RVUE 
I 1680.0} BAR EYRE 68 RVUE 

I SACLAYI 
(HAlF I I 

PHASE-SHIFT ANAL 
PHASE-SHIFT ANAL 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
11678.01 DONNACH 1 68 RVUE PHASE-SHIFT ANAL 
11674.0} DUKE 68 CNTR PI-P El + POL 
1·1675.0} AYEO 70 IPWA 

FROM ENER. DEP. FIT OF ARGAND Dl .&..GRAM 
( 1669.01 DAVIES 70 RVUE P-S ANAL SOl A 
11683. I ALMEHEO 72 IPWA 

1652. TO 1687. CRAWFORD 75 OPWA PI N PHOTOPRCO. 
1660. OR 166a. LONGACRE 75 IPWA Pt N TO 2PI N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75 .. 
I 1660. I A 'fED 76 I PWA 
11687. I BARBOUR 76 OPWA PI N PHOTOPROO. 
11650. I LONGACRE 71 IPWA PINT02PIN 

All LONGACRE17 PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR TI:IE POLE 
POSIT ION MHICH IS FROM SOLUTIONS S1 AND Ct. 

C 16BO. I BARBOUR 78 OPWA PI-N PHOTOPROO. 
SUPERSEDES BARBOUR 76. 

11680.} (15.1 CUTKOSKY 79 IPWA PI N TO PI N 
1679. .. HOEHLER 79 I PWA PI N TO PI N 

I 1685.01 CRAWFORD 80 OPWA PI N PHOTQPROO. 
1675. 10. CUTKOSKY 80 I PWA P! N TO PI N 

11670.1 SAXON 80 OPWA 0 PI- P TO K LAM 

AVERAGE MEANINGLESS (SCALE FACTOR :c 1.0) 

----- ------ ------ ------- ------- ----- ------ --------
64 N*l/2116751 WIDTH IMEVI 

(135. 0} BAR EYRE 68 RVUE 
(173.01 OONNACHl 68 RVUE 
1143.0 J AYED 10 I PWA 
1115.0 I DAVIES 70 RVUE SOL A AND B 
1150. I ALHEHED 72 IPWA 
165. TO 185. CRAWFORD 75 OPWA PI N PHOTOPROD. 
145. OR 150. LONGACRE 75 IPWA PI NT02PIN 

1146. I AYEO 76 I PWA 
1172.} BARBOUR 76 OPWA PI N PHOTOPROO. 

6 1130.1 LONGACRE 11 I PWA PI N TO 2PI N 
5 (192.) BARBOUR 78 OPWA PI-N PHOTOPROO. 

188.) SAKER 79 OPWA 0 PI- P TO ETA N 
1180.1 130. I CUTKOSKY 79 t PWA PI N TO PI N 
120. 15. HOEHLER 79 lPWA PI N TO PI N 

(191.01 CRAWFORD 80 OPWA PI N PHOTQPROO. 
160. 20. CUTKOSKY 80 I PWA PI N TO PI N 
140.} SAXON 80 OPWA 0 PI- P TO K LAM 

AVERAGE fo(EANINGLESS I SCALE FACTOR = 1.61 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

64 N*l/2116751 REAL PART OF POLE POSITION IMEVI 

•• RE B 
RE 

•• 

IM 
IM B 
IM 
I M 

t 1663. I 
1649. OR 1650. 

'1663.·1 
1660. 10. 

LONGACRE 75 I PWA 
LONGACRE 77 IPWA 
CUTKOSKY 79 I PWA 
CUTKOSKY 80 IPWA 

PI N TO 2PI N 
Pt N TO 2PI N 
PINTOPIN 
PINTO PIN 

64 N*l/2116751 -20IMAG PART OF PCLE PCSIT10N (MEVJ 

1146.} 
127. OR 121. 

ClSO.I 
140. 10. 

LONGACRE 75 IPWA 
LONGACRE 17 I PWA 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PINT02PIN 
PINT02PIN 
PINTOPIN 
PI N TO Pt N 

64 NOl/2(16751 REAl PART OF ELASTIC POLE RESIDUE IMEVI 

RER 133. I CUTKOSKY 79 IPWA PI N TO PI N 
Pt N TO PI N RER 27. 

JMR 
IMR 

t-11. I 
-16. 

5. CUTKOSKY 80 tPWA 

64 N*1/2116751 IMAG PART OF ELASTIC PCLE RESIDUE IMEVI 

CUTKOSKY 79 IPWA 
5. CUTKOSKY 80 IPWA 

PINTO PIN 
PINTO PIN 

7/66 
11/67 

b/68 
6/68 
1171 

8/69 
2172 
1176 

11175 
11/75 
11111 
l/76 

1117.7 
11/77 
11177 
3/79 
3/79 

12179 
12179 
12/810 
1/82* 

12179 

11/67 
6/68 
1/71 
8/69 
2172 
1176 

11/75 
11/77 

1/76 
11177 
3/79 

12/79 
12/79 
12/79 
121810 
1/82* 

12119 

11175 

11/75 
11177 
12/79 
l/82• 

11/75 

11/75 
11177 
lZ/79 
1/82• 

12/79 
1/82* 

12179 
1/820 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1675) 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PlO 
Pll 
Pl2 
Pl3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 

64 N*l/2116751 PARTIAL DECAY MODES 

N*l/2fl6751 INTO PI N 
N*l/2(16751 INTO N ETA 
N*l/2(16751 INTO LAMBDA K 
N*l/2(16751 INTO N*3/2(1232) PI 
N*l/2(16751 INTO N PI PI 
N*l/2(16751 INTO GAM P, HELICITV':cl/2 
N*l/2(16751 INTO GAM P, HEllCITY=3/2 
N*l/2116751 INTO GAM N, HELICITY.,l/2 
N*l/2(16751 INTO GAM N, HELICITY=3/2 
N*l/2tl6751 INTO S lGMA K 
N*l/2(16751 INTO N*3/2tl2321 PI,O-WAVE 
N*l/2116751 INTO N RH0,$=3/2,0-WAVE 
N*l/2Cl6751 INTO N EPSILON 

t:4 N*l/21 16751 BRANCHING RATIOS 

N*l/2( 1675 I INTO I PI Nl /TOTAL 
(0.41) BAR EYRE 68 RVUE 
10.391 I DONNACHl 68 RVUE 
(Q. 3921 AYEO 70 IPWA 
(0. 501 DAVIES 70 RVUE 
(0.<451 AlMEHED 72 I PWA 
(0.411 AYEO 76 IPWA 
(0. 351 ( o. 061 CUTKOSKY 79 IPWA 
o. 38 a. 03 HOEHlER 79 IPWA 
0.38 0.05 CUTKOSKY 80 IPWA ...... 

AVERAGE MEANINGLESS I SCAlE FACTOR "' 1.0) 
SEE THE NOTES ACCOMPANYING THE "'ASSES QUOTED .. 

NU/21 16751 INTO tN ETAI/TOTAL 
10.021 OR lESS TRIPP 67 RVUE 
10.0181 BOTKE 69 MPWA 
(0.006 I ( 0.0041 DEANS 69 MPWA 
t0.00610R 0.012 CARRERAS 70 MPWA 

DECAY MASSES 
139+ 938 
939+ 548 

1115+ 4'il7 
1232+ 139 

938+ 139+ 139 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+1189 
1232+ 139 

939+ 769 
938+1300 

I Pll 

P-S ANAL SOL A 

PI N TO PI N 
PINTOPIN 
PI N TO PI N 

(P21 

T POLE + RESON. 
T POLE + ".ESON. 
T POLE + RESON. 

R2 PARAMETRIZATION USED COULD BE IN DANGER OF DOUBlE COU~TtNG 

R3 N*1/2t16751 INTO I LAMBDA K I /TOTAL ( P31 
R3 IO.Ol610R LESS TRIPP 67 RVUE 
R3 (0.00110R LESS RUSH 68 MPWA T POlE + RESON. 
R3 PARAMETRIZATION USED COULD BE IN DANGER OF DOUBlE COUNTt NG 
R3 I0.0028JOR LESS CL:.63 WAGNER 71 IPWA PI-P TO K LAMB 

R4 N•1/2t16751 INTO 1~3/202321 Pti/TOU.l (P41 
R4 E 12600 0.63 0.1 BRODY 71 HBC PI-P--2PI N,PWA 
R4 E ASSUMES ELASTIC BRANCHING RATIO 0.42+-0.04 

R5 N*l/2(16751 FPOM PI N TO K LAMBDA SQRTIP1*P31 
R5 -0.034 0.006 OEVENISH 74 0 FIXED T DISP REL 
R5 COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER77 AND 
R5 BAKER78. 
R5 1+0.0361 SAXON 80 OPWA 0 PI- P TO K LAM 
q_5 SUPERSEDES BAKER 78. COUPLING PHASE IS NEAR 90 DEGREES. 

11/67 
6/68 
1/71 
8/69 
2/72 

11/77 
12/79 
12/79 
1/82* 

8/67 
10/69 

5170 
5170 

8/67 
8/69 

1/71 

6170 

4/75 
4/75 
3/79 
3/79 

12/79 
12/79 

R6 
R6 
R6 
R6 

N*l/2(16751 fflOM PI N TO ETA N SQRTIP1*P21 11/75 

R7 
R7 
R7 
R7 
R7 

tO.OlOR (+0.0091 FELTESSE 75 DPWA 0 14B8 TO 1745 HEY 11/75 
USES M AND W OF AYED 76. 11175 

(-0.071 BAKER 79 OPWA 0 PI- P TO ETA N 12/79 

N*l/2(16751 FRCM PIN TO K SIGMA SQRTIP1*P101 11/75 
LESS THAN 0.003 DEANS 75 OPWA PI N TO K SIGMA 11/75 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11/75 
OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 1/78 
AROUND 1920 MEV. 1/78 

R8 N*l/2116751 FROM PI N TO N*3/2t12321 PI,O-WAVE SQRTIPl*P111 11/75 
11175 
11/77 

R8 L 1-0.4510R -0.50 LONGACRE 75 JPWA PI N TO ZPI 
R8 8 (-0.46) LONGACRE 77 IPWA PI N TO 2PI 
R8 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
RB (-0.51 NOVOSEllE 78 tPWA. PI N TO 2PI N 
R8 BW f[T TO LONGACRE 75 IPWA; 

R9 
R9 
R9 

N*li2U6751 FRClM PIN INTO N RHO,S=3/2,frWAVE SQRHPl*Pl21 
1+0.151 LONGACRE 77 IPWA. PI N TO 2Pt N 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

3/79 
3/79 

11/77 
11/77 

RlO N*1/2(16751 FROM PIN INTO N EPSILON SQRTIP1•Pl31 11177 
R10 8 1-0.03) LONGACRE 77 IPWA PI N TO 2PI N 11/77 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

SEE NOTE PRECEDING THE N*l/2116801 INELASTIC DECAY MODE r-tEASUREMENTS. 

64 N*l/2116751 PHOTON DECAY AMPL tGEV**-1/21 

FOR OEFINITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*l/2(16751 INTO GAM P, HELICIT'f=1/2 (GEV**-1121 
0.027 o. 030 OEVENISH 73 DPWA. PI N PHOTOPROD. 

(0.023) HEMMI 1 73 + fWD PIO PHTOPROO 
+0.011 0.012 MOORHOUS 73 DPkA PI N PHOTOPROO. 
0.019 a. 021 DEVENIS2 74 OPWA PI N PHOTOPROD. 
0.013 0.014 KNIES 74 OP\oiA PI N PHOTOPROD. 

+0.010 0.013 METCALF 74 OPWA PI N PHOTOPROO. 
0.019 0.007 MOORHOUS 74 OPWA PI N PHOTOPROD. 

+0.027 o. 009 CRAWFORD 75 OPkA PI N PHOTOPROO. 
( +0. 004) KRIVETS 75 OPWA PI-N PHOTOPROD. 
(+0.0081 BARBOUR 76 DPWA PI N PHOTOPROO. 
+0. 034 o. 004 FELLER 76 DPWA PI N PHOTOPROO. 
+0.034 o. 003 AZNAURYAN 77 OPWA PIO PHTPRO,SOL l 
+0.071 o. 002 AZNAURYAN 77 OPWA PIO PHTPRO,SOL 2 
+0.022 0.010 BARBOUR 78 OPWA PI-N PHOTOPROO. 
0.006 0.005 ARAI BO DPWA PI N PHOTO FIT l 
0.006 0.004 ARAI 80 OPkA PI N PHOTO FIT 2 
0.023 0.015 CRAWFORD 80 OPWA PI N PHOTOPROO. ...... 

AVERAGE MEANINGLESS I SCALE FACTOR c 6.21 

N*li2H6751 INTO GAM P, HHICJTY~:3/2 IGEV**-1/21 
0.036 0.030 DEVENISH 73 OPWA PI N PHOTOPROO. 

+0. 021 0.020 MOORHOUS 73 OPWA PJ N PHOTOPROO. 
0.014 0.004 DEVENIS2 74 OPWA PI N PHOTOPROO. 
0.014 o. 008 KNIES 74 OPWA PI N PHOTOPROO. 

+0.042 0.024 METCALF 74 OPWA PI N PHOTOPROD. 
o. 016 0.002 MOORHOUS 74 OPWA PI N PHOTOPROQ. 

+0.015 o.oo6 C~AWFORO 75 OPWA PI N PHOTOPROO. 
1+0.02ll KRIVETS 75 DPWA PI-N PHOTOPROO. 
1+0.021) BARBOUR 76 OPWA PI N PHOTOPROD. 
+0.019 0.009 FEllER 76 OPkA PI N PHOTOPROD. 
+0.010 o. 010 1\ZNAURVAN 77 OPWA PJO PHTPRO,SOL l 
+0.002 0.021 AZNAURYI\N 77 OPWA 0(0 PHTPR.O,SOL 2 

2/74 
2/74 
2/73 
4/75 
2/74 
2174 
2/74 
1176 
1/78 
1/76 
2117 

12/79 
12179 

3179 
1Z/81• 
lZ/81* 
12/81• 

2/74 
2/73 
lt/75 
2/H 
2/74 
2/74 
1/76 
1178 
1/76 
2177 

12179 
12179 

A2 
A2 
A2 
A2 

+0. 015 
0.030 
0.029 
o.oo3 

0.006 
o. 004 
0.004 
0.012 

BARBOUR 
ARAI 
ARAI 
CRAWFORD 

7B OPWA 
80 OPHA 
80 OPWA 
80 OPWA 

PI-N PHOTOPROO. 3/79 
PI N PHOTO FIT 1 12/Bl* 
PI N PHOTO FIT 2 12/81* 
PI N PHOTOPROO. 12/81* 

!~ AVERAGe.,..EANrNGi.ESs.tScALe FACTOR= t.st 

A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 

N*1/2116751 INTO GAM N, 
-0.060 0.062 
+0. 010 o. 040 
-a. 029 o. 023 
-o. 043 .o. oo6 

o. 004 o. 015 
-o. o 11 o. oo4 
-0.052 0.003 

1-0.0581 
-a. 066 
-a. 039 
-o. 025 
-o. 059 
-o. 021 
-0.033 

0.020 
o. 017 
0.027 
0.015 
o.on 
0.004 

HELICITY=l/2 IGEV**-112J 
OEVENISH 73 DPWA 
MOORHOUS 73 OPWA 
DEVENIS2 74 OPWA 
KNIES 74 OPHA 
METCALF 74 DPkA 
MOORHOUS 74 DPWA 
CRAWFORD 75 DPkA 
BARBOUR 76 OPWA 
BARBOUR 78 OPWA 
ARA I BO OPWA 
ARAI 80 OPWA 
CRAWFORD 80 OPWA 
TAKEDA 80 OPWA 
FUJ JI 81 OPWA 

PI N PHOTOPROO. 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI-N PHOTOPROD. 
PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROO. 

!i AvERAGE·~Et~.NtNGl.eSs"<ScALE FAcToR= 2.91 

A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 

•• •• 
A4 
A4 

N*1/206751 INTO GAM N, 
-a. on o. 022 
-o. o3s o. 014 
-o. 068 o. 020 
-o. 011 o. o3o 
-0.009 0.029 
-a. 049 o. 004 
-o. oe3 o. oo1 

(-0.080 I 
-o. 073 
-0.066 
-0.071 
-0.059 
-o. o3o 
-a. 069 

0.014 
0.026 
o. 022 
0.020 
0.012 
0.004 

HEL1CJTY:::3/2 IGEV**-1121 
OEVENISH 73 OPWA 
MOORHOUS 73 DPWA 
DEVENIS2 74 OPWA 
KNIES 74 DPWA 
METCALF 74 OPWA 
MODRHOUS 74 DPWA 
CRAWFORD 75 OPWA 
BARBOUR 76 OPWA 
BARBOUR 78 OPWA 
ARA I 80 OPWA 
ARA 1 80 OPWA 
CRAWFORD 80 OPWA 
TAKEDA 80 OPWA 
FUJII 81 OPWA 

PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOP"-00. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI-N PHOTOPROQ. 
PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTOP~OD. 
PI N PHOTOPROO. 
PI N PHOTQPq,QQ. 

:: AVERAGE.MEAr~INGl.e$s·c$cAte FACTOR= 2.01 

REFERENCES FOR N*l/2( 16151 

BRANDSEN 65 Pl 19 420 +ODONNELL, MOORHOUSE I DURHAM, RHELI I JP 

TRIPP 67 NP 83 10 + LEITH, + (lRl 1 Sl AC 1 CERN, HEI D, SAC LAY I 

BAREYRE 68 PR 165 1731 P BAREYRE, C BRitMAN, G VILLET ISACLAYIIJP 
OCNNACH1 68 PL 268 161 A DONNACHIE, R G KIRSOPP, C LOVELACE ICER.NJIJP 

ALSO 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK IGLASI 
ALSO 68 THESIS R G KIRSOPP IEOINI 

DUKE 68 PR 166 1448 +JONESwKEMP,MURPHY,THRESHER, + (RHEl,OXFJIJP 
INSIGHTFUL QUALITATIVE ARGUMENTS CONCERNING EXISTENCE AND IJP. 

RUSH 68 PR 173 1776 J E RUSH IUNIV AlABAMA) 

80TKE 69 PR lBO 1417 
DEANS 69 PR 1B5 1797 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP 821 359 

BRODY 71 Pl 348 665 
~AGNER 71 NP B25 411 

AlMEHEO 12 NP 840 157 

DEVENISH 73 Pl 478 53 
HEMMil 73 Pl 438 79 
MCORHOUS 73 PL 43B 44 

DEVENISH 74 NP BBl 330 
DEVENIS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP B96 90 
FEL TESSE 75 NP B93 242 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL.558 415 

ALSO 78 PRO 17 1795 

A 'fED 
BARBOUR 
FELLER 

76 CEA-N-1921 
76 NP Blll 358 
76 NP a 104 219 

AZNAURYA 77 EFI-264(571-77 
LONGACRE 17 NP B 122 493 

ALSO 76 NP BlOB 365 

BARBOUR 78 NP 8141 253 
NOVOSEll 78 NP B 131 509 

ALSO 78 NP Bl37 445 

J C BOTKE 
S DEANS, J WOOTEN 

R AYEDt P BAREYRE, G VlllET 
8 CARRERAS, A DONNACHIE 
A DAVIES 

+CASHMORE+ •• +HERNDON+ •• 
F WAGNER, C LOVELACE 

+LOVELACE 

tUCS81 
IUNIV S FLORIDA) 

I SACU I JP 
IOARE,MCHSI 

fGLASI 

I SLAC+LRll 
ICERNI 

ILUNQ,RUTGIIJP 

DEY EN I SH,R ANK I Nol YTH 
HEMMI,INAGAKI+ 
MOORHOUSE, OBERLACK 

ILOUC+BONN+LA.NC I I JP 
I KYOTO+SAGA+KEK+TOKY I I JP 

I GLAS+LBU IJP 

OEV EN ISH, FROGGATT, MART I NIDE SY ,NORD IT A,LOUC I 
OEV ENI SH,l YTH. RANKIN I DESY ,LANC, BONN I I JP 
KNIES, MOORHOUSE ,OB ERLACK ( LBL, GLAS J I JP 
W J METCALF,R l WALKER fCITIIJP 
MOORHOUSE. OBERLACK 1 ROSENFElD I GlAS+LBlll JP 

R l CRAWFORD tGLASIIJP 
+MITCHELL. MONTGOMERY • + (SflA, ALAS AHA J I JP 
+AVEO, BAREYR E, BORGEAUD, CAV I O, ERNWE I N+l SACLI I JP 
+M IROSHN ICHENKO, NI KI FOROV, SAN IN+ I KIEV I I JP 
KR I VETS, NI K I FOROV, SAN IN ,SHALATSK I I (KIEV J I JP 
+ROSENFELO,LAS INSKI tSMAOJA+ ( LBL, SLACIIJP 
LONGA.CRE,L AS INSK l, ROSENFELD+ ( LBL • SLAC I 

AYED tTHES IS I I SACUl JP 
I. M. BARBDUR,R. L. CRAWFORD CGLASIIJP 
+FUKUSHIMA, HORI KAWAt KAJ I KAWA+ ( NAGOY A+OSAKAI I JP 

+AKOPOVtBAGOASARYAN (YEREVAN PHYSICS INST.IIJP 
LONGACRE,OOLBEAU ISACUIJP 
DOL BEAU, TR t ANTI S,NEVEU, CAD I El ( SACU I JP 

BARBOUR,CRAWFORD. PARSONS 
D. E. NOVOSELLER 
0. E. NOVOSELLER 

IGLASI 
ICAl TECHIIJP 
fCAL TECHJIJP 

BAKER 79 NP 8156 S3 +BROWN,CLARK,OAVIES,OEPAGTER,EVANS+ IRHELJIJP 
CUTKOSKY 79 PRO 20 2839 +FORSYTH,HENDRICK.KELLY fCARN+lBLIIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.t2-1 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
AlSO 80 TORONTO CONF 3 R.KOCH IKARlSRUHEJIJP 

ARAI 80 TORONTO CONF 93 I. ARAI ITOKYI 
CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORD IGlASI 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KElLY,HENORICK fCARN+lBUIJP 
SAXON 80 NP Bl62 522 +BAKER,8ELl,BLISSETT,BLOODWORTH+tRHEL+BRISIIJP 
TAKEDA 80 r"IIP B168 11 TAKEOA,ARAl,FUJil,YKEOA,tWASAKI+ (TOKYI 
FUJII 81 NP 8187 53 FUJli.HAYASHIItiWATA.KAJIKAWA+ tTOKYI 

BAR EYRE 
DUKE 
JOHNSON 
DEANS 
DCNNACH I 
AYED 
BAKER 
WINNIK 
BAKER 

PAPERS NOT REFERRED TO IN DATA CARDS 

65 Pl 18 342 + BRICMAN, STIRLING, VlllET 
65 PRl 15 468 +JONES,KEMP,MURPHY.PRENTICEt + 

ISACLAYilJP 
IRHEL,DXFJIJP 

(LRL) 
IUNIV S FLORIOAI 

IGLAS+EDINI 
ISACU,YI 

67 UCRL-17683 THESIS C' H JOHNSON 
69 PRL 177 2623 S ~ DEANS 
69 NP 108 433 A DONNACHIE, R KIRSOPP 
70 Pl 31B 5q9 +BAREYRE+VIllET 
77 NP 8126 365 +BLISSET.BLOODWORTH,BRDOME,HART+ 
77 NP 812B 66 +TQAFF,REVEloGOLDBERG,BERNY 
78 NP Bl41 29 +BLISSET,BLOODWO'C!.TH,SROMME+ 

I ".HEll t JP 
(HAIFII 

IRL+CAM8IIJP .................................................................... 
................................................ !ill •• *•*•***Ill<* ••**•*•• 

2/74 
2/73 
4/75 
2/74 
2/74 
2/74 
1/76 
1/76 
3/79 

12/81* 
12/81• 
12/81* 
12/81* 
12/81* 

2/74 
2/73 
4175 
2/74 
2/74 
2/74 
1/76 
1/76 
3/79 

12/81* 
12/81• 
12/81* 
12/81• 
12/81* 



Baryons 
N( 1680) 

IN(1680)1 

I 1680.01 
I 1690.01 

65 N*l/211680, JP='5/2+1 1=1/2 

THIS RESONANCE IS WELL ESTABLISHED. 

f,5 N*1/21 16801 MASS I MEV I 

BRANDSEN 65 PVUE PHASE SHIfT ANAL 
eAREYRE 68 PVUE PHASE-SHIFT ANAL 

WHE!iE CROSS SECT ION IS GREATEST - EYEBALL FIT 
I 1687 .. 01 OONNACHl 68 RVUE PHASE-SHIFT ANAL 
I 1682.0 I DUKE 68 CNTR Pt-P El + POL 
11682.0 I AYED 70 'IPW&. 

FROM ENER. DEP. FIT OF ARGANO DIAGFlAM 
I 1685.0 I, DAVIES 70 RVUE P-S ANAL SOl A 
I 1688. I AlMEHED 12 IPHA 

1674. TO 1676. CRAWFORD 75 DPWA PI N PHOTOPROD. 
I 1685. I KNASEl 75 OPWA 0 PI- P TO KO LA"'· 

1680. OR 1670. LONGACRE 75 I PWA PI N TO 2PI N 
L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 

11679.1 AYED 76 I PWA 
11680 .. I BARBOUR 1'6 OPWA PI N PHOTOPROO. 

6 C 1660. I LONGACRE 77 I PWA PJNT02PIN 
6 ALL LDNGACRE77 PARAMETERS ARE FROM SOLUTION S2t EXCEPT FOR THE POLE 
6 POSITION WHICH IS FROM SOLUTIONS 51 AND Cl. 

5 11680. I BAR SOUR 78 OPWA PI-N PHOTOPROO .. 
5 SUPERSEDES eARBOUR 76 .. 

I 1680. I (15. I CUTKOSKY 79 IPWA PI ril TO PI N 
1684. 3. HOEHLER 79 I PWA PI N TO PI N 

( 1682.0) CRAWFORD 80 OPWA PI N PHOTOPR.OO. 
1680. 10. CUTKOSKY 80 IPWA PI N TO PI N 

AVERAGE MEANINGLESS ISCALE FACTOR: 1.01 

65 N*1121 16801 WIDTH (MEVI 

I 1110.01 BAREYRE 68 RVUE 
3 1177.01 DONNACHl 68 RVUE 
6 f109. 0 I AYEO 10 JPWA .. 1104.01 DAVIES 70 RVUE P-S ANAL SOL A 
1 t140. I ALMEHEO 72 IPWA 

115. TO 124. CRAWFORD 75 OPWA PI N PHOTOPROD. 
(155 .. ) KNASEL 75 OPWA D PI- P TO KO LAM 
125. OR no. LONGACRE .75 IPWA PINT02Pt N 

t 126. I AYED 16 IPWA 
1120. I BARBOUR 76 DPWA PI N PHOTOPROD. 

6 n5o. 1 LONGACRE 17 I PWA PI N TO 2Pt N 
5 lll9. I BARBOUR 78 DPWA PI-N PHOTOPRQO. 

U20. I 125. I CUTKOSKY 79 JPWA PI N TO PI N 
128. 6. HOEHLER 79 I PWA PI N TO PI N 

1121 .. 01 CRAWFORD 80 OPWA PI N PHOTOPROO. 
120 .. 10. CUiKOSKV 80 IPWA · PI N TO PI N 

AVER&.GE "!EANINGLESS I SCALE FACTOR :: 1.01 
S_EE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

----- ------ -------- ------- ------- ----- ------- ------

RE 
RE, 8 
RE 
RE 

65 N*l/21 16801 

I 1688. I 
1656. OR 1653. 

I 1666. I 
1667. 5. 

REAL PART IJF POLE POSllJON IMEVJ 

LONGACRE 75 IPWA 
LONGACRE 77 1 PWA 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 I PWA 

PI·N· TO 2PI N 
PINT02PIN 
PtNTOPIN 
PINTOPIN 

---- -------- ------- -------· ------- ------ ------ ------

I M 
IM 
IM 
IM 

RER 
RER 

IMR 
I MR 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P6 
P9 
PIO 
Pll 
Pl2 
Pl3 
p 14 
Pl5 
Pl6 

6 

65 N*l/2116801 -2*IMAG PART OF POLE POSIT ION I MEV I 

1132. I .LONGACRE 75 IPWA PI N TO 2PI N 
145. OR 143. LONGACRE 11 IPWA PI N TO 2PI N 

1112. I CUTKOSKY 19 IPWA PI N TO PI N 
110. 10. CUTKOSKY 60 IPWA PI N TO PI N 

65 N*l/21 16801 REAL PART OF ElASTIC POLE RESIDUE I MEV I 

131. I 
31. 2. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 1 PWA 

PI N TO PI N 
PI N TO PI N 

~ 
65 N*l/2116801 I"'AG PART OF ELASTIC POLE RESIDUE IMEVI 

1-15. I 
-14. 3. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

65 N*1/21 16801 PARTIAL DECAY MODES 

N*1/2116801 lt.TO PI N 
N*1/2116801 INTO N ETA 
N*1/2(16801 INTO lAMBDA K 
N*l/2(16801 INTO N*3/21123ZI PI 
N*l/2(16801 INTO N PI PI 
N*1/2(16801 INTO GAM P, HELICITY=l/2 
N*l/2116801 INTO GAM P, HEliCITY=3/2 
N*l/2(16801 INTO GAM N, HELICITY=l/2 
N*l/2(16801 INTO GAH N, HELICITY:c3/2 
N*1/211680J INTO N EPSILON 
N* 1/21168 0 I INTO N RHO 
N*l/2(1680 I INTO N*3/2U2321 PI ,P-WAVE 
N*l/2116801 INTO N*3/2112321 Pt,F-WAVE 
N*l/2(16801 INTO N RHO,S.,3/2,P-WAVE 
N*1/2116601 INTO N RHO,S.::3/2,F-WAVE 
N*1/2(16801 INTO SIGMA K 

PIN1'0Pt·N 
PINTOPIN 

DECAY MASSES 
139+ 938 
939+ 548 

1115+ 497 
1232+ 139 

938+ 139+ 139 
0+ 938 
0+ '938 
0+ 939 
0+ 939 

938+1300 
'938+ 769 

1232+ 139 
1232+ 139 

938+ 769 
938+ 769 
493+1189 
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7/66 
11/67 

6/66 
6/66 
1/71 

8/69 
2172 
1/76 

11175 
11/75 
11/75 
11117 
1/76 

11/77 
11/77 
11/77 
3/79 
3/79 

12/79 
12/79 
12/81• 
1/82• 

11/67 
6/68 
1/71 
8/69 
2/72 
1/76 

11/75 
11/75 
ll/77 
1/76 

ll/17 
3/79 

12/79 
12/79 
12/81* 
1/82* 

i1175 

ll/75 
11/77 
12/79 
1/82* 

11175 

11/75 
11/77 
12/79 
1/82• . 

12/79 
1/82* 

12/79 
1/82* 

Data Card Listings 
For notation, see key at front of Listings. 

Rl 
Rl 
R I 

65 

N*1/206801 INTO 
(0.641 
(0.560) 

N*l/2(16801 BRANCHING RATIOS 

(PI Nl /TOTAL IPU 
BAR EYRE 68 RVUE 
bONNACHl 68 RVUE 

Rl 6 (0. 5931 AYEO 70 IPWA. 

"' 10.541 DAVIES 10 R\IUE SOL A AND B 
Rl 10.651.-" AlMEHEO 12 IPWA 
Rl 10.591 AYEO 76 I PWA 
Rl (0.621 I O. 061 CUTKOSKY 79 I PkA PI N TO PI 
Rl 0.65 0.02 HOEHLER 79 IPWA PI N TO PI 
Rl 0.62 0 .. 05 C:UTKOSKY 80 I PWA PI N TO PI 
R1 ..... • 
R1 AVERAGE MEANINGLESS (SCAlE FACTOR: l .. OJ 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 

R4 
R4 
R4 
R4 
R4 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED .. 

MORE INFORMATION ON THE INELASTIC DECAY MODES OF THE 1690 MEV 
BUMP, "AS SEEN IN PRODUCTION EXPERIMENTS-. MAY BE FOUND BELOW 

N*l/2(16801 INTO IN ETAIITOTAL IP21 
10 .. 01510R LESS TRIPP 67 FlVUE 

T' Pi:lLE + 6 (0.00041 BOTKE 69 "'PWA 
B 10.0031 10.0021 DEANS 69 MPWA T POLE + 
6 I0.000510R 0.001 CARRERAS 70 MPWA T POLE + .. PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N•l/2116801 INTO IN ETAI/(PJ Nl tP21/IP11 
(0.02710R LESS HEUSCH 66 RVUE + PIO, ETA 

N*1/211680 I INTO (lAMBDA KI/TOTAL I P3·1 
I0.001310R LESS TRIPP 67 RVUE 

RESON .. 
RESON. 
RESON .. 

PHOTO 

10.001 ICR LESS RUSH 68 MPWA T POLE + RESON. 
PARAMETRIZATION USED COULD BE IN 'DANGER OF DOUBlE COUNTING 

IO.OOlJGR LESS CL:,. 63 WAGNER 71 IPWA PI-P TO K lAMS 

R5 N*1/2116801 INTO IN*3/2112321 PIIITOTAl IP41 
R5 E .t2600 10.131 10.041 SOLN .. A BRODY 71 HBC PI-P--2PI N/PWA 

Pl-P--2PI N/PWA R5 E 12600 (0.391 I 0.101 SOLN.B BRODY 71 HBC 
R5 E ASSUMES ELASTIC· BRANCHING RATIO 0.62+-0 .. 06 

R6· 
R6 
R6 
R6 
R6 

N*l/2(16801 FR01 PI N TO K LAMBDA SQRHPl*P31 
-0 .. 009 0.009 DEVENISH 74 0 FIXED T DISP REL 
10 .. 011 KNASEL 75 OPWA 0 PI- P TO KO LAM 

COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER 77 AND 
SAXON 80. 

ll/67 
6/68 
1/71 
8/69 
2172 

11177 
12/79 
12/79 
1/82* 

8/67 
10/69 
5/70 
5/70 

9/66 

8/67 
5/70 

1/71 

6/10 
6/70 

4/75 
4/75 

11/75 
12/79 
12/79 

R7 N*1/2116801 FROM PIN TON EPSILON· SQRT(Pl*PlOI 11/75 
R7 L I-0.2810R -0.30 LONGACRE 75 IPWA PI N TO 2PI 11175 
R7 8 (-0 .. 311 LONGACRE 77 IPWA PI N TO 2PI 11177 
R7 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R7 N • 1-0.421 NOVOSELLE 78 IPWA PI N TO 2PI N 3/79 
R7 N 8W FIT TO LO~GACRE 75 IPHA. 3/79 

R6 
R6 L 
R6 6 
R6 6 
R8 N 

N*l/2(16801 FROM PIN TO N*3/2112321 PI,P-WAVE SQRTIP1*P121 
I+0.2610R +0.25 LONGACRE '75 IPWA PI N TO 2PI 
1+0.271 LONGACRE 77 IPWA PI N TO 2PI 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 
1+0.381 • NOVOSEllE 78 IPWA PI N TO 2Pt N 

11/75 
11/75 
11/77 

3/79 

R9 N*l/2116801 FROM PIN TO N*3/2(12321 PI,F-WAVE SQRH P1*P131 11/75 
11175 
ll/77 
3/79 

R9 L 10.1 OR 1-0 .. 081 LONGACRE 75 IPWA PI N TO 2PI 
PINT02PI 
PINT02PI 

R9 8 1-0.071 LONGACRE 77 IPWA 
R9 N 1-0.051 NOVDSELLE 78 IPWA 

RIO 
RIO L 
RIO 6 
RIO 8 
RIO N 

Rll 
Rll 
Rll 

R 12 
Rl2 
Rl2 
Rl2 
Rl2 

R 13 
Rl3 

N*l/2(16801 FROM Pl·N TON RHO,S=3/2,P-WAVE SQRHP1*P141 
I+0.2710Fl +0 .. 30 LONGACRE 75 IPWA PI N TO 2P1 
(+0. 231 LONGACRE 77 IPWA PI N TO 2PI 

LONGACRE 17 CONSIDER THIS COUP.LING TO BE WELL DETERMINED. 
1+0.341 NOVOSELLE 78 IPWA PI N TO 2PI N 

11175 
ll/75 
ll/77 

3/79 

N*l/2(16801 FRCM PI N TO N RHO,S=3/2,F-WAVE SQRTIPI*P15) 11/77 
{+0.151 LONGACRE 77 IPWA PI N TO 2P1 N ll/77 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

N*l/2116601 FPOM PI N TO K SIGMA SQRTIPl*P161 ll/75 
LESS THAN Q. OD1 DEANS 75 OPWA PI N TO K SIGMA ll/75 

RANGE GIVEN tS FROM 3 OF 4 BEST SOLUTI(JNS, NOT PRESENT IN 5LTN.1. 11/75 
OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 1/78 
AROUND 1920 MEV.. 1178 

N•l/211680) Ff!OM PIN TO ETA N SQRTIP1*P2) 12179 
NOT SEEN BAKER 79 DPWA 0 PI- P TO ETA N 12/79 

----- ------ ------- -------- ------- ------ ------ -------
65 N*l/2116801 PHOTON. DECAY AMPLIGEV .. -1/21 

FOR OEF IN IT ION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS. 

AI N*1/2116801 INTO GAM P, HELICJTY:1/2 IGEV**-1/21 
AI 0.015 0.023 DEVENISH 73 DPWA PI N PHOTOPROQ. 2/74 
AI 1-0.003 I HEMMil 73 + FHD PIO PHTOPROO 2/74 
AI -0.008 0.004 MOORHOUS 73 OPWA PI N PHOTOPROQ. 2/73 
AI 0.027 o. 019 DEVENI 52 74 OPWA PI N PHOTOPROO. 4/75 
AI -0.016 0.014 KNIES 74 QP\ojA PI N PHOTOPROD. 2/74 
AI -a. ooe o.on METCALF 74 OPWA PI N PHOTOPROD. 2/74 
AI -0.014 0.003 MOORHOUS 74 OPWA PI N PHOTOPROD. 2174 
AI -a. oB o.ooz CRAWFORD 75 OPWA PI N PHOTOPROO. 1/76 
AI {+0 .. 0031 KRIVETS 75 OPWA PI-N PHOTOPROD. 1/78 
AI 1-0.0041 BARBOUR 76 OPWA PI N PHOTOPROD. 1176 
AI -o. oo9 o. 002 FELLER 76 OPWA PI N PHOTOPROD. 2171 
AI -o. oo1 0.002 AZNAURYAN 17 OPWA PIO PHTPRO,SOL 1 12/79 
AI +0.010 0.001 AZNAURYAN 77 OPWA PI 0 PHTPRO, SOL 2 12/79 
AI -o. oo5 0.015 BARBOUR 78 OPWA PI-N PHOTOPROD. 3179 
AI -o. 028 o.Do3 ARAI 80 OPWA PI N PHOTO FIT 1 12/81* 
AI -o. 026 0.003 ARAI 80 DPWA PI N PHOTO FIT 2 12/81* 
AI -0.018 0.014 CRAWFORD 80 OPWA PI N PHOTOPROQ. 12/81* 
AI 
AI AVERAGE HIEANINGLESS I SCt.L E FACTOR "' 7.11 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1680}, N(1700) 

A2 N*l/2(16801 11\TO GAM P, HELICJTY::3/2 (GEV**-1/21 
A2 0.146 0.031 OEVENISH 73 OPWA PI N PHOTOPROO. 
A2 +0.100 0.012 MOORHOUS 73 OPWA PI N PHOTOPROD. 
A2 0.163 0.011 OEVENISZ 74 OPWA PI N PHOTOPROD. 
A2 o.oc:~T 0.007 KNIES 74 OPWA PI N PHOTOPROO. 
A2 0.129 0.016 METCALF 74 OPWA PI N PHOTOPROD. 
A2 0.147 Oo006 MOORHQUS Tit OPWA PI N PHOTOPROOo 
A2 +0.135 0.006 CRAWFORD 75 DPWA PI N PHOTOPROO. 
A2 (+0.1071 KR I VETS 75 OPWA PI-N PHOTOPROO. 
A2 (+0.1321 BARBOUR 76 OPWA PI N PHOTOPRQD. 
A2 +0.121 o. 010 FEllER 76 OPWA PI N PHOTDPROO. 
A2 +0.112 o.ooz AZNAURYAN 77 DPWA PtO PHTPRO,SOl 1 
A2 +0.114 0.002 AZNAURYAN 77 OPWA PIO PHTPRQ,SOL 2 
A2 +0.138 o. 021 BARBOUR 78 OPWA PI-N PHOTOPROO. 
A2 0.115 0.003 ARAI 80 OPWA PI N PHOTO FIT 1 
A2 a. 122 o. 003 ARAI 80 OPWA PI N PHOTO FIT 2 ., 0.141 0.014 CRAWFORD 8a DPWA PI N PHOTOPRDD. 
A2 . . 
A2 AVERAGE ~EANINGLESS (SCALE FACTOR "" 2.91 

A3 N•li2U680J INTO GAM N, HELICITY::1/2 IGEV**-1/2) 
A3 0.035 0.049 DEVENISH 73 OPWA PI N PHDTOPROD. 
A3 +0. 017 0.014 MOO RHO US 73 OPWA PI N PHOTOPROD. 
A3 0.031 o. 028 DEVENIS2 74 OPWA PI N PHOTOPROO. 
A3 0.023 o.oos KNIES 74 DPWA PI N PHOTOPROD. 
A3 o.oo8 o.a18 METCALF 74 DPWA PI N PHOTOPROD. 
A3 0.023 0.003 MOORHOUS 74 OP\oiA PI N PHOTOPROO. 
A3 +0.021 0.001 CRA\oiFORO 75 OPWA PI N PHOTOPROD. 
A3 I +0.034 J BARBOUR 76 OPWA PI N PHOTOPROD. 
A3 +0. 037 0.010 BARBOUR 78 DPWA PI-N PHQTOPRQO. 
A3 0.026 0.005 ARAI 80 OPWA PI N PHOTO FIT 1 
A3 o.a28 a.a14 ARAI 8a OPWA PI N PHOTO FIT 2 
A3 0.044 a. OlZ CRAWFORD 8a OPWA PI N PHOTOPROD. 
A3 0.025 o.oto TAKEDA 80 OPWA PI N PHOTOPROD. 
A3 o.a32 o. ao3 FUJII 81 OPWA PI N PHOTOPROD. 
A3 . . 
A3 AVERAGE MEANINGLESS I SCALE FACTOR "' 1.8) 

A4 N*1/2116801 INTO GAM Nt HELICITY=3/2 IGEV .. -1/21 
A4 -0.018 a.039 DEVENISH 73 DPWA PI N PHOTOPROO. 
A4 -0.005 0.018 MOORHOUS 73 OPWA PI N PHOTOPROO. 
A4 -0.021 a. o2a OEVENIS2 74 DPWA PI N PHOTOPROO. .. 0.001 0.018 KNIES 74 OPWA PI N PHOTOPROO. 
A4 o. 00 o.a3a METCALF 74 OPWA PI N PHOTOPROO. 
A4 -0.041 o. 004 MOORHOUS 74 OPWA PI N PHOTOPROQ. 
A4 -0 .. 015 o.a04 CRAWFORD 75 DPWA PI N PHOTOPROO. 
A4 1-0.0281 BARBOUR 76 OPWA PI N PHOTOPROD. 
A4 -o. 038 o.ata BARBOUR 78 DPWA Pt-N PHOTOPROO. 
A4 -o. 024 o. 009 ARAI 80 OPWA PI N PHOTO FIT 1 
A4 -o. o29 0.017 ARAI 80 OPWA PI N PHOTO FIT 2 .. -o. 033 0.015 CRAWFORD 80 DPWA PI N PHOTOPROD. 
A4 -a. 035 D.012 TAKEDA 80 OPWA PI N PHOTOPROO. 
A4 -a. o23 a .. 005 FUJII 81 OPWA PI N PHOTOPROO. 
A4 
A4 AVERAGE MEANINGLESS (SCALE FACTOR"' 1.71 

.................................................................... 
REFERENCES FOR N*1/21 16801 

SEE A PREVIOUS EDITION lRMP 37, 633, 19651 FOR EARLIER REFERENCES. 

BRANDSEN 65 Pl 19 420 
HEUSCH 66 PRL 17 1019 
TRIPP 67 NP B3 10 

BAREYRE 68 PR 165 1131 
DOONACH1 68 Pl 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

DUKE 68 PR 166 1448 
RUSH 68 PR 173 1776 

BOTKE 
DEANS 

69 PR 180 1411 
69 PR 185 1797 

AYED 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP B21 359 

BRODY 11 Pl 348 253 
WAGNER 1l NP B25 411 

ALMEHEO 72 NP B40 157 
DEVENISH 13 Pl 47B 53 
HEMM 11 73 Pl 438 19 
MQORHOUS 13 Pl 438 44 

DEVENISH 74 NP 881 330 
OEVENIS2 74 Pl 52B 227 
KNIES 74 PRO 9 2680 
~ETCALF 74 NP 876 253 
MOORHOJS 74 PRO 9 1 

CRAWFORD 75 NP 897 12'5 
DEANS 75 NP B96 90 
KNASEl 75 PRO 11 1 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 Pl 558 415 

ALSO 78 PRO 17 1195 

AYED 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FEllER 76 NP 8104 219 

AZNAURYA 17 EFI-264(571-17 
LONGACRE 17 NP 8122 493 

ALSO 76 NP Bl08 365 

BARBOUR 78 NP 8141 253 
NOVO SELL 78 NP B 137 509 

ALSO 78 NP B 137 445 

BAKER 79 NP B156 '>3 
CUTKOSKY 79 PRO 20 2839 
HOEHLER 79 HANDBGOK OF P t-N 

ALSO 80 TORONTO CONF 3 

+ODONNEll, MOORHOUSE I DURHAM, RHELJ J JP 
C A HEUSCHo C Y PRESCOTT, R F CASHEN ICIT1 
+ LEITH, + (lRL,SlAC,CERN,HEIDtSACLAYJ 

P BAREYRE, C BRICMAN, G VILLET ISACLAYJIJP 
A DONNACHIE, R G KIRSOPP, C LOVELACE ICERNIIJP 
OONNACHIE RAPPORTEUR.S TALK IGLASI 
R G KIRSOPP (EDJNJ 
+JONES,KEMP,MURPHY,THRESHER, + IRHEloOXFJIJP 
J E RUSH IUNIV ALABAMA) 

J C BOTKE 
S DEANS, J WOOTEN 

R AYEO,P 8AREYRE, G VILLET 
B CARRERAS, A DONNACHIE 
A DAVIES 

+CASHMORE+ •• +HERNDON+ •• 
F WAGNER, C LOVElACE 

CUCS81 
IUNIV S FLORIDAJ 

( SACLJ I JP 
IDARE,MCHSJ 

lGLAS1 

I SLAC+LRU 
(CERN I 

+LOVELACE 
OE\1' EN t SH, RANK tN ol YTH 
HEMMI, INAGAKI+ 
MOORHOUSE, OBERLACK 

ILUND.RUTGIIJP 
t lOUC+BONN+l ANCJ I JP 

I KYOTO+SAGA+KEK+ TOK 't' I I JP 
CGLAS+LBLIIJP 

OEVEN ISH, FROGGA TT, MART IN CDE SY ,NORD ITA oLOUC I 
OEVENI SHol YTH,RANKIN CDESY.U.NC • 80NN1IJP 
KNt ES, MOORHOUSE, OBERLACK I LBl, GLA S I IJP 
W J METCALFoR l WALKER lClTJIJP 
MOORHOUSE, OBERL ACK, ROS ENFELO I GLAS+LBL J I JP 

R L CRAWFORD CGLASIIJP 
+MI TCHEllt MONTGOMERY,+ I SFLA, ALABAMA) I JP 
+LI NO QUIST, NElSON+ ICH IC ,WUSL ,OSU, ANU I JP 
+MIRDSHNICHENKOoNIK I FOROVo SAN IN+ { K t EV11 JP 
KR I VETS,NI KIFOROV, SAN IN ,SHAlATSKI I ( KJEVJ I JP 
+ROSENFELD, LAS INSK I, SMAOJA + ( LBL • SLAC J I JP 
LONGACRE, lAS INSK I, ROSENFEl 0+ I lBL, SLAC I 

AYEO tTHESISJ ISACLIIJP 
I. M. BARBOUR,R. L. CRAWFORD IGLAS11JP 
+FUKUSHI "'A, HOR I KAWAo KAJ IKAWA+ ( NAGOYA+OS&.KA11 JP 

+AKOPQV,BAGOASARYAN !YEREVAN PHYSICS INST.JIJP 
LONGACRE.OOLBEAU (SACUl JP 
DOL BEAU, TR tANTI S ,NEVEU, CAD I ET I SAClll JP 

BARBOUR ,CRAWFORD, PARSONS 
O. E. NOVOSELlER 
O. E. NOVOSELLER 

(GLASJ 
(CAL TECHliJP 
ICAL TECHIIJP 

+BROWN, CLARK, DAVIES, DE P AGT ER, EVANS+ t RHELI I JP 
+FORS't'TH, HEN OR I CKo KEllY t CARN+lBl I I JP 

SCATTERING, PHYSIK OATEN VOL..t2-1 
+KAISER,KOCHoPIETAPINEN /KARLSRUHE IJP 
R.KOCH (KARLSRUHEliJP 

ARAI 
CRAWFORD 
CUT KOSKY 
SAXON 
TAKEDA 
FUJI I 

80 TORONTO CONF 
80 TORONTO CONF 
80 TORONTO CONF 
80 NP B 162 522 
80 NP 8168 11 

93 I. ARAI (TOKYI 
107 R.l.CRAWFORD (GLAS) 
19 +FORSYTH • 8 ABCOC Ko KELLY, HENDRICK ( CARN+LBU I JP 

+BAKER, BELL, BLOODWORTH+ f RHEl+BR IS I I JP 
TAKEDA, ARA I, FUJ t t, IKEDA, IWASAKI+ ( TOKY 1 

81 NP 8187 53 FUJI I • HAYASHI J, IWATA, KAJI KAWA+ ( TOK Yl 

2174 
2/73 
4/75 
2/74 
2174 
2/74 
1/76 
1178 
1/76 
2/77 

12/79 
12179 
3/79 

12/81• 
12/81• 
12/81* 

2/74 
2/73 
4/75 
2/74 
2/74 
2/74 
1/76 
1/76 
3/79 

12/81• 
12/81* 
12/81• 
12181• 
12/81* 

2/74 
2173 
4/75 
2/74 
2174 
2/74 
1/76 
1176 
3/79 

12/81• 
12/81* 
12/81• 
12/81* 
12181• 

CROUCH 
OERADO 
DUKE 
MERLO 
ROBERTS 
BANNER 

THE 
BAR EYRE 
DEANS 
ornNACHI 
AYEO 
BAKER 
WINNIK 

PAPERS NOT REFERRED TO IN DATA CARDS 

65 OESY CONF It 21 + lBROWN,CEA.HARVARO,MIT,PAOOVAoWEIZMANNI 
65 ATHENS CIJNF 244 +KENNEY,LAMSA, + INOTRE DAME,KENTUCKYJ 
65 PRL 15 468 +JDNES,KEMP,MURPHY,PRENTICE, + fRHEltOXFIIJP 
66 P ROY SOC 289 489 J P MERLO, G VALLAOAS (SACLAYI 
67 ~REPRINT R G ROBERTS (QURHAMI 
68 PR 166 1347 +OETOEUFoFAYOUX.HAMEL, + ISI.CLAY,CAEN1 
ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE BUMP. 
65 PL 18 342 + BRICMAN, STIRLING, VIllET lSAClAYJIJP 
69 PRL 177 2623 S R DEANS IUNIV S FLORIDA) 
69 NP lOB 433 A DONNACHIEo R KIRSOPP CGLAS+EDINJ 
70 Pl 31B 598 +BAREYRE+VtllET C SACLAYJ 
77 NP B126 365 +BLISSET,BLOOOWORTH,BROOME,HART+ (RHELJIJP 
17 NP 8128 66 +TOAFFtREVEL,GOlOBERG,BERNY CHAlFII ........................................................................ 

.I"N···( 1 •• 7 •• o"o··>·l········· ........................ jn. ~~:3·j ........... .. 
• • 18 N*1/211700. JP:3/2-J 1=1/2 

THIS RESONANCE IS WEll ESTABLISHED. 

1R N*1/2( 1700) MASS IMEVJ 

( 1730. I OONNACH2 68 RVUE PHAS. SHIFT-CERN1 10/69 
( 1680,1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

WHERE MAX. ABSORPTION IS -DONNACHI, 2 ,KIRSOPP EYEBAll FIT CERN 1 10/69 
( 1780.01 WAGNER 71 IPWA PI-P TO K LAMB 1/71 

013 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOL. 
t 1670. I DEANS 72 MPWA 
( 1790, I LANGBEIN 73 IPWA 

NOT SEEN IN SOLUTION 2 OF LANGBEIN73 

GAM P-K LM, SOL D 
PI N-K SIGoSOL 1 

OEANS75 AND lANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNtK17 AROUND 1920 MEV. 

1110. OR 1110. LONGACRE 75 JPWA PI N TO 2Pl N 
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75, 

11110.1 AYED 76 JPWA 
11670, I ( 1 O. I BAKER 17 I PWA 0 PI- P TO K LAM. 
( 1690. 1 BAKfR 77 OPWA 0 PI- P TO K LAM. 

THE TWO ENTRIES FOR BAKER 17 ARE FOR AN IPWA USING THE BARRELET 
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

I 1660. I LONGACRE 17 IPWA Pt N TO 2PI N 
All l0NGACRE77 PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS S1 AND C1. 

1690, TO 1710. BAKER 78 OPWA 
( 1719.1 BARBOUR 78 OPWA 
11880. 1 BAKER 79 OPWA 

THE HIGH MASS FOUND BY BAKER79 MAY BE INFLUENCED 
( 167a. I 125.1 CUTKOSKY 79 lPWA 

1731. 15. HDEHLER 79 IPWA 
t 1709.al CRAWFORD 80 OPWA 

1675. 25. CUTKOSKY aa IPWA 
( 1650. I SAXON 60 OPWA 

0 PI- P TO K LAM 
PI-N PHOTOPROO .. 

0 PI- P TO ETA N 
BY THE NI208QJ. 

PI N TO PI N 
Pt N TO Pt N 
PI N PHOTOPROD. 
PINTOPIN 

0 Pt- P TO K LAM 

9/73 
9/73 
9173 
1/78 
1/78 

11/75 
11/75 
11/77 
1/78 
1/78 
1178 
1178 

11/77 
11177 
11177 
3/19 
3/79 

12179 
12/79 
12/79 
12/79 
12/81* 
1/82• 

12179 

AVERAGE II!EANINGLESS (SCALE FACTOR = 1.91 

----- ------- ------ -------- --------- ------ ------ -------
18 N * 1/21 1700 I WIDTH I MEVJ 

(90.1 DEANS 12 ~PWA GAM P-K LM,SOl 0 9173 
1120.) LANGBEIN 73 JPWA PI N-K SlGoSOL 1 9173 
100. OR 300. LONGACRE 75 J PWA PJNT02PI N 11/75 

1100. I AYEO 76 I PWA 11/77 
(90.) (25. 1 BAKER 17 I PWA PI- P TO K LAM. l/78 

noo. 1 BAKER 17 DPWA PI- P TO K LAM. 1178 
1600.1 LONGACRE 11 IPWA PI N TO 2PI N 11/77 

70. TO 100. BAKER 78 OPWA 0 Pt- P TO K lAM 3/79 
4 1126.1 BARBOUR 78 OPWA PI-N PHOTOPROO. 3/79 

• (81. J BAKER 79 OPWA 0 PI- P TO ETA N 12/79 
(80. 1 140. I CUTKOSKY 79 IPWA PI N TO PI N 12/79 
110. 30. HOEHLER 79 IPWA PI N TO PI N 12/19 

1166.0) CRAWFORD 80 OPWA ., N PHOTOPROD. 12/81* 
90. 40. CUTKOSKY 80 I PWA PI N TO PI N 1/82* 

(10.) SAXON 80 OPWA D PI- P TO K LAM 12/79 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

18 N*1/2(1100J REAL PART OF POLE POSITION IMEVI 11/75 

RE 
RE B 
RE 
RE 

I M 
I M B 
I M 
IM 

RER 

"'" 

1 MR 
tMR 

11710.1 
1616. OR 1613. 

11660. J 
1660. 30. 

LONGACRE 75 IPWA 
LONGACRE 11 I PWA 
CUTKOSKY 79 IPWA 
CUT KOSKY 80 I PWA 

PINT02PlN 
PINT02PIN 
PI N TO PI N 
PI N TO PI N 

18 N*1/2117001 -2•I~AG PART OF POLE POSITION O'IEVI 

(607.) 
577. OR 575. 
(76. 1 
90. 40. 

LONGACRE 75 lPkA 
LONGACRE 17 IPWA 
CUTKOSKY 79 IPWA 
CUTKDSKY 80 IPWA 

PI N TO 2PI N 
PINT02PIN 
PINTOPIN 
PI N TO PI N 

18 N*1/2117001 REAl PART OF ELASTIC POLE RESIDUE IMEVI 

14.} .. 3. 
CUT KOSKY 79 I PWA 
CUTKOSKY 80 IPWA 

PI N TO PI N 
PI N TO PI N 

18 N*l/2(17001 tMAG PART OF ElASTIC PetE RESIDUE (MEVJ 

5. 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PINTO PIN 
PtNTOPlN 

11/75 
11/77 
12179 

1/82*· 

11/75 

11/75 
11/77 
12/79 

1182• 

12/79 
1/82* 

12119 
1/82• 



Baryons 
N{ 1700) 

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pll 
Pl2 

Rl 
Rl 

R2 
R2 I 
R2 2 
R2 2 

R3 
R3 
R3 
R3 
R3 
R3 

18 N*l/2117001 PARTIAL DECAY MODES 

N*l/21 11001 INTO PI N 
N*l/2117001 INTO LAMBDA K 
N*l/2(17001 INTO GAM P,HELICITY~3/2 
N*l/2117001 INTO GAM P,HELJCITY=l/2 
N*l/2(17001 INTO GAM N,HELICJTY::3/2 
N*l/2117001 INTO GAM NoHELICITY=l/2 
N*l/2117001 INTO K SIGMA 
N*l/2117001 INTO N EPSILON 
N*l/2(17001 INTO N*3/2(1232J ·pJ,S-WAVE 
N*l/2117001 INTO N*3/2(12321 PI,O-WAVE 
NOl/2117001 INTO N RHO,S=3/2,S-WAVE 
N*l/2117001 INTO.,ETA N 

18 N*l/2111001 BRANCHING RATIOS 

N*l/211700) FROM GAMMA PROTON TO K LAMBDA 
l0a00771 ,DEANS 72 MPWA 

N*l/207001 F'FIOM PI N TO K SIGMA 
. 10.101 LANGBEIN 73 IPWA 

LESS THAN O. 017 DEANS 75 DPWA 
RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

N*l/2tl700 I INTO I PI NI/TO'rAL 
10.09) 
(0.101 I 0.021 
o.oa o.o3 
0 .. 11 0.05 

AYEO 76 I PWA 
CUTKOSKY 79 IPWA 
HOEHLER , 79 I PWA 
CUTKOSKY 80 I PWA 

R.3 AVERAGE "'EANINGLESS ISCALE FACTOR"' 1.01 

R4 N•112(1700) FRCM P 1 N TO K LAMBDA 
R4 +0.026 o. 019 DEVENI SH 74 
R4 0 (-0 .. 031 ( 0.0041 BAKER 77 I PWA 
R4 E (-0 .. 03'1 BAKER 77 OPWA 
R4 9 (-0.041 BAKER 78 OPWA 

DECAY MASSES 
139+ 938 

1115+ 497 
. 0+ 938 

0+ 938 
0+ 939 
0+ 939 

'493+118.9 
938+1300 

1232+ 139 
1232+ 139 

938+ 769 
939+ 548 

SQRT( IP3+P41•P2J 
GAM P-K tM, SOL 0 

SQRTI P1•P71 
PI N-K StG,SOL 1 
PI N TO K SIGMA 

I Pll 

PI N TO PI 
PI N TO PI 
PI N TO PI 

SQRTIP1•P21 
0 FIXED T .DISP REL 
0 PI- P TO K LAM. 
0. PI- P TO K LAM. 
0 PI- P TO K LAM 

R4 9 THE llJ'IIDETERMINEOI OVERALL PHASE OF A.ll COUPLINGS FROM 8AKER78 
R4 9 HAS BEEN CHANGED TO AGREE WtTH PREVIOUS CONVENTIONS. 
R4 5 (-0.0121 SAXON 80 OPWA 0 PI- P TO K LAM 
R4 5 SUPERSEDES BAKER 78. 

·R5 N*1/21 1700 I FROM PI N TO N EPSILON SQRH PUPS I 
R5 L (-0.2, OR -0.2 LONGACRE 75 I.PWA PI N TO 2PI 
R5 8 10.001 LONGACRE 77 IPWA PI N TO 2PI 

R6 N*1/211700I HOM" PI N TO N*3/21 12321 . PI,S-WAVE SQRTI P1•P91 
R6 L 1+0.15IOR +0.16 LONGACRE 75 IPWA PI N TO 2PI 
R6 8 (0.001 LONGACRE 71 I PWA PI N TO 2PI 

R7 N*1/2117001 FROM PIN TO N*3/2(12321 PI,O-WAVE SQRHPUP101 
R7 L (-0.1010R -0.14 .LONGACRE 75 IPW.&. PI N TO 2PI 
R7 8 1+0 .. 121 LONGACRE 11 IPkA PI N TO 2PI 

RB N*l/2117001 FROM PI N TO N RHQ,S:3/2,S-WAVE SQRHP1•PlU 
R8 L 10. I OR (-0.071 LONGACRE 75 IPWA PI N TO 2Pt 
R8 8 1+0 .. 071 LONGACq_E 77 IPWA PI N TO 2PI 

9173 
9173 

9173 
9/73 

11175 
11175 . 

11117 
12/79 
12/79 
1/82• 

4175 
4/75 
1/78 
1178 
3179 
3179 
3179 

12/79 
12179 

11175 
11/75 . 
11177 

11/75 
11/75 
11/77 

11175 
11175 
11/77 

11/75 
11/75 
11/77 

P9 
R9 

N*l/2(17001 FRGM PI N TO ETA N SQRTIP1•P121 .12/79 
10.0651 BAKER 19 OPWA 0 PI- P TO ETA N 12179 

AI 
Al 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
Al 
AI 
AI 
AI 

" AI 

" AI 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 

4 

18 N*l/2( 17001 PHOTON DECAY AMPUGEVU-1/21 

FOR OEFINITIGN OF GAMMA-NUClEON DECAY AMPliTUDES, SEE MPH­
REVIEW PRECEDING THE. BAR~ON LISTINGS. 

N*l/2117001 INTO GAM P, HELICITY=1/2 IGEV••-1121 
-0.103 0.130 OEVENISH 73 OPWA PI N PHOTOPROO. 
-0.048 o. 050 DEVENIS2 74 OPWA PI N PHOTOPROO·~ 
-0.015 0.040 KNIE'S 74 OPWA PI N PHOTOPROO. 
o.o 0.034 METCALF 74 DPWA 01 N PHOTOPRQQ. 

10.0231 MOORHOUS 14 tiPWA PI N PH0Tc:iPROO. 
-0.012 0.010 CR.&.WFORO 15 OPWA PI N PHOTOPROD. 

1-0.0051 eARBOUR 76 OPWA PI N PHOTQPROO. 
-0.014 0."025 FEllER 76 DPWA PI N PHOTOPROO .. 
+0. 018 0.008 AZNAURYAN 77 DPWA PIO PHTPR.O,SOL I 
+0. 038 o. 005 AZNAURYAN 77 OPWA PIO PHTPRO,SOl 2 
-0 .. 033 o. 021 BARBOUR 78 OPWA Pt-N PHOTO~ROO. 

SUPERSEDES BARBOUR 76. 
-0.028 o. 007 1\RAI 80 OPkA PI N PHOTO FIT i 
-o. 029 o. 006 ARAI 80 OPWA PI N PHOTO FIT 2 
-0.024 o. 019 CRAWFORD 80 OPWA PI N PHOTOPROO. 

0 ...... 

AVERAGE MEANINGlESS I SCAlE ~ACTOR "' 5.21 

NOcl/2fl700) I~TO GAM P. HEL.ICITY:::J/2 tGEV**-1/2) 
0.055 0.065 Df::VENISH 73 OPWA 

-o. oo6 0.014 DEVENIS2 74 OPWA 
o. 030 o. 040 KNIES 74 OPWA 
o.o o. 029 METCALF 74 OPWA 

10.0351 MDORHOUS 74 OPWA 
-o. o 12 0.010 CRAWFORD 75 OP!oiA 

(-0.0091 BARBOUR 76 OPWA 
o. 0 0.014 FElLER 76 OPWA 

-0.066 o. 007 AZNAURYAN 77 OPWA 
-o.o4a o.oo7 AZNAURYAN 77 OPWA 
-0.014 o. 025 BARBOUR 78 OPWA 
-o. oc2 o. 005 ARAI 80 OPWA 

o. 014 0.005 ARAI BO OPWA 
-o. 011 0.014 CRAWFORD BO OPWA 

AVER4GE MEANINGlESS I SCALE FACTOR = 3.81 

N01/2117001 lt..TO GAM No 
0.013 0.222 

-0.021 o.oq8 
-o. 036 o. 040 
o.o 0.034 

1-0.0151 
+0. 081 

(+0. 0171 
+0.050 
-0.052 
-0.055 

o. 052 
-o. 002 

o. 015 

0.042 
0.030 
0.030 
o. 035 
a. 013 

HEllC tTY: l/2 I GEV*'C!-1/21 
OEVENI SH 73 OPWA 
DE VENI S2 74 DPWA 
KNIES , 74 DPWA 
METCAlF 74 OP\oiA 
MOORHOUS 74 DP\oiA 
CRAWFORD 75 OPWA 
BARBOUR 76 OPWA 
BARBOUR 7B OPWA 
APAI 80 OP~A 
ARAI 80 OPWA 
CRAWFORD 80 OP!riA 
FUJtl 81 OP~A 

PI N PHOTOPROO. 
PI N PHOTOPRQO. 
PI N PHOTOPROD. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PH"OTOPRGD. 
Pt N PHOTOPROO. 
PIO PHTPRO,SOL I 
PIO PHTPROtSOL 2 
PI-N PHOTOPROO. 
PI N PHOTO FIT I 
PI N PHOTO FIT 2 
PI N PHOTOPROO. 

PI N PHiJTOPROO .. 
PI N PHOTOPROO .. 
PI N PHOTOPROD. 
PI N PHOTOPR.QD. 
PI N PHOTQPRCrO. 
Pl N PHOTOPRQO .. 
PI N PHOTOPR.OO. 
PI-N PHOTQPROO. 
PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTQpqoo. 
Pt N PHOTOPROD .. 

A3 AVERAGE MEANINGlESS I SCAlE FACTOR "' 2.21 

2/74 
4/75 
2/74 
2/74 
2/74 
1176 
1/76 
2171 

12179 
12/79 
3/79 
3/79 

12/81* 
12/81• 
12/81• 

2/74 
4/75 
2/74 
2174 
2/74 
1/76 
1/76 
2117 

12/79 
12/79 
3/79 

12181• 
12/81• 
12181• 

2/74 
4/15 
2/74 
i./74 
2114 
1/76 
1176 
3179 

12/81• 
12/810 
12/81• 
12/81• 
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Data Card Listings 
For notation, see key at front of Listings. 

A4 N•l/211100 I INTO I·AM N, HEllCITY.,3/2 IGEV**-1/21 
A4 -0.088 0 .. 087 OEVENISH 73 DPWA PI N PHOTDPRQO. 
A4 -0.026 0.067 OEVENIS2 74 OPhA PI N PHOTOPROO. 
A4 o.o2tt 0.024 KNIES 74 OPWA PI N PHOTOPROO. 
A4 o.o 0.044 METCALF 74 OPWA PI N PHOTOPRQQ. 
A4 (0.0281 MOORHOUS 74 OPWA PI N PHOTOPROO. 
A4 +0.107 0 .. 025 CRAWFORD 75 OPWA PI N PHOTOPROO. 
A4 1+0.0221 BARBOUR 76 OPWA PI N PHOTOPRQO. 
A4 +0. 035 0.030 BARBOUR 18 OPWA PI-N PHOTOPROD. 
A4 -o. 037 0.036 ARAI 80 OPlriA PI N PHOTO FIT L 
A4 -0.035 0.024 ARAI 80 OPWA PI N PHOTO FIT 2 
A4 0.041 0.030 CRAWFORD 80 OPWA PI N PHOTOPRQQ. 
A4 0.018 o. 018 FUJI I 81 OPWA PI N PHOTOPROD. 
A4 ....... 
A4 AVERAGE MEANINGLESS I SC.&.lE FACTOR "' 1.61 ...... ......... ......... , .......................... **"····· •••••••• 

OONNACH2 68 VIENNA 139 
K IR SOPP 68 THESIS 
WAGNER 71 NP B25 411 
DEANS 72 PRO 6 1 qo6 
OEVENISH 73 Pl 478 53 
LANGBEIN 73 NP B53 251 

REFERENCES FOR N*l/2117001 

OONNACHIE RAPPORTEUR.$ TAlK • .(GlA$1 
R G KIRSOPP lEDIN) 
F WAGNERt C LOVELACE fCERNJ 
OEANS,JAC08S, LYONS,MONTGOMERY {SOUTH FLA.JIJP 
OEVENI SH, RA.NK IN, l YTH f LOOC+BONN+LANC I J JP 
LANGBEJN,WAGNER (MUNICHJI.JP 

2/74 
4/75 
2/74 
2/74 
2/74 ;. 
1/76 
1/76 
3179 

12181* 
L2/81* 
12/81* 
12/81* 

OEVENISH 74 NP 881 330 
OEVENIS2 74 Pl 52B 227" 

OEVEN ISH, FROGGA TT, ~ART I N(DESY ,NORD IT A, LOUC I . 
OEVEN ISH, l YTH, RANKIN I OESY tlANC, BONN It JP 

KNIES 74 PRO 9 2680 ·KNIES, MOORHOUSE ,OBERlACK I LBl, GLAS) IJP 
METCALF 74 NP B76 253 W J ·METCALF,R l WAlKER (CITJIJP 
"'OORHOUS 74 PRO 9 1 MOORHOUSE, OBERLACK t ROS ENFELO ( GlAS+L BL I I J~ 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
LONGACRE 75 Pl 55B 415 

R l CRAWFORD 
+MITCHELL, MONTGOMERY,+ 
+ROSENFELD, lAS INSK t, SMAOJA+ 
LONGACREtl AS INSK t, ROSENFELD+ 

IGLASUJP 
IS FLAt AlABAMA II JP 

llSL,SlACJIJP 
ILBL,SlACI' ALSO 78 PRO 17 1795 

AYEO 76 CEA-N-1921 AYED (THESIS) ISACLIIJP 
BARBOUR 76 NP, 8111 358 t. M. BAR80UR,R. L. CRAWFORD . IGLASIIJP 
FELLER 76 NP B104 219 +FUKUSHI "'A, HOR I KAWA, KAJ IKA~A+I NAGOYA+OSAKAJI JP 

AZNAURYA 77 EFI-2641571-77 
BAKER 71 -NP 8126 365 
LONGACRE 77. NP 8122 493 

+AKOPOVtBAGOASARYAN I YEREVAN PHYSICS INST ,.IJJP 
+BL IS SET, BlOODWORTH, BROOME, HART+ I R.HELII JP 
LONGACRE, DOL BEAU I SACl) I JP 

AlSO 76 NP BlOB 365 DOL BEAU, TR IANTI SwNEVEU, CADI ET I SACLJ I JP 

BAKER 78 NP 8 1'11 29 +BL I SSET, Bl 000WORTHt BROCME+ 
BARBOUR, CRAWFORQ,P ARSONS 

(Rl+CAMBI IJP 
IGLASI BARBOUR 78 ~p Bl41 253 

BAKER 79 NP e156 S'3 +8ROWN,CLARK,OAVIES,OEPAGTER,EVANS+ IRHELJIJP 
CUTKOSKY 79 PRO 20 283CJ +FORSYTHoHENDRICK,KEllY ICARN+LBUIJP 
HOEHLER 79 HAJ'i0800K OF PI-N SCATTERING, PHYSIK OATEN VOL.12-l 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRU!iEIJJP 

ARA l eo TOR. ONTO CONF 93 I. ARA I I TOKYI 
CRAWFORD eo TORONTO CONF 107 R.l .. CRAWFORO IGLASI 
CUTKOSKY 80 TORONTO CONF 1q +FORSYTHiBABCOCK,KELLY~HENDRJCK ICARN+l8LJIJP 
SAXON 80 NP B162 522 +BAKER98Ell,BliSSETT,BlOOOWORTH+(RHEl+BRIS)IJP 
FUJII 81 NP B187 53 FUJII,HAYASHit,tWATA,KAJIKAWA+ tTDKYI 

PAPERS NOT REFER~EO TO IN DATA CARDS 

HERNDON 72 LBL 1065 + ••• ROSENF ELO ••• +CASHMORE+. • .. 
+ TOAFF, REVELt GOLDBERG, BERNY 

ILBl,SLACI 
CHAIFil WINNIK 77 NP B128 66 .................................................................... .................................................................... 

' " M 
M 

" 

1700 MEV REGION - PRODUCTION EXPERIMENTS 

20 N•11211700, JP: I 1:1/2 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THEN AND DELTA LISTINGS 
FOR DISCUSSION OF PRODUCTION EXPERIMENTS. 

20 N*1/2t17001 MASS I MEV I (PROD. EXP. I 

116q5.01 19.01 A-BORELLI 67 HBC + PBAR P 5.7 8EV/C 
I 1734.01 121.01 ALMEIDA 68 HBC + PP 10 BEV/C 
I 1730.01 (18 .. 01 GAllOWAY 68 H8C PI-P 6 GEV/C 
11112.01 16.01 BARNES 69HBC K-PTOK-P2PI 

IJP CONSI5TENT WITH Slll16501 OR P1U11101 IN FORMATION 
( 1667.01 (5.01 BENVENUTI 69 DBC 'o PI-0 2.26 GEV 

J CONSISTENT WITH 5/2 OR 112 
190(1693.1 U5.1 RHODE 69 HBC 
JP IS PROfiABlY 5/2+ . 

( 1691.1 14.1 ANDERSON 70 MMS -
177(1110.1 (10.1 CIRBA 70 HBC + 
40( 1763. I ( 2 5. I COOPER 70 HBC + 

50511730.01 115.01 CRENNEll 70 HBC + 
601 1710.1 KUZNETSOV 70 HLBC -

11119.01 16.01 WillMANN 70 HBC + 
J CONSISTENT WtTH 5/2 OR 7/2 

( 1694.0 I I 8. 01 AMALOI 71 SAS 
I 1730 .. 1 . 120 .. 1 eALLAM 71 H8C 
I 1100. I 8EKETOV 71 HBC + 
I 1111 .. I 11 O. I BOESEBEC 71 RVUE 
11672.01 (4.01 El.llS 71 CNTR 

8011650.01 (10.01 80/120 MA 71 HBC + 
I 1700.0) «10.01 MORSE 71 HBC + 

PP 22 GEV/C 

PI- P TO P 1- M,_.;S 
PI+ P TO P+3PJ 
LAMB. K PROD. 
PI-P,PI+P 6 GEV 
LAMS. K PROD. 
PI+P 13 .. GfV 

p P AT 24 GEV 
PI +-P AT 16GEV 
PI- P 4.45GEV/C 
PP,PI-P,K-P PROD 
MMS PP 3.7 GEV/C 
P ·p TO P N PI 
PI-P 25 GEV/C 

1670. TO 1730. MORSE 71 H8C +0 PI-P 7 GEV/C 
I 1120. I 120.1 RU,SH8ROOKE7l HBC 
(16qo.3t 14.51 EDELSTEI~ 72 MMS 
11668.0 J (19 .. 01 24/45 KARSHON 12 OBC + 
11715.01 (5.01 lAMSA 72 HBC + 

ANALYSIS GIVES JP ::: 512+ 
( 1660.1 I 15. I OH 72 OBC 

DETERMINE J:::5/2,Fl5 PROBABlE 

PP TO P2PI 16GEV 
PP 6 TO 30 GEV 
PD--P02P l 7 GEV 
PI-P slots GEv 

0 PI-N TO PI-PI-P 

11720.) (15.1 RDNAT 12 HBC Pl+P TO 3Pl P 
I 1820.1 DAVIDSON 74 H8C + PI-P T.O Pt- OM P 

OMEGA PROTON ENHANCEMENT.MOMENTS ANALYSIS CONSISTENT WITH 2J:1 OR 3 
11732.1 17.1 LICHTMAN 74 HBC + Pt+P TO 3PI P 
(16q4.1 110.1 LICHTMAN 74H8C + Pt-PT03P1P 
(1B10.1 '(15 .. 1 ATHERT02 75HBC PBARP5 .. 7GEV 

OMEGA PROTON ENHANCEMENT, HOME NT S ANAlYSIS CONSISTENT WITH S STATE. 
11700.1 BlOBEl 75 HBC, + PP TO PI·PI+PI-PI 

PWA INDICATES Pl+Pl-P ENHANCEMENT IS PRIMARILY A 
P-WAVE P EPSILON SYSTEM WITH J,JP=1/2,3/2-. 

8/67 
9/69 
B/69 
7170 

5/70 

10/69 

2/71 
2/71 
2/71 
1/71 
2/71 
5/70 

10/71 
2172 
3172 
3/72 

10111 
10/71 
3/72 
3/72 
2172 
1/73 

12/72 
1/73 

2/73 
2/73 
2173 

10/74 
10174 
4/75 
4/75 
2/77 
2/77 
1/76 
l/76 
l/76 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1700) 

1660. TO 1670. BRAUNl 75 HBC PBAR P 5.1 GEV 
(1691.1 (11.1 CAVALLI 75 SPEC+ PP TO 2N*,W=23GV 
11691. I I a.l CAVALLI 75 SPEC + PP TO 2N•,W=31GV 
I 1115.1 (lQ.) CAVAlli 75 SPEC + PP TO 2NO,W..:53GV 
11686. I (12. I MUSGRAVE 75 HBC K+ P TO K PI N 
(1650.) STRACHMA 75 BC NBAR (N PII 
Cl678.J (4.1 WEBB 75 ISR + P P TOP N* 
11691.1 (4.) ATHERTON 76 HBC PBAR P 5.7 GEV 
I 1680. I czs. I APPLE 77 SPEC + P P TO P IP PI OJ 
11660.1 CZQ.I APPLE 77 SPEC + P P TO P lN Pl+l 
11690. J {10.1 HEINEN 77 HBC + K-P TO K- N*+ 
(1670.1 (10.1 HEINEN 77HBC OK-PTOKOBARN*O 
(1677.1 (2.1 ROUGE 77 OMEG 0 PI-P 9,12 GEV/C 

BACKWARD PROCUCTION. PI-P--> CP PI-I PIQ. CONSISTENT WITH JP=5/2+ 
I 1110.1 120.1 EKELOF 78 SPEC + P HE--P PI PI HE 

H 2.5Kil680.1 13.1 FERRER 78 OMEG 0 PI-P 9,12 GEV/C 
H BACKWARD PRODUCTION. PI-P--> (P PI-I PI+ PI-
I 185(1664.) (15.1 FERRER 78 OMEG + PI-P q,12 GEV/C 
I BACKWARD PRODUCTION. PI- P --> ( P PI+ PI-I PI-.. JP=S/2- FAVORED. 

50(1714.1 125.1 GODDARD 78HBC + PI+PTOLAMKPI 
I 1670. I OTTER 78 HBC + K-P TO K- N .. 

FROM PARTIAl WAVE ANALYSIS OF P PI+ PI- SYSTEM. SHAPE OF 
5/2-0tDELTA PII WAVE IS COMPATIBLE WITH A BREIT-WIGNER. 

4101 16qo. I 16. I APHDOORN 7q HBC +- PBAR P 7.2 GEV/C 
6001 1688.1 I 1. I APELDOORN 80 HBC +- PBAR P 12 GEV/C 
7001163q.) 17.) FUKUNAGA 80 HBC + PI+P TO PI PIN 

20 N*l/2( 17001 WIDTH (MEV) I PROD. EXP. I 

170.01 (20-01 A-BORELLI 67 HBC 
(140.0) (57.01 AlMEIDA 68 HBC + 
155.0) ns.oJ GAllOWAY 68 H8C 

170.0) ns.oJ BARNES 69 H8C K-P TO K-P 2PI 
CLOS. 0 I (16.0) BENVENUTI 69 D8C 

11175 
1176 
1/76 
1176 

11175 
1/76 
1/76 
2171 
1178 
1/78 
1178 
1/78 
1178 

1/78 
3179 

3179 

3/79 
1178 
1/78 
1/78 

12179 
2/82* 
2182* 

9/69 
9/69 
8/69 
1170 
5/70 

190 1235. I 150.) RHODE 6q H8C PP 22 GEV/C . 10/69 

177 

505 
60 

80 

(130.1 
C66. I 

(102., 
(130.01 
(220. I 
163.01 

(152.01 
n2o. 1 

C57. I 
fl02.0) 
194.01 
170. J 

TO. TO 
H20. I 
(133.0) 
(168.01 
180.01 

( 128.) 
(60.1 

1157. J 
1120., 
134.) 
148. J 
187.1 

1140. J 
1188. I 
1133., 
1100. I 
1135. I 
1148.) 
Cl94. I 
1150. I 
1150. I 
(120.) 
190.1 

1130., 
12ao. I 

I 10. J 
( 26-1 
140.) 
130· OJ 

112.01 
(15.01 
150. I 
115. I 
(9.01 

120· 01 80/120 
120. I 
120-
140. I 
126-01 
(64.01 

APPRO X. 
14a. I 

140. I 
( 12·, 

I 14- J 
120. I 
120·1 

1112·) 
138. I 
110. I 
120-1 
I 16.1 
110. J 

(tao. J 
(70.1 
120.1 
130-1 

( 6. I 

ANDERSON 70 MMS - PI- P TO PI- MMS 
CIRBA 70 HBC . PI+ P AT 5 GEV/C 
COOPER 70 HBC + PI+P, 5· 5 GEV/C 
CRENNELL 70 HBC + 
KUZNETSOV 70 HLBC - PI-P, 4 GEV/C 
WILLMANN 10 HBC + 
AMALDI 71 SAS P P AT 24 GEV 
BALL AM 71 H8C +- Pt+-P AT 16GEV 
80ESEBEC 71 RVUE PP 1 PI-P,K-P PROD 
ELliS 71 CNTR MMS PP 3. 7 GEV/C 

•• 11 H8C + P P TO P N PI 
MORSE 71 HBC + PI-P 25 GEV/C 
MORSE 71 HBC +0 PI-P ' GEV/C 
RUSHBR00KE71 HBC + PP TO P2PI 16GEV 
EDELSTEIN 72 MMS + PP 6 TO 30 GEV 
KARSHON 12 OBC + PO--PD2PI 7 GEV 
LAMS A 72 HBC PI P 18.5 GEV/C 
OH 72 OBC a PI-N TO PI-Pl-P 
RON AT 72 HBC PI+P TO 3PI P 
•aE 74 + P+P->P+X.JCBN PK 
DAVIDSON 74 HBC + PI-P TO PI- OM P 
LICHTMAN 74 HBC + PI+P TO 3Pl P 
LICHTMAN 74 HBC + Pl-P TO 3PI p 

ATHERT02 75 HBC PBAR P 5. 7 GEV 
BRAUN I 75 HBC PBAR P 5. 7 GEV 
CAVALL t 75 SPEC + PP TO 2N*, W=23GV 
CAVALLI 75 SPEC + PP TO 2N*tW=31GV 
CAVALLI 75 SPEC + PP TO 2N*,W=53GV 
MUSGRAVE 75 HBC K+ P TO K PI N 
WEBB 75 ISR + P P TO P N• 
ATHERTON 76 HBC PBAR P 5. 7 GEV 
APPLE 77 SPEC +. P P TO P IP Pial 
APPLE 77 SPEC + P P TO P IN PI+) 
HEINEN 71 HBC + K-P TO K- N*+ 
HEINEN 77 HBC 0 K-P TO KOSAR N*O 
ROUGE 77 OMEG 0 PI-P 9,12 GEV/C 
EKELOF 78 SPEC + P HE--P PI PI HE 

H 2.5K 
1 185 

(121. 1 
1121.) 

(7.1 
123. I 

FERRER 78 OMEG 0 PI-P 9,12 GEV/C 
FERRER 78 OMEG + PI-P 9,12 GEV/C 

w 50 1208.) ISO. I GODDARD 78 HBC + PI+P TO LAM K PI 
W F 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
PB 
P9 
P10 
Pll 

R1 
R1 
R1 A 

"' "' ., 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 1 
R4 
R4 A 
R4 

410 
600 
700 
SEE 

nso.J 
(120.) 
1221.1 
196.) 

THE NOTES 

OTTER 78 HBC 
no. 1 APELOOORN 79 HBC 
Ct. I APELOOORN aa HBC 

120. I FUKUNAGA sa HBC 
ACCOMPANYING THE "'ASSES QUOTED 

+ K-P TO K- N*+ 
+- PBAR P 7. 2 GEV/C 
+- PBAR P 12 GEV/C 
+ Pt+P TO PI PI N 

20 N*1121 17001 PARTIAL DECAY MODES I PROD. EXP.I 

N*l/2117001 JIITO PI N 
N*1/21170a I INTO N PI PI 
N*l/211700) INTO N*3/2112321 PI 
N*l/2117001+ INTO NEUTRON PI+ 
N*1/2U7001+ INTO PROTON PI+ PI­
N*1/211700l+ INTO N*3/21l232)++ PJ­
N*l/211700) INTO N ETA 
N*l/2117001 INTO LAMBDA K 
N*l/2111001 INTO SIGMA K 
N*l/2(17001 INTO OMEGA PROTON 
N*1/2117001 INTO RHOO PROTON 

DECAY MASSES 
139+ 938 
''BB+ 139+ 139 

1232+ 139 
939+ 139 
938+ 139+ 139 

1232+ 139 
939+ 548 

1115+ 497 
1189+ 493 

782+ 938 
769+ 938 

20 N*112117001 BRANCHING RATIOS IPROD. EXP.J 

N*l/2117001 INTO (PI NJ/IPI N*3121123211 IP1111P31 
10.77) OR .. LESS LEE 67 HBC PI-P 3.6 GEV/C 
19.01 OR MORE BENVENUTI 69 OBC 

N*l/2117001 t~TO IN ETAJ/IN PI + N PI Pll CP11/CPl+P21 
(Q.02510R LESS KRAEMER 64 OBC + PI+O 1.2 
IO.a421GR LESS CL=.95 A-BORELLI 67 HBC + PBAR P 5. 7 BEV/C 

N*l/2(1700) INTO (LAMBDA KJIIP PI+ PI-I IP.BJIIP5J 
Ca.0341CR LESS ALEXANDER. 67 HBC + PP 5.5.BEV/C 
10.071 CR LESS Cl=.95 CIRBA 70 HBC PI+P AT 5 GEV/C 
10.011 BAKSAY 76 lSR + PP--N*P 

N*1120700J INTO !LAMBDA KJIIN PI+ N PI Ptl IPBJIIP1+P21 
ta.Ol310R LESS CL=.95 A-BORELLI 67 HBC + 

SEEN CHINOWSKY 68 HBC PP TO K+ Y N 
LIMITS 0.02 5 TO 0.11 BARNES 69 HBC K-P TO K-P 2PI 

25 0.025 0.005 CRENNEll 70 HBC + 
LESS THAN a.025 WILLMANN 70 HBC PI+P TO 3PI P 

25 SEEN. CCNS. WITH J=l/2 MORSE 11 HBC 0 PI-P 7 GEVIC 

2/71 
2/71 
2171 
1/71 
2171 
5170 

10171 
2172 
3172 

10/71 
10171 

3172 
3/72 
2172 
1/73 

12172 
12172 
2173 
2173 
4175 

10174 
4175 
4175 
2177 

11175 
1176 
1176 
1176 

11175 
1176 
2177 
1178 
1178 
1178 
1178 
1/78 
1178 
3/79 
3179 
3179 
1178 

12179 
2182• 
2/82* 

11/67 
5170 

9/69 

ll/67 
2171 
1178 

8/67 
6/68 
7170 
1171 
6170 
3172 

R5 
R5 
R5 

R6 
R6 

R7 
R7 
R7 
R7 
R7 AVG 

•• •• •• •• 
•• 1 

•• •• •• • •• •• •• •• c 
RB 

•• •• •• 
R8 AVG 

N*l/2117001 INTO fN PIJ/IN PI PII 1Pli/CP2J 
Cl.261 OR LESS Cl:.95 A-BORELLI 67 HBC 
0.025 0.13 CRENNEll 70 HBC 

N*11211700J INTO (N*3/211232J PIJ/(N PI Pit IP3JIIP2J 
NO EVICENCE A-BORELLI 67 HBC + 

SEE MERLO 66 FOR A REVIEW. 

N*l/2117001 INTO !NEUTRON PI+JIIP PI+ PI-I 
0.67 0.40 ALEXANDER 67 HBC 
0.47 0.25 A-BORELLI 67 HBC 

IP4JIIP5J 
+ PP 5. 5 BE VIC 

PBAR P 5.5 GEV/C 

0.53 0.21 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

N*l/21 1700 I INTO (N*3/2(12321++ PI-1/(P Pl+ PI-} CP6111P51 
o. 74 0.14 ALEXANDER 67 HBC + pp 5.5 BEV/C 
1.0 o. 3 ALMEIDA 68 HBC + PP 10 BEV/C 

co. 831 KAY AS 68 HBC pp 8.1 BEV/C 
LESS THAN 0.15 BARNES 69 HBC t<-P TO K-P 2Pl 

10.501 OR LESS CL=.95 CIRBA 70 HBC PI+P AT 5 GEV/C 
NO EVICENCE CRENNELL 70 HBC + 

12.31 ( 1.6) WI LUIANN 70 HBC PI+P TO 3Pl p 

11.01 OR MORE CL=. 95 BEKETDV 71 HBC + 0Eltl2321++ PI-
o. 75 a. 75 BOESEBEC 71 RVUE PPtPI-P,K-P PROD 
0.35 o. 20 RUSHBROOKE71 HBC + PP TO P2PI 16GEV 
0.65 0.15 lAM SA 72 HBC PI p 18.5 GEV/C 

(0.401 Bl08EL 75 HBC + PP TO PI PI+PI-PI 
0.3 0.1 HEINEN 77 HBC K-P TO K- N*+ 
0.42 o.o8 EKELOF 78 SPEC P HE--P PI PI HE 

0.471 0.078 AVERAGE tERROR INCLUDES SCALE FACTOR OF t.5J 

N*l/2(17001 INTO ISIG KJIILAMB Kl I P9JI(P8J 

8/67 
1171 

8/67 

11/67 
7110 

11/67 
9/66 

11/68 
7170 
2171 
1171 
6170 
3172 
3172 
2172 

12172 
1/78 
1178 
1178 

R9 
R9 LESS THAN Q. 20 COOPER 70 HBC + PI+P, 5.5 GEV/C 2171 

RlO 
RlO 

N*1/2117001 INTO IPI NI+/(OMEGA PROTONJ (Pl11CP101 
LESS THAN 0.36 (90 PCT Cll OAVnSON 74 HBC + PI-P TO PI- OM P 10174 

Rll 
Rll 

N*1/21170al INTO CRHOO PROTONIIIOMEGA PROTONI tPlliiiP101 
LESS THAN 0.12 190 PCT Cll DAVIDSON 74 HBC + PI-P TO PI- OM P 10/74 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

KRAEMER 64 PR 136 8496 

AlEXANDE 67 PR 154 1284 
A-BORELL 67 NC 47 232 
LEE 67 PR 159 1156 

ALMEIDA 68 PP 174 1638 
CHINOWSK 68 PR 165 1466 
GALlOWAY 68. Pl 278 250 
KAVAS 68 NP B5 169 

BARNES 69 PRL 23 1516 
BENVENUT 69 PR 187 1852 
RHODE 69 PR 187 1844 

ANDERSON 70 PRL 25.699 
CIRBA 70 NP 823,533 
COOPER 70 NP B23,605 
CRENNEll 70 PRL 25 187 
KUZNETSOV70 SJNP 10~332 
WILLMANN 70 PRL 24 1260 

AMALDI 
BALL AM 
BEKETOV 
BOESEBEC 
Ell IS 

"' MORSE 
RUSHBROO 

EOELSTE I 
JOHNSTAO 
KARSHON 
LAMS A 
OH 
RON AT 

71 Pl 348 435 
71 PR 04 1946 
71 SJNP 13 605 
11 NP 833 445 
71 PRl 27 442 
11 PRL 26 333 
11 PR 04 133 
71 PR 04 3273 

72 PR 05 1Cl3 
72 NP 842 588 
72 NP B37 371 
72 NP 837 364 
12 PL 428 497 
72 NP 838 20 

ABE 74 Pl 538 114 
DA.VIDSON 74 PRL 32 1:!55 
liCHHIAN 74 NP B81 31 

ATHERT02 75 NC 30A 505 
8LOBEl 75 NP 897 201 
BRAUN! 75 NP 895 481 
CAVAlli 75 LNC 14 353 

ALSO 75 LNC H 345+359 
MUSGRAVE 75 NP 887 365 
STRACHMA 75 NP 898 120 
WEBB 75 Pl 558 331 

ALSO 75 Pl 558 336 

ATHERTON 76 NP 8103 381 
8AKSAY 76 Pl 618 405 

APPLE 
HEINEN 
ROUGE 

77 LNC 18 1H 
77 NP B122 443 
77 PL 698 ll5 

EKELOF 78 NP B132 212 
FERRER 78 NP Bl42 77 
GODDARD 78 NP B 134 49 

ALSO 78 NP 8138 265 
OTTER 78 NP 8139 365 
APELDOOR 79 NP 8156 111 
APELOOOR 80 NP 8169 365 
FUKUNAGA 80 NC 58A 199 

MERLO 66 P ROY SOC 289 489 
LIS SAUER 72 PRO 6 1852 
ANTIPOV 75 NP B99 189 
LEONICKY 75 Pl 58B 89 
CARNEY 76 NP 8110 248 
DEKERRET 76 PL 638 477,483 
RUSHBROO 76 PRO 13 1835 
SOTIRIOU 76 NP B1a7 457 
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THIS RESONANCE IS WELL ESTABLISHED. 

14 N*1/2Cl7101 MASS IMEVI 

(1751.01 
c 1640.01 (70.0) 
11700.01 
11645. OJ 

FROM ENER. OEP. FIT OF 
{1770.01 
c 1809.01 
C 1685 .. 0 lORI 1740.01 

OONNACH1 
OR ITO 
ORIT02 
AYEO 

ARGAND 01 AGRAM 
DAVIES 
SCHORSCH 
WAGNER 

THERE ARE 3 SIMILAR SOLUTIONS 

68 RVUE 
69 RVUE 
69 CNTR 
70 IPWA 

70 RVUE 
70 OPWA 
71 I PWA 

I 1120.1 . ALMEHEO 72 IP\o!A 

PHASE-SHIFT. ANU 
K LAMBDA f'S ANAL 
K LAM PHOTOPRO 

P-S ANAL SOL A 
K LAM PHOTOPRO. 
PI-P TO K LAMS 

C 1726.1 HICKS 73 JIIPWA GAM P-ET A P 
ONL"Y STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS. 
M AND W ARE FROM SOLUTION C2tBRcSQRTlGIIW WITH G FROM TABLE VII. 

I 1780.1 LANGBEIN 73 IPWA PI N-K StG,SOL 1 
I 1780.1 . LANGBEIN 73 tPWA PI N-K StG.SOL 2 

OEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA Of 
WINNIK17 AROUND 1920 MEV. 

I 1670.1 KNASEL 75 OPWA 0 PI- P T1 KO LA .... 
1730. OR 1110. LONGACRE 75 IPWA Pt N TO 2P1 N 

THE 2 SETS Of PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGA~Q.E 75. 
C 1730.1 AYED 76 IPWA 
I 1625.1 110.1 BAKER 77 tPWA 0 PI- P TO K LAM. 
I 1650. I BAKER 77 DPWA 0 Pt- P TCl K LAM. 

THE TWO ENTRIES fOR BAKER 77 ARE FOR AN IPWA USING THE BARFi.ELET 
ZERO METHOD .INC A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

I 1120. I LONGACRE 77 IPWA PI N TO 2PI ·N 
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS S1 AND C1. 

1650. TO 1680. SAKER 78 OPWA 
I 1121.1 BARBOUR 7B OPWA 
I 1690. I .SAKER 79 OPWo\ 
( 1110.1 (60.1 CUTKOSKY 79 IPWA 

1723. 9. HOEHLER 79 I PWA 
( 169Z. 0 I CRAWFORD 80 OPWA 

1100. ..• 50. CUTKOSKY 80 IPWA 
( 1695.1 liVANOS 80 OPWA 
( 1730.1 SAXON 80 OPWA . . . . . . 

0 PI- P TO K LAM 
PI-N PHOTOPR.bO. 

0 PI- P TO ETA N 
PINTO PI-N 
PI N TO PI N 
Pt. N PHOTOPROO. 
PI N TO PI N 
PI P TO K SIGMA 

0 .PI- P TO K L!'M 

AVERAGE MEANINGLESS CSCALE FACTOR :c 1.01 

----- ----- ----- ------- ------ ----- ------ --------
14 N*1/2 I 17101 WIDTH IMEVI 

(327 .. 01 DONNACH1 68 RVUE 
(310.01 150.01 OR ITO 69 RVUE 

w (210.01 ORIT02 69 CNTR K lAM PHOTOPRO 
w 150.01 AYED 70 IPWA 
w 1445. 0) DAVIES 70 RVUE SOL A 
w 1280.01 SCHORSCH 70 OPWA K LAH PHOTOPRO. 
w A 1160.0 IORI220.01 WAGNER 71 IPWA PI-P TO K LAMB 
w 7 (160. J ALMEHED 72 IPWA 
w 2 (203.1 HICKS 73 MPWA GAM p..:EfA P 

F (130.1 LANGSE IN 73 I PWA PI N-K SIG,SOL 1 
F 1130.1 LANGBEIN 73 IPWA PI N-K SIGoSOL 2 

(174.1 KNASEL 75 OPWA 0 PI- P TO KO lAM 
1165.1 OR (75.1 LONGACRE 75 IPWA PINT02PI N 
(164.1 AYED 76 I PWA 
H60. I ( 6.} BAKER 71 IPWA PI- P TO K LAM. 

195.1 SAKER 77 OPWA PI- P TO K LAM. 
U20.1 LONGACRE 77 IPWA PI N TO 2PI N 

90. TO 150. BAKER 78 DPWA 0 PI- P TO K LAM 
1167. I BARBOUR . 78 OPWA PI-N PHOTOPROD. 
197.1 BAKER 79 DPWA· 0 Pt- P TO ETA N-

noo. • 150.1 CUTKOSKY 79 IPWA PI N TO PI N 
120. 15. HOEHlER 79 IPWA PI N TO PI N 

{200.01 CRAWFORD 80 DPWA PI N PHOTOPROO. 
90. 30. CUTKOSKY 80 IPHA PI N TO PI N 

(253. I LIVANOS 80 OPWA PI P TO K SlGMA 
1550.1 SAXON 80 DPWA 0 PI- P TO K LAM 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

8/69 
8/69 

10/71 
1171 

8/69 
10/71 

1171 

2112 
9/73 
9/73 
9/73 
9/73 
9/13 
1/78 
1178 

11/75 
11175 
11175 
11/77 

1178 
1/78 
1/78 
1/78 

11/77 
11/77 
11/77 
3/79 
3/79 

12/79 
12/79 
12/79 
12/81• 
1/82* 
1/82* 

12/79 

8/69 
8/69 

10/71 
1/71 
8/69 

10/71 
1171 
2/72 
9/13 
9/73 
9/73 

11/75 
11175 
11/77 

1178 
1178 

11171 
3/79 
3179 

12179 
12179' 
12/79 
12/81* 
1/82• 
1/82* 

12/79 

14 N*l/2117101 REAL PART OF POLE POSITION IMEVI 11/75 

RE 
RE 8 
RE 
RE 

1" 
IM 8 
IM 
1" 

( 1708 .. 1 
1720. OR 1111. 

( 1692.1 
1690. 20. 

LONGACRE 75 IPWA 
LONGACRE 17 I PWA 
CUTKOSKY 79 1 PWA 
CUT KOSKY 80 I PWA 

PI N TO 2Pl 
PI N TO 2PI 
PI N TO PI N 
PI N TO PI N 

14 N*1/2117101 -2*1MAG PART OF POLE POSITION IMEVI 

I 11.1 
123. OR 115. 
(88.1 
80. 20. 

LONGACRE 75 IPWA 
LONGACRE 71 1 PWA 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 I PWA 

PINT02PIN 
PI N TO 2PI N 
PINTO PIN 
PINTOPIN 

11/75 
11/77 
12/79 
1/82• 

11/75' 

11175 
11/77 
12/79 
1/82• 
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Data Card Listings 
For notation, see key at front of Listings. 

RER 
RER 

1MR 
IMR 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
PU 
Pl2 

R1 
Rl 
R1 
R1 
R1 
R1 
Rl 
R1 
R1 
R1 

14 N*l/2117101 REAL PART OF ELASTIC POLE RESIDUE IMEVI 

1-9., 
-8. 2. 

CUTKOSKY 79 IPWA 
CUTKDSKY 80 1 PWA 

PI N TO PI N 
PI N TO PI N 

14 N•l/2117101 tMAG PART OF ELASTtC POLE RESIDUE IMEVI 

(0.11 
1. 5. 

CUTKOSKY 79 t PWA 
CUTKOSKY 80 I PWA 

14 N•1121 1_7101 PARTIAL DECAY MODES 

N*l/2117101 INTO PIN 
N*1/211710l INTO LAMBDA K 
N*l/2117101 INTO N ETA 
N*ll2f1110l INTO GAM P, HELICITY:1J2 
N*1/2fl7101 -INTO GAM N1 HEUCITY=1/2 
N*l/21 17101 INTO N PI PI 
N*1/2fl7101 INTO N EPSILON 
N*1/2111101 INTO N RHO 
N*1/2(1710I INTO K SIGMA 
N*1/2tl7101 INTO N*3/2112321 PI 
N•112117101 INTO N RH0 1 S=1/2,P-WAVE 
N*ll2tl710l INTO N RHO.S=3/2,P-WAVE 

14 N*l/2( 17101 BRANCHING RATIOS 

N*l/207101 INTO (PI Nl/TOTAL 
(0. 321 DONNACH1 68 RVUE 
10.1491 AYED 70 I PWA 
(0.431 DAVIES 70 RVUE 
(0.21 ALMEHEO 72 IPWA 
(0.171 AYED 76 1 PWA 
I0.1c:ll (0.051 CUTKOSKY 79 I PWA 
0.12 o. 04 HOEHLER 79 I·PWA 
0.20 0.04 CUTKOSKY 80 i PWA 

PINTO PIN 
PI N TO PI N 

DECAY MASSES 
139+ 938 

11 15+ 497 
939+ 548 

0+ 938 
0+ 939 

938+ 139+ 139 
938+1300 
938+ 769 
493+1189 

- 1232+ 139 
938+ 769 
938+ 769 

I Pll 

SOL A 

P1 N TO PI 
P1 N TO PI 
P1 N TO PI 

12/79 
1/82• 

12/79 
1/82* 

8/69 
1/71 
8/69 
2172 

11/77 
12/79 
12/79 
1/82* 

R1 AVERAGE MEANINGLESS I SCALE FACTOR : 1.41 

R2 
R2 
R2 A 
R2 
R2 
R2 0 
R2 E 
R2 9 
R2 9 
R2 9 
R2 t 
R2 C 

R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 

R5 
R5 
R5 
R5 

•• ,. 
R7 
R7 
R7 
R7 
R7 
R7 

RB 

" RB 

R9 
R9 
R9 

R10 

8 

8 

R10 8 

Rll 
RU 
Rll 8 

R 12 
Rl2 
Rl2 
Rl2 
R12 
Rl2 

K 

K 

K 

N•1/2117101 FROM PI N TO K LAMBDA SQRTIP1*P21 
10.061 10.031 '< ORITO 69 RVUE 
I0.1610R 0.21 WAGNER 11 PI-P TO K LAMB 
-0.150 0.038 OEVENISH 74 0 FIXED T.DISP REL 
(0.101 KNASEL 75 DPWA 0 PI- P TO KO LAM 

1;-0.051 (0.031 BAKER 7.7 IPWA O.PI- P TO K LAM. 
f-0 .. 101 BAKER 77 OPWA 0 PI- P TO K LAM. 
(-0.121 BAKER 78 DPWA 0 PI- P TO K lAM 

THE IUNOETERMINEDI OVERALL PHASE OF All COUPLINGS FROM 8AKER76 
HAS BEEN CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. 

(+0.141 SAXON 80 DPWA 0 PI-P TO K lAM 
SUPERSEDES SAKER 78. 

N*ll2tl7101 INTO (LAMBDA K1/TOTAL IP21 
10.003110 0.065 RUSH 68 MPWA T POLE + RESON .. 

PARAMETR 1 ZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N*l/2(17101 IHO IN ETAI!TOTAL C P31 
(0.191 SOTKE 6c:l PIIPWA 
(0.091 10.05) DEANS 69 MPWA 
IO.Ol510R 0.035 CARRERAS 76 MPWA 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE 

T POLE + RESON. 
T POLE + RESON. 
T POLE + RESON. 

COUNTING 

4175 
4/75 
4/75 
4175 

11/75 
.1178 
1/78 
3/79 
3/79 
3/79 

12/79 
12/79 

8/6c:l 

10/69 
5/70 
5/70 

N*1/2111101 FRGM GAMMA PROTON TO K LAMBDA SQRHP2*P41 9/73 
10.00271 ORIT02 69 CNTR 
(0.00881 SCHORSCH 70 OPWA 
( O. 0 10~ 1 DEANS 72 MPWA 

N*1/2C1110l FROM GAMMA PROTON TO ETA PROTON 
(0.00751 HICKS 73 MPWA 

K lAM "PHOTOPRO 10/71 
-K LAM PHOTOPRO. 10/71 

GAM P-K L~oSOL 0 9/73 

SQRTI P3•P41 
GAM P-ETA P 

' 9173 
9173 

N*l/207101 FROM PI N TO K 
(0.111 

SIGMA SQRTIP1*P91 c:l/73 
LANGBEIN 73 IPWA PI N-K SIG,SOL 1 9/73 

(0.141 LANGBEIN 13 IPWA PI N-K SIG,SOL 2 9/13 
(0.075110 0.203 DEANS 75 DPWA PI N TO K SIGMA 11/75 

RANGE GIVEN IS FROM FOUR 
1-0.0341 

BEST SOLUTIONS.. 11/75 
UVANOS 80 ·OPWA PI P TO K SIGMA 1182* 

N*l/2117101 FROM PI·N TO N•312112321 P1 SQRTI Pl*P101 11/75 
I0.1310R -0.20 . LONGACRE 75 IPWA PI N TO 2PI 11175 

1+0.171 LONGACRE 77 IPWA PI" N TO 2Pl 11/77 

N*1/2117101 FROM PI N TO N RHQ,S::1J2,P-WAVE SQRTIPl•Plll 11/75 
1+0.3210R +0.20 LONGACRE 75 JPWA PI N TO 2Pt 11/75 
C-0 .. 191 LONGACRE · 77 IPWA P.I N TO 2PI 11/77 

N•1/2117101 FROM PIN TON RHO,S::3/2,P-WAVE SQRT(P1•Pl21 11/77 
(-0. 311 LONGACRE 77 IPWA PINT02PIN 11/77-

N*l/211710) FROM PI N TO N EPSILON SQRH P1*P71 11175 
I+O.l810R +0.28 LONGACRE 75 IPWA PI ·N TO 2PI 11/75 
(+0.261 LONGACRE 77 IPWA PI N TO 2PI 11/77 

N*1/2117101 FROM PI N TO ETA N SQRTI P1*P31 11175 
I+0.3821TO +0.383 FEL TESSE 75 OPWA 0 1488 TO 1745 MEV 11175 

USES M AND W OF AYEO 76. NOTE THAT THIS GIVES A BRANCHING 1.1/77 
RATto TO ETA N OF. ABOUT 80 PCT, IN STPONG DISAGREEMENT HITH 11/75 
EARLIER EXPERIMENTS. 11/75 

co. 221 BAKER 79 OPWA 0 PI- P TO ETA N 12/79 

14 N*l/21 17l01 PHOTON DECAY AMPLIGEV•*-1/21 

FOR OEFINITICN OF GAMMA-NUCLEON DECAY AMPliTUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 N*1/2117101 I~TO GAM P, HELICITY:lf2 IGEV .. -1/21 
A1 0.022 0.057 OEVENISH 73 OPWA PI N PHOTOPROD. 2174 
A1 +0. 026 o. 028 MOORHOUS 73 DPWA P1 N P.HOTOPROO. 2113 
A1 -0.014 0.021 OEVENIS2 74 OPWA PI "' PHOTOPROO. 4/75 
AI 0.022 o. 015 KNlfS 74 OPWA P1 N PHOTOORQD. 2174 
A1 -0.068 0.024 METCALF 74 OPWA P1 N PHOTOPROO. 2/74 
A1 0.016 0.025 MOORHOUS 74 OPWA P1 N PHOTOPROO. 2/74 
A1 +0.062 0.007 CRAWFORD 75 OPWA PI N PHOTOPROO. 1176 
AI ( +0.0051 BARBOUR 76 DPWA P1 N PHOTOPROO. 1/76 
A1 +0.053 o. 019 FELLER 76 OPWA P1 N PHOTOPROO. 2/77 
AI +0.001 o. 039 BARBOUR 78 OPWA PI-N PHOTOPROO. 3/79 
A1 SUPERSEDE~ BARBOUR 76. 3179 
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Al -a. oo9 o. 006 ARAI 80 OPWA Pl N PHOTO FIT 1 
Al -0.012 0.005 ARAI 80 OPWA Pl N PHOTO FIT 2 
Al 0.015 0.025 CRAWFORD 80 OPWA PI N PHOTOPRQQ. 
Al 
Al AVERAGE MEANINGLESS C SCALE HCTOR c 3.41 

02 N*l/2(11101 INTO GAM N, HEliCITV=l/2 tGEV••-1121 
A2 -0~028 0.067 DEVENISH l3 DPWA PI N PHOTDPROO. 
A2 +0.027 o. 022 MOORHOUS 73 OPWA PI N PHOTOPROD. 
A2 -o. o6o 0.061 DEVENIS2 74 OPWA PI N PHOTOPROQ. 
A2 o. 027 0.015 KNIES 14 DPWA PI N PHOTOPROO. 
A2 O.Qit8 0.045 METCALF 74 OPWA PI N PHOTOPROO. 
A2 o. 057 0.022 MOORHOUS 74 OPWA PI N PHOTOPROO. 
A2 -0.020 0.016 CRAWFORD 75 DPWA PI N PHOTOPROO. 
A2 t-0.0101 BARBOUR 76 DPWA PI N PHOTOPROO. 
A2 -o. oze 0.045 BARBOUR 78 DPWA PI-N PHOTOPROO. 
A2 o.oos 0.013 ARAI 80 OPWA PI N PHOTO FIT 1 
A2 a. on 0.021 ARAl 80 OPWA PI N PHOTO FIT 2 
A2 ~o.on 0.020 CRAWFORD 80 OPWA PI N PHOTOPROD. 
A2 -0.001 o.OD3 FUJII 81 DPWA PI N PHOTOPROO. 
A2 
A2 AVERAGE MEANINGLESS (SCALE FACTOR IC 1.4) 

..................................................................... 
OCJ.INACH1 68 Pl 268 161 

ALSO 68 VIENNA 1'39 
ALSO 68 THESIS 

RUSH 68 PR 173 1716 

ROTKE 
DEANS 
ORI TO 
ORIT02 

69 pp 180 1411 
69 PR 185 11CJ7 
69 LNC 1 93f: 
69 INS J 113 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP B21 359 
SCHORSCH 70 NP 825 119 

WAGNER 11 ~p B25 411 

ALMEHEO 72 NP B40 157 
DEANS 72 PRO 6 1906 

OEVENISH 73 Pl 47B 53 
HICKS 13 PRO 1 2614 
LANG8EI N 73 NP B53 251 
MOORHOUS 13 Pl 438 44 

DEVENISH 74 NP 881 330 
DEVENIS2 74 Pl 528 227 
KNIES H PRO 9 2680 
METCALF 74 NP 876 253 
1400RHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
FEL TESS E 75 NP B93 242 
KNASEL 75 PRO 11 l 
LONGACRE 75 Pl 558 415 

ALSO 78 PRO 11 1795 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FELLER 76 NP 8104 219 
BAKER 11 NP 8126 ~65 
LONGACRE 77 NP B122 493 

ALSO 76 NP BlOB 365 

SAKER 78 NP 8141 29 
BARBOUR 78 NP Blltl 253 

BAKER 79 NP B 156 93 
CUTKOSKY 79 PRO 20 2839 

REFERENCES FOR N*1/2117101 

A OONNACH1E 1 R G KJRSOPP, C LOVELACE ICERNIIJP 
OONNACHIE RAPPORTEUR. S TALK (GLASJ 
R G KIRSDPP ( EOJN) 
J E RUSH fUNIV ALABA"'A» 

J C BOTKE 
S DEANS, J WOOTEN 
S ORtTO,S SASAKI 
S ORITO CTHESISJ 

R AYEQ,p BAREYRE, G VlllET 
8 CARRERAS, A DONNACHIE 
A DAVIES 
+TI ETGE ,WE ILNBDECK 

F WAGNER, C LOVELACE 

IUCSBJ 
IUNIV S FLORIDAJ 

(TQKYD-OSAKAJ 
ITOKYOJ 

(SACUIJP 
IDARE,MCHSJ 

IGLAS) 
P.1PIMI 

ICERNI 

+LOVELACE ILUND,RUTGUJP 
OEANS,JACOBS, LYONS,MONTGOMERY ISOUTH FLA.IIJP 

DEV EN I SH,RANK 1 N, l YTH (LOUC+BONN+LANC 1 I JP 
+OEANS,JACOBS,LYONS+ ICARN+ORNL+SOUTH FLA.JIJP 
LANGBEIN,WAGNER IMUNICHUJP 
MOORHOUSE, OBERLACK IGLAS+LBU IJP 

OEV ENI SH,FROGGA TT, MART I NIOESY ,NORD ITA, LOUC I 
DEV ENI SH,l YTH, RANKIN ( OESY iLANC, BONN) I JP 
KNIES, MOORHOUSE.OB ERLACK C LBL, GLASI I JP 
W J METCALF,R l WALKER ICITIJJP 
MOORHOUSE, OBERL ACK tROS ENFELO I GLAS +LBL) I JP 

R L CRAWFORD I GLAS ti JP 
+MIT CHEll, MONTGOMERY,+ ISFLA, ALA8AMAII JP 
+AYEO, BAREYREo BORGEAUDo CAVJO, ERNWEIN+f SACU I JP 
+Ll NO QUIST, NELSON+ I CHI C,WUSL, OSU, ANl) I JP 
+ROSENFELOtLAS IN SKI, SMAOJA+ ILBL, SLACJ I JP 
LONGACRE, LAS INSK I, ROSENFELD+ I LBlt SLAC I 

AYED ITHESISJ ISACLHJP 
t. M. BARBOUP,R. L. CPAWFORO IGLASJlJP 
+FUKUSHIMA, HOR I KAWA, KAJ IKAWA+INAGOYA+OSAKAJ I JP 
+Bll SSET, BLOODWORTH, BROOME, HART+ I RHELJ I JP 
LONGACRE,OOLBEAU ISACUIJP 
DOL BEAU, TR I ANTI So NEVEU, CAD I ET I SACLJ I JP 

+BL I SSEl ,BLOODWORTH, BROOME+ 
BAR SOUR, CRA WFORQ, PAR SONS 

IRL+CAMBJIJP 
IGLASJ 

HOEHLER 79 HANDBOOK OF PI-N 

+BROWNoCLARK, DAVIES, OEPAGT ER, EVANS+ I RHELJ I JP 
+FORSYTH,HENDR 1 CK, KELLY I CARN+LBL I IJP 

SCATTERING, PHYSIK OATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

ARAI 80 TORONTO CONF 
CRAWFORD 80 TOQ.ONTO CONF 
CUTKOSKY 80 TORONTO CONF 
l IVA NOS 80 TOQ.ONTO CONF 
SAXON 80 NP 8162 522 
FUJI I 81 NP 8187 53 

DEANS 69 PR 117 2623 
D~NACHI 69 NP 108 433 
AYED 70 Pl 318 598 
WINNIK 77 NP 8128 66 

93 t. ARAI (TOKYJ 
107 R.L.CRAWFORO IGLASI 
19 +FORSYTH, BABCOCK,KEll Y, HEN ORICK I CARN+LBLJ I JP 
35 +BATON,COUTURES,KOCHOWSKI,NEVEU I SACLJIJP 

+BAKER, BELL, BLISSETT, BLOODWORTH+ (RHEl +BR I SJ J JP 
FIJJ tl, HAYA SHJl, IWATA, KAJIKAWA+ fTOK VI 

PAPERS NOT REFERRED TO IN DATA CARDS 

S R DEANS 
A DONNACHI E, R ·K IR SOPP 
+BAREYRE+VI LLET 
+TOAFF, REVE L,GOLOBERG, 8 ERNY 

IUNJV S FLORIDA) 
IGLAS+EDINJ 

ISACLAY) 
(HAlF II ..................................................................... ...... ......... ......... ......... .......... .......... ............ ........ . 

IN(1720)1 15 N*l/211120, JP=3/2+1 Jc1/2 

THIS RESONANCE IS WEll ESTABliSHED. 

15 N*1/211720J MASS IMEVI 

I 1860.01 OONNACH1 68 RVUE PHASE-SHIFT ANAL 
{ 1860.01 APPROX LEA 69 CNTR PI-P ELASTIC 

SEE ALSO APLIN 7l 
I 1766.01 AYED 70 IPWA 

FROM ENER. DEP. FIT OF ARGANO DIAGRAM 
11844.01 DAVIES 70 RVUE P-S ANAL SOL A 

A I 1800.01 WAGNER 71 IPWA PI-P TO K LAMB 
A P13 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOLUTIONS 
7 ( 1850.1 ALMEHED 72 IPWA 

1 11833. I HICKS 73 MPWA GAM P-ET A P 
1 ONL V STATES FROM TABLE VI I OF HICKS73 ARE INCLUDED IN LISTINGS. 
1 M AND W ARE FROM SOLUTION C2,8R:::SQRTIGIIW WITH G FROM TABLE VII. 

11850. J KNASEL 75 OPWA 0 PI- P TO KO LAM 
1695. OR 1720. LONGACRE 75 IPWA PI N TO 2PI N 

THE Z SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 

12/Bl• 
12181* 
12/81* 

2/71t 
2173 
4/75 
2/74 
2174 
2174 
1176 
1/76 
3/79 

12/81• 
12/81• 
12/81* 
12/81• 

6/68 
8/69 

1/71 

8/69 
1171 

2172 
9/73 
9173 
9/73 

11175 
11/75 
11175 

Baryons 
N(1710), N(1720) 

11696.1 AYEO 76 IPWA 
1164-0.1 110.1 BAKER 77 IPWA 0 PI- P TO K LAM. 
C 1710. I BAKER 11 OPWA 0 PI- P TO K LAM. 

THE TWO ENTRIES FOR -BAKER 71 ARE FOR AN IPWA USING THE BARRELET 
ZERO METHOD ~NO A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

11750. I LONGACRE 11 IPWA PI N TO 2PI N 
All LONGACRE77 PARAMETERS ARE FRO"! SOLUTION 52, EXCEPT FOR THE POLE 
POSITION \IIHICH IS FROM SOLUTIONS S1 AND C1. 

1710. TO 1190. BAKER 78 OPWA 
11809. J BARBOUR 78 OPWA 
11140. I teO.) CUTKDSKY 79 IPWA 

1110. 20. HOEHLER 79 IPWA 
f 1785.01 CRAWFORD 80 OPWA 

1100. 50. CUTKOSKY 80 IPWA 
{ 1690. I SAXON 80 OPWA 

AVERAGE MEANINGLESS I SCALE FACTOR e 1.01 

0 PI- P ·TO K LAM 
PI-N PHOTOPROO. 
PI N TO PI N 
PI N TO PI N 
PI N PHOTOPROD. 
Pl N TO PI N 

0 PI- P TO K LAM 

-------- ------ ------- ------- ----- ------ ------
15 N•1121 11201 WIDTH tMEVJ 

3 1296. OOJ OONNACH1 68 RVUE 
6 (182.01 AYEO 70 I PWA 
4 1449.D1 DAVIES 70 RVUE SOL A 
4 SOL B GIVES 307 MEV 
A 122D.OI WAGNER 11 IPWA PI-P TO K LAMB 
7 (300.) ALMEHED 72 IPWA 

1 (250.1 HICKS 73 MPWA GAM P-ETA P 
{327.1 KNASEL 75 OPWA 0 PI- P TO KD LAM 
115. OR 150. LONGACRE 75 IPWA PI N TO 2PI N 

(111.1 AYEO 76 IPWA 
(200 •• 150. I BAKER 11 IPWA 0 PI- P TO K LAM. 
1500.1 BAKER 17 OPWA 0 PI- P TO K LAM. 
(130., LONGACRE 11 IP!IIA PI N TO 2PI N 
300. TO 4DD. BAKER 18 OPWA 0 PI- P TO K LAM 

1285.1 BARBOUR 78 DPWA PI-N PHOTOPRQO. 
{447.1 BAKER 79 OPWA 0 PI- P TO ETA N 
1210.) 180.1 CUT KOSKY 79 I PWA PI N TO PI N 
190. 30. HOEHLER 79 IPWA PI N TO PI N 

1308.01 CRAWFORD 80 OPWA PI N PHOTOPROO. 
125. 70. CUTKOSKY 80 1 PWA PI N TO PI N 

1120.) SAXON 80 OPWA 0 PI- P TO K LAM 

AVERAGE MEANINGLESS (SCALE FACTOR c 1.01 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

---- ---- ----- ------- ---- ----- ------ -------
15 N*l/2117201 REAL PART OF POLE POSITION IMEVJ 

RE ( 1716.1 LONGACRE 75 IPWA PI N TO 2PI N 
RE 8 1745. OR 1748. LONGACRE 17 IPWA PI N TO 2PI N 
RE 11102.1 CUTKOSKY 79 IPWA PI N TO PI N 
RE 1680. 30. CUTKDSKY 80 IP!IIA PI N TO PI N 

------- ------ ----- ------- ----- ----- -------

IM 
IM 
1M 
IM 

RER 
RER 

IMI> 
IMR 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PlO 
Pll 
Pl2 
Pl3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 

R3 
R3 

"' R3 
R3 

8 

15 N*l/2117201 -2*IMAG PART OF POLE POSITION (MEV I 

1124., LONGACRE 75 IPWA PI N TO 2P1 N 
135. OR 123. LONGACRE 17 IPWA PI N TO 2PI N 

{158.1 CUTKOSKY 79 JPhA PI N TO PI N 
120. 40. CUTKOSKY 80 IPWA PI N TO PI N 

15 N*l/2(17201 REAL PART OF ELASTIC POLE RESIDUE IMEVI 

1-6., 
-a. z. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PI N TO PI N 
PI N TO PI N 

15 N•l/2117201 IMAG PART OF ELASTIC POLE RESIDUE IMEVJ 

1-8., CUTKOSKY 79 IPWA 
-3. 4. CUTKOSKY 80 IPWA 

15 N•112117201 PARTIAL DECAY MODES 

N*l/207201 INTO PI N 
N*112fl720) INTO LAMBDA K 
N*l/2117201 I~lO N ETA 
N*1/2117201 INTO N PI PI 
N*1/2117201 INTO GAM PoHEliCITY .. 312 
N*112117201 tfiiTO GAM P1 HELICITY=1/2 
N*li2U7201 INTO GAM N,HELICITY=312 
N*1/211120J INTO GAM NoHELICITYcl/2 
N*l/2Cl72DI INTO SIGMA K 
N*l/2(17201 INTO N RHQ,Sc1/2,P-WAVE 
N*1/2(17201 INTO N RHO,S=3/2,P-WAVE 
N*1/2117201 INTO N*3121 12321 PI,P-WAVE 
N*112117201 INTO N EPSILON 

15 N*11211120J BRANCHING RATIOS 

N•112U7201 It.. TO (PI NIITOTAl 
(0.211 OONNACH1 68 RVUE 
(0.1491 AYED 10 IPWA 
10.401 DAVIES 10 RVUE 
co. 251 ALMEHED 12 1 PWA 
(0.141 AYED 76 IPWA 
IO.lCil 1 o.ost CUTKOSKY 79 I PWA 
0.14 0.03 HOEHLER 79 IPWA 
0.10 0.04 CUTKOSKY 80 1 PWA 

PI N TO PI N 
PI N TO Pl N 

DECAY MASSES 
139+ 938 

1115+ 497 
939+ 548 
c;38+ 139+ 139 

0+ 938 
0+ 938 
O+ 939 
O+ 939 

493+1189 
Ci38+ 769 
c;38+ 769 

1232+ 139 
c;38+1300 

I Pll 

SOL A 

PI N TO PI 
PI N TO PI 
PI N TO PI 

N 
N ,.. 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.0 J 

N*11211720J INTO (LAMBDA KIITOTAL IP21 
(0.0141TO 0.16 RUSH 68 MPWA T POLE + RESON. 

PARAMETRIZATION USED COUlD BE IN DANGER OF DOUBLE COUNTING 

N*l/207201 INTO (N ETAI/TOTAL 
(0.0364} BOTKE 69 MPWA 
10.0031 10.0031 DEANS 69 MPWA 
C0.03QJOR 0.094 CARRERAS 70 MP\oiA 

(P31 
T POLE + 
T POLE + 
T POLE + 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

RESON. 
RESON. 
RESON. 

11/17 
1/78 
1178 
1/18 
1178 

11/17 
11177 
11111 
3179 
3179 

12/79 
12179 
12/81* 
1/82• 

12/79 

8/69 
1/71 
8169 
2173 
1/71 
2/72 
9/13 

11/75 
11175 
11177 

1118 
1178 

11177 
3179 
3/19 

12/79 
12/79 
12/79 
12181* 
1/82* 

12/19 

11/75 

11/75 
11177 
12179 
1/82• 

11175 

11/75 
11177 
12179 
1/82• 

12/79 
1182• 

12179 
1/82* 

8169 
1/71 
8/69 
2172 

11/77 
12119 
12/79 
1/82• 

8/69 

10/69 
'5170 
5/70 



Baryons 
N(l720), N(l990) 

R4 

•• A 
R4 
R4 
R4 0 
R4 E 
R4 9 
R4 9 
R4 9 
R4 c 
R4 c 

N*l/2117201 FRCM PI N TO K LAMBDA SQRT(Pl*P21' 
(0.121 WAGNER 11 IPWA PI- P TO K LAMB 
-0.067 0.033 OEVENISH 74 0 FIXED T OISP REL 
10.131 KNASEl 75 OPWA 0 PI- P TO KO LAM 

1-0.06) I O. 021 BAKER 77 I PWA 0 PI- P TO K LAM. 
(-0.091 BAKER 17 OPWA 0 PI- P TO K (AM. 
1-0.091 BAKER 78 OPWA 0 PI- P TO K LAM 

THE I UNDETERMINED I OVERALL PHASE OF ALL COUPLINGS FROM BAKER78 
HAS BEEN CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. 

1-0.111 SAXON 60 OPWA 0 PI- P TO K LAM 
SUPERSEDES BAKER 78. 

4175 
4/75 

~ 4175 
11/75 

1178 
ina 
3179 
3179 
3/79 

12179 
12179' 

R5 N*l/2117201 FROM GAMMA PROTON TO K LAMBDA SQRTIIP5+P61*P21 9/73 
R5 (0.00821 DEANS 72 MPWA GAM P-K LM.SOL 0 9/73 

•• N*l/2117201 FROM GAMMA PROTON TO ETA PROTON SQRTIIP5+P61*P31 9173' 

•• (0.00521 HICKS 73 MPWA GAM P-ETA P 9/73 

R7 
R7 
R7 
R7 
R7 

N*l/2111201 FROM PIN TO K SIGMA SQRHP1*P91 
(0.0511TO 0.087 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN 15 FROM FOUR BEST SOLUTIONS. 
OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 
AROUND 1920 MEV • 

R8 N*l/2(17201 FROM Pl N TON RH0 9 S=l/2.P-WAVE SQRTI Pl*P101 
RB L C-0.3510R -0.40 · LONGACRE 75 IPWA 
RB . 8 (+0.261 LONGACRE 77 IPWA 

R9 
R9 8 

RLO 
R10 8 

N*l/2(17201 FROM PI N TON RHQ,S:3/2,P-WAVE 
1-0.151 LONGACRE 77 IPWA 

N*1/2(17201 FROM PIN TO N*3/2(12321PI,P-WAVE 
(+0.171 LONGACRE 77 IPWA 

PI N TO 2PI 
PI N TO 2PI 

SQRT( Pl*Plll 
PtNT02PtN 

SQRHPL*P121 . 
Pt. N TO 2Pt N 

11175 
11175 
11115 
1/78 
1178 

11175 
11175 
11/71 

11177 
11/77 

11/71 
11/77 

Rll N*1/2117201 FROio! PI N TON EPSILON SQRTIP1*P131 11177 
Rll 8 1+0.1<:11 ' LONGACRE 77 IPWA PI N TO 2~1 N 11/77 

R12 N*l/2(17201 F~OM PIN TO ETA N SQRT(P1*P31 12179 
'Rl2 1-0. OBI BAKER 79 DPWA 0 PI- P TO ETA N 12179 

15 N*l/2(11201 PHOTON .DECAY AMPUGEy••-1121 

FOR. OEFINITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS. . 

., 
Al 
Al ., 
Al 
Al 
Al ., 
Al 
Al 
Al 
Al 
Al ., 
Al 

N*l/2(172DJ INTO GAM P, 
-o. o 22 · o. 094 
o. 025 o. 034 

-Oo004 o. 032 
. o.o . 0.025 
+0.022 0.012 

(+0.0861 
+0.122 0.018· 
+0. 054 o. 012 
+0.111 0.047 

SUPERSEDES BARBOUR 76. 
o. 051 o. 009 
o. 011 o. 010 
o.a38 0.050 

HELICITY==L/2· (GEV**-112) 
. OEVENISH 73 DPWA . 

DEVENIS2 74 DPWA 
KNIES 74 0PWA 
METCALF 74 OPWA 
CRAWFORD 75 ·OPWA 
BARBOUR 76 OPWA 
AZN'AURYAN 77 OPWA 
AZNAURYAN 11 OPWA 
BARBOUR 78 OPWA 

ARAI 
ARAI 
CRA,WFORO 

80 DPWA 
80 DPWA 
80 OPWA 

PI N PHOTOPROO. 
PI N PHOTOPROD. 
PI 'N PHOtOPROO .. 
PI .N.'PHOTOPROO • 
PI N PHOTOPROO. 
PI N .PHOTOPROD. 
PIO PHTPRO,SOL 1 
PIO PHTPRO.SOL 2 
PI-N PHOTOPROO. 

PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTOPROO. 

A1 AVERAGE MEANINGLESS ISCALE FACTOR= 2.lt 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N•ll21 11201 INTO GAM P, 
-o. oa1 a. to6 
-0.087 0.057 
-0.006 0.030 
o.o 0.022 

-0.016 0 .. 016 
1-0.060) 
+0. 034 

o.oaa 
-0.063 
-a. 058 
-0.011 
-0.014 

0.015 
0.016 
0.032 
0.010 
o. 011 
0.040 

HELICITY=312 IGEV**-1121 
OEVENISH 73 OPWA 
OEVENIS2 74 OPWA 
KNIES 74 DPWA 
METCALF 74 DPWA 
CRAWFORD 75 OPWA 
BARBOUR 76 OPWA 
AZNAURYAN 77 OPWA 
AZNAURYAN 71 OPWA 
BARBOUR 78 OPWA 
ARAI 80 OP~A 
ARAt · 80 OPWA 
CRAWFORD BO DPWA 

Pl N PHOTOPROO. 
Pl N PHOTOPROO. 
Pl N PHOTOPROO. 
Pl N PHOTOPRQO .. 
Pl N ·PHOTO PROD. 
Pl N PHOTOPROD. 
PIO PHTPRO.SOL 1 
PIO PHTPROoSOL 2 
PI-N PHOTOPROO. 
PI N PHOTO FIT 1 
PI N PHOTO 'FIT 2 
PI N PHOTOPROO. 

A2 AVERAGE "1EANINGLESS. I SC~LE FACTOR "" 2.01 

A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 ., 
A3 
A3 

N*l/21 17201 INTO GAM N, 
0.132 0.113 
0.013 0.045 
0.014 0.014 
o.o 0.050 

-o. 037 o. 022 
1-0.020 I 
+0. 001 
-0.019 

0.001 
-0.003 

0.020 
0.033 
0.038 
0.034 

HEUCITY=l/2 IGEV**-1121 
OEVENISH 73 OPWA 
OEVENI 52 74 DPWA 
KNIES 74 OPWA 
METCALF 74 OPWA 
CRAWFORD 75 OPWA 
BARBOUR 76 OPWA 
BARBOUR 78 OPWA 
ARAI 80 ·OPWA 
ARAI 80 OPWA 
CRAWFORD 80 OPWA 

PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI· N PHOTOPROD. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPRQO. 
PI-N PHOTOPROD. 
PI N PHOTO FH 1 
PI N PHOTO FIT 2 
PI N PHOTOPROO. 

A3 AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 

N*ll 21112 0 I INTO GAM N, 
o.080 0.133 

-0.083 0.090 
-o.oos o.o25 
o.o 0.044 

-a. 038 o. 015 
1+0.0461 
+0. 051 
-0.139 
-o. 134 

o. 018 

a. o5t 
o .. 039 
0 .. 044 
0.028 

A4 ••••••• • • 

HELICITV==3/2 IGEV**-1121' 
DE VENt SH 73 OPWA 
OEVENIS2 74 OPWA 
KNIES 74 OPWA 
METCALF 74 OPWA 
CRAWFORD 75 OPkA 
BARBOUR 76 OPWA 
BARBOUR 78 OPWA 
ARAI 80 OPWA 
ARAI 80 OPWA 
CRAWFORD 80 OPWA 

PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI N PHOTOPROO~ 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI-N PHOTOPROO. 
PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTOPROD. 

A4 AVERAGE MEANINGLESS I SCALE FACTOR : 1. 71 

........................................................................ 
OCNNACH1 68 PL 26B 161 

ALSO 68 VIENNA 139 
AlSO 68 THESIS 

RUSH 68 PR 173 1176 

BOTKE 
DEANS 
LEA 

69 PR 180 1417 
69 PR 185 1797 
69 PL 296 .584 

AYED 70 KIEV CONF 
CARRERAS 70 NP 166 35 
DAVIES 70 NP B21 359 

REFERENCES FOR N*l/21 17201 

A DONNACHIE, R G KIRSCPP, C LOVELACE ICERNIIJP 
OONNACHIE RAPPORTEUR.$ TALK (GLASI 
R G KIRSOPP IEOINJ 
J E RUSH IUNIV ALABAMA) 

J C BOTKE 
S DEANS, J, WOOTEN 
LEA.OAOES ,WARD, COWAN,+ 

IUCSBI 
(UNIV S FLORJOAI 

IR HEL .BRISTOL, DARE I 

R AYEO,P BAREVRE, G VILLET 
8 CARRERAS, A OONNACHI E 

I SACll IJP 
IOARE,MCHSI 

IGLASI A. DAVIES 

2/74 
4175 
2174 
2174 
1176 
1176 

12179 
12179 
3/79 
3179 

12/81• 
12181* 
12181• 

2174 
4175 
217,4 
2174 
1176 
1/16 

12179 
12/79 

3179 
12/81* 
12181* 
12181* 

2174 
4/75 
2/74' 
2/74 
1/76 
1176 
3/79 

Ii/810 
121Bi• 
12181* 

2174 
4175 
2174 
2174 
1176 
l/76 
3/79 

12181* 
12/81* 
12/Bl* 
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·Data Card Listings 
For notation, see key at front of Listings. 

WAGNER 11 NP 825 411 

A.LMEHED 12 NP 840 157 
DEANS 12 PRO 6 1906 
DEVENISH 73 PL 47B 53 
HICKS 13 PRO 1 2614 

DEVENISH 74 NP 881 330 
OEVENIS2 74 PL 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876.253 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
KNASEL 75 P'I.O 11 1 
LONGACRE 75 PL ·sse 415 

ALSO 78 PRO 17 t'795 

AYEO 76 CEA.-N,;.1921 
BARBOUR 76 NP 8111 358 

AZNAURYA 77 EFI-264157J-77 
BAKER 17 NP 8126 365 
LONGACRE 77 NP 8122 493 

ALSO 76 NP 8108 365 

BAKER 78 NP 8141 29 
BARBOUR 78 NP 8141 253 

BAKER 79 NP 8156 '73 
CUTKOSKY 79 PRO 20 2839 
HOEHLER 79 HANDBOOK OF PI-N 

ALSO 80 TORONTO CONF 3 

f WAGNER, C LOVELACE ICERNI 

+LOVELACE ILUNO,RUTGJlJP 
OEANS,JACOBS, LYONS,'tONTGOMERY ISOUTH FlA.JIJP 
DE VEN ISH, RANKIN, l YTH I LOUC+BONN+LANC 11 JP 
+DEANS, JACOBS, LYONS+ I CARN+ORNL +SOUTH FlA.,·} I JP 

DEV EN ISH, FROGGATT, MARTI Nl DESY .NORD IT A, lOUC J 
DEV EN t SH, l YTH, RANKIN toESY ,LANC, BONN I I JP 
KNIES, MOORHOUSE ,OS ERLACK I L BL, GL AS II JP 
W J METCALF,R l WALKER ICITIIJP 

:M i T~~~~~~~gNTGOMERY 9 + I SFLA, AL!~~~;: ~,~: 
+LINDQUIST~ NELSON+ I CH IC,WUSL, OSU ~ ANU I JP 
+ROSENFELD.LAS I NSK I, SMAOJA+ ll Bl, SLAC J I JP 
LONGACRE,l AS INSKI, ROSENFELD+ I LBL, SLACJ 

AYEO CTHESISI 
I. M. 8ARBOUR,R. L. CR AWFORO 

C SACUl JP 
IGU.SIIJP 

+AKOPOV,BAGOASARVAN IYEPEVAN PHYSICS INST.IIJP 
+BL IS SET • BL OOOWORTH, BROCME, HART+ I RHELI I J P 
LONGACRE.OOLBEAU I SACLJ IJP 
DOL BEAU, TR IANTI S ,NEVEU, CADI ET ( S ACll I JP 

+Bl I SSET, BLOODWORTH, BROOME+ 
BARBOUR ,CRAWFORD~~ ARSONS 

IRL+CAMBIIJP 
IGLASJ 

+BROWN, CLARK, OAVI ES, OEPAGTER, EVANS+ I RHEU I JP 
+FORSYTH, HEN ORICK, KELLY ( CARN+LBLI I JP 

SCATTERING, PHYSIK OATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE JJP 
R.KOCH. IKARlSR.UHEJtJP 

ARAI 80 TORONTO CONF"93 1. ARAI ITOKYJ 
CRAWFORD 80 TORONTO'CONF 107 R.L.CRAWFORO (GL.O.SJ 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KElLY,HENORICK (CARN+L8LIJJP 
SAXON 80 NP B1~2 522 +BAKER.~ELL,BL~SSET.T,~LOOOWORTH+IRHEl+BRISIIJP 

PAPERS NOT REFE~R.EO TO IN DATA CAROS 

DEANS 69 PR 117 2623 S R .DEANS IUNIV S FLORIOAJ 
IGLAS+EOINI OONNACHI 69 NP lOS 433 A DONNACHJE, R KtRSOPP 

AYED 
AP(IN 
HA 
WINNIK 

10 PL 318 598 
11 NP B32' 253 
76 PRO 13 3027 
71 fliP 8128 66 

+SAREYRE tV I LLET 
+COWAN, GIBSON, GILMORE++ 
·e. MA,G. L. SHAW . 
+TOAFF • REVE LoGOLOBERG.; BERNY 

ISACLAYI 
(RHEt, BR I STOll 

I OREG+UC Ill JP 
I HAIFJI ......................•............................................... 

................. ********* ••••••••• ••••••••• ............................ .. 

IN( 1990) I 17 N*l/2(1990, JP=7/2+1 1=1/2 
r;--, 
L:..u..J 

H" 
H 

RE 
RE 

'" '" 

RER 
RER 

17 N*l/2119901 1'1ASS IMEVI 

I 1983.01 OONNACHl 68 'RVUE PHASE-SHIFT ANAL 
I 1995. I KIRSOPP 68 RVUE PHASE SHIFT ANAL 

WHERE MAX. ASSO.RPTION IS -DONNACHh: 2 oKIRSOPP EYEBAll FIT CERN 1 
X :12000.01 APPROX LEA 69 CNTR PI-P ELASTIC 
X SEE ALSO APLIN 71 
7 12000.1 ALMEHED 72 1 PWA 

H I 1910.1 HICKS}. 13 MPWA GAM P-ETA P 
H ONLY STATES FROM TABLE .VI t OF .HICKS13 ARE INCLUDED IN liSTINGS. 

M· AND W ARE FROM SOL·UTION C2,BR=.SQRTIGIIW WITH G FROM TABLE Vtl. 
( 1960.1 LANGBEIN 13 I PWA PI N-K SIG, SOL 1 

NOT SEEN IN SOLUTION 2 OF t:ANG8EIN73 
DEANS75 AND lANGBEIN73 .DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK71 AROUND '1920 MEV. 

( 2049.1. AYEO' 76 IPWA 
11999. J BARBOUR 18 OPWA PI-N PHOTOPROO. 
( 1970.1 180. I CUTKOSKY 79 IPI'IA PI N TO PI N 

2005 .. 150. HOEHLER 79 IPWA PI N TO PI N 
( 2018.0) CRAWFORD 80 OPWA Pl N PHOTOPRQO .. 

1970. 50. CUTKOSKY 80 t PWA Pl N TO PI N 

AVERAGE MEAN·INGLESS I SCALE FACTOR "' 1.01 

11 N•1121 19901 WIDTH (MEV I 

(225.01 DONNACHl 68 RVUE 
1250.1 Kl RSOPP .68 RVUE PHASE SHIFT ANAL 
t200 .. J ALMEHEO 12 IPWA 

H 1300.1 HICKS 13 MPWA GAM P-ETA P ,. 1110.1 LANGBEIN 73 I PWA PI N-.K SIG,SOL 1 
1119. I AYEO 76 IPWA 
1216~ I ~ARBOUR . 18 OPWA PI-N PHOTOPROD. 
1325. I (150.) CUTKOSKV 19 IPWA PINTOPIN 
350. 100. HOEHLER 79 IPWA PINTOPIN 

1295. OJ CRAWFORD 80 OPWA PI N PHOTOPRQO. 
350 .. 120. CUTKOSKY 80 IPWA PINTOPIN 

AVERAGE MEANINGLESS I SCALE FACTOR : 1~01 

l 1899. I 
1900. 

C208. I 
260. 

13. J 

·•· 

l1 N*1/2119901 REAL PART OF POLE POSITION IMEVI 

30. 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 1 PWA 

PINTOPt 
PINTO PI 

11 NCI<l/2119901 -2:t:IMAG 'PART OF POLE POSif.ION CMEVJ 

CUTKOSK:'f 79 IPWA. PI N TO PI N 
60. CUTKOSKY 80 IPWA PI N TO PI N 

17 N:t:l/21 19901 REAL ·PART OF ELASTIC POLE RESiDUE I MEV I 

4. 
CUTKOSKY 79 I PWA 
CUTKOSKY 80 IPWA 

PINTO PIN 
PI N TO PI N 

10/69 
10/69 
8/69 

2172 
9173 
9173 
9/73 
9/73 
9173 
1178 
1/7,8 

11177 
3/79 

12/79 
12/79 
12181• 
1/82• 

8/69 
10/69 

2112 
9173 
'9173 

11177 
3179 

12/79 
12179 
12/81* 
1/82* 

12179 
. 1182* 

12/79 
1/82* 

12179 
1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

11 N*l/2119901 IMAG PART OF ELASTIC POLE RESIDUE OlEYl 

IHR C-6a l CUTKOSKY 79 IPWA PI N TO PI N 
PI N TO PI N IMR -8. 4. CUTKOSKY 80 IPWA 

PI 
P2 
P3 

•• P5 
P6 
P7 
PB 
P9 

Rl 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

17 N*l/2119901 PARTIAl DECAY MODES 

N*l/2119901 
N*l/2fl9901 
N*l/2«19901 
N*l/2119901 
N*l/2(19901 
N*l/2119901 
N*l/2119901 
N*112Cl990J 
N*l/2119901 

IHO PIN 
INTO N PI PI 
INTO N ETA 
INTO l AMBO A K 
INTO GAM P,HELICITY=3/2 
INTO GAM P,HELIC ITY=l/2 
INTO GAM NtHELICITY=3/2 
INTO GAM N,HELICJTY::l/2 
INTO K SIGMA 

11 N*l/2(19901 BRANCHING RATIOS 

N*l/2Cl9901 INTO CPI NI/TOTAL 
(()-.091 
{0.151 
(0.061 
(0.06) (0.021 
0.04 o.oz 
0.06 0.02 

Kl RSOPP 
AlMEHED 
AYEO 
CUTKOSKY 
HOEHLER 
CUTKOSKY 

68 RVUE 
72 IPWA 
76 IPWA 
79 I PHA 
79 1 PWA 
80 I PWA 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
939+ 548 

1115+ 497 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+1189 

I PU 
PHASE SHIFT ANAL 

PI N TO PI 
PI N TO PI 
PI N TO PI 

Rl AVERAGE MEANINGLESS C SCALE FACTOR "' 1.01 

R2 N*l/2tl9901 INTO IN ETAJ/TOTAL IP31 
R2 10.02.1 10.021 DEANS 69 MPWA T POLE+ RESON. 
R2 PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 N*1/2tl9901 FRCM GAMMA PROTON TO K LAMBDA SQRTUP5+P61*P4J 
R3 0.0034 DEANS 72 MPWA GAM P-K LM, SOL 0 

•• R4 

R5 
R5 1 
R5 2 
R5 2 

•• •• •• 
R7 
R7 

., 
A1 
A1 
A1 

A2 
A2 
A2 
A2 

A3 
A3 
A3 
A3 

A4 

•• A4 

•• 

N*1/2119901 FROM GAMMA PROTON TO ETA PROTON SQRTIIP5+P61*P31 
10.00451 HICKS 73 MPWA GAM P-ETA P 

N*1/2fl9901 FRCM PI N TO K SIGMA 
10.061 LANGBEIN 73 IPWA 
10.010110 0.023 DEANS 75 OPWA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

N*1/2(1990) FRCH PI N TO K LAMBDA 

SQRTI P1*P9J 
PI N-K StG,SOL 1 
PI N TO K SIGMA 

SQRHP1*P4) 
-0.021 0.033. OEVENISH 74 0 FIXED T DISP REL 

NOT SEEN SAXON 80 DPWA 0 PI- P TO K LAM 

N*1/2119901 FROM PI "N TO ETA N SQRTIP1*P31 
1-0.043 I BAKER 19 OPWA 0 PI- P TO ETA N 

11 N*l/2119901 PHOTON DECAY AMPLIGEV••-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE ~INI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*1/2C 19901 II'; TO GAM P,, HELICITV=1/2 IGEV**-1/21 
1+0.011 I BARBOUR 76 DPWA 

(0.0401 BARBOUR 78 OPWA 
Q, 001 O. 040 CRAWFORD 80 OPWA 

N*1/2119901 INTO GAM P, HELICJTYc3/2 IGEV .. -1/2J 
1-0.0081 • BARBOUR 76 OPWA 
1+0.0041 BARBOUR 78 OPWA 

0.004 Q. 025 CRAWFORD 80 OPWA 

NO<l/2U990J INTO GAM N, HEL1CJTY=1/2 IGEV .. -1/2) 
1-0.0991 BARBOUR 76 OPWA 
1-0.069) BARBOUR 78 OPWA 
-0.078 0. 030 CRAWFORD 80 OPWA 

N*l/2119901 INTO GAM N, HELICITY=3/2 IGEV .. -1121 
1-0. 070 I BARBOUR 76 DPWA 
1-0.0721 BARBOUR 78 OPWA 
-0.116 o. 045 CRAWFORD 80 OPWA 

PI N PHOTOPROO. 
PI-N PHOTQPq,QQ. 
PI N PHOTOPROO .. 

PI N PHDTOPROD. 
PI-N PHOTOPROO. 
PI N PHOTOPROO. 

PI N PHOTOPRGO. 
PI-N PHOTOPROD. 
PI N PHOTOPROO. 

PI N PHOTOPROO. 
PI-N PHOTOPR.OO. 
PI N PHOTOPROD. 

............... ·····•••:co •:co••••••• •:co••••••* .......................... . 

OONNACHl 68 PL 26B 161 
KI~SOPP 68 THESIS 

DEANS 69 PR 1B5 1797 
LEA 69 PL 298 5e4 

ALMEHED 72 NP 840 157 
DEANS 12 PRO 6 1906 
HICKS 73 PRO 1 2614 
LANGBEIN 73 NP B53 251 

DEVENISH 74 NP 881 330 
DEANS 75 NP 8 96 90 

AVEC 76 CEA-N-1921 
BARBOUR 76 NP e 111 358 

BARBOUR 78 NP B l'tl 253 

REFERENCES FOR N*1/2U9901 

A DONNACHIE, R G KIRSOPP, C LOVELACE ICERNIIJP 
R G KIRSOPP I EDINI 

S DEANS, J WOOTEN IUNIV S FLORIDA) 
LEA, OADES, WARD, COWAN,+ IR HEloBR ISTOL, DAR El 

+LOVELACE IRUTGIIJP 
DEANS,JACOBS, LYONS,MONTGOMERY !SOUTH FLA.JIJP 
+OEANS,JACOBS,LYONS+ ICARN+ORNt+SOUTH FLA .. IJJP 
LANGBEINoHAGNER IMUNICHJIJP 

DE VENt SH, FROGGA TT, MART I NICE SY ,NORD IT A, LOUt I 
+MITCHELL, MONTGOMERY,+ ISFLA, ALABAMA I IJP 

AYED tTHESISI 
I. H. BARBOUR,R. L. CRAWFORD 

BAR SOUR ,CRAWFORO,P ARSONS 

I SACUl JP 
IGLASJIJP 

(GLASJ 

.BAKER 79 NP B156 ~3 +BROWN,CLARK,OAVIES,DEPAGTER,EVANS+ IR.HELJIJP 
CUTKOSKY 79 PRO 20 2839 +FORSYTH,HENORICK,KELLY (CARN+LBLIIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-l 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

CRAWFORD eo TORONTO CONF 107 R.L .CRAWFORD I GLAS I 
CUTKOSKY 80 TORONTO CONF 19 +fORSYTH,eABCOCKoKELLY,HENORICK ICARN+LBUIJP 
SAXON 80 NP B162 522 +BAKER,BELL,BLJSSETT,BLOODWOIHH+IRHEL+BRISIIJP 

DEANS 
AYEO 
APLIN 
MA 
WINNIK 

69 PR 177 2623 
10 PL 318 598 
71 NP 832 253 
76 PRO 13 3027 
77 NP B128 !6 

PAPERS NOT REFERRED TO IN DATA CARDS 

S R DEANS 
+BAREYRE,VtUET 
+COWAN,G IB SON, G tli .. ORE++ 
E. MA,G. L .. SHAW 
+TOAFF, REVEL,GOLOBERG, 8 ERNV 

CUNJV S FLORIOAI 
ISACLAYI 

IRHEL,BRISTOLI 
COREG+UCIJJJP 

IHAIFH 

•••••o ******••• ••••••••• ••••••••• ••••••••• •••••••*• ••••••••• •••••••• ..................................................................... 

12/79 
1/e2• 

10/69 
2/72 

11/77 
12/79 
12/19 
1/82* 

5170 

9/73 
9/73 

9/13 
9/73 

9/73 
9/73 

11/75 
11/75 

4/75 
4/75 

12/79 

12/79 
12/79 

1/76 
1/76 
3/79 

12/81• 

1/76 
1/76 
3/79 

12/81* 

1/76 
1/76 
3/79 

12/81* 

1/76 
1/76 
3/79 

12/81* 

Baryons 
N(1990), N(2000). N(2080) 

I N ( 2000) I 06 N•l/212000, JP=5/2+l !=112 I F·;5 1 
---- _____ _) ------ -------- ------- ------

P1 
P2 
P3 

•• 
P5 
P6 
P7 
PB 

R1 
R1 1 
R1 
R1 

R2 
R2 

R3 
R3 1 
R3 2 
R3 2 

( 2175., 
f 1930. I 
t 1970. I 

NOT SEEN IN 
12025.1 

1882. 

fl50. I 
1112. I 
1170., 
1157. I 

95. 

06 N*112C20DOI MASS IMEVJ 

ALMEHEO 
DEANS 
LANGBEIN 

SOLUTION 1 OF LANGBEIN13 
AVEO 

10. HOEHLER 

06 N*l/2120001 WIDTH IMEVI 

ALMEHEO 
DEANS 
LANGBEIN 

20. 
AYED 
HOEHLER 

12 IPWA 
72 MPWA 
73 IPWA 

76 IPWA 
79 IPWA 

12 IPWA 
12 MPtoiA 
73 IPWA 
76 I PWA 
79 IPWA 

06 N01/2120001 PARTIAL DECAY MODES 

N*l/212DOOI INTO PI N 
N*1/2120001 INTO LAMBDA K 
N*1/21200QJ INTO GAM P,HELICITY=3/2 
N*l/2120001 INTO GAM P,HELICITY=1/2 
N*1/212000I INTO GAM N,HELICITY=3/2 
N*l/212000) INTO GAM NoHEllCJTV:ot/2 
N*1/2120001 INTO K SIGMA 
N•l/2120001 INTO ETA N 

C6 N*1/2120001 BRANCHING RATIOS 

N*l/2120001 INTO tPI NI/TOTAL 
10.25) 
10.081 
0.04 0.02 

ALMEHEO 
AYEO 
HDEHLER 

72 IPHA 
76 IPWA 
79 JPHA 

GAM P-K LM,SOL 0 
PI N-K SJG,SOL 2 

PI N TO P t N 

GAM P-K LM,SOL 0 
PI N-K SIGoSOL 2 

PINTOPIN 

DECAY MASSES 
139+ 938 

1115+ 497 
0+ 93e 
0+ 938 
0+ 939 
0+ 939 

493+11B9 
939+ 548 

I P 11 

PI N TO PI N 

N*l/2t20001 FROM GAMMA PROTON TO K LAMBDA SQRTfiP3+Pfti*PZI 
10.00221 DEANS 12 MPWA GAM P-K LM,SOL 0 

N*1/2120001 FRCM PIN TO K SIGMA SCIRTIP1*P71 
10.05) LANGBEIN 73 IPWA PI N-K SJG,SOL 2 
(0.0221 DEANS 75 DPWA PI N TO K SIGMA 

VALUE GIVEN IS FRO. SOLUTION 1, NOT PRESENT IN SOLUTIONS 2,3,4. 

2/72 
9/73 
9/73 
9/73 

ll/77 
12/79 

2172 
9/13 
9/73 

11/77 
12/79 

2/72 
11/77 
12/79 

9/73 
9/73 

9/73 
9/73 

ll/75 
11/75 

R4 

•• 
N•1/2120001 FROM PI N TO K LAMBDA SQP:TIPl•P21 12/79 

NOT SEEN SAXON 80 OPWA 0 PI- P TO K LAM 12/79 

R5 
R5 

N*1/2120001 FROM PI N TO ETA N SCIRHP1•Pe1 12/79 
1+0.03) BAKER 19 OPWA 0 PI- P TO ETA N 12/79 

............................................................ ******** 

REFERENCES FOR N*1/2120001 

Ali1EHED 72 NP 840 157 +LOVELACE ( RUTGJ I JP 
OEANS,JACOeS, LYONS,MONTGOMERY ISOUTH FLA.IIJP DEANS 72 PRO 6 1906 

LANGBEIN 13 NP B53 251 LANGBEINoWAGNER IMUNICHIIJP 
DEANS 75 NP e96 90 +MI TCHEll9 MONTGOMERY,+ ISFLA, ALABAMAII JP 
AYED 76 CEA-N-1921 AYED (THESIS) ISACLIIJP 

SAKER 79 NP B156 S3 +BROWN,CLARK 1 0AVIES,OEPAGTER,EVANS+ tRHHIIJP 
HOEHLER 79 HANOBCOK Of PI-N SCATTERING, PHYSlK DATEN VOL.12-1 

+KAISER,KOCH,PtETARINEN /KARLSRUHE IJP 
ALSO eo TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

SAXON eo NP B162 522 +BAKER, BELL, SL I SSETT, BLOODWORTH+ I RHEL +SRI S I I JP 

PAPERS NOT REFERRED TO IN DATa CARDS 

MA 76 PRO 13 3027 E. MA,G. L. SHAW IOREG+UCIIIJP 

• .................................................. ·····••** •••••••• 

I N(2080} I 

3 I 2057.01 
3 12030.1 
3 { 2040., 
3 WHERE MAX. 
X C 2030.01 

16 N*l/2{2080, JP=3/2-1 1=1/2 I o·.··31 
THERE IS SOME EVIDENCE THAT TWO RESONANCES EXIST IN 
THIS WAVE BETWEEN 1800 AND 2200 MEV I SEE CUTKOSKY 79 
.liND CUTKOSKY 80). BOTH ARE LIS.TEO HERE AWAITING 
INDEPENDENT CONFIRMATION OF THE LOWER MASS STATE. 

16 N*ll2t20BOI ... ASS IMEVJ 

OONNACHl 
DONNACH2 
Kl RSOPP 

ABSORPTION IS -DONNACHl, 2 
APPROX LEA 

68 RVUE PHASE-SHIFT ANAL 
68 RVUE PHAS.SHIFT-CERN1 
68 RVUE ~HASE SHIFT ANAL 

,KIRSOPP EYEBALL FIT CERN 1 
69 CNTR PI-P ELASTIC 

X SEE ALSO APL Jt., 71 
7 I 2075. I ALMEHEO 72 IPWA 

1 { 2090. I HICKS 73 MPWA GAM P-ETA P 
1 ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTI~GS. 
1 M AND WARE FROM SOLUTION C2tBR=SQRTIGIIW WITH G FROM T.IIBLE VII. 4 

I 2029. I AYED 76 1 PWA 
11830.) (50.1 CUTKOSKY 79 IPWA PI N TO PI N 
(2100.1 (80.) CUT KOSKY 79 IPWA PI N TO PI N 

LH CUTKOSKY79 FINDS A LOWER MASS 013 RESONANCE, AS WELL AS ONE IN THIS 
LH MASS REGION. BOTH ARE LISTED HERE9 AND LABELED l AND H FOR LOW AND 
LH HIGH. AWAITING CONFIRMATION OF THE LOWER MASS STATE. 

2081. ZO. HOEHLER 79 IPWA PI N TO PI N 
A 1880. 100. CUTKOSKY 80 I PWA PI N TO PI N 
B 2060, eo. CUTKOSKY 80 IPWA PI N TO PI N 

AS CUT KOSKY 80 AGAIN FINDS A LOWER MASS 013 RESONANCE, AS WEll 1\S ONE 
AB IN THIS MASS REGION. BOTH ARE LISTED HERE, LABELED A AND B FOR L 
AB THE LOWER AND HIGHER STATES. 
4 11900., SAXON 80 OPWA 0 PI- P TO K LAM 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

6/68 
10/69 
10/69 
10/69 
8/69 

2/72 
9/73 
9/73 
9/73 

11/77 
12179 
12/79 
12/79 
12/79 
12/79 
12/79 
1/62• 
1/82• 
1/62• 

1/82• 
12/79 



Baryons 
N(2080), N(2100) 

16 N*l/2(20801 WIDTH IMEVJ 

3 
3 
7 

l 

4. 

1293.01 
(290. I 
1240.1 
U50.1 
(224.1 
ltl6o J 
Cl25. I 
(300. I 
265. 
180. 
300. 

(240. I 

(50~, 
( 100., 

40. 
bO. 

100. 

DONNACHl 
OONNACH2 
Kl RSOPP 
ALMEHEO 
HICKS 
AYED 
CUTKOSKY 
CUTKOSKY 
HOEHLEP. 
CUTKOSKY 
CUTKOSK Y 
SAXON 

AVERAGE MEANINGLESS ISCALE FACTOR"' 1~0) 

68 RVUE 
68 RVUE 
68 RVUE 
72 I PWA 
73 MPWA 
76 I PWA 
79 1 PWA 
79 I PWA 
79 IPWA 
80 IPWA 
80 I PWA 
80 OPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

PHAS. SHIFT-CERNL 
PHASE SHIFT ANAL 

GAM P.:_ETA P 
PI N TO PI 
PI N TO PI 
PINTO PI 
PI N TO PI 
P,l N TO PI N 

0 PI- P TO K .LAH 

16- N*lf2(20BOI REAL PART Of POLE POSITION I~EVI" 

RE 
RE 
RE 
RE 
RE 

11818. I 
I 2053. I 

1880. 
2050. 

100. 
70. 

CUTKOSKY 
CUTKOSKY 
CUTKOSKY 
CUTKOSKY 

RE AVERAGE MEANJ.NGLESS ISCALE fACTOR= 1.4) 

79 I PWA 
79 I PWA 
80 t PWA 
80 I PWA 

PI N TO PI 
PI N TO PI 
PI N TO PI 
PI N TO _PI 

16 N*l/212060J -2*1MAG PART OF POLE POSITION IMEVJ 

I M 

'" IM 
I M 
IM 

U22.J 
C308. I 
160. 
200. 

eo. 
eo. 

CUTKOSKY 
cufKOSKY 
CUTKOSKY 
CUTKOSKY 

I M AVERAGE MEANINGLESS I SCALE FACTOR = 1 .. 0) 

79 l PWA 
79 I PWA 
80 1 PWA 
80 I PWA 

PINTOPI 
PI N TO PI 
PI N TO PI 
PINTOPI 

16 N*l/212060) REAl PART OF ElASTIC PCLE RESIDUE IMEVJ 

RER 
RER 
RER 
RER 
RER 
RER 

n. I 
(24. I 
-20 
30. 

·14. 
20. 

CUT KOSKY 
CUTKOSKY 
CUTKOSKY 
CUTKOSKY 

AVERAGE MEANINGLESS (SCALE FACTOR c 1.3) 

79 1 PWA 
79 I PWA 
80 IPWA 
80 I PWA 

PINTOPI 
PI N TO PI 
PINTOPI 
P~NTOPI 

16 N*l/2120601 IMAG PART OF ElASTIC POLE RESIDUE IHEVI 

IMR 
IMR 
IMR 
I MR. B 
IMR­

(-3.1 
(-10. I 

to. 
o. 

5. 
52. 

CUTKOSKY 
CUTKOSKY 
CUTKOSKY 
CUT,KOSKY 

19 I PWA 
79 I PWA 
80 IPWA 
80 IPWA 

IMR AVERAGE MEANINGLESS ISCALE FACTOR= t.OJ 

Pl 
P2 
P3 
P4' 
P5 
Pb 
P7 
Pe 
P9 

16 N*l/2120801 PARTIAL DECAY MODES 

N*1/2t20801 INTO PI N 
N*1/2120BOI INTO N PI PI 
N*l/212080) tHO N ETA 
N*1/2120801 INTO LAMBDA K 
N*1/2120801' INTO GAM p,HELICITY=3/2 
N*l/2120801 INTO GAM P,HELICITY=1/2 
N*1/212080J 'lt.TO GAM N,HELICITY=3/2 
N:0:1/2(20601 INTO GAM N,HELICITY:1/2 
N*l/2(20801 INTO SIGMA K 

16 N*l/212080) BRANCHING RATIOS 

N*l/2(20801 INTO 
10.261 

I PI Nil TOTAL 

(0 .. 151 
co. 31 
10.101 
10.061 
co. 131 
0.06 
0.10 
0.14 

( 0.03) 
I o. 051 
0.02 
0.04 
0.07 

OONNACH2 
KIRSOPP 
ALMEHED 
AYED 
CUTKOSKY 
CUT KOSKY 
HOEHLER 
CUTKOSKY 
CUTKOSKY 

68 RVUE 
68 RVUE 
12 I PWA 
76 I PWA 
79 IPWA 
79 I PWA 
79 I PWA 
80 I PWA 
80 I PWA 

Rl 
Rl 
Rl 
Rl 
Rl 
R l 
Rl 
Rl 
Rl 
Rl 
Rl' 

. Rl AVERAGE MEANINGLESS (SCALE FACTOR'= 1 .. 01 

PINTO PI 
PINTO PI 
PINTO PI 
PINTOPt 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
939+ 548 

1115+ 497 
0+ 938 
0+ 936 
0+ 939 
0+ 939 

493+1189 

IPU 
PHAS. SH I FT-CERN1 
PHASE SHIFT ANAL 

PI N TO PI 
PINTO PI 
PI N TO PI 
PI N TO PI 
PI N TO PI 

N*l/212060) INTO IN ETAI/TOTAL IP3J 

6/69 
10/69 
10/69 
2172 
9/73 

11/77 
12/79 
12/79 
12/79 
1/62* 
1/82• 

12/79 

12/79 
12/79 
1/82• 
1/82• 

12/79 
12/79 
1/82• 
1/82• 

12179 
12/79 
1/82* 
1/82• 

12/79 
12/79 
1/82• 
1/62* 

10/69 
10/!)9 
2/72 

11/77 
12/79 
12/79 
12/79 
1/82• 
1/82* 

R2 
R2 
R2 

10 .. I OR 0.009 CARRERAS 70 HPWA T POLE + RESON. 5/70 

R3 
R3 

R4 
R4 

R5 · 
R5 
R5 
R5 
R5 

•• 
•• 4 

•• •• 
R7 
R7 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N*1/212060J FROM GAMMA PROTON TO K LAMBDA SQRTIIP5+P61*P4J 9/73 
10.0070) DEANS 72 MPWA GAM P-K LM,SOL D 9/73 

N*1/·2(2080) FROM GAMMA PROTON TO. ETA PROTON SQRT( tP5+P61*P3J 
. 10.00371 HICKS 73 MPWA GAJII'I P-ETA P 

N*1/2f20801 FRC~ PI N TO K SIGMA SQR.HPl*P9J 
(0.0141TO 0.037 DEANS 75 DPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOlUTIONS. 
OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 
AROUND 1920 MEV. 

N*l/2120801 FROM PIN TO K LAMBDA SQRHP1*P41 
1+0.03) SAXON 80 DPWA 0 PI- P TO K lAM 

COUPliNG PHASE IS NEAR -90 DEGREES~ THIS IS THE ONLY D13 RESO~ANCE 
ABOVE THE N*1/2(1700,3/2-l REQUIRED IN THE SAXONBO ANALYSIS. 

N*1/2120601 FROM PI N TO ETA N SQRTI Pl•P3J 
NOT SEEN BAKER 79 OPWA 0 PI- P TO ETA N 

9/73 
9/73 

11/75 
11/75 
11/75 

1/78 
1/78 

12/79 
12/79 
12/79 
12/79 

12/79 
12/79 

210 

Data Card Listings 
For- notation, see key at front of Listings. 

Al 
Al 

A2 
A2 

A3 
A3 

16 N*l/212080) PHOTON DECAY.AMPLIGEV**-1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*1/2(2080J INTO GAM P, HE.LtCtTY=1/2 IGEV**-1/21 
0.026 0.052 OEVENIS2 74 OPWA' .PI N PHO)'OPROO. 

N*1/2120801 INTO GAM P, HELICJTY::3/2 IGEVU-1/21 
0~ 128 O. 057 OEVEN IS 2 14 DPWA PI N PHOTOPROO. 

N•1/212060J INTO GAM N, HELICITY=l/2 IGEV**-112) 
0.053 0. 083 DEVEN1S2 74 DPWA Pt N PHOTO PROD. 

N*1/2(2080J INTO GAM N, HELICJTY::3/2 IGEV**-1/2) 

4/75 

4/75 

4/75 

A4 
A4 0.100 0.141 DEVENIS2 74 OP.WA PI N PHOTOPROO. 4/75 

• ....................... 0; •••••••••••••••••••••••••••••••••••••••••••• 

DCNNACH1. 68 Pl 268 161 
DONNACH2 68 VIENNA 139 
KIRSOPP 68 THESIS 

lE~· 69 Pl 29_B 5f4 

CARRERAS 70 NP 168 35 

AU\EHEO 
DEANS 
HICKS 

72 NP 840 157 
12 PRO 6 1906 
73 PRO 7 2614 

DEVENIS2 74 PL 528 221 
DEANS 75 NP 896 90 
AYEO 76 CEA-N-1921 

BAKER 79 NP 8156 'i3 
CUTKOSKY 79 PRO 20 2839 
HOEHLER 79 HANDBOOK OF PI-~ 

ALSO 80 TORONTO CONF 3 

CUTKOSKY 60 TORONTO CONF 19 
SAXON 80 "lP B 162 522 

OONNACHI 
AYED 
APLIN 

•• 
W INNIK 

69 NP lOB 433 
70 PL 318 598 
71 NP 832 253 
76 PRO 13 30 27 
71 NP 8128 66 

REFERENCES FOR N*1/212080J 

A 00NNACHIEt R G KIRSOPP, C LOVELACE ICERNIIJP 
DONNACHIE RAPPORTEUR.$ TALK (GLASI 
R G KtRSOPP lEDIN) 

LEA, CADES, WARD, COWAN,+ I RHEL, BR t S TOL, DARE I 

8 CARRERAS, A DONNACHI·E IDARE,11CHSJ 

+LOVELACE ' fLUND,RUTGJIJP 
OEANS,JACOBS, LYONS,MGNTGOMERY ISOUTH FLA~JIJP 
+DEANS,, JACOBS, LYONS+ tCARN+OR"ll+SOUTH FlA. JIJP 

OEV EN I SHt l YTH, RANK IN 
+M lTC HELL, MONTGOMERY,+ 
AYEO CTHES IS I 

IDESY, LANC, BONN II JP 
I SFLA, ALABAMA II JP 

fSACLI IJP 

+BROWN, CLARK, OAVI ES, DEPAGTER ,EVANS+ ··t RHEL 1 I JP 
+FORSYTH,HENORICK, KELlY I CARN+LBU IJP 

SCATTERING, PHYSIK DATEN VOL.l2-1 
+KAt'SER,KOCH,PIETARINEN /KARLSRUHE IJP 
R.KOCH (KARLSRUHE)IJP 

+FORSYTH, BABCOCK,KELLY, HENDRICK I CARN+LBLI I JP 
+BAKER, BELL, s'L t SSETT, BLOODWORTH+( RHEL +BR t S II JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

A OONNACHJE, R KIRSOPP 
+BAREYRE, VlllET 
+COWAN, GIBSON, GILMORE++ 
Eo MA,G. l. SHAW 
.+ TOAFF, REVEL, GOLDBERG, BERNY 

IGLAS+EOINI 
( SACLAVI 

IRHEL,BRISTOLJ 
IOREG+UCIJIJP 

IHAIFJI ....... ····*···· ...................................................... . 
·r~( ;·~·~~; i .. ::··::,:::::::~· J::::::~·:.::~···r~ ·:·:·i····· ········ 

' .6NY STRUCTURE IN THIS WAVE ABOVE 1600 MEV IS LISTED ----....:7. "'"' 

., 

'" 

RER 

IMR 

Pl 
P2 

12070. I 
12100. J 
I 2Z80. J 

1680. 
2160. 

(200. I 
1320., 

95. 
350. 

2150. 

350. 

40. 

o. 

04 N01/212100J MASS IMEVJ 

20. 
eo. 

ROYCHOUO 
ALMEHEO 
AYED 
HOEHLER 
CUTKOSKY 

04 N•1/2( 2100) WIDTH I MEV I 

30. 
100. 

ALMEHED 
AYED 
HOEHLER 
CUTKOSKY 

71 OPWA 
72 I PWA 
76 IPWA 
79 IPWA 
60 I PWA 

72 IPWA 
16 JPWA 
79 I PWA 
80 IP\oiA 

PI N TO PI N 
PI N TO PI N 

PI N TO PI N 
PI N TO PI N 

04 N*l/2(21001 REAL PART OF POLE POSITION IMEVI 

70. CUTKOSKY 60 IPWA PI N TO PI N 

04 N*l/2121001 -2•tMAG PART OF POLE PCSITION IMEVJ 

100. CUTKOSKY 60 I PWA PI. N TO PI N 

04 N*li212100J REAL PART OF ELASTIC POLE RESIDUE IMi:VJ 

20. CUTKOSKY 60 IPWA PI N TO PI N 

04 N*l/2(2100) JMAG PART OF ELASTIC POLE RESIDUE fMEVI 

60. CUTKOSKY 80 IPWA PtNTOPIN 

04 N•l/Z(21001 PARTIAL DECAY HODES 

N*1/212100) INTO PI N 
N*l/2121001 INTO lAMBDA K 

DECAY MASSES 
139+ 938 

1115+ 497 

3/72 
2/72 

11/77 
12/79 
l/82. 

2172 
11/77 
12/79 
1/82• 

1/62* 

1/82* 

1/62• 

1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

R1 
R1 7 
R1 
R 1 
R1. 

04 N*l/2121001 BRANCHING RATIOS 

Nlll<l/2(21001 INTO (PI NI/TOTAL 
10.51 
(0.151 

.. 0.09 0.05 
o.ta o.oe 

ALMEHEO 
AYEO 
HOEHLER 
CUTKOSKY 

12 IPWA 
76 I PWA 

I Pll 

79 I PWA PI N TO PI 
80 IPWA PI N TO PI 

2172 
11177 
12179 
1/82* 

., 
R2. 

N*l/2(21001 FROM PI N TO K LAMBDA SQRTIPI*P21 12/79 
NOT SEEN SAXON 80 DPWA 0 Pl- P TO K LAM 12/79 

•••••• ********* •******** ••••••••••••••••••••••••••• •••.eo••••• •••••••• 
REFERENCES FOR N*l/2121001 

ROYCHOUO 11 NP 827 125 
ALMEHED 12; NP 840 157 

R K ROYCHOUOHURY.B H BRANSDEN 
+LOVELACE 

IOURHIIJP 
(LUND, RUTG )I JP 

I SACLII JP AYEO 76 CEA-N-1921 AYEO (THESIS) 

HOEHLER 79 HANOBCOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-l 
+KAISER9KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 86 TORONTO CONF 3 R.KOCH (KARLSRUHUIJP 

CUTKOSKY 80 TOPONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK CCARN+LBUIJP 
SAXON BO NP 8162 522 +BAKER,BELL,BliSSETT,BLOODWORTH+IRHEL+BRISJIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

MA 76 PRO 13 3027 E. MA,G. Lo SHAW I OREG+UC I II JP 

*0**** ............................ ********* ********* ···~····· •••••••• 
•••••• o .......................................................................... .. 

RE 

IM 

RER 

1MR 

P1 

.. 
R1 
R1 
R1 

2050. 
2125. 

132 N*l/2(21001 MASS IMEVJ 

20. 
75. 

HOEHLER 79 I PWA 
CUTKOSKY 80 I PWA 

AVERAGE MEANINGLESS I SCALE FACTOR "' t.OJ 

200. 
260. 

132 N*l/2121001 WIDTH CMEVJ 

30. 
100. 

HOEHLER 79 I PWA 
CUTKOSKY 80 IPWA 

AVERAGE MEANINGLESS I SCALE FACTOR ::: 1.01 

PI N TO Pt 
PI N TO PI 

PI N TO PI 
PI N TO PI 

132 N*1/2121001 REAL PART OF POLE POSITION IMEVl 

21.20. 40. CUTKOSKY BO IPWA PI N TO PI N 

1'32 N*112121001 -2*1MAG PART OF POLE POSITION IMEVI 

240. eo. CUTKOSKY 80 I PWA PINTO PIN 

132 N*l/2121.001 REAL PART OF ELASTIC POLE RESIDUE IMEVI 

ll. 7. CUTKOSKY 80 I PWA PlNTOPt'N 

132 N*1/ZI2100J IMAG PART OF ELASTIC PCLE RESIDUE CMEVl 

a. .. CUTKQSI(Y 80 IPWA 

132 N*1f2121001 PARTIAL DECAY MODES 

N*1/212100J INTO PI N 

132 N*l/21 21001 BRANCHING RATIOS 

N*1/2121001 INTO CPI NIITOTAL 
0.10 0.04 
0.12 0.03 

HQEHLER 
CUTKOSKY 

79 IPWA 
BO IPWA 

PI N TO PI N 

DECAY MASSES 
139+ 938 

(plJ 
PINTOPI 
PINTO PI 

R1 AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

......................... ********* ········* ......................... . 
REFERENCES FOR N*1/212100l 

.HOEHLER 79 HANDBOOK OF PI-N SCATTERING. PHYSIK OATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 .TORONTO CONF 3 R.KOCH (Koft.RLSRUHEHJP 

CUTKOSKV BO TORONTO CONF 19 +FORSVTH.BABCOCK,KElLY,HENORICK ICARN+LBLIIJP 

.......................... ********* •••••••••••••••••• ********* •••••••• 
•••••• •••••••• ********* ********* •••••••••••••••••• o-•••••*•• ........ . 

2100 MEV REGION - PRODUCTION EXPERIMENTS 
ll4 N*1/212100o JP= I 1=1/2 PRUOUCTJON EXPERI'1ENTS 

RESONANCE-LIKE BUMP OBSERVED IN PP TO PIN' PI+ I AT CERN 
ISR IDE KERRET 161.. THE ENHANCEMENT SHOWS UP MORE 
ClEARLY WHEN EVENTS CORRESPONDING TO TRANSVERSAL DECAYS 
OF THE IN PI+J SYSTEM ARE SELECTED, CONTRoft.RY TO WHAT 
WCULO BE EXPECTED FOR A OIFfRACTIVE-LIKE EFFECT. 

114 N*1/212100) MASS (MEV) IPROD. EXPERIMENTS! 

1/82* 
1/B2* 

1/B2* 
1/82* 

1/82* 

1182* 

1/82* 

1/82* 

1/82* 
1/82• 

I 2100. I DE KERRET 76 lSR + PIN PI+IE*=45GEV 1178 

Baryons 
N(2100), N(2190) 

114 N*1/2121001 PARTIAL DECAY MODES CPROD. EXP.I 

N*1/2121001 INTO PI N 
DECAY Moft.SSES 

139+ 493 

****** ............................ ······•*• •••••••*• ••••••••••••••••• 

REFERENCES FOR N*1/2121001 PROD. EXPERIMENTS 

DEKERRET 76 PL 63B 471.483 +NAGY, REGL ER, BRANDT+ ICERN+HAMB+ I PN+VI ENI 

• ....................... ********* ********* ••••••••••• ,. .............. . 

·i~( ;~·~~) r::··:: 1:::::::~· J:::::::·:.:::···r~ ::r··· ....... . 

RE 
RE 

12190.01 
( 2210.01 
12190.0) 
( 2265.01 
( 2000.01 

2180. 
( 215B.OI 

FROM ENER. 
12260.01 
12160.01 
( 2160. J 
12200.1 
I 2225. I 
12190. I 
I 2208. I 

ONLY SHTES 
M AND W AflE 

( 2208.1 
c 2141. J 
I 2117. I 

2140. 
12140., 
I 2150. I 

2140. 
1209B. 01 

2200. 
C 2180. I 

THIS RESONANCE IS WELL ESTABLISHED. 

11 N*1/212190J MASS IMEVI 

APPROX 

APPROX 
25. 

DIDO ENS 
HOHLER 
YOKOSAWA 
OONNoft.CH1' 
LEA 
ANDERSON 
oft.YED 

63 CNTR 
64 RVUE 
66 CNTR 
68 RVUE 
69 CNTR 
70 MMS -
10 I PWA 

DEP. FIT OF ARGAND OUGRAM 
HULL 70 MPWA 

150.0l oft.MALDI 71 CNTR 
BRANSDEN 11 DPWA 
ROYCHOUO 11 DPWA 
ALioiiEHEO 72 I PWA 

PI- P TOTAL 
DAU + 01 SP REL 
PI- P OSIG + POL 
PHASE-SHIFT ANAL 
PI-P ELASTIC 
P'l- P TO PI- M~S 

SMoft.LL ANGLE PI-P 
P P AT 24 GEV 

OTT 72 MPWA 0 PI-P 8KWD ELSTC 
HICKS 13 MPWA GAM P-ETA P 

FROM TABLE VI I OF HICKS73 ARE INCLUDED IN LISTINGS. 
FROM SOLUTION C2,BR=SQRTIGI/W WITH G FROM TABLE Vtt. 

120. I ABE 74 + P+P->P+X,JCBN PK 

40. 

1100.1 
12. 

10. 

AYED 76 IPWA 
BARBOUR 78 OPWoft. 
HENDRY 78 MPWA 
BAKER 79 OPWA 
CUTKOSKY 79 IP!JjA 
HOEHLER 79 IPWA 
CRAWFORD 80 DPWA 
CUTKOSKY 80 I PWA 
SAXON 80 DPWoft. 

PI-N PHOTOPROO. 
PI N TO PI N 

0 PI- P TO ETA N 
PINTO PIN 
PINTOPIN 
PI N PHOTOPROO. 
PINTOPIN 

0 PI- P TO K LAM 

AVERAGE MEANINGLESS ISCALE FACTOR"' 1.01 

7 
1 

I ZOO. OJ 
1200.01 
1220.0) 
12S8. OJ 
275. 

1325.01 
(239.01 
1150. I 
Cl93. I 
1243. I 
(220. J 
270. 

C319. I 
noo., 
390. 

123B.OI 
500. 
IBO.J 

71 N*l/2121901 WIDTH IMEVI 

70. 

so. 

1100.1 
30. 

150. 

oft.PPROX 

01 DO ENS 
HOHLER 
YOKOSoft.WA 
DONNoft.CH1 
ANDERSON 
oft. YEO 
HULL 
oft.LMEHED 
HICKS 
AYEO 
BARBOUR 
HENDRY 
BAKER 
CUTKOSKY 
HOEHLER 
CRoft.WFORO 
CUTKOSKY 
SAXON 

63 CNTR 
64 PVUE 
66 CNTR 
68 RVUE 
10 MMS -
10 I PWA 
70 MPWA 
72 IPWA 
73 MPWA 
76 I PWA 
78 OPWA 
78 MPWA 
79 OPWA 
79 IPWA 
79 IPWA 
80 DPWoft. 
BO IPWoft. 
BO OPWA 

PI- P TO PI- MHS 

SMALL ANGLE PI-P 

GAM P-Eloft. P 

Pl-N PHOTOPRQQ. 
PINTOPIN 

0 PI- P TO ETA N 
PI N TO PI N 
PI N TO PI N 
PI N PHOTOPROD. 
PINTO PIN 

0 PI- P TO K LAM 

AVERAGE MEANINGLESS (SCALE FACTOR= 1.11 
SEE THE NOTES oft.CCOioiiPANYING THE MASSES QUOTED. 

( 2111.1 
2100. 

71 N*li2C21901 REAL PART OF POLE POSITION 114EV1 

CUT KOSKY 79 I PWA 
so. CUT KOSKY 80 I PWA 

PI N TO PI 
PINTO PI 

71 N*l/2121901 -2*IMoft.G PART OF POLE POSITION IMEVJ 

I M (308. I CUTKOSKY 79 IPWA PINTO PIN 
PI N TO Pt N I M 400. 160. CUTKOSKY 80 I PWoft. 

RER 
RER 

1MR 
1 MR 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

•• P9 

71 N*l/2(21901 RHL PART OF ELASTIC PCLE RESIDUE IMEVI 

124.1 
22. 14. 

CUT KOSKY 79 I PWA 
CUTKOSKY 80 tPWA 

PINTOPIN 
PINTOPIN 

71 N*l/2121901 IMAG PART OF ELASTIC PCLE RESIDUE IMEVI 

t-12. I 
-13. 20. 

CUTKOSKY 79 I PWA 
CUTKOSKY BO IPWA 

1l N*1/2(21901 PARTUL OECoft.Y MODES 

N*112121901 INTO PI N 
N*1/2(21901 INTO LAMBDA K 
N*112121901 tHO N PI PI 
N*l/2121901 INTO GAM P,HELICITY=3/2 
N*1/2121901 INTO GAM P,HELICITY,..l/2 
N*1/2(21901 It-ITO GAM N,HELICITY=3/2 
N*1/2(21901 INTO GAM N,HEliCITY:1f2 
N*112121901 INTO ETA N 
N*1/212190l INTO SIGMA K 

PINTOPIN 
PI N TO PI N 

OECoft.Y MASSES 
139+ 938 

1115+ 4~'3 

938+ 139+ 139 
0+ ~3B 
0+ 938 
0+ 939 
0+ 939 

548+ 939 
493+1189 

7/66 
6/68 
8/69 
2/71 
1171 

1111 
10/71 
3172 
3172 
2/72 
2/73 
9173 
9/73 
9173 
4/75 

11177 
3/79 

12/79 
12/79 
12/79 
12179 
12/Bl* 
l/82* 

12/79 

7/b6 
7/66 
6/68 
2/71 
1111 
1171 
2172 
9173 

11177 
3179 

12/79 
12179 
12/79 
12179 
12/B1* 
1/82* 

12/19 

12/79 
1/82• 

12179 
1/B2*' 

12/79 
1/82* 

12/79 
1/82* 



Baryons 
N(2190), N(2200) 

Rl 
Rl 
Rl 
Rl 
Rl 
R 1 
Rl 7 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

71 N*l/2121901 BRANCHING RATIOS 

N*l/212190) INTO (PI NJ/TOTAL 
10.3 I , APPROX 
10.31 APPROX 
10:03491 
10.1501 
10.091 
(0.35) 
(0. 251 
10.161 
0.16 

10.161 
0.14 
0.12 

0.04 
t o.oit 
·a.oz 
o. 06 

01 ODENS 
YOKOSAWA 
OONNACHl 
AYED 
'HULl 
ALMEHEO 
OTT 
AYED 
HENDRY 
CUTKOSKY 
HOEHLER 
CUT!fiOSKY 

63 CNTR 
66 CNTR 
68 RVUE 
70 t PWA 
10 MPWA 
72 IPWA 
72 ~PWA 
76 IPWA 
78 MPWA 
79 IPWA 
79 I PWA 
80 IPWA 

I PlJ" 

SMALL ANGLE PI-P 

0 PI-P BKWD ELSTC 

PI N TO PI 
PI N TO PI 
PI N TO PI 
PI N TO PI N 

Rl AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

R2 
R2 

R3 
R3 

R4 
R4 4 
R4 4 

. R4 4 
R4 4 

N*l/2121901 FRCM GAMMA PROTON TO K LAMBDA SORT( IP4+P51*P21 
IO.Ol61J DEANS 72 MPWA GAM P-K L/14,SOL 0 

N*l/2121901 FROM GAMMA PROTON TO ETA PROTON SQRTUP4+P51*P8J 
10.00941 HICKS 73 MPWA GAM P-ETA P 

N*l/2121901 FRCM PI N TO· K SIGMA SQRtiP1*P91 
(0.014110 0.019. DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
DEANS75 DISAGREES WITH PI+ P TO K+ SIGMAt- DATA OF WINNIK17 
AROUND 1920 MEV. 

7/66 
7/66 
6/68 
1/71 
1171 
2172 
2173 

11177 
12/79 

: 12/79 
12179 
1182• 

9/73 
9/73 

9/73 
9/73 

11/75 
11/75 
11/75 
1/78 
1178 

R5 
R5 

N*1/2121901 FROM PI N TO K LAMBDA SQRTI P1*P21 12/79 
(-0.021 SAXON BO DPWA 0 PI- P TO K LAM 12/79 

•• •• 
N•1izf21901 FROM PIN -TO EfA N SQRTIP1*P81 12/79 

1+0.0521 -BAKER 79 DPWA 0 PI- P TO EU N 12/79 

Al 
Al 
Al 

71 N*1/21 21901 PHOTON DECAY AMPLIGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*1/2121901 INTO GAM P. HELICJTY:c:1/2 IGEV**-1/21 
(-0.0301 BARBOUR 78 OPWA 
(-0.0551 CRAWFORD 80 DPWA 

N*1/2(21901 INTO GAM P. HELICITY=3/2 · CGEV**-1/21 

PI-N PHOTOPROO. 
.PI N PHOTOPROO. 

3/79 
12/81* 

A2 
A2 
A2 

lt-0.1801 BARBOUR 78 DPWA PI-N PHOTOPRQO. 3/79 
1.0.081 J CRAWFORD BO DPWA PI N PHOTOPROD. 12/B1* 

A3 
A3 
A3 

N*1/2121901 INTO GAM N, HELICITY:c:1/2 IGEV**-1/21 
1-0.0851 BARBOUR 78 OPWA PI-N PHOTOPROO. 

PI N PHOTOPROD. (-0.0421 CRAWFORD 80 DPWA 

A4 N*1/212190I INTO GAM N, HELICJTY:c:3/2 IGEV**-1/21 
A4 I +0. 001) BARBOUR 78 DPWA PI-N PHOTOPROD. 
A4 · I -0 • 126 I CRAWFORD 80 OPWA PI N PHOTOPROD. ......................... ·-········ ................................... . 
OIDOENS 63 PRL 10 262 
HOHLER 64 PL "12 149 
YOKOSAIIA 66 PRL _16 714 •. 

DCNNACH1 68 Pl 26B 161 
ALSO 68 VIENNA -139 
ALSO 68 tHESIS 

LEA 69 PL 29B 5e4 

ANDERSON 70 PRL 25.699 
AYED 70 KIEV CONF 
HULL 70 PR D2 l7E3 

AMALOI 11 "Pl 348 435 
BRANSOEN 11 NP B26 511 

ALSO 70 NP B16 461 
ROYCHOUO 11 NP B27 125 

ALMEHED 72 NP B40 157 
DEANS 72 PRO 6 1906 
OTT 72 PL 428 133 

ALSO 72 MCGill Tt-IESIS 
HICKS 73 PRO 1 2614 

ABE 
DEANS 
AYED 

74 PL 538 114 
7.5 NP B96 90 
76 CEA-N-1921 

REFERENCE~ -'FOR N*1/2(21901 

+JENKINS, KYCIA, RILEY 
G HOHLER. J GIESECKE 
+SUWA,t-ltlLtESTERLINGt BOOTH 

(BNLI I 
IKARLSRUHEI I 

IANL,CHICI JP 

A DONNACHIE. R G KlRSQpp, C LOVELACE ICERNIIJP 
DONNACHIE RAPPORTEUR.S TALK IGLASI 
R G KJRSOPP CEOINJ 

LEA, CADES, WARD, COWAN,+ ( RHEL, BR ISlOL, DARE I 

t-BLESERt Bl I fDENt COLLINS++ 
R AYEO,P BAREYRE, G VILLET 
J HULL, R LEACOCK 

I BNLt CARNI 
I SACLHJP 

t'ISUI 

+BIANCASTEllloBOStO.+ II SANITA ROMA+CERNI 
+OGDEN C DURHIIJP 
ROYCHOUDHURY., PERRIN, BRANSDEN ( DURHIIJP 

-R K "ROYCHOUOHURY.B H BRANSDEN fDURHIIJP 

+LOVELACE· ILUND.RUTGIIJP 
OEANS,JACOBS. LYONS,MONTGOMERY (SOUTH FLA.HJP 
+TR 1 SCHUK t VAVRA, Rl CHAR OS, t- ( MCGI., STLO, IOWA I I JP 

J.VAVRA IMCGII JP 
+DEANS, JACOBS, lYONS+ ( CARN+ORNL+SOUTH FLA. I I JP 

+Al SPECTOR • BOMB EROW ITZ + 
+MITCHELL, MONTGOMERY,+ 
AYED fTHES_I S I . 

IRUTG.UPNJ ,FSUI 
I SFLA, ALABAMA II JP 

( SACLI I JP 

BAR SOUR ,CRAWFORD,PARSON S I GLASI 
ARCHIBALD W. HENDRY"· (JNDHBLIIJP 
+BROIIN,CLARK,OAV1ES,OEPAGTER, EVANS+ I RHEU IJP 
+FORSYTH,HENDRJCK,KELL Y C CARN+LBLJ IJP 

BARBOUR 
HENDRY 
BAKER 
CUTKOSKY 
HOEHLER 

18 NP 8141 253 
7B PRL 41 222 
79 NP 8156 S3 
79 PRO 20 2839 
79 HANDBOOK OF PI-N SCATTERING. PHYSIK OATEN VOL.lZ-1 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO BO TORONTO CONF 3 R.KOCH . (KARLSRUHE I IJP 

CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORD IGLASI 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK.KELLY,HENDRICK CCARN+LBLJIJP 
SAXON 80 NP Bl62 522·· +BAKER,BELL.,BLISSETT,BLOODWORTH+IRHElt-BRISltJP 

PAPERS. NOT REFERRED TO IN DATA CARDS 

BARGER 66 PRL" 16 913 V BARGER. D CLINE llfiSCI p 
CARROLL 66 PRL 16 28B +CORBETT.DAMEREtl,MIODLEMAS, + IRHEL,OXFIJ-L 

·CARROLL 66 ORL 11 1274 +CORBETT,DAMERELL,MIDDLEMAS, + fRHEL,OXFIJ-l 
ERRATUM CHANGING THE RATHER lfEAK DETERMINATION OF J-L TO +1 (2.1 

KORMANYO 66 PRL 16 709 KORMANYOS,KRISCH,OFALL.ON, + IMICH,ANLI P 
BUSZA 67 NC 52A 331 t-DAVJS.DUFF.HEYMANN, + ILOUC.WESTFIELDJ 
AYEO 70 PL 31B 5S8 +BAREYRE,VILLET ISACLAYI 
MA 76 PRO 13 3027 E. MA,G. L. SHAW IOREG+UCIIIJP 
WINNIK 11 NP B128 66 t-TOAFF.REVEL.GOLOBERG,BERNY (HAJFU .................................................................... .................................................................... 

3/79 
12/81• 

3/79 
12/81• 

212 

Data Card Listings 
For notation, see key at front of Listings. 

I N(2200) I 05 N*1/2C2200, JP=5/2-I 1=1/2 

05 N*1/212200J MASS CMEVI 

12100. J ALMEHEO 12 IPWA 
( 2076. I AYED 76 I PWA 
( 1870. I BAKER 11 DPWA 

IN ADDITION TO THE LISTED PARAMETERS OBTAINED IN 
SEE A POSSIBLE EFFECT ABOVE 2000 MEV IN AN IPWA. 

2228. 30. HOEHLER 79 IPWA 
2180. 80. CUTKOSKY 80 IPWA 

( 1920. I SAXON eo OPWA 

05 N*112122001 WIDTH (MEVI 

PI- P TO K LAM. 
OPWAt BAKER 11 

PI N TO PI N 
PINTOPIN 

0 PI- ~ TO K LAM 

2/72 
11/77 
1/78 
1/78 
1/78 

12/79 
1/82* 

12/79 

1150. I 
(206. J 
153.1 
310. 
400. 

1220. J 

ALMEHED 
AYEO 
BAKER 
HOEHLER 
culKOSKY 
SAXON 

12 I PWA 
76 IPWA 
71 DPWA 
79 IPWA 
80 IPWA 
eO DPWA 

. 2/72 

RE 2100. 

1M 360. 

RER o. 

.50. 
100. 

0 PI- P TO K LAM. 
PI N TO PI N 
PINTOPJN 

0 PI- P TO K LAM 

05 N-:l/2(2200J REAL PART OF POLE POSITION IMEVI 

60. CUT KOSKY 80 I PWA PINTOPIN 

05 N*1/2122001 -2*IMAG PART OF POLE POSITION IMEVJ 

so. CUTKOSKY 80 I PWA PI N TO PI N 

05 N*1/2f22001 REAL PART OF ELASTIC PCLE RESIDUE fMEVJ 

11. CUTKOSKY 80 IPWA PtNTOPIN 

C5 N*1/212200J IMAG PART OF ELASTIC POLE RESIDUE IMEVJ 

IMR -20. 10. CUTKOSKY 80 t PWA PINTO PIN 

Pl 
P2 
P3 

Rl 
Rl 7 
Rl 
Rl 
Rl 

R2 
R2 E 
R2 

R3 
R3 

05 N*112122001 PARTIAL DECAY MODES 

N*l/2(22001 INTO PI N 
N*1/2f22001 INTO LAMBDA K 
N*1/212200 I INTO ETA N 

DECAY, MASSES 
139+ 93e 

1115+ 497 
939+ 548 

C5 N*1/212200J BRANCHING RATIOS 

N*1/212200J 
CO. 21 
(0.09) 
0.07 
0.10 

INTO I PI NI/TOTAL 

0.02 
0.03 

ALMEHED 
AYED 
HDEHLER 
CUTKOSKY 

N*l/212200 I FROM PI N TO lAMBDA K 
1-0.061 BAKER 
1-0.051 SAXON 

N*l/2122001 FROM PI N TO ETA N 
10.0661 BAKER 

72 IPWA 
76 IPWA 
79 I PWA 
80 I PWA 

(PlJ 

PI N TO PI 
PI N TO PI 

SQRTIP1*P2J 
71 bPWA 0 PI- P TO K LAM. 
80 DPWA 0 PI- P TO K LAM 

SQRTIP1*P31 
79 DPWA 0 Pt- P TO ETA N .................................................................... 

ALMEHED 
AYEO 
BAKER 

12 NP B40 157 
76 CEA-N-1921 
17 ~p B126 365 

fl:EFERENCES FOR N*1/21 22001 

+LOVELACE. 
AYED fTHESISJ 
+BL I SSET, BLOODWORTH, BROOME. HART+ 

I LUND. RUTGIIJP 
( SACLI I JP 
IRHELIIJP 

BAKER 79 NP 8156 93 +BROWN,CLARK,OAVIES,DEPAGTER,EVANS+ IRHEUIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

t-KA I.SER. KOCH, PI ET AR INEN /KARLSRUHE , I JP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

CUTKOSKY 80 TORONTO CONF 19 t-FORSYTH, BABCOCKoKELL Y • HEN ORICK I CARNt-LBlll JP 
. +BAKER., BELL, BlISSETt, BLOODWORTH+ I RHELt-BRI Sl J JP SAXON 80 NP B162 522 

PAPERS NOT REFERRED TO IN DATA CARDS 

MA 76 PRO 13 3027 E. MA,G. L. SHAW I OREG+UC I I I JP ..................................................... ...... ••••••*** ..................................................... . 

2200 MEV REGION -. PRODUCTiON EXPERIMENTS 
111 N*l/212200, JP=?J Jz1/2 PRODUCTION EXPERIMENTS 

WE LIST HERE BUMPS OBSER~ED IN THE RANGE 190D-2500 MEV. 

-------·--------- -------------- --~-- ------· 
111 N*l/2122001 MASS IMEVI I PROD. EXP. J 

2160. 50. AMALDI 
2120. 30. APPLE 
2362. 20. APPLE 

45 1930. 20. SUGAHARA 
34 2120. 10. SUGAHAifA 

SEEN tN N*3/2112321 PI PI fNOT RHOI , 

11 SAS 
11 SPEC 
11 SPEC 
79 HP.C 
19 HBC 

+ P P TO P MM 
+ P P TO P IP PIOI 
+ P P TO P IN PI.., 
+0 PI-P AT 4. 5 GEV 
t-0 PI-P AT 4. 5 GEV 

11612200.1 SUGAHARA 79 HSC t- PI-P AT 4.5 GEV 
N*3/.2f12321 RHO IS DOMINANT. IDENTIFIED WITH Gl1121901. 

AVERAGE MEANINGLESS CSCALE FACTOR= 1.11 

11/71,, 
1/78 

12/79 
11e2o 

12/79 

1/82* 

1/82• 

1182* 

2/12 
11/77 
12/79 
1/82* 

1/78 
12/79 

12/79 
12/79 

1178 
1/78 
1/78 

12/79 
12/79 

1Z/79 

J 
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Data Card Listings 
For notation, see key atfront ofListings. 

lll N*l/2122001 WIDTH IMEVJ IPROD. EXP.I 

125. 
75. 

45 160. 
34 zo. 

70., 
50. 
30. 
30. 

APPLE 
APPLE 
SUGAHARA 
SUGAHARA 

AVERAGE MEANINGLESS ISCALE FACTOR"' 1.9) 

17 SPEC + P P TO P IP P.IOJ 
17 SPEC + P P TO P (N Pl+J 
79 HBC +0 PI-P AT 4. 5. GEV 
79 HBC +0 Pt-P AT 4o5 GEII 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 

..................................................... ********* •••••••• 

REFERENCES FOR N*l/2122001 

AMALDI 11 PL 348 435 +B I ANCASTElll, BOS tO, MA TlHJ AE+ I SANI +CERN I 
APPLE 11 LNC 18 167 +ASH, CHENG, COYNE ,GROSS MAN+ I PR I N+P AVI AI 
SUGAHARA 79 NC 52A 373 +SUZUKI, FUKAWA, KABE,KICHIM I ,QCHIA I+ I KEKI 

......................... * ......... ., •••••••• *******••••··············· ...... ......... ••••••••• ••••••••• ••••••••• ••••••••• •••*••••• •••••••• 

I N(2220} I 90 NH/212220. JP•9/2+1 1•1/2 [gJ 

RE 
RE 

IM 
I M 

( 2200.1 
I 2221. OJ 

FROM ENER. 
I 2245;01 
( 2249.) 

2300. 
( 2050.1 
I 2250.) 

2205. 
2230. 

THIS RESONANCE IS WElL"ESTABLISHED. 

90 N*1/2122201 MASS IMEVI 

APPROX. BUSZA 
AYEO 

OEP • FIT OF ARGAND 0 I A GRAM 
HULL 
AYED 

100. 

10. 
BO. 

HENDRY 
BAKER 
CUTKOSKY 
HOEHLER 
CUTKOSKY 

61 OSPK 
70 I PWA 

10 MPioiA 
76 IPWA 
7B MPWA 
79 OPWA 
79 I PWA 
79 1 PWA 
80 I PWA 

LEG.POL YN. &.NAL. 

S"'-&.ll ANGLE PI-P 

Pl N TO PI N 
0 PI- P TO ET&. N 

PINTO PIN 
PI N TO PI N 
PI N TO PI N 

AVERAGE MEANINGLESS f SCALE FACTOR "' 1.01 

(258.01 
1329.01 
047.1 
450. 

1450.1 
365. 
500. 

90 N*l/2(22201 WIDTH IMEVI 

150. 

30. 
150. 

AYEO 
HUll 
AYED 
HENDRY 
CUH.OSKY 
HOEHLER 
CUTKOSKY 

10 I PloiA 
70 MPWA 
76 1 PWA 
78 MPioiA 
79 JPWA 
79 JPWA 
80 I PWA 

SM&.ll &.NGLE PI-P 

PINTO PI 
PI N TO PI 
PI N TO PI 
PINTO PI 

AVERAGE MEANINGLESS (SCALE FACTOR = 1. 0 I 

( 2180.1 
2160. 

1400. I 
480. 

90 N*1/2122201 RE&.L PART OF POLE POSITION CMEVI 

CUTKOSKY 79 IPWA 
ao. CUTKOSKY 80 I PloiA 

PI N TO PI 
PINTOPI 

90 N*l/2122201 -2*IMAG PART OF POLE POSITION f~EVJ 

CUTKOSKY 79 IPWA 
100 .. CUTKOSKY 80 IPWA 

PINTOPIN 
PI N TO PI N 

90 N*1/2f2220J REAL PART OF ELASTIC POLE RESIDUE IMEVI 

1/78 
1/78 

12/79 
12/79 

2171 
1171 

1/7l 
11/77 
12179 
12/79 
12179 
12/79 

1/B2* 

1/71 
1/71 

11177 
12179 
12/79 
12/79 

1/82* 

' 12179 
1/82* 

12/79 
1/82* 

RER 
RER 

CUTKOSKY 19 I PWA PI N TO PI N 12/79 

IMR 
IMR 

Pl 
P2 
P3 

R! 
Rl 6 
Rl 
Rl 
R! 
Rl ., 
Rl ., 

20. CUTKOSKY 80 IPWA PI N TO PI N . 1/82* 

90 N*1/2C2220I IMAG PART OF ElASTIC POLE RESIDUE IMEVI 

t-21. I 
-32. 20. 

CUTKOSKY 79 I PloiA 
CUTKOSKY 80 IPWA 

90 N•112122201 PARTIAl DECAY MODES 

N*l/2122201 INTO PI N 
N*l/2122201 INTO N ETA 
N*1/2122201 INTO LAMBDA K 

90 N•l/2(22201 BRANCHING RATIOS 

N*1/2122201 INTO"CPI NI/TOUL 
(0.1401 
10.151 
10.201 
0.12 

(0. 201 
0.18 
0.15 

0.015 
0.03 

AYED 
HULl 
AYED 
HENDRY 
CUT KOSKY 
HOEHLER 
CUTKOSKY 

70 I PWA 
10 MPWA 
76 IPWA 
78 MPWA 
79 I PWA 
79 IPWA 
80 I PWA 

PI N TO PI N 
PI N TO PI N 

DECAY ~ASSES 
'139+ 938 
939+ 548 

1115+ 497 

I P 11 

S~ALL A.NGLE PI-P 

PI N TO PI . N 
PINTOPJN 
PI N TO PI N 
PINTOPIN 

12/79 
1182• 

1111 
1171 

11177 
12/79 
12/79 
12/79 

1/82* 

R1 AVERAGE ~EANJNGLESS ISCALE FACTOR= t.l) 

R2 
R2 

R3 
R3 

euSZA 
AYED 
HULL 

N*l/2122201 FRCM PI N TO K LAMBDA SQRT(Pl*P31 12/79 
NOT SEEN SAXON eo OPWA 0 PI- P TO K LAM 12/79 

N*1/2122201 FR0fr4 PI N TO ETA N SQRTCPl*P21 12/79 
10.0341 BAKER 79 DPWA 0 PI- P TO ETA N 12/79 

••••••••••••••••••••••••••• ********* ••••••••••••••••• 

67 NC 52A 331 
70 KIEV CONF 
70 PR 02 1783 

REFERENCES .FOR N*112122201 

+OAVIS,OUFF.HEYHANN,NIMMON + 
R AYED 9 P BAREYRE. G VILLET 
J HULL. R LEACOCK 

ILOUC+LOWCI 
I SA.CUIJP 

tiSUI 

Baryons 
N(2200}, N(2220), N(2250) 

A.YEO 76 CEA-N-1921 AYED CTHESISI I SACLJ I JP 
I IND+LSLIIJP 

I INOJIJP 
HENDRY 78 PRL 41 222 ARCH I BALD W. HENDRY 

ALSO 80 TORONTO CONF 113 ARCHIBALD W .. HENDRY 

BAKER 79 NP B156 93 +SROWN.CLARK.OAVIEStOEPAGTER 9 EVANS+ IRHELIJJP 
CUTKOSKY 79 PRO 20 2e39 +FORSYTH.HENORJCK.KEllY ICARN+LBLIIJP 
HOEHLER 79 HANOBCOK OF PI-N SCAT.TERING, PHYSIK OATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KQCH IKARLSRUHEIIJP 

CUTKOSKY eo TORONTO CONF 19 +FORSYTH.BABCOCK.KELLY.HENDRICK ICARN+LBUIJP 
SAXON BO NP B162 522 +BAKERoBElL.BLISSETT,BLOOOWORTH+fRHEl+BRISIIJP 

AYEO 
MA 

70 PL 3Ie 598 
76 PRO 13 3027 

PAPERS NOT REFERRED TO IN DATA CARDS 

+BAREYRE. VI llET 
E. MA,G. L. SHAW 

I SAClAYI 
IOREG+UCJJIJP 

........................................... ********* ................. . • ••••••••••••••••••••••• •••••o:••• ••••••••• •••••• ••• • ............... . 

I N ( 2250) '"'' N*l/212250, JP•9/2-I 1•1/2 ~ 
THt S RESONANCE IS WELL ESTABLISHED. 

' ----- ------- ------- --------- -------- ------ ------- --------

. ' 
• • • 

RE 
RE 

IM 
IM 

RER 
RER 

'"" '"" 

Pl 
P2 
P3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

c 2133.1 
2200. 

I 2200. I 
2268. 
2250. 

113 N*1/2f22501 MASS IMEVI 

100. 

15. 
eo. 

AYEO 
HENDRY 
CUT KOSKY 
HOEHLER 
CUTKOSKY 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

(.193. I 
350. 

1330. J 
300. 
480. 

113 N*l/2122501 WIDTH IMEVI 

100. 

40. 
120. 

AYEO 
HENDRY 
CUTKOSKY 
HOEHLER 
CUTKOSKY 

AVERAGE ~EANINGLESS I SCALE FACTOR == 1.01 

76 JPWA 
78 MPWA 
79 t PWA 
79 I PWA 
80 IPWA 

76 I PWA 
78 MP\oiA 
79 J PWA 
79 I PWA 
80 IPWA 

PI N TO PI N 
PI N TO PI 
PI N TO PI 
PINTO PI 

PINTO PIN 
PI N TO PI 
PI N TO PI 
PI N TO PI 

113 N*l/2122501 REAL PART OF POLE POSITION IMEVI 

( 2169 .. 1 
2150~ 50. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PI N TO PI 
PI N TO PI 

113 N*l/2122501 -2*1MAG PART OF POLE POSITION IMEVI 

1290. I 
360. 100. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPioiA 

PINTO PIN 
PI N TO PI N 

113 N*l/2122501 ·REAL PART OF ELASTIC PCLE RESIDUE fMEVI 

(15.1 
13. 1. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 I PWA 

PI N TO PI N 
PINTOPIN 

113 N*l/2(22501 IMAG PART OF ELASTIC POLE RESIDUE (MEV) 

(-7 .. ) 
-15. .. CUTKOSKY 79 IPkA 

CUTKOSKY 80 I PWA 

113 N*l/2122501 PARTIAL DECAY MODES 

N*1/212250l INTO PI N 
N*l/2122501 If\TO LAMBDA K 
N*1/2t22501 INTO ETA N 

113 N*1/2f22501 BRANCHING RATIOS 

N*1/2122501 INTO 
co. 091 
0.09 

(0.101 
0.10 
o.to 

I PI NI/TOTAL· 

o. 02 

a. 02 
o.02 

AYEO 
HENDRY 
CUT KOSKY 
HOEHLER 
CUTKOSKY 

76 I PWA 
78 ~PWA 
79 I PWA 
79 I PWA 
80 IPWA 

PINTO PIN 
PJNTOPIN 

DECAY MASSES 
139+ 938 

1115+ 497 
939+ 548 

( Pll 

PI N TO PI 
PI N TO PI 
PINTOPI 
PI N TO PI N 

R1 • • 
Rl AVERAGE MEA"'INGLESS I SCALE FACTOR "' 1.01 

R2 
R2 

R3 
R3 

N*1/2( 2250 I FRO"' PI N TO K LAMBDA 
NOT SEEN SAXON 

N*l/2122501 FROM PI N TO ETA N 
(-0.0431 BAKER 

80 OPWA 

79 OPWA 

REFERENCES FOR N*1/2(22501 

AYEO 76" CEA-N-1S21 AYEO ITHESISI 
HENDRY 78 ·PRL 41 222 ARCHIBALD W. HENDRY 

ALSO 80 TORONTO CONF 113 ARCHIBALD W. HENDRY 

SQRTIPl*P21 
0 PI- P TO K LAM 

SQPTCPl*P31 
0 PI- P TO ETA N 

(SACUl JP 
II ND+LBU I JP 

I I NOI I JP 

BAKER 79 NP 8156 93 
CUTKDSK Y, 79 PRO 20 2839 
HOEHLER 79 HANDBOOK OF PI-N 

+BROWN.CLARK 9 0&. VIES, DEP AGT ER • EVANS+ { R HE U I JP 
+FORSYTH. HENDRICK, KELLY I CARN+LBL I I JP 

SCATTERING, PHYSIK DATEN VOL.12-l 
+KAISER.KOCH,PlETARtNEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

' C UTKOSK Y 80 TORONTO CONF 19 +FORSYTH ,BABCOCK.KELL Y, 1-'ENDR ICK I CAR"'+LBLI I JP 
SAXON 80 NP B162 522 +BAKER,BELLtBLISSETl,BLDOOWORTH+(RHEl+BRISIIJP 

................................. ********* ••••••••• ****••••• 
••••••••••••••• ********* •••••••••••••••••••••••••••••••••••• ******"'* 

1/78 
12/79 
12179 
12/79 
1/82* 

1/78 
12/79 
12/79 
12179 

1/82* 

12/79 
1/82* 

12/79 
1/82* 

12/79 
1/82* 

12/79 
1/82* 

1178 
12/79 
12:/79 
12/79 
1/82* 

12/79 
12/79 

12179 
12/79 



Baryons 
N(2600), N(2650), N{2700), N{2800) 

I N ( 2600) 1120 N*ll212bOO. JP=ll/2-1 .1=1/2 ~ 

Pl 

Rl 
Rl 
Rl 
Rl 

2700. 
2517. 

120 N•l/212600) MASS IMEVJ 

100. 
50. 

HENDRY 
HOEHLER 

78 ,..PWA 
79 I PWA 

AVERAGE MEANINGLESS I SCALE FACTOR= 1;11 

900. 
400. 

120 N*l/2126001 WIDTH IMEVI 

100. 
100. 

HENDRY 78 MPWA 
HOEHLER 7CJ I PWA 

AVERAGE MEANINGLESS ISCALE FACTOR:: 3.51 

120 N*l/2126001 PARTIAL DECAY MODES 

N*l/2126001 INTO PI N 

120 N*l/2126001 aRANCHING RATIOS 

N*l/2126001 INTO IPI NJ/TOTAL 

PI N TO PI 
PI N TO PI 

PI N TO Pt 
PI N TO PI 

DECAY ,..ASSES 
139+ 938 

(Pll 
o.oa o.oz HENDRY 

HOEHLER 
78 MPWA PI N TO PI 

o.os .0.01 79 IPWA PI N TO PI 

Rl AVERAGE MEANINGLESS I SCALE FACTOR = 1.31 

•••••• ********* ••••••••• ********* ********* ••••••eo•• •••••:cr*** •••••••• 
REFERENCES FOR N*l/2126001 

HENDRY 78 PRL 41 222 AR.CHIBAUi W. HENDRY (IND+lBLJIJP 
ALSO 80 TORONTO CONF 113 ARCHIBALD W. HENDRY CINDIIJP 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN YOL.l2-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 P.KOCH IKARLSRUHEJIJP 

•••••• ********* ********* ............................. ********* ******** 
****** ********* ********* ********* ••••••••••••••••••••••••••••••••••• 

26q0 MEV REGION - MISCELLANEOUS EXPERIMENTS 

12700 .. 01 
12660.01 
12600.0) 
12633.01 

264·9.0 

1100.01 
1200.01 
1425. OJ 
360.0 

72 N*1/212650, I I:c:L/2 PROOUCTlON EXPERIMENTS 

ROYCHOUOHURY 71 CLAIM Fl5124001 AND GICH2400) TO BE 
POSSIBLE RESONANCES. BRANSOEN 71 FINO THE POSSIBLE 
RESONANT CANDIDATES SLU25201 AND H19125qQ). RECENT 
PI N PWA'S ESTABLISH THE EXISTENCE OF A JP=ll/2-· STATE 
IN THIS REGION, BUT THE. POSSIBILITY THAT THERE 
ARE ALSO OTHER STATES. REMAINS. SEE THE MINI-REVIEW 
PRECEDING THE N AND DELTA LISTINGS. 

72 N*L/2126501 MASS IMEVJ (PROD. EXP .. I 

APPROX 

10.0 

ALVAREZ 
HOHLER 
WAHliG 
BARGER 
Cl TRON 

64 CNTR 
64 RVUE 
64 OSPK 
66" FIT 
66 CNTR 

PI PHOTOPROO. 
DATA + OISP REL 

0 PI-P CH EX 
TOTAL + CH EX 
PI+- P TOTAL 

"72 N*l/2126501 WIDTH IHEVI CPR(IO. 'EXP.I 

20.0 

ALVAREZ 
HOHlER 
BARGER 
CIT RON 

64 CNTR 
64 ·RVUE 
66'""FIT 
66 CNTR 

TOTAl + CH EX 

---- ---.....:...- ___ _.:..._ ------- ---- ---- -~--~- -----
"12 N*l/2126501 PARTIAL DECAY MODES CPROO. EXP.I 

PI 
P2 
P3 

N*112(26501 tHO PI N 
N*L/2126501 INTO LAMBDA K 
N*1/2126501 INTO N PI PI 

---- ----- ------ ___ ....:. _________ _: __ -----

DECAY MASSES 
139+ 938 

1115+ 497 
938+ 139+ 139 

72 N*1/2126501 BRANCHING RATIOS (PROD. EXP.I 

R1 N*l/2126501 INTO (PI NJITOTA.L IPLI 
R1 ONLY IJ+l/21*1 PI N/TOTAU MEASURED FOR THIS STATE 

12179 
12179 

12179 
12/79 

12179 
12/79 
12179 

lllb1 
7/66 

7/b6 
11/67 

7/66 

R1 8 10.4561 ( 0.0181 BARGER 66 RVUE TOTAL +" CH EXC. 11/67 
R1 0.436 0 .. 028 CITRON 66 CNTR TOTAL CROSS-SEC. 11/67 
Rl B 10.301 BARGER 67 RYUE USES KORMANYOS67 11/67 
Rl 8 USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGRE 
R1 B FOR CRITICISM OF THIS "1ETHOO, SEE DOLEN 68. 
Rl 0 10.241 . OIKMEN 67 fWUE USES KOR~ANYOS66 lllb1 
R1 0 USES-ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES 
Rl (0.061 KORMANYOS .6"7 CNTR PI-P AT LBO OEG. 11/67 · 

..... ,. •• **'******* ••• ,. ••• ,. ......... ,. .................... **'*****'** •••••••• 

REFERENCES· FOR N*112126501 I PROD. EXP.J 

ALVAREZ 64 PRL 12· 710 +BAR-YAM,KERN,LUCKEY,OSBORNE• + fMiT,CEAI 
HOHLER 64 PL 12 149 G HOHLER, J GIESECKE IKARLSRUHEI I 
WAHLIG 64 PRL 13 103 +MANNElll, SDDICKSON,FACKLER, WARD, + f ~ITJ 
BARGER 66 PR 151 1123 V BARGER, M OLSSON fWlSCI 
CITRON 66 PR 144 1101 +GALBRAITH,KYCIAwlEONTJC,PHilliPSt + IBNLI 
BARGER 67 PR 155 1792 V BARGER, D CLINE {WI SCI 
DIKMEN 67 PRL 18 798 F N DIKMEN f·MICHJ 
KqR.MANYO 67 PR 164 1661 KORMANYQS, KRISCH, OFALLON, + fMICH,At-ILI P 

214 

Data Card Listings 
For. notation, see key at front of Listings. 

PAPERS NOT ·REFERRED ·TO IN DATA CARDS 

8AACKE 67 1\tC 51A 7H J BAACKEt M YYERT (KARLSRUHE,ORSAYIJ-L 
DOLEN 68 PR 166 1768 R DOLEN, 0 HORN, C SCHMID ICITJ 
WAHllG 68 PR 168 1515 M A WAHLIG, I MANNEHI .. IMIT,PISAI 

FINAL VERSION OF CATA. USED IN WAHLIG 64. IN CONFUNCTION WITH 
CITRON 66 T:JTAL .CROSS SECT.IONS, THIS CHARGE EXCHANGE DATA GIVES · 
COMPLEX ELASTIC SCATTERIP--IG AMPLITUDE AT 0 DEGREES. 

BRANSDEN 71 NP 826 511 
ALSO 70 .NP 816 4ft 

ROYCHOUD 71 NP 627 125 

+OGDEN 
POYCHOUDHURY, PERRIN, BRANSOEN 
R K ROYCHOUOHURY,S H SRANSDEN 

fOURHitJP 
IDURHIJJP 
I DURHIIJP . ........................................................................... . ............. l!l.b ·b······· ••••••*** ........................... . 

I N(2700) 1121 N*lf2(2700 •. JP=l3/2+1 1=112 ~ 

PI 

Rl 
Rl 
Rl. 
Rl 
Rl 

) 

3000. 
2612. 

121 N*1/212700J MASS fMEVJ 

100. 
45. 

HENDRY 78 MPWA 
HOEHLER 79 IPWA 

AVERAGE MEANINGLESS I SCALE FACTOR = 3.51· 

900. 
350. 

121 N*l/2( 27001 WIDTH IMEYI 

150. 
50, ... 

HENDRY 78 MPWA 
HOEHLER 79 l PWA 

AVERAGE MEANINGLESS I SCALE FACTOR : 3.51 

121 N*l/2127001 PARTIAL DECAY MODES 

N*1/2127001 INTO PI N 

121 N*1/2127001 BRANCHING RATIOS 

N*L/2127001 INTO fPI NI/TOTAL 

PI N TO PI 
PI N TO PI 

PI N TO PI N 
PJ N TO PI N 

DECAY MASSES 
139+ 938 

I PLI 
O. 07 0.02 HENDRY 78 MPWA PI N TO PI 
0 .. 04 O. 01 HOEHLER 79 I PWA PI N TO PI .......... 

AVERAGE MEANINGLESS f SCALE FACTOR~"' 1.31 ........................................................................... 
REFERENCES FOR N*1/212"7COI 

HENDRY 78 PRL 41 222 ARCHIBALD W. HENDRY IIND+LBLHJP 
ALSO 80 TORONTO C0NF 113 ARCHIBALD W. HENDRY ltNOJ(JP 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN ,VOL .. 12-1 
+KAJSER,KOCH,PIETARINEN. /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH. {KARLSRUHE·) JJP 

• ..... ****··~·· ••••••••• ········* •••••*••• ................. * •••••••• 
****** ......... **••••••• .......... ********* ............................ . 

I N(2800) I 
) 

2792. 

240. 

122 N*1/212BOOt JP=9/2-J 1:::1/2 

122 N*112128001 MASS IMEVI 

100. HOEHLER 79 IPWA 

122 N*l/2128001 WIDTH IMEVJ 

100. HOEHLER 79 IPWA 

122 N*1/2f28001 PARTIAL DECAY MC-DES 

PI N*1/2128001 INTO PI N 

122 N*l/2128001 BRANCHING RATIOS 

PINTOPIN 

PI N TO Pt N 

DECAY "''ASSES 
13~+ 938 

12179 
12/19 

12/79 
12/79. 

12/79 
12/79 
12/79 

12179 

12179 

Rl 
Rl 

N*1/212BOOJ INTO .I PI NIITOTAL IPll 
0.02 0.015 ~ HOEHLER 79 JPWA PI N TO PI N 

12179 
12179 

....... ********* •••••••• * ................... ********* ********* ******** 

REFERENCES FOR N*1/2128001 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PH.YSIK OATEN VOL.12-l 
+KAJSER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEJIJP 

...... ********* .................................... ********* ........ . 

••••••••••••••• ***•••••• ••••*•••• *******!'* .......... •••••••*• •••••••• 
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Data Card Listings Baryons 
For notation, see key at front of Listings.N(>3000), N(3030), N1(3245), N(3690), N1(3755) 

PI 

>3000 MEV REGION - FORMATION EXPERIMENTS 

3500. 
3800. 
4100 • . ~. 

128 N•l/21>30001 J:cl/2 

WE LIST HERE I=l/2 RESONANCES WITH MASS GREATER. THAN 
ABOUT 3.0 GEV WHICH HAVE SEEN SEEN IN A SINGLE PARTIAL 
WAVE ANALYSIS ONLY. ALL RESONANCES WHICH HAVE HEN 
OBSERVED IN >1 ANALYSIS AT ABOUT THE SAME h1ASS b.RE 
GIVEN A SEPARATE USTING WITH THE APPROPRIATE QUANTUM 
NUMBERS. 

128 N*l/2(:>30001 MASS CMEVI 

200. 
200. 
200. 

HENDRY 
HENDRY 
HENDRY 

78 MPWA 
78 MPWA 
78 MPWA 

PI 
PI 
PI 

lll5 
Mll7 
Nll9 

AVERAGE MEAN INGLES$ I SCALE FACTOR :: 1.51 

1300. 
1600. 
1900. 

128 N*l/21>30001 WIDTH IMEVI 

200. 
200. 
300. 

HENDRY 
HENDRY 
HENDRY 

78 MPWA 
18 MPkA 
78 MPWA 

AVERAGE MEANINGLESS (SCALE FACTOR::: 1.21 

128 N*l/21>30001 PARTIAL DECAY MODES 

N*l/21>30001 INTO PI N 

128 N*1/21>3000) BRANCHING RATIOS 

PI 
PI 
PI 

Lll5 
Mll7 
Nl19 

DECAY MASSES 
139+ Q38 

R1 N*l/2(>30001 INTO CPI NI/TOTAL C Pll 
R 1 0. 055 O. 02 HENDRY 
R1 0.040 0.015 HENDRY 
R 1 O. 030 O. 015 HENDRY 
R1 • • 
R1 AVERAGE MEANINGLESS CSCALE FACTOR"' 1.01 

78 ~PWA PI 
78 MPWA PI 
18 MPWA PI 

Lll5 
Mll7 
Nll9 

..................................................................... 
REFERENCES FOR N*l/21>30001 

HENDRY 18 PRL 41 222 ARCHIBALD Wo HENDRY 
ALSO 80 TORONTO CONF 113 ARCH I BALD W. HENDRY 

****** ••••••••• ••••••••• ••••••••o ••••••••• ••••••••• ................................................... 
C tND+LBll I JP 

I INOHJP 

N{3030) 
BUMPS 73 N*1121 3030o JP: 1 1=1/2 PRODUCTION EXPERI!IIIENTS 

73 N•112130301 MASS IMEVI IPROO. EXP.J 

12/79 
12/79 
12/79 

12/79 
12179 
12/79 

12/79 
12179 
12/79 
12/79 

( 3080. OJ . 
I 3030.0 I 

HOHLER 
CITRON 

64 RVUE 
66 CNTR 

DATA + 01 SP RH 7/66 
PI+- P TOTAL 7/66 

PI 
P2 

73 N*l/2130301 WIDTH I MEV I I PROD. EXP. I 

(400.01 CIT RON 66 CNTR 

73 N*ll2f30301 PARTIAL DECAY MODES IPROO. EXP.I 

N*112130301 I~TO PI N 
N*l/2130301 INTO N PI PI 

DECAY MASSES 
139+ 938 
<138+ 13'H 139 

73 N*112130301 BRANCHING RATIOS IPROO. EXP.I 

Rl N*l/213030) INTO I PI NlfTOTAl IPll 
R1 ONLY (J+ll21*1 PI NITOTALI MEASURED FOR THIS STATE 

7/66 

Rl B 10.0881 10.016) BARGER 66 RVUE TOTAL + CH EXC. 11167 
R1 10.0481 CtTRON 66 CNTR TOTAL CROS.SEC. 11/67 
Rl B 10.121 BARGER 67 CNTR USES KORMANYOS66 11/67 
Rl B USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGRE 
R1 B FOR CRITICISM OF THIS METH00 9 SEE DOLEN 68. 
Rl 0 10.016) DtKMEN 67 RVUE USES KORMANYOS67 11/67 
R1 0 .USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES ..................................................................... 
HCHLER 
BARGER 
CIT RON 
BARGER 
DIKMEN 

64 PL 12 149 
66 PR 151 1123 
66 PR 144 1101 
67 PR 155 1792 
67 PRL 18 798 

KDRMANYQ 67 PR 164 1661 
DOLEN 68 PP 166 1768 

REFERENCES FOR N*l/21303Dl I PROD. EXP.I 

G HOHLER9 J GIESECKE 
V BARGER, M OLSSON 

IKARLSRUHEJ I 

+GALBRAITH. KYC I A9L EONT I Co PH I Llt PS9 + 
V BARGER, D CLINE 

IWISCJ 
IBNLI 

I WI SCI 
(MICHl F N DIKMEN 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORMANYOS, KRtSCH9 OFALLONo + 
R DOLEN, D HORN, C SCHMID 

IMICH,ANU P 
ICITI .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

) 

74 N* 12132459 JP= PRODUCTION EXPERIMENTS 

EXISTENCE NOT CONCLUSIVElY ESTABLISHED. I-SPIN 
NOT DETERMINE09 BUT THE NARROW WIDTH PRECLUDES 
IDENTIFICATION WITH THE N*3/213230J. 
CMITTEO FROM TABLE. 

74 N* 12132451 MASS IMEVJ (PROD. EXP.J 

3245.0 10.0 KORMANYOS 67 CNTR Pl-P 180 DEG EL 6/68 

Pl 

Rl 
Rl 
Rl 

74 N* 12(32451 WIDTH IMEVI IPROD. EXP.I 

(35.01 cq; LESS KORMANYOS 6 7 CNTR 

74 N* 12132451 PARTIAL DECAY MODES IPROD. EXP.I 

N* 12132451 I~TO PI N 
DECAY MASSES 

139+ 938 

74 N* /2132451 BRANCHING RATIOS IPROD. EXP.I 

N• 12132451 INTO I PI Nil TOTAl IPll 
J IS NOT KNOWN. FOLLOWING IS IJ+l/21*1P1 NJITOTAL 

10.371 KORMANYOS 67 CNTR .................................................................... 
REFERENCES FOR N* /2!32451 IPROQ. EXP.I 

KORMANYO 67 PR 164 1661 KORMANYOS, KRISCH, OFALLON, + .................................................................... 
'(11 .................................................................. . 

PI 

N{3690) 
BUMPS 

) 

3690.0 

50.0 

l ~:z:lf2 PRODUCTION EXPERIMENTS 

A BUMP SEEN IN THE INVARIANT MASS OF A VER'f COMPL(­
CATED STATE IN+ SEVEN PISI, SO AS EVIDENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 
IN TABLE. 

75 N*1/2(36901 MASS IMEVI IPROD. EXP.I 

10.0 BARTKE 67 HBC + PI+P 8 PRONGS 

75 N*l/2136901 WIDTH IMEVl IPP.OD. EXP. I 

30.0 BARTKE 67 HBC + 

75 N*lf2136901 PARTIAL DECAY MODES (PROD. EXP.J 

DECAY MASSES 
N*1/2(36901 INTO N + 7 PIS .................................................................... 

REFERENCES FOR N*112(36901 (PROD. EXP.l 

BARTKE 67 PL 246 .118 +CZYZEWSKI 90ANYSZ,+ fCRACOW,ORSAYI I 

•••••• •••••o••• ********* ••••••••• ••••••••• ••••••••• ••••••••• ******** ...................................................................... 

p l 

N?{3755) 
BUMPS 

) 

3755.0 

40.0 

76 N* 1213755, JP= PRODUCTION EXPERIMENTS 

A SMAll PEAK IN THE CP P P8ARI INVARIANT MASS FROM 
8.4 BEV/C PI+ P TO PI+ P P PBAR EVENTS. AS EVIDENCE 
FOR A NEW RESONANCE IT IS NOT CONClUSIVE. OMITTED 
FROM TABLE. 

76 N• /2137551 MASS IMEVJ IPROO. EXP.I 

s.o EHRLICH 68 H8C + PI+ P P PBAR 

76 N* 12137551 WIDTH IMEVI !PROD. EXP.I 

20.0 EHRLICH 68 HBC + 

16 N* !2137551 PARTIAL DECAY MODES IPRCO. EXP.I 

N* /2137551 INTO PI+ P P PBAR 
DECAY MASSES 

139+ 938+ 938+ 938 ...................................................................... 
REFE'I.ENCES FOR N* 12(37551 IPROO. EXP.J 

EHRliCH 68 PRL 20 686 R EHR.llCH,R J PLANO,J B WHITTAKER (RUTGERS) . ............................. ·······'*· ................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 

6/68 

6/68 

8/67 

8/67 

6/68 

6/68 



Baryons 
~( 1232) 

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

...... ********* ••••••••• ••••••*** ******"'** ***•••••• ********* ******** 

S=O 1=3/? NUCLEON . STATES (6) 

****** ********* ..................................................... . 

ltt(1232)j 33 N*31211232. JP•312+1 !•312 I p~31 

" " " " " 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 

THIS.RESONANCE IS WELL ESTABLISt-IED• 
SEE CARTER 71 AND CARTER 73 FOR PI N CPOSS-SECTION 
CATA IN THIS REGION. 

33 N*3/2(12321 MASS (MEVI 

{ 1234.1 ROPER 65 DPWA ++0 PHASE SHIFT AN. 
( 1235. I ALMEHED 72 I PWl\ 
tl243.3J (1241.11 CHENG 73 FIT CARTER 11 

THE TWO ENTRIES ARE FROM TWO DIFFERENT PARAMETRIZATIONS OF THE 
RESONANCE CONTRIBUTION TO THE P33 PHASE SHIFT. 

( 1230.41 TSCHANG 73 
( 1231.1 AYEO 76 IPWA 

1233. 2. HOEHLER 79 JPWA 
{ 1231.6) CRAWFORD 80 OP~ojA 

1232. 3. CUTKOSKY 80 IP~A 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

FIT CARTER71 P3) 

PI N TO Pt N 
PI N PHOTOPROO. 
PI N TO PI N 

1236.0 0.55 OLSSON 65 RVUE ++ TOTAL-SIGMA DATA 
1231.0 1.5 CARTER 11 MPWA ++ PI+P StG. TOTAL 
1231.1 0.2 CARTER 73 IPWA ++ Pt N 88-310 MEV 
1231.1 0.2 PEORONI 78 OPWA ++ PI N 7o-370 MEV 
1230.9 0.3 KOCH 80 IPWA ++ PI N TO PI N 
1230.6 0.2 ZIOELL eo DPWA ++ Pt N 0-350 MEV 

EXPERIMENTAL QUANTITY-SEE CARTER73 FOR COULOMB BARRIER CORRECTIONS 
EXPER1"4ENTAL QUANTlTY-SEE CARlER11 FOR COULOMB BARRIER CORRECTIONS 

M++ AVERAGE MEANINGLESS (SCALE FACTOR "' 4.61 

M+ 
M+ 
M+ 
M+ 
M+ 
M+ 
M+ 

( 1231. eJ 
1230.6 1.8 

( 1231.71 
(1231.21 

SUPERSEDES BARBOUR 76. 
1234.9 1.4 

BERENDS 
CRAWFORD 
BARBOUR 
BARBOUR 

75 I PWA + 
75 OPWA 
76 OPWA 
78 OPWA 

GAM P TO PI NUC 
PI N PHOTOPROO. 
PI N PHOTOPROO. 
PI-N PHOTOPROO. 

HIROSHNIC 79 + FIT PHOTOPROO. 

H+ AVERAGE·MEANINGLESS (SCALE FACTOR =·1.91 

MD 
MD 
MD 
MD 
MD 
MD 

1236.45 
1232.9 
1233. e 
1233.6 
1232.5 

0.65 
0.6 
0.2 
0.5 
0.3 

OLSSON 
CARTER 
PEDRONJ 
KOCH 
ZIDELL 

65 RVUE 0 
11 MPWA 0 PI-P SIG. TOTAL 
1e OPWA 0 PI N 1D-310 MEV 
80 I PWA 0 PI N :ro PI N 
80 OPWA 0 PI N 0-350 MEV 

MO AVERAGE MEANINGLESS ISCALE FACTOR= 3".01 

... ... ... 
W++ ... ... ... 

33 N*3/2112321 WIDTH fMEVJ 

(120.) 
U29. J 
(152.21 (145.81 
1120.) 
(109.1 
116. 5. 

(lll.2) 
120~ 5. 

ROPER 
ALMEHEO 
CHENG 
TSCHANG 
AYED 
HOEHLER 
CRAWFORD 
CUTKOSKY 

AVERAGE MEANINGLESS ISCAlE FACTOR = 1.01 

120.0 
111.1 
111.5 
111.3 
111.0 
113.2 

2.0 
l.B 
0.4 
0.5 
1.0 
0.3 

OLSSON 
CARTER 
CARTER 
PEORONJ 
KOCH 
ZIDELL 

65 OPWA ++0 PHASE SHIFT AN. 
72 IPkA . 
73 
13 
76 IPWA 
19 IPWA 
80 OPWA 
80 IPWA 

65 RVUE ++ 

ftt CARTER 71 
FIT CARTER71 P33 

PI N TO PI N 
PI N PHOTOPROO. 
PINTOPIN 

11 MPWA ++ PI+P SIG. TOTAL 
73 I PWA ++ PI N e8-310 MEV 
78 DPWA ++ PI N 7o-370 MEV 
eo IPWA ++ PI N TO PI'N 
80 DPWA ++ PI N D-350 MEV 

W++ AVERAGE MEANINGLESS ISCALE FACTOR "" 2.51 .. 
W+ .. .. .. 

120.2 
1117.41 
Ull.OI 
131.1 

3.9 

2 •• 

CRAWFORD 75 OPWA 
BARBOUR 76 OPWA 
BARBOUR 78 OPWA 
HIROSHNIC 79 

PI N PHOTOPI\Ob. 
PJ' N PHOTOPRQD. 
PI-N PHOTOPROO. 

+ FIT PHOTOPROO. 

W+ AVERAGE MEANINGLESS ISCALE FACTOR::: 2.41 

WO 
WO 
wo 
WO 
wo 
wo 

119.6 
114.7 
117.q 
113.0 
121.3 

2.4 
3.0 
0.9 
1.5 
o •• 

OLSSON 
CARTER 
PEDRDNI 
KOCH 
ZIDELL 

65 RVUE 0 
11 MPWA 0 PI-P SIG TOT. 
78 OPWA 0 PI N 7G-370 MEV 
80 1 PWA 0 PI N TO P f N 
eo OPWA 0 PI N G-350. MEV 

WO AVERAGE MEANINGLESS fSCALE FACTOR"' 4.31 

WD 
WO 
wo 
WO 

• 
R 

2 
1 

p 
p 
p 

33 I N*OI - IN*++) MASS DIFFERENCE tHE VI 

10.451 10.851 OLSSON 65 RVUE 
REDUNDANT WITH DATA IN MASS LISTING. 

1.3 1.9 CARTER 71 MPWA ++ Pt-P SIG. TOTAL 
1.4 0.4 CARTER 73 IPWA PI N 88-310 MEV 

12.71 10.31 PEORONI 78DPWA PIN7G-370MEV 
USING PI+-0 AS WELL, PEORONI 78 DETERMINE IM- - H++J+IMO - M+J/3"' 
4.6+-0.2 MEV. 

AVERAGE _MEANINGLESS I SCALE FACTOR "' 1.01 

6.5 
10.3 
6.6 

33 IN*OI - (N*++I WIDTH OIFFEPENCE IMEVI 

2. 2 
1.3 
1.0 

CARTER 
CARTER 
PEDRONI 

11 MP"A ++ Pt-P SIG. TOTAL 
73 JPWA PI N 8e-310 ~EV 
78 OPWA PI N JG-370 MEV 

WD AVERAGE MEANINGLESS ISCALE FACTOR= t.71 

2/12 
2174 
2/74 
2/74 
1/74 

11/77 
12/79 
12/81* 
1/82• 

1/74 
9/73 
3/82• 
1/82• 
1/82• 
9/73 
1/74 

4/75 
1/76 
1/76 
3/79 
3/79 

12/79 

1/71 
3/82* 
1/82* 
1/82* 

2/72 
2/74 
1/74 

11/77 
12/79 
12/81• 
l/82• 

1/74 
9/73 
3/e2• 
1/e2• 
1/82• 

1/76 
1/76 
3/79 

12/79 

1/71 
3/82• 
1/e2• 
1/82* 

1/74 
9/73 
3/82• 
3/82* 
3/82• 

9/73 

1/74 
9/73 
3/82• 

216 
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33 N*3/2112321 REAL PART OF POLE POSITION CMEVI 

RE ( 1214. J MICHAEL 67 
RE FIT INCLUDES OLSSON 65 PARAMETERS PLUS SCATTEPING -LENGTH PLUS 6 

TPI::l20 TO 492 MEV. R.E PHASE SHIFT ~ALUES FOR 
RE I 1211.1 · BALL 72 . . 
R.E P 1211.6 O. 7 PDG 72 _FIT DELTA B 
RE P ERROR ·EST. FROM FITS WITH SOMEWHAT VARYING ASSUMPTIONS 
RE 3 11210.71 11210.11 CHENG 73 FIT CARTER 71 
RE 1214.5 1 Q. NOGOVA 73 FIT ALMEHED72 
RE ( 1213. I 
RE 1210. 

SPEARMAN. 74 FIT ZERO TRJCTRY 
CUTKOSKY 80 IPWA. PI N TO PI N . lo 

RE 
RE AVE~AGE MEANINGLESS I SCALE FACTOR : 1.31 

R++ 1211.5 0.6 BALL 75 ++ FIT CARTER 73 
• R++ 1210.9 O. 8 LICHTENB 75 ++ FIT CARTER 73 

R++ 1209.6 O. 5 VA SAN 76 · .++ FIT CAR-TER 73 
R++ FROM FITS TO COULOMB-BARRIER-CORRECTED CARTER 73 PHASE SHIFT. 
R++ fl210.51TOI1210.81 VASAN 76 ++FIT CARTER 73 
R++ FROM FITS TO CARTER ;13 NUCLEAR PHASE SHIFT WITHOUT COULOMB BARRIER 
R++ CORRECTIONS. 
R++ 1210.lt 0.11 ZIOELL 78 ++ FIT ZIDELL 78 
R++ FIT TO ZIDELL 78 NUCLEAR PHASE SHIFT WITHOUT COULOMB 
R++ 86RRI ER CORRECT IONS. 
R++ 1210.70 0.16 ZlOELL eO OPWA ++ PI N D-350 HEV 
R++ FIT TO ZIDELL 80 NUCLEAR PHASE SHIFTS. 
R++ • • • • .• • • • ;. 
R++ AVERAGE fro\EANINGLESS fSCI\LE FACTOR" 1.61 

RE+ 
RE+ 

REO U 
REO U 
REO C 
REO U 
REO Z 
REO Y 
REO 

1208. 2. CAMP.:BELl 76 
1206.9+-0.9 TO 1210.5+-1.8 MIRDSHNIC 19 

11211.61 
1210.9 
1210.75 

f 1210.·2 I 
1209.5 
1210.30 

lo 4 
0.6 

o. 41 
0.36 

BALL 
l ICHTENB 
VAS AN 
VA SAN 
Zl·DELL 
ZIDELL 

75 
75 
76 
76 
7B 
80 QP\ojA 

. + FIT· PHOTOPROO. 
+ FIT PHOTDPRDO. 

0 FIT CARTE!:! 73 
·o FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTE!:! 73 
0 FIT Z I DELL 78 
0 PI N G-350 MEV 

REO AVERAGE MEANINGLESS f SCALE FACTOR = 1.1 ), 

----- -------- -------- -:------- :------- ------- ------ ------

'" !M 
l M P 
!M 3 
!M 
!M 
!M 
l M 

152.} 
150. I 
49.5 

ISO. 71 
4e.6 

149. I 
50. 

3"3 N*3/2(12321 -!MAG P.ART OF POLE POSITION (MEV) 

loB 
150.61 

5o 

lo 

MICHAEL 67 
BALL 72 
POG 72 
CHENG 73 
NOGOVA 73 
SPEARMAN , 74· 
CUTKOSKY 80 IPWA 

FIT DELTA 33 
FIT CARTER 71 
FIT ALMEHED72 
FIT ZERO TRJCTRY 
PINTOPIN 

IM AVERAGE '4EANINGLESS ISCALE FACTOR= 1.01 

I++ .. U 
1++ u 
(++ 
(++ 
(++ 
I++ y 
(++ 
I++ AVERAG~ 

50.1 
49.6 
50.4 

(49o91TO 
49.745 
49.61 

0.6 
o. 75 
0.5 

ISO. OJ 
0.14 
0.12 

BALl 
L ICHTENB 
VAS AN 
VAS AN 
ZIDELL 
ZIDELL 

MEANINGLESS (SCALE FACTOR == 1 .. 11 

75 FIT CARTER 73 
75 ++ FIT CARTER 73 
76 ++ FIT CARTER 73 
76 "++ FIT CARTER 73 
18 ++ FIT ZIDELL 78 
80 OPWA ++ PI N o-350 MEV 

2/74 

2/73 
2/73 

2/74 
2/74 
4/75 
1/82• 

11/75 
11/75 

1/76 
3/79 
l/76 
3/79 
3179 
3/Jr:f 
3/79 
3/79 
1/82* 
1/82* 

2/77 
12/79 

11175 
11175 

1176 
1/76 
3/79 
1/82* 

2/74 
2/73 
2/73 
2/74 
2/74 
4/75 
1/82* 

11/75 
11/75 
1/76 
1/76 
3/79 
1/82* 

!M+ 
!M+ 

53. ·2. CAMPBELL 76 + FIT PHOTOPRQO. 2171 

l MD 
!MD 
tHO 
l MD 
tHO 
tHO 
tHO 

·55.6+-1.0 TO 58.3+-1.1 MIRDSHNIC 79 

(53.01 
53.25 
·sz. 8 
152.9JTO 
52.45 
54.0 

1. 75 
0.6 

153.1) 
0.2 
0.26 

BALL 75 
L1CHTEN8 75 
VASAN 76 
VASAN 76 
Zl DELL 78 
Zl DEll 80 OPWA 

+ FIT PHOTOPROO. 12/79 

0 FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTER 13 
0 FIT Z I DElL 78 
0 PI N o-350 MEV 

11/75 
11/75 

1/76 
1/76 
3/79 
1/82• 

IMO AVERAGE MEANINGLESS I SCALE FACTOR =. 3.41 

ABS 
ABS 

A++ 
A++ 

ABO 
ABO 

PH 
PH 

P++ 
P++ 

PHD 
PHD 

HlP 
HlP 
HlP 
MlP 

MM 

33 N*3/202321 ABSOLUTE VALUE OF ELASTIC 
POLE RESIDUE IMEVI 

·(5"3. I 
53. 2 •. 

t52.41TO 153~21 . 
f52.1HO 152.4J 

(54. BITO 155. OJ 
155.21TO (55.31 

BAll 73 
CUTKOSKY 80 IPWA 

VAS AN 
VA SAN 

VAS AN 
VAS AN 

76 
76 

76 
76 

FIT DELTA 33 
PINTOPIN 

++ FIT CARTER ·73 
++ FIT CARTER 73 

++ FIT CARTER 73 
++ FIT CARTER 73 

33 N•312112321 PHASE OF HASTIC POLE RESIDUE IRAOIANSJ 

.{-0.811 
-o.82 o.o2 

f-0.8221TO -0.833 
(-0.8231TO -0.830 

I-O.e40ITO -O.e47 
I-0.84eJTO -0.856 

. . . 

BALL 13 FIT DELTA 33 
CUTKOSKY 80 IPWA PI N TO PI N 

VASAN 76 ++ FIT CARTER 73 
. VA SAN 76 ++ FH CARTER 13 

VAS AN 
VAS AN 

76 
76 

++ FIT CARTER 73 
++ FIT CARTER 73 

!3 N*3/211232J PHASE OF 111+{3/21 PHOTOPROOUCTION 
MULTIPOLE· AMPLITUDE POLE RESIDUE 

INFORMATION ON THE PHASE lAND HAGNITUDEI OF THE H1H3/21 HULTIPOLE 
AMPLITUDE POLE RESIDUE .IS CONTAINED IMPLICITLY IN THE PAPER OF 

~ MIROSHNICHENKO 79. THEY FINO THAT THE PHASE IS CONSISTENT WITH 
BEING EQUAL TO THAT OF THE ELASTIC POLE: RESIUOE. 

33 · N*3/202321 MAGNETIC MOMENT {NUClEAR MAGNETONSJ 

9173 
1/82• 

1176 
1/76 

1176 
1/76 

9/73 
1/82*. 

1f76 
l/76 

1/76 
1/76· 

12/79 
12/79 
12/79 
12/79 

1+4.71TO 1+6.71 NEFKENS 78 PI P TO PI P GAM 12/79 
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Data Card Listings 
For notation, see key at front of Listings. 

PI 
P2 
P3 
P4 
P5 

3:3 N*3/2( 12321 PARTIAL DECAY HODES 

N*3/2fl2321 INTO N PI 
N*3/2t 1232 I INTO N GAMMA 
N*3/2(l232) INTO N PI PI 
N*3/2l1232J INTO GAM NUCLEON. HELJCITY=l/2 
N*3/2C 1-2321 INTO GAM NUCLEON, HEllC1TY=3/2 

33 N*3/21 12321 BRANCHING RATIOS 

DECAY MASSES 
938+ 139 
CJ38+ 0 
CJ38+ 139+ 139 

0+ 938 
0+ 938 

Rl N*3/211232J INTO CN GAMMAJ/(N PIJ lPERCENTJ CP2J/(PU 
Rl 0.55 0.02 DALITZ 66 RVUE 7168 
Rl 0.53 0.025 BERENDS 11 IPWA PHOTOPROO. ANAL. 10/11 

=: AveRAGe ·,.,eANu~G~eSs • c ScALE FAcToR "' t.o, 

R2 
R2 
R2 
R2 
R2 

AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
A1 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2(123210 INTO IN PII/TOTAL fPll 
10.991 CARTER 11 MPWA ++ Pl+-P SIG. TOTAL 

76 IPWA tl.J AYEO 
11.1 HOEHLER 79 I PWA PI N TO P t N 
11.1 CUTKOSKY 80 IP .. A PI N TO PI N 

33 N*3/2112321 PHOTON DECAY A~PUGEV**-1121 

FOR DEFJNITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE llltNt­
REVIEW PRECEDING THE BARYON LISTINGSa 

N*3/2(12321 INTO GAM NUCLEON, HELICITY•l/2 IGEV••-1121 
-Oa 144 Oa014 OEVENISH 73 OPWA PI N PHOTOPROOa 
-0.142 0.006 MOORHOUS 73 OPWA PI N PHOTOPROO. 
-0.138 Oa 004 KNIES 74 OPWA PI N PHOTOPROO. 
-Oa litO 0.006 METCALF 14 OPWA Pt N PHOTOPROD. 
-0.142 0.001 MOORHOUS 74 OP.,A PI N PHOTOPROO. 
-0.130 0.002 CRAWFORD 75 OPWA PI N PHOTOPROD. 

(-0.1391 KRIVETS 75 OPWA Pt-N PHOTOPROD. 
(-0.129) BARBOUR 76 OPWA PI N PHOTOPROO. 
-0.141 Oa004 FEllER 76 OPWA PI N PHOTOPROO. 
-0.136 o. 002 AZNAURYAN 77 OPWA PI 0 PHTPRD, SOL 1 
-0.139 o.ooz AZNAURYAN 11 OPWA PIO PHTPRO.SOL 2 
-0.142 Oa007 BARBOUR 7B OPWA PI-N PHOTOPROO. 

(-0.1401 NOELLE 18 PI-N PHOTOPROO. 
CONVERTED TO OUR CONVENTIONS USING M•1.232. W=.llO FROM NOElLE 78. 

-0.147 Oa001 AR.U eo OPWA PI N PHOTO FIT 1 
-o. 145 0.001 ARAI 80 DPhiA PI N PHOTO FIT 2 
-0.136 0.006 CRAWFORD eo OPWA PI N PHOTOPROO. 

AVERAGE MEANINGLESS 1 Sc~LE FACTOR = 3.41 

N•3/2( 12321 INTO GAM NUCLEON, HEltCITY=3/2 IGEV••-1121 
-0.262 0.015 DEYENt SH 73 OPWA PI N PHOTOPROO. 
-o. 259 0.016 MOORHOUS 13 DPWA PI N PHOTOPROO. 
-o. 253 0.002 KNIES 74 DPWA PI N PHOTOPROO. 
-o. 254 o. 007 METCALF 74 OPWA PI N PHOTOPROO. 
-o. 261 o. 001 MOORHOUS 74 DPWA PI N PHOTOPROO. 
-a. 24e Oa002 CRAWFORD 75 OPWA PI N PHOTOPROO. 

(-0.2531 KRIVETS 75 OPWA PI-N PHOTOPROO. 
(-0.2511 BARBOUR 76 OPWA PI N PHOTOPROD. 
-o .. 256 0.003 FElLER 76 OPWA PI N PHOTOPROO .. 
-0.255 0.002 AZNAURYAN 11 OPWA PIO PHTPRO,SOL 1 

1174 
11/77 
12/79 
1/82• 

2174 
2173 
2/Jit 
2/74 
2/74 
1176 
1178 
1176 
2111 

12179 
12179 

3179 
1/BO 
1/eO 

121e1• 
12/B1* 
12/B1* 

2174 
2173 
2/74 
2/74 
2174 
1/76 
1178 
1/76 
2171 

12/79 
A2 -0 .. 256 0.002 AZNAURYAN 77 OPWA PIO PHTPRO,SOL 2 12/79 
A2 -o. 211 o.o1o BARBOUR 7B OPWA PI-~ PHOTOPROD. 
A2 t-0.2471 NOELLE 78 PI-N PHOTOPROO. 
A2 CONVERTED TO OUR CONVENTIONS USING Mc1.232• W ... 110 FROM NOELLE 78. 
A2 -o. 264 0.002 ARAI BO OPWA PI N PHOTO FIT 1 
A2 -o. 261 .D.002 ARAI 80 OPWA PI N PHOTO fiT 2 
A2 -o. 247 0.010 CRAWFORD 80 OPWA PI N PHOTOPROD. 
A2 
A2 AVERAGE MEII.NINGLESS I SCALE FACTOR = 2o81 

.................................................................... 
REFERENCES FOR N•3121 12321 

OLSSON 65 PRL 14 118 M G OLSSON IWI SCJ 
ROPER 65 PR 13B BlQO L 0 ROPER, R M WRIGHT, 8 T FELO CLRL+MITIIJP 

OALITZ 66 PR 146 1180 OALITZ.SUTHERLAND (OXFOR.OI 
CONTAINS REFERENCES TO EARLIER WORK ON DELTA PHOTOPROOUCTION. 

MICHAEl 
BERENDS 
CARTER 

67 PR 156 1617 
71 NP B30 575 
11 NP B26 445 

ALMEHED 72 NP 840 157 
BALL 12 P~l 28 1143 
POG 72 PL 398 1C3 
BALL 13 PRO 1 2189 
CARTER 13 NP B58 :378 
CHENG 13 PRO 1 224Q 
DEYENISH 73 PL 47B 53 
MOORHOUS 13 Pl 438 44 
NOGOVA 13 NP 861 445 

AlSO 13 NP 861 438 
AlSO 13 NP 865 544 

TSCHANG 13 NP 859 445 

KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MCORHOJS 14 PRO 9 1 
SPEARMAN 74 PRO 10 1660 

BALL 75 PRO 11 1171 
BERENDS 75 NP 884 342 
CRAWFORD 75 ~P B97 125 
KRI VETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
L ICHTENB 75 LNC 12 ·616 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 35B 
CAMPBEll 76 PRO 14 2'131 
FELLER 76 NP 8104 21Q 
YASAN 76 NP 8106 535 

ALSO 76 ~p B106 526 

AZNAURYA 11 EFI-264157)-77 
BARBOUR 78 NP 8141 253 
NEFKENS 7B PRO lB 3911 
NOELLE 78 PTP 60 778 
PEORONI 78 NP A300 321 
ZIOELL 78 lNC 21 litO 

MICHAEL I RHEU IJP 
+WEAVER tcEA,MtT,TUFTl 
+WILLIAI'IIS, BUGG, BUSSEY, DANCE ICAYE,RHEll 

+LOVELACE (LUNO,RUTGHJP 
+CAMPBELL,LEE, SHAW I UTAH, 801 S, UC I J 
SOD l~G, BAR HL Sr + I OESY+lBl+BRAN+CERN+HELS) I JP 
BALL,LEE,SHAW CUTAH+UCJIIJP 
CARTER,BUGG,CARTER ICAVENOISH+QUEEN MARYIIJP 
CHENG, LICHTENBERG C INDIIJP 
DEY EN I SH,RANK I N,L YTH (LOJC+BONN+LANCI I JP 
MOORHOUSE, OBERLACK I GLAS+LBL JI JP 
NOGOVAtPlSUT(lP SLOVAt< ACAO SCt,COMENIUS unJP 
NOGOVA,PISUT+f!P SLOVK ACAO SCI;COMENIUS UJIJP 
NOGOYA,PISUT+f IP SLOVK ACAO SCI,COMENIUS UIIJP 
TSCHANG, PARKINSON f FLO~+GA I NESY ILLE J IJP 

KNIES, MOOR MOUSE ,OBERLACK ( LBL, GLAS I I JP 
W J METCALFtR L WALKER (CITIIJP 
MOORHOUSE, OBERLACK ,ROSENFELD C GLAS+L Bl I I JP 
T 0 SPEARMAN CTRINITY COLLEGE,OUBLINI 

I UTAH I IJP J S BALL,R L GOBLE 
BERENDS, OONNACHI E 
R l CRAWFORD 

llEIO,MCMSJ 

+MIROSMN ICMENKO.NIK I FOROV, SAN IN+ 
KRIVETS,NIKIFOROV, SANIN,SHALUSK It 
0 8 LICHTENBERG 

I GlASIIJP 
IKIEVUJP 
(KIEYJIJP 

C I NOll JP 

AYEO CTHESISJ ISACLJIJP 
J., M. BARBOUR,R. L. CRAWFORD IGLASIIJP 
CAMPBELL, SHAW, BALL lBO lS+UC I +UT AHII JP 
+FUKUSHIMA, HOR tKAWA, KAJ lKAWA+ IN AGOYA+OSAKAI I JP 
S. S. VA SAN tCARNI IJP 
S. S. VASAN (CARNIIJP 

+AKOPOV,BAGOASARYAN IYEREVAN PHYSICS INST.JIJP 
BARBOUR, CRAWFORO,P ARSONS ( GLA S I 
+ARHAN, BALLAGH, GLODIS ,HADDOCK+ ( UC.LA+CATH 11 JP 
P. NOELLE I NAGOI 
+GII.BATHULER, OOM INGO,HI RT+ IS IN, GREN, KARL, +II JP 
V. s.z IOELL, R. A. ARNDT ,L. D. ROPER I YP 111 JP 

3179 
1/80 
1/80 

12/81• 
12/81* 
12/81• 

Baryons 
a(t232) 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN YOL .. l2-1 
+KAISER,KOCH,PIETARINEN /KARlSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEJIJP 
HIROSHNI 79 SJNP 29 94 MIRDSHNICHENKO,NIKIFOROV,SANIN+ (KHARKOVHJP 

ARA I 80 TORONTO CONF 93 t. ARA t ITOKY) 
IGLASI 

ICARN+LBUIJP 
I KARLI IJP 

IVPIJIJP 

CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORD 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK 
KOCH 80 NP A336 331 R. KOCH, E. PIETARINEN 
ZIDELL 80 PR DZl 1255 V.S.ZIOELL .. R.A.ARNQT,L.O.ROPER 

DCNNACHI 68 Pl 26B 161 
FONDA 13 PRO 8 353 
HENYEY 74 PR 09 302 
OLSSON 74 LNC 10 333 
PFEIL 74 NP 873 166 
SUZUKI 74 NP B6e 413 

GANENKO 75 SJNP 22 !522 
NIGRO 75 NP B84 201 
GANENKOl 76 SJNP 24 284 
GA.NENKD2 76 SJNP 24 594 
ZABEV 76 SJNP 24 70 

PAPERS NOT REFERRED TO IN DATA CARDS 

OONNACHI E, LOVELACE, K IRSOPP (CERN I 
FONDA tGHIRARO I, SHAW I I CTP-TR IE STE+TRST JI JP 
HENYEY,KANE (MIC.HIJJP 
OLSSON CCERNIIJP 
PFElL,ROLLNIKt STANKOWSKI IBONNJ 
SUZUKI ,KUROKAWA,KONOO (TOKYO I 

+KR I VETS, M 1 ROSHNICHENKO, NI K I FOROV+ ( Kl EVIl JP 
N I GROt SPILL ANT I Nl, VALENTE I PAOO, FRASJ 
+KR I VETS •Ml ROSHNICHENKO .NI K IFOROV+ C K I EVJ IJP 
+GORBENKO, KR I VETS, KOLESNJKOV+ ( K lEVI I J P 
ZAB EY, KUZNETSOV, STUKOV C TMSKIIJP ........................................................................... 

•••••• ••••**••• ••••••••• ••••••••• ••••••••• ********* ••o•••••• o••••••• 
1232 MEV REGION - PRODUCTION EXPERIMENTS 

81 N*312C1232, JP"'3/2+1 1=312 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING Tt-!E NAND DELTA LISTINGS 
FOR A OtSCUSS tON OF PRODUCTION EX PER lMENTS .. 

81 N•312(12321 MASS fMEVI IPROD. EXP.I 

1217. 
1227.0 

s. 
1.0 

ANDERSON 70 MMS - PI- P TO PI- MMS 2111 

H++ 
H++ 
H++ 
H++ 
H++ 
H++ 
H++ 
H++ 
H++ 

H++ 
H++ 

H++ 
M++ 
M++ 
M++ 
M++ 
M++ 

M+ 
M+ 
M+ 

MO 
MO 
MO 

M-
M-

W++ 
W++ 

W++ 

W++ 

W++ 
W++ 
W++ 
W++ 

W++ 
W++ 

W++ 

ELLIS 71 CNTR MMS PP 3.7 GEV/C 10171 

AVG 1222.1 5. 3 AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1.01 

I 1232.01 ( 6aOI FERRD-LUZ 65 MSC K+P TO KO P PI+ 
( 1236.01 DEANS 66 RVUE ++ Pt+P TOTAl 7166 
c 1233.41 ( 4.41 GIOAL 66 OBC ++ 0 D TO NNINNI PI 7/66 
I 1224.01 ( 2.01 HABER 10 DBC K-0 TO 4 BODIPJ 7/70 
1236.0 2.0 COL TON 72 HBC ++ PP TO Pl+PN 7GEV 1/73 
1226.0 2.0 COL TON 72 HBC .. TO Pt+PI-PP 1/73 
1222.0 3.0 COL TON 72 HBC ++ TO PI+PI-PIOPP 1113 
1226.0 2. 0 COL TON 72 HBC ++ TO Pl+PI-PI-PN 1/73 

I 1231. J (3.1 LEWIS 13 HBC ++ K+ P TO K P 2PI 1176 
1219. 5. LICHTMAN 74 HBC +-+ PI+P TO 3PI • 4175 
1213. 3. LICHTMAN 74 HBC ++ PI-P TO 3PI p 4/75 

( 1224 •• 5. TO 10. BRAUN2 75 8C PBAR P AND 0,5.7 11175 
1224. TO 122B. ATHERTON 76 HBC PBAR P 5. 7 GEY 2/11 

2K 1226. 3. GOGGI2 78 ISR ++ PP TO DELTA P PI 1/80 
840 1225. 2. APELDOORN 79 HElC t-+ PB.&.R P 7. 2 GEVIC 12/79 

N 600 1220. 3. ALLEN 80 HBC ++ NU P TO MU-P PI+ 2/B2* 
N NEGLIGIBLE !l!CKrn:t.OUND. 

AVG 1225 .. 6 2.1 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.51 

1224. TO 1230. BRAUNl 75 MSC PSAR P 5.7 GEV 11/75 
1256. 15. APPLE 11 SPEC + P P TO P fN PI+J 1/78 

NOT SEEN IN P P TO P IP PlOI. 1/78 

7K 

AVG 

AVG 

2K 
840 

N 600 

1231. 
'1230.1 
( 1220.1 

I 1241.31 
1239.0 

1 •• 
5.0 

6.2 

115. 
105.0 
141. 

115.2 

1125.01 
(121.01 
Cl24.01 
1120.01 
115.0 
127.0 
122.0 
106.0 

(146. J 
166. 
134. 

010. l 
96. TO 

113. 
100. 

95. 

llo COOPER 74 HBC 0 D P CEX 4175 
BRAUN I 75 HBC PBAR P 5.7 GEY 11/75 

5. TO 10. BRAUN2 75 BC PBAR P AND 0,5. 7 11/75 

( 5.11 GIOAL 66 DBC - 7/66 
5.0 COL TON 72 HBC - TO PJ+PI-PI-PN 1/13 

et (N•-1 - CN .. +J MASS DIFFERENCE OIEVI (PROD. EXP.I 

6. B 
3. I 

GJOAL 
OAKHNO 

66 DBC 
81 OBC PI+-N TO Pl+PI-N 2/82• 

2.8 AVERAGE tERROR INCLUDES SCAlE FACTOR OF 1.01 

Bl N*3/2C12321 WIDTH IMEVI CPROO. EXP.I 

5. ANDERSON 70 MMS - PI- P TO PI- p.IM$ 2111 
1.0 Ell IS 11 CNTR MMS PP 3.7 GEV/C 10/71 

II. MUSGRAVE 75 HBC K+ P TO K PI N 11/75 

7.5 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.01 

(30.01 FERRD-LUZ 65 HBC .. 
DEANS 66 PVUE ++ 7/66 

(14.01 GIDAL 66 OBC 7/66 
{8.01 HABER 70 OBC K-0 TO 4 BOO(PI 1110 
6.0 COl TON 72 HBC .. PP TO PJ+PN 7GEY 1173 
5.0 COl TON 12 HBC .. TO Pl+Pt-PP 1173 
9.0 COL TON 12 HBC ++ TO PI+PI-PtOPP 1/73 
1. 0 COL TON 72 HBC TO Pl+PI-Pt-PN 1/73 

( 10. 1 LEWIS 13 HBC ++ K+ P TO K P 2PI 1/76 
14. LICHTMAN 14 HBC ++ PI+P TO 3Pt • 4/75 
1. LICHTMAN 74 HBC -++ PI-P TO 3PI • 4/75 

10. TO 20. BRAUN2 75 BC PBAR P AND 0,5.7 11175 
113. ATHERTON 76 HBC PBAR P 5.7 GEV 2171 

16. GQGG12 76 ISR ++ PP TO DELTA P PI 1180 
5. APELOOORN 79 HBC ++ PBAR P 1.2 GEVIC 12179 
1. ALLEN 80 HBC ++ NU P TO ,_.U-P PI+ 2182* 

W-t+ AVG 115.1 5. 5 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 2 .. 41 

wo 
wo 
wo 

w-
w-

110. TO 130. 
20. . 60. 20. 

109. 25. 
1120. I 
fl20. I 10. TO 20. 

(149. 01 
237.0 

(lB.OI 
22.0 

BRA.UN1 15 HBC PBAR P 5.7 GEV 
APPLE 11 SPEC + P P TO P IN PI+I 

COOPER 74 HBC 0 0 P CEX 
BRII.UN1 75 HBC PBAR P 5.7 GEV 
BRAUN2 75 BC PBAR P AND 0,5.7 

GIDAL 66 oec -
COL TON 12 HBC - TO PI+PI-PI-PN ..................................................................... 

11175 
1/78 

4175 
lll75 
11175 

7/66 
1/13 



Baryons 
~(1232), ~(1550), ~(1600) 

FERRD-LU 65 NC 36 1101 
DEANS 66 PP:EPP: INT 
GIDAL 66 PR 141 1261 

ANDERSON 70 .PRL 2 5 699 
HABER 70 NP 178 289 
ELLIS 71 PRL 21 442 
COL TON 72 PR 06 95 
LEWIS. 73 NP 860 283 

COOPER 74 NP 879 259 
LICHTMAN 74 NP 881 31 

BRAUN! 75 NP 89.5 481 
BRAUN2 75 NP 895 5C3 
MUSGRAVE 75 NP 887 365 

A.THERTON 76 NP 8103.381 
APPLE 11 LNC 18 167 
GOGG.I2 78 NP 8143 .365 
APELOOOR 79 ~p 8156-111 
ALLEN 80 NP 8176 269 
DAKHNO 81 PL' 1048 23 

ALEXANOE 73 NP 852 221 
BEAUPRE 73 NP 866 en 
BERLAND 74 NP 875 en 

ALSO 74 Pl 51B 187 
ATHERTON 75 NC 3 0.11 505 
STRACHMA 75 NP 898 120 
WALTER 79 ZPHY C3 89 
B ALAND 80 ZPHY C3 1 87 

REFERENCES FOR N*3/2112321 (PROD. EXP.I 

FERRD-lUZZI,GEORGE, + 
S R DEANS. W G HOLLADAY 
G GIOAL, A KERNAN, S KIM 

tCERNI 
IVANOERBILTJ 

ILRU 

+BLESER. BL I EDEN • COLLINS++ I BNL, CARN I 
+SHAPIRA,MERR1LL,MONARI++ !SABRE COLLJ 
+MAGL ICH, NOREM, SANNES, 5 I L YERMAN I RUTGI 
E COLTON, A KIRSCHBAUM ILBLI 
+ALLEN, JACOBS, OANY SZ, I SLAM+ ( l.OWC+LOIC +COEF J 

COOPER, SEIDl, VANDERVELO E I M ICH I 
LICHTMAN, B I SWA~otASON, KENNEY, MCGAHAN+( NOAMI I 

+GERBER, MAURER;M ICHALCN, SCH I BY+ I STRB, LPNP) I 
+GERBER, MAURER, MICHAL ON, SCH I BY+ I STRB, L PNP J J 
+PEETERS, SCR E I NER ,.WHIT MORE, YUTJ\ I ANLJ 

A THERTONo FRENCH, SKURA, BOHM+ I C ERN+PRAGJ I 
+ASH, CHENG, COYNE ,GROSSMAN+ I PR JN+PAVI A I 
+CAVALLI-SFORZA, CONT A+ (( ERN+PAV I J 
VAN APELOOORNoHARTINGoi"OLTHUIZEN+ IA:>1STJ 
+Btl ETSCHA U+ I AACH+BONN+CERN+MPI M+OXF I 
+KOPTE V ,KRAVTS,OV ,LOBACHEV, MAKAROV+ I LENI J 

PAPERS NOT· REFERRED TO IN DATA .. CARDS 

,ALE XANOER, SENARY+( TEL- AVIV+HE IDELBERG+DESYI 
I AACH+BERL+BONN+CERN+NOAM+PENN+TOHO II 

BERLANOoHABER,HODOUS,HULStZER,+ ' IMITII 
BERLANO,HABER,HOOOUS,HULSI ZER,+ OHTJ I 
ATHER TONi BAR-N I R,FRENCH ,SKURA+ I C ERN+PRAGI I 
S TR ACHMAN, BRAUN ,GERBER, MAURER+ I l PNP+STRBJ I 
+BECKER+ I BERl+AACH+CERN+SER'P+SACl +VI EN) 

. +PO I RET +I MONS+S ERP+SACL+ALMA-:-ATA+MOSU+B ELGI ......................................................................... 
T~·( ;~·;~·) r:::··::.::~::::~· J:::::::·:.:::··T~~:r··· ....... . 

) 
----- ------- -------- -------- -----.---- ------:--- ------ -------

110 N*3/2( 15501 MASS I ME VI 

B ( 1550 .. I LONGACRE 11 IPWA PI N TO 2PI N 
8 All LONGACRE71 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
8' POSITION ·WHICH IS FROM SOlUTIONS. 51 AND Cl. . 

11525.1 
11506.01 

(110.1 
140.) 

037.01 

BARNHAM 80 IPWA ++ PI N TO 2PI N. 
CRAWFORD BO OPWA PI N PHOTOPROO. 

110 . ~*3/2115~01 WIDTH CHEVJ 

LONGACRE 
BARNHAM 
CRAWFORD 

17 IPWA PI N TO 2PI N 
BO IPWA ++ PI N TO 2PI N 
80 OPWA PI N PHOTOPROO .. 

110 N*312fl5501 REAL PART OF POLE POSITION IMEVI 

RE 8 1554. OR 1553. LONGACRE 11 I PWA PINT02PIN 

I M 8 

Pl 
P2 
P3 

110 N*312ll550J -2*1MAG PART OF POLE POSITION IMEVI 

105. OR 104. LONGACRE 11 I PWA 

110 N*31211550I PARTIAL DECAY MODES 

N*3/2115501 INTO PIN 
N*3/2(1550J HTO N*3/2(12321 PI 
N*3/2ll5501 INTO N RHO,S==312 

PI N TO 2P I N 

DECAY MASSES 
139+ 938 

1232+ 139 
93B+ 769 

11/77 

11177 

11/77 
11177 
11177 
12/79 
lZ/81* 

11/77 

11/77 
12179 
12/Bl* 

11/77 

11/77 

11177 

11177 

11/71 

110 N*3/211550I BRANCHING RATIOS 11/77 

Rl N*3/2U5501 HOM PI N TO N*3/2ci:2321 PI SQRTIPI*P21 
Rl 8 C+O .. lll LONGACRE 17 lPWA PI N TO 2PI 
Rl 0 .. 13 0.05 BARNHAM. 80IPWA++ PI NT02PI 

R2 
R2 8 
R2 

N*3/2(15501 Fll:~M PI N TON RHO,S::3/2 
(+0 .. 081 LONGACRE 

O. 17 Q. 05 8ARNHAI1 

SQRTIPl*P31 
17 lPWA PI N TO 2PI 
80 IPWA ++ PI N TO 2PI 

110 N*3/211550I PHOTON ·DECAY AMPLtGEVU-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

Al N*3/2U5501 INTO GAM NUCLEON, HEllCJTY==l/2 tGEV**-1/21 

11/77 
11/77 
12/79 

11177 
11/77 
12/79 

Al (0 .. 0131 CRAWFORD 80 OPWA PI N PHOTOPROO. lZ/Bl• 

REFERENCES FOR N*3/2l 15501 

LONGACRE 77 NP 8122 4<;3 LONGACRE,OOLBEAU 
ALSO 76 NP 8108 365 DOLBEAUoTRIANTIS 9 NEVEU,CADIET . 

BARNHAM 80 NP 8168 243 . SARNHAM,GLICKMAN,MIER-JEORZEJOWICZ+ 
CRAWFORD 80 TORONTO CONF 107 R .. L .. CRAWFORO ' 

ISACLIJJP 
ISACUIJP 
{LOICI 
tGLASI .......................................................................... ....... .•....... ......... ·#····#·· .•....•.....•..... ********* •••••••• 
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Data Card Listings 
For-notation, see key atfront ofListings. 

I A( 1600) I ,. N*312IL600. JP•312+1 1•312 IP~:d 
'RECENT ANALYSES INDICATE AT LEAST ONE P33 RESONANCE 
IN THE 1'500-1900 MEV REGION, ALTHOUGH THERE IS SOME 
ClSAGREEMENT ON ITS MASS AND WIDTH.. It-.: ADDITION TO 
THE STATE LISTED, TH.E ANALYSIS OF BARNHAM BO IS 
CONSISTENT WITH THE PRESENCE OF.ANOTHER P33 RESONANCE 
I'IIITH MASS 1600 MEV AND WIDTH 80 MEV. 

SEE ALSO THE N*31:2Cl920,JP=3/2+1 LISTINGS. 

.19 N*3/21l6001 MASS (MEVI 

C 1690.1 OONNACH2 68 RVUE PHAS.SHIFT-CERN.l 10/69 
11690.1 KIRSOPP . 68 RVUE PHASE SHIFT ANAL 10/69 

WHERE MAX. ABSORPTION IS -DONNACHh 2 ,KJRSOPP EYEBALL FIT CERN 1 10/69 
6 ( 1801.01 AYEO 70 IPWA 1/71 
6 ENER. OEP. FIT OF ARGAND DIAGRAM 
7 ( 1680.1 AlMEHEO 72 IPWA 2/72 

l 1900. OR 1640. LONGACRE 75 lPWA PI N TO 2Pt N 11/75 
L- THE 2 SEH OF PARAMETERS ARE FROM. METHODS 1 -AND 2 OF LONGACR.E 75. 11175 

11900.1 AYED 76 tPWA .11/77 
I 1560.1 LONGACRE 77 IPWA PI N TO 2PI N 11177 

All LONGACRE77 PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR TH.E POLE 11/77 
POSITION WHICH IS ·FROM SOLUTIONS 51 AND Cl. 11177 

.M I 1640. I 150.; I CUTKOSKY 79 IPWA PI N TO PI N 12/79 
H 1522. 13.. H.OEHLER 79 IPWA PI N TO PI N 12./79 

11690. I BARNHAM 80 IPWA ++ PI N TO 2PI N 12/79 
1600. 50. CUTKOSKY 80 IPWA PI N TO ~~ N L/82* 

AVERAGE HEANI.NGLESS (SCALE FACTOR:: 1.51 

19 N*312( 16001 WIDTH I ME VI 

(281.1 OONNACH2 68 RVUE PHAS .. SH.t FT-CERN 1 10/69 
1240. J KIRSOPP 68 ·RVUE PHASE SHIFT ANAL 10/69 
(598. OJ AYED 70 IPkA 1171 
1220. I ALHEHED ·12 I PWA 2172 
205. OR 300. LONGACRE 75 IPWA PI N TO 2PI N 11/75 

1204. I AYED · 76 'JPWA 11/77 
HBO.I LONGACRE .77 IPWA PI N TO 2PI N 11/77 

. 070. I {7D.) CUTKOSKY 79 .IPWA PI N TO PI N 12/79 
220. 40. HOEHLER 79 I PWA. PI N TO PI. N 12/79 

125D .. I BARNHAM 80 I PWA ++ PI Ni02PIN 12179 
300. too. CUTKOSKY 80 I PWA PI N TO Pi N 1182* 

AVERAGE MEANINGLESS (SCALE FACTOR: 1.01 
SEE THE NOTES ACCOMPANYING MASSES .QUOTED 

----- ---·--- ------- _______ .:__. -------- ------ ; _____ --------
19 N*3/2{16001 REAL PART OF POLE.POSJTION IMEVI 11175 

RE 
RE ·a 
RE 

~· 

IM 
IM 8 
IM 

.IM 

RER 
RER 
AG 

IMR 
IMR 

( 1609.1 
1541.· OR 1542. 

( 1547.1 
15.50. :4o. 

LONGACRE 
LONGACRE 
CUJKOSKY 
CUTKOSKY 

75 I PWA 
77 JPWA 
79 1 PWA 
80 IPWA 

- - -

PINT02PIN 
~I N 'TO 2PI N 
PI N TO PI N 
PI N TO PI N 

------ --------- ----- ------ ·----- --------
19 N*3/2116001 -2*1MAG PART OF POLE PCSITION CMEVI 

1323.1 
178. OR 118. 

1230.1 
• 20D. 60. 

LONGACRE 
LONGACRE 
CUTKOSKY 
CUTKOSKY 

75 I PWA 
11 IPWA 
79 t PWA 
8~ I PWA 

PI N TO 2PI N 
PI N TO 2PI N 
PI N TO PI N 
PI N TO PI N 

19 N*3/2(16QOI REAL PART OF ELASTIC PCLE RESIDUE IMEVJ 

1-18. I 
-15 .. 

C-11. I 
8. 

.. . CUTKOSKY 79 JPWA 
CUTKOSK)' 80 I PWA 

PI N TO PI 
PI N TO Pl 

19 N03/2(16DOI IMAG PART OF ELASTIC POLE RESIDUE IMEVI 

8. 
CUTKOSKY 79 IPWA 
CUTKOSKY 80, I PWA 

PI N TO PI N 
PI N TO PI l'f 

----- ------- ------ ------- -------- __ ..::..., __ _ 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl .. , 
Rl 

R2 
R2 
R2 
R2 

19 N*3/2116001 PARTIAL DECAY MODES. 

N*3/2116001 tHO PI N 
N*3/21 1600 I INTO K SIGMA 
N*3/2U6DOJ· INTO N*3/2(12321 PI.P-WAVE 
N*3/2(16001 INTO N*3/2112321 Pi,F-WAVE 
N*3/2Cl6001 INTO N RHOoS::l/2oP-WAVE 
N*3/2116001 INTO N RHO. S=3/2, P-WAVE 
N*3/2116001 INTO N*l~2114401 PI 

19 N*312fl6001 BRANCHING RATIOS 

N*3/2( 1600 I INTO I PI NI/TOTAL 
(0.101 OONNACH2 68 RVUE 
(D.081 KIRSOPP 68 RVUE 
(0 .. 1351 AYED 70 IPWA 
10.11 ALMEHED 72 IPWA 
(0;, 191 AYEO 76 IPWA 
10.201 ( 0.041 CUTKOSKY 79 JPWA 
o. 21 0.06 HOEHLER '79 IPWA 
0.18 0.04 CUTKOSKY .80 IPWA 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

N'iii3/2116DO I INTO ( K SIGMAI/TOTAL 
10.00002 lOR LESS FEUERBACH 70 RVUE 
ASSUME MASS, WIDTH. XI ELASTI Of OONNACHIE 68 
MODEL USED MAY DOUBLE COUNT .. 

DECAY MASSEs 
139+ 938 
493+1189 

1232+ 139 
1232+ 139 

938+ 769· 
938+ 769 

.1440+ 139 

( Pll 
PHAS. SHI FT-CERNl 
PHASE SHJ FT ANAL 

PI N TO Pt N 
PI N TO PI 
PI N TO PI 

I P21 
PI P TO K+ SIG+ 

11175 
11177 
12/79 
1/B2* 

11175 

\ ::~~~ 
12/79 
1/82* 

12/79 
1/82* 

12179 
l/B2* 

10/69 
10/69 
1/71 
2172. 

11/77 
12/79 
lZ/79 
1/82* 

7/70 
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Data Card Listings 
For notation, see key at front of Listings. 

R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 

R5 
R5 

R6 
R6 

R7 
R7 

RB 
RB 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 

' ' 

' 
' 
' 

l 

• 

4 
4 
4 

N*3/2116001 FRCM PI N TO K StGMo\ SQRTfPl*P21 
C0.006JTO 0.042 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
OEAN$75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 
AROUND. 1920 MEV •. 

N*3/211600) FFIOM PIN TO N*3/211232J PJ,P-WAVE SQRTIPl*P31 
I-0.3btOR -0.30 LONGACRE 75 IPWA PI N TO 2Pl 
1-0.341 LONGACRE 71 IPWA PI N TO 2Pt 

LONGACRE 11 CONSIDER THIS COUPliNG TO BE WEll DETERMINED. 
10.31 NOVOSELLE 78 IPWA PI N TO 2PI N 

BW FIT TO LONGACRE 75 JPWAt PHASE IS NEAR -90 DEGREES. 
tO. 271 NDVOSELLE 78 IPWA PI N TO 2PI N 

BW FIT TO NO\IOSELLER 78 IPWA, PHASE IS NEAR -90 DEGREES. THIS FIT 
ASSUMES THE MASS IS NEAR 1900 MEV. 

-0. 24 O. 05 BARNHAM 80 I PWA ++ PI N TO 2P I N 
THE COUPLING SIGNS IWHERE DETERMINEDJ OF BARNHAM 19 HAVE BEEN 
CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 71. 

N*3/2tl6001 FROM PIN TO N*3/2112321 Pt,F-WAVE SQRT(P1*P4J 
(+0.071 LONGACRE 77 IPWA PI N TO 2Pt N 

N*3/2(l6001 FRGM PI N TO N RHO,S=1/2,P-WAVE SQRTIPl*P5J 
1-0.101 LONGACRE 71 tPWA PI N TO 2PI N 

N*3/2(16001 FPOM PI N TO N RHO,S.,3/2,P-WAVE SQRHP1*P61 
1-0.10! LONGACRE 77 IPWA PI N TO 2PI N 

N*3/2116001 FROM PIN TO N*1/2114401 PI SQRTIPl*P71 
-0.23 0.04 BARNHAM eo IPWA ++PI N TO 2Pt N 

19 N*312116001 PHOTON DECAY AMPL(GEV**-1121 

FOR OEFINITIGN OF GAMMA-NUClEON DECAY AMPLITUDES, SEE HINt­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/2(16001 INTO GAM NUCLEON, HELICITY=1/2 IGEV••-1121 
0.016 0.055 OEVENISH 73 DPWA PI N PHOTOPROD. 

-0.033 o. 037 DEVENIS2 74 OP\triA PI N PHOTOPROQ. 
o. 003 o. 015 KNIES 74 DPWA PI N PHOTOPRQQ. 
o.o o.o3e "!ETCALF 74 DPWA PI N PHOTOPRQO. 
o.o 0.020 FEllER 76 OPWA PI N PHOTOPROO. 

+0. 006 o. 01e AZNAURYAN 77 OPWA PIO PHTPR0 1 SOL 1 
-0.119 0.014 AZNAURYAN 77 OPWA PlO PHTPRO,SOL 2 

o. 000 o. 030 BARBOUR 78 OPWA PI-N PHOTOPROO. 
0.005 0.020 CRAWFORD 80 OPl<IA PI N PHOTOPRQD. 

A l AVERAGE ~EAN I NGLESS I SCALE FACTOR = 2. 7 I 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2tl6001 INTO GAM NUCLEON, HEl1CtTY=3/2 CGEV**-1121 
o.074 o.o64 OEVENISH 13 OPWA PI N PHOTOPROO. 
o.oo8 o.o46 OEVENIS2 74 OPWA Pt N PHOTOPROO. 

-o. 034 o. 022 KNIES 74 OPWA PI N PHOTOPROO. 
o.o 0.033 METCALF 74 DPWA PI N PHOTOPROO. 
o.o 0.015 FELLER 76 OPWA PI N PHOTOPROO. 

-0.133 0.042 AZNA.URYAN 17 DPWA PtO PHTPR0 1 SOL 1 
-o. 086 o. 037 AZNAURYAN 77 DPioiA PIO PHTPR0 1 SOL Z 

o. 000 o. 045 BARBOUR 78 OPWA PI-N PHOTOPROO. 
. A2 -o. oo9 o. o2o CRAWFORD 80 OPWA PI N PHOTOPROO. 

A2 
A2 AVERAGE ~EANINGLESS (SCALE FACTOR c 1.41 

...... ............ .......... ......... ......... ......... .......... ........ . 
OONNACH2 68 VIENNA 139 
K IRSOPP 68 THESIS 

AYED 70 KIEV CONF 
FEUERBAC 70 NP 16B 85 
ALMEHED 12 NP B40 157 
DEVENISH 73 PL 411:1 53 

OEVENIS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 

DEANS 75 NP 896 9C 
LONGACRE 75 PL 55B 415 

AlSO 78 PRO 17 1795 

AYEO 76 CEA-N-1921 
FELLER 76 NP 8104 219 

AZNAURYA 77 EFI-264(571-77 
LONGACRE 77 NP 8122 493 

ALSO 76 NP 8108 365 

BARBOUR 78 NP 8141 2~3 

NOVO SELL 78 NP 8137 509 
ALSO 78 NP 8137 445 

REFEPENCES FOR N*3/21 16001 

DONNACHIE RAPPORTEUR 1 S TALK IGLASJ 
IEOINJ R G KIRSOPP 

R AYEOoP SAREYRf, G VILLET 
FEUER BACHER+HOllADAY 
+LOVELACE 
OEVENI SH, RANKIN 1 LYTH 

OEV EN ISH, l YTH, RANK IN 
KNIES, MOORHOUSE, OBERLACK 
W J METCALFoR L WALKER 

( SACLI I JP 
IVANOERBJLTJ 

ILUNO,RUTGIIJP 
ILOUC+BDNN+LANC I I JP 

( DESY olANC, BONN) I JP 
I L8L,GLASIIJP 

ICITIIJP 

+MITCHELl, MONTGOMERY,+ 
+ROSENFELD, LAS INSK I, SMAOJA+ 
LONGACRE, LAS INSK I, ROSENFELD+ 

I SFLA, AlA~AMA II JP 
CLBL,SLACIJJP 
ILBL, SLACI 

AYED ITHESISI tSACLIIJP 
+FUKUSHI HAt HOR I KAWA, KAJ IKAW A+ INAGOY A+OSAKA) I JP 

+AKOPOV,BAGOASARYAN (YEREVAN PHYSICS INST.JIJP 
LONGACRE,OOLBEAU ( SACUIJP 
DOL BEAU, TR IANTI S ,NEVEU, CAD I ET I SACLI I JP 

BARBOUR ,CRAWFORQ,P ARSONS 
O. E. NOVOSELLER 
D. E. NOVOSELLER 

tGLASI 
ICAL TECHJIJP 
ICAL TECHJIJP 

CUTKOSKY 79 PRO 20 2839 +FDRSYTH,HENORICK 1 KELLY ICARN+LBLIIJP 
HOEHLER 79 HANDBOOK Of PI-N SCATTERING, PHYSIK OATEN VDL.l2-1 

+KAISER.KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

BARNHA"' 80 NP 8168 243 BARNHAM,GLICKMAN,MIER-JEORZEJOWICZ+ tLOICJ 
CRAWFORD 80 TOct.ONTO CONF 107 R.L.CRAWFORO tGLASJ 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,I-1ENORICK tCARN+L,BLilJP 

AYEO 
BOWLER 
WINNIK 

70 Pl 318 598 
70 NP 178 331 
77 NP 8128 E:6 

PAPERS NOT REFERRED TO IN DATA CARDS 

+SAREYRE, VI LLET 
+CASHMORE 
+ TOAFF, REVEL, GOLDBERG, 8 ERNY 

ISACLAYJ 
(U. OXFOROI 

IHAIFJI ......................................................................... 
................ ** ...................................................... . 

11175 
11/75 
11/75 

1178 
l/78 

11/75 
11/75 
11177 

3/79 
3/79 
3/79 

12179 
12/79 
12179 
12/19 
12179 

11177 
11/77 

11177 
11177 

11/77 
11177 

12/79 
12/79 

2/74 
4/75 
2/74 
2/74 
2177 

12179 
12179 
3/79 

12/81* 

2/74 
4175 
2174 
2/74 
2/77 

12/79 
12179 
3/79 

12181* 

Baryons 
~( 1600), ~( 1620) 

1 ~( 1620) 1 B2 N*3121162Q, JP=ll2-l I=3/2 ~ 
THIS RESONANCE IS WELL ESTABLISHED. 

62 N*3/2( 16201 MASS I "'EVI 

I 1646.01 (12.01 DEVLIN 65 CNTR Pt- P TOTAL 
M I 1695.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 
M WHERE CROSS SECT ION IS GREATEST - EYEBALL fiT 
M ( 1635.0 I DONNACH1 68 RVUE PHASE-SHIFT ANAL 
M I 1614.0) AYED 70 IPWA 
M ENER. OEP. FIT OF ARGANO DIAGRAM 
M C 1617.01 DAVIES 70 RVUE P-S ANAL SOL A 
M I 1620. ) Al MEHEO 72 I PWA 
M 1622. TO 1688. CRAWFORD 75 DPWA PI N PHOTOPROO. 
M 1625. OR 1600. LONGACRE 75 IPWA PI N TO 2Pt N 
M THE 2 SETS OF PARAMETERS ARE fROM METHODS 1 AND 2 OF LONGACRE 75. 
M I 1623.1 AYED 76 I PWA 
M ( 1680. I BARBOUR 76 DPWA PI N PHOTOf'ROD. 
M 8 I 1580.1 LONGACRE 77 IPWA PI N TO 2Pl N 
M 8 All l0NGACRE77 PARAMETERS ARE FROM SOLUTION S2• EXCEPT FOR THE POLE 
H e POSITION WHICH IS FROM SOLUTIONS 51 AND Cl. 
H 2 11662. I BARBOUR 78 DPWA PI-N PHOTOPROO. 
M 2 SUPERSEDES BARBOUR 76. 
H C 1620.1 120.1 CUTKOSKY 79 IPWA PI N TO PI N 
H 1610. 7. HOEHLER 79 IPWA PI N TO PI N 
H 5 I 1620. I 8ARNHAM 80 IPWA ++ PI N TO 2Pt N 
M A (1712.81 (6 .. 1 CHEW 80BPWA++PI+PTOPI+P 
M 8 Cl7e6.7J 12.1 CHEW 80BPWA++Pl+PT0Pt+P 
M AS CHEW eo REPORTS T\dl S31 RESONANCES AT SOMEWHAT HIGHER MASSES THAN 
M AB OTHER ANALYSES. BOTH ARE LISTED HERE, LABELED A AND B FOR LOWER 

AS AND HIGHER STATES. 
( 1657.0 I CRAWFORD 80 OPWA PI N PHOTQPROO. 

1620. 20. CUTKOSKY 80 IPWA P{ N TO PI N 

AVERAGE MEANINGLESS I SCALE FACTOR c 1.01 

w 
w 
w 

' 2 

5 
A 

' 
SEE 

82 N*3/2116201 WIDTH IMEVI 

1250.01 BAR EYRE 68 RVUE 
U77.01 OONNACH1 68 RVUE 
1142.0) AYEO 70 I PWA 
(141.01 DAVIES 70 RVUE P-S ANAL SOL A 
1140. I AlHEHEO 72 I PWA 
125. TO 214. CRAWFORD 15 OPWA PI N PHOTOPROD. 
160 .. OR 150. LONGACRE 75 IPWA "' N TO 2PI N 

1161.1 AYED 76 I PWA 
(246.1 BARBOUR 76 OPWA PI N PHOTOPRQQ. 
1120.1 LONGACRE 77 I PWA PINT02PIN 
neo. 1 BARBOUR 78 DPWA PI-N PHOTOPROO. 
(litO. I 120., CUTKOSKY 79 I PWA PI N TO PI N 
139. "· HOEHLER 79 I PWA PI N TO PI N 

1120. I BARNHAM 80 IPWA ++ PI N TO 2Pt N 
1228.31 118.' CHEW 80 BPWA ++ PI+P TO Pl+P 
(30., (6.41 CHEW 80 BPWA ++ PI+P TO Pt+P 

(161.01 CRAWFORD 60 DPWA PI N PHOTOPROO. 
140 • 20. CUTKOSKY 80 JPI<IA PI N TO PI N 

THE NOTES ACCOMPANYING THE MASSES QUOTED. 
w ......... . 
W AVERAGE MEANINGLESS I SCALE FACTOR c 1.0) 

RE 
RE B 
RE 
RE 

I M 
IM B 
IM 
IM 

RER 
RER 

IMR 
IMR 

Pl 
•2 
P3 
P4 
P5 
P6 
P7 
PB 

82 N*3/21l6201 REAL PART OF POLE POSITION IMEVJ 

( 1583.1 
1575 .. GR 1572. 

I 1597. I 
1600. 15. 

LONGACRE 75 1 PWA 
LONGACRE 77 t PWA 
CUTKOSKY 79 IPioiA 
CUTKOSKY 80 I PWA 

PINT02PIN 
Pt N TO 2PJ N 
PINTOPIN 
PINTO PIN 

62 N*3/2116201 -2*1MAG PART OF POLE POSITION (MEVI 

1143. I 
119. OR 128. 

1120. I 
120. 20. 

LONGACRE 75 I PWA 
LONGACRE 77 I PWA 
CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PI N TO 2PI N 
PI N TO 2Pl N 
PI N TO PI N 
PINTOPIN 

82 N*3/2Cl6201 REAL PAR:r Of ELASTIC POLE RESIDUE IMEVJ 

t-6. I 
-5. 5. 

CUTKOSKY 79 IPWA 
CUTKOSKY 80 IPWA 

PI N TO PI N 
PINTO PIN 

BZ N*3/2fl6201 tMAG PART OF HASTtC POLE RESIDUE IMEVI 

1-15. I 
-14. 3. 

CUT KOSKY 79 I PWA 
CUTKOSKY 80 IPWA 

f2 N*3/211620J PARTIAL DECAY MODES 

N*3/2fl6201 INTO PIN 
N*3/2116201 INTO N PI PI 
N*3/2( 162 0) INTO GAM NUCLEON, HEll C ITY=1/2 
N*3/2tl620J INTO N*312112321 PI 
N*3/2H620J Jfo;TO N RHO 
N*3/2116201 INTO N RH0 9 S==1/2,S-WAVE 
N*3/2tl6201 INTO N RHO,S==3/2.D-WAVE 
N*3/21 16201 INTO N*1/21 14401 PI 

PI N TO PI 
PI N TO PI 

DECAY MASSES 
139+ 936 
c;38+ 139+ 139 

0+ 938 
1232+ 139 

938+ 769 
938+ 769 
938+ 769 

1440+ 139 

11/67 

6/68 
1/71 

8/69 
2/72 
1176 

11175 
11175 
11/77 

1/76 
111.77 
11177 
11/77 
3179 
3/79 

12/79 
12/79 
12/79 
1/82* 
1/82• 
1/82* 
1/82* 
1/82* 

12181* 
1/82* 

11/67 
6/68 
1/71 
8/69 
2172 
1/76 

11/75 
11/77 
1176 

11/77 
3/79 

12/79 
12/79 
12179 
1/82• 
1/82* 

12/81• 
1/82* 

11175 

11/75 
11/77 
12179 
1/82• 

11/75 

11/75 
11/77 
12/79 
1/82* 

12179 
1/82• 

12/79 
1/82* 



Baryons 
a(1620). a(1700} 

82 N*3/211620J BRANCHING RATIOS 

Rl 
Rl 
Rl 
RL 
Rl 
RL 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

N*3/2tl6201 INTO IPI NI/TOTU (P\1 
(0.2841 DONNACHl 68 RVUE 
10.311) AYEO 10 1 PWA 

4 (0.281 DAVIES 70 RVUE P-5 ANAL SOL A 

1 (0. 351 AlMEHEO 12 1 PWA 
co. 32) AYED 76 I PWA 
10.251 ( 0.041 CUTKOSKY 79 IPWA PI N. TO PI N 
0.35 o. 06 HOEHLER 79· IPWA PI N TO PI N 

10.601 CHEW 80 BPWA Pl+P TO PI+P 
10.361 CHEW 80 BPWA Pl+P TO Pl+P 

0.25 0.03 CUTKOSKY 80 tPWA PI N TO PI N 
0 0 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.51 

R2 N*3/2ll6201 FROM PIN TO N*3/2112321 PI SQP:TIPl*P41 
R2 l I+0.4010R +0.40 LONGACRE 75 IPWA PI N TO ZPI N 
R2 8 (+0.391 LONGACRE .71 IPWA PI N TO 2Pt N 
R2 8 LONGACRE 17 CONSIDER THIS COUPLING TO BE WELl OETERM(NEO. 
R2 5 +0.33 0.06 BARNHAH 80 IPWA ++ PI N TO 2PI N 
R2 5 THE COUPLING SIGNS I WHERE DETERMINED I OF BARN t-AM 80 I-lAVE BEEN 
R2 5 CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 77. 

R3 N*3/2116201 FRCM PI N TON RHO,S:::l/2,S-WAVE SQRTCP1*P61 
R3 L I0.18JOR -0.28 LONGACRE 75 IPWA PI N TO 2PI 
R3 8 1-0.0el LONGA.CRE 77 JPWA PI N TO· 2Pt 

-0.40 0.10 BARNHAM ,80 IPWA ++PIN T0.2PI N R3 5 

R4 N*3/2116201 FRCM PI N TON RHO,S=3/2,D-WAVE SQRTIP1*P71 
R4 8 1+0.131 LONGACRE 17 IPWA PI N TO 2PI N 

R5 N*3/2116201 fRCM PI N TO N*l/2114401 PI SQRTIP1•Pel 
R5 0.11 0.05 BARNHAM 80 IPWA ++PI N TO 2PI N 

82 N*3/2fl62Q) PHOTON, DECAY AMPLCGEV••-1121 

FOR DEF I NIT ICN OF GAMMA-NUCLEON DECAY A.MPL ITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

Al 
Al 
Al 
Al 
AL 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
AL 

111*3/2116201 INTO GAM NUCLEON, tiEL ICITY=1/2 IGEV**-1/2) . 
0.004 0.033 

10.1131 
+0. 090 
-0.10 

0.033 
0.105 
o.o7e 

+0. 044 
1+0.0581 
1+0.0551 
-0.005 
-o. 014 
o.ooo 

+0. 034 
-o. o22 
-a. 026 
0.021 
0.126 

0.076 
0.011 
o. 015 
0.038 
0.066 
0.027 

0.016 
o. 030 
0.014 
o.o28 
0.007 
o. OOB 
0.020 
0.021 

OEVENISH 73 DPWA PI N PHOTOPROD. 
HEMMil . 73 +,FWD PIO PHTOPRCO 
MOORHOUS 73 OPWA PI N PHOTOPROO. 
OEVENIS2 74 OPWA PI N PHOTOPROO. 
KNIES 74 OPWA PI N PHOTOPROO. 
METCALF 74 OPWA PI N PHOTOPROD. 
MOORHOUS 74 OPWA PI N PHOTOPROD. 
CRAWFORD 75 DPWA PI N PHOTOPRQD. 
KR I VETS 75 OPWA PI-N PHOTOPROO. 
s·ARBOUR 76 OPWA Pt N PHOTOPROD. 
FEllER 76 DPWA PI N PHOTOPRGO. 
AZNAURYAN 77 OPWA PIO PHTPRO,SOL 1 
AZNAURYAN 77 OPWA PIO PHTPRQ,SOL 2 
BARBOUR 7B OPWA PI-N PHOTOPROD. 
ARAI eo OPWA PI N PHOTO FIT 1 
ARAI eo OP~A PI N PHOTO FIT 2 
CRAWFORD eo OPWA PI N PHOTOPROD. 
TAKEDA BO OPWA PI N PHOTOPRQO. 

Al AVERAGE MEANINGLESS CSCALE FACTOR . ., 2.91 

•••••* ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• • •••••••••••••••• 

DEVLIN 65 ~RL 14 1031 

8AREYRE 68 PR 165 1731 
DONNACH1 68 PL 26B 161 

ALSO 68 VIENNA 139 
ALSO 6e THESIS 

AVEO 70 KIEV CONF 
DAVIES 70 NP B21 359 

ALMEHEO 72 NP 840 157 
DEVENISH 73 PL 478 53 
HEMMil 73 PL 438 79 
MOORHOUS 73 PL 43B 44 

OEYENIS2 74 PL 521! 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP B97 125 
KRJYETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 55B 415 

ALSO 78 PRO 17 1795 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FELLER 76 NP 8104 219 

AZNAURYA 77 EFI-2641571-77 
LONGACRE 71 NP 8122 493 

ALSO 76 NP 810e 365 

BARBOUR 7e NP 8141 253 
CUTKOSKV 79 PRO 20 2839 
HOEHLER 79 HANDBOOK OF PI-N 

ALSO 80 TORONTO CONF 3 

REFERENCES FOR N*3/2116201 

T J OEVLIN,J SOLOMON.G BERTSCH CPRINCETONI 1 

P BAREYRE, C BRICMANr G VILLET ISACLAYJIJP 
A DONNACHJE. R G KIRSOPP, C LOVELA.CE ICERNJIJP 
OONNACHIE RAPPORTEUR'S TALK CGLASI 
R G KIRSOPP tEOtNI 

R AYED,P BAREYREr G VtllET 
A DAVIES 

CSACUIJP 
CGLASI 

+LOVELACE 
OEVENI SH, RANK I NrLYTH 
HEMM I, I NAGAKI + 
MOORHOUSE. OBERLACK 

OEVEN I SH.L VTH.RANKIN 

CLUNO.RUTGIIJP 
I LOJC+BONN+L ANC 1 I JP 

I KYOTO+SAGA+KEK+TOKY I I JP 
IGLAS+LBLIIJP 

KNIES, MOORHDUSE,OB ERLACK 
I DESY .LANC, BONN I I JP 

ILBL,GlASJIJP 
ICITIJJP 

IGLAS+LBUIJP 
W J METCA.LFtR L WALKER 
MOORHOUSE. OBERLACK, ROSENFELD 

R l CRAWFORD I GLAS I I JP 
+MIROSHNICHENKO,NIKIFOROY,SANIN+ I KIEV JIJP 
KR I VET S,NJ K IFOROV, SANI N rSHALATSK I I f K lEV J I JP 
+ROSENFELD, LAS I NSK J, SMADJA+ ILBL • SLAC IIJP 
LONGACRE,L AS INSK I, ROSENFELD+ ( l8L, SLAt I 

AYED ITHESISJ CSACLIIJP 
I· M. 8ARBOUR,R. L. CRAWFORD IGLASIJJP 
+FUKUSHIMA, HOR I KAWA, KAJ IKAWA+(NAGOYA+OSAKA II JP 

+AKOPOY.BAGOASARYAN (YEREVAN PHYSICS 1NST .. I IJP 
LDNGACRE,DOLBEAU ISACLIIJP 
OOL8~AU, TR I ANTIS rNEVEU, CAD I ET I SACL I I JP 

BARBDUR,CRAWFORO,PARSONS IGLASI 
+FORSYTH, HENDRICK, KELtY I CARN+LBL I IJP 

SCATTERING, PHYSIK DATEN VOL.12-l 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
R.KOCH CKARLSRUHEIIJP 

ARA I eo TORONTO CONF 93 I. ARA I CTOKVJ 
BAR NHAM 80 NP B16B 243 
CHEW 80 TORONTO CONF 
CRAWFORD eo TORONTO CONF 
CUTKOSKY BO TORONTO CONF 
TAKEDA 80 NP 8168 11 

BAR NHAM, GLICKMAN ,M I ER-J EORZEJDW ICZ+' CLOt C I 
123 D.M.CHEW f LBUIJP 
107 R.L.CRAWFORO . IGLASI 
19 +FORSYTH, BABCOCKrKELL V, HENDRICK I CARN+LBLI IJP 

T AKEDAo ARA I, FUJI I, IKEDA t IWASAKI+ I TOKV) 

PAPERS NOT REFERRED TO IN OAJA CARDS 

CARRUTHE 60 PRL 4 303 P CARRUTHERS ICORNELU 
DEVliN 62 PR 125 MID T J DEVLIN, 8 J MOYER, V PEREZ-MENDEZ ILRU 
HELLAND 64 PR 134 Bl062 +DEVLIN,HAGGE,LONGO,MDYERrWOOO ILRLI I 
BAREYRE 65 Pl 18 342 + BRICHANr STIRLING, VILLET CSACLAYIIJP 
JOHNSil'l 67 UCRL-17683 THESIS C H JOHNSON CLRLI 
DONNACHI 69 NP lOB 433 A DDNNACHIE, R KIRSOPP IGLAS+E01NJ 
AYEO 70 Pl 31B 598 +BAREYRE,VILLET ISAClAYJ 
BOWLER 70 NP 178 331 +CASHMOR.E IU. OXFORD) 
DEANS 75 NP 896 90 +MITCHELL,HONTGOMERY,+ ISFLAtALA8AMAJIJP ....... ,.. ....... ,.. ................................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 
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6/68 
1171 
8/69 
2172 

11/77 
12/79 
12179 
1/82• 
1/82. 
1/82• 

11175 
11175 
11177 

12/79 
12179 
12/79 

11/75 
11/75 
11177 
12/79 

11/77 
11/71 

12/79 
12/79 

2/74 
2/74 
2173 
4175 
2/74 
2174 
2/74 

·1/76 . 
1/78 
1/76 
2/11 

12179 
12179 

3/79 
12/81* 
12/81* 
12181* 
12181* 

Data Card Listings 
For notation, see key at front of Listings. 

8 
8 
8 

5 
5 

10 N•31211700o JP=3/2-I 1=312 ~ 
THIS RESC'NANCE IS WELL ESTABLISHED. 

10 N*3/2H7001 foiiASS CMEVI 

( 1691.01 
ENER. OEP. FIT OF ARGAND 

·11649.01 
11700. I 

1612· TO 1624. 
I 1600. I f1 o. I 

1725. OR 1680. 
THE 2 SETS OF PARAMETERS 

( 1723.1 
I 1629· I 
I 1600. I 

DONNACH1 68 RVUE 
DIAGRAM 

DAVIES 70 RVUE 
ALMEHED 72 I PWA 
CRAWFORD 75 OPWA 
GA I ODS 75 HBC 
LONGACRE 75 IPWA 

ARE FROM METHODS 1 AND 2 
AYED 76 IPWA 

PHASE-SHIFT ANAL 

P-S ANAL SOL A 

PI N PHOTOPROO. 
PI+P TO N* 2PI 
PINT02PIN 

OF LONGACRE 75. 

BARBOUR 76 OPWA PI N PHOTOPROD. 
LONGACRE 77 I PWA PI N TO 2PI N 

ALL LONGACRE77 
POSITION WHHH 

I 1629. I 

PAR.AMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
IS FROM SOLUTIONS· Sl AND C1. 

SUPERSEDES BARBOUR 76. 
I 1730. I (30. J 

1680. 70. 
11650. I 
Ct7le.41 113.11 "113.) 
I 1622.01 

1710. 30. 
I 1723. J 

BARBOUR 78 DPWA PI-N PHOTOPROO. 

CUTKOSKY 
HOEHLER 
BARNHAM 
CHEW 
CRAWFORD 
CUT KOSKY 
LI VA NOS 

79IPWA PJNTOPIN 
79IPWA PINTOPIN 
80 IPWA ++ PI N TO 2PI N 
80 BPWA ++ PI+P TO PI+P 
SO OPWA PI N PHOTOPRQO. 
eOIPWA PINTOPIN 
BO OPWA PI P TO K SIGMA 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

----- ------- ------- --------- ------- ----- ------- --------
10 N*3/211.1001 WIDTH IMEVJ 

w - 3 1261J.OI DONNACH1 68 RVUE 

• 1258.01 AYED 70 I PWA 
4 U88.o 1 DAVIES 70 R\IUE SOL A 

·1 1260. I ALMEHEO 72 IPWA 
"210. TO 268. CRAWFORD 75 OPWA PI N PHOTOPROD. 

1180.1 135. I 120. I GA IOOS 75 H8C ++ PI+P TO NO 2PI 
190. OR 240. LONGACRE 75 I PWA PI N TO 2Pl N 

1192. J AYEO 76 1 PWA 
1222., BARBOUR 76 OPWA PI N PHOTOPROO. 

8 1200.1 LONGACRE 77 I PWA PI N TO 2PI N 
5 1216. J BARBOUR 7B OPWA PI-N PHOTOPR.OO. 

1300., I 100.1 CUTKOSKY 79 I PWA PI N TO PI N 
230. eo. HOEHLER. 79 lPWA PI N TO PI N 

1160.1 BARNHAM 80 IPWA ++ PI N TO 2PI N 
(193.3) (26.1 CHEW. eo BPWA ++ PI+P TO PI+P 
(209.-01 CRAWFORD eo OPWA PI "i PHOTDPROO. 
·290. 80. CUTKDSKY 80 I PWA ·PI N TO PI N 

(192.) LIVANOS eO DPWA PI P TO K SIGMA . . .. . . . 
AVERAGE MEANINGLESS ISCALE FACTOR" 1.01 

RE 
RE 8 
RE 
RE 

IM 
IH 8 
IH 
IM 

RER 
RER 

I MR 
IMR 

Pl 
P2 
P3 

•• 
P5 
P6 
P7 
P8 
P9 
PLO 
PLL 

RL 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

"' Rl 

SEE THE NOTES ACC0fo1PIIoNYING THE MASSES QUOTED. 

10 N*3/211100) REAL PART OF POLE POSITION IMEVJ 

I 16e1. I 
1600 •. OR 1594. 

( 1691-1 
1675. 25. 

LONGACRE 75 I PWA 
LONGACRE 77 I PWA 
CUTKOSKY 79 I PWA 
CUTKOSKY eo IPHA 

PINT02PIN 
PINT02PIN 
PlNTOPtN 
PI N TO PI N 

10 N*3/2(1700I -2*IMAG _PART OF POLE PCSJTION IME\11 

1245.1 
208. OR 201. 

1292. J 
220. 40. 

LONGACRE 75 I PWA 
LONGACRE 71 I PWA 
CUTKOSKY 79 IPHA 
CUTKOSKY 80 IPWA 

PI N TO 2PI N 
PINT02PIN 
PI N TO PI N 
PI N TO PI N 

10 N*3/2(17001 REAL PART OF ElASTIC POLE RESIDUE IMEVI 

3. 
CUT KOSKY 79 I PWA 
CUTKOSKY 80 IPWA 

PI N TO P t N 
PI N TO PI N 

10 N*3/2Cl7001 IHAG PART OF ELASTIC PCLE RESIDUE IME\11 

1-2.1 
-4. 5. 

CUTKOSKY 79 IPWA 
CUTKO SKY 80 I P WA 

10 N*3/2117001 PARTIAL DECAY MODES 

N*3/2117001 INTO PI N 
N*3/2(17001 INTO N PI PI 
N*3/2C 1700 I INTO K SIGMA 
N*3/211700J INTO GAM NUCLEON. HELICITY"'1/2 
N*3/2117001 INTO GA" NUCLEON, HELICITY:::3/2 
N*3/211700J INTO N*3/211232l PI 
N*3/2tl 700 I IHO N*3/2Cl2321 PI, S-WAVE 
N*3/2117001 INTO N*3/2(12321 PI,O-WAVE 
N*3/2( 1700 I t NTO N RHO. Se3f2, S-WAVE 
N*3/2117DOJ INTO N RH0,Sc1/2,D-WAVE 
N*3/2U7001 INTO N RHO,Se3f2tD-WAVE 

10 N*3/2( 1700) BRANCHING RATIOS 

N*3/21 1700 I INTO I PI NI/TOTAL 
10.14} OONNACHl 68 RVUE 
10.2171 AYEO 70 I PWA 
(0.121 DAVIES· 10 R\IUE 
{0.161 ALMEHED 72 I PWA 
10.171 AYED 76 IPWA 
10.121 I 0 .. 041 CUTKOSKY 79 I PWA 
0.20 o. 03 HOEHLER 79 IPWA 

PI N TO PI N 
Pt N Tp PI N " 

DECAY MASSES 
139+ 938 
~38+ 139+ 139 
493+1189 

Qt- 938 
0+ 938 

1232+ 139 
1232+ 139 
1232+ 139 
~38+ 769 
~38+ 769 
~3B+ 169 

CPll 

SOL A 

PI N TO PI 
PINTO PI 

10.161 CHEW 80 BPWA ++ PI+P TO PI+P 
0.12 0.03 CUTKOSKY 80 IP .. A PINTO PIN 

0 0 

Rl AVERAGE MEANINGLESS ISCALE FACTOR "'.1.9) 

e/69 

8/69 
2172 
1176 
l/76 

11/75 . 
11175 
11/77 
1/76 

11/77 
11177 
11177 
3/79 
3119 

12/79 
12/79 
12/79 
l/e2• 

12/81* 
1/82* 
1/82* 

8/69 
1171 
e/69 
2112 
1/76 
1/76 

11175 
11/77 
1/76 

11177 
3/79 

12/79 
12179 
12/79 
1/82• 

12/e1• 
1/82* 
1/e2• 

11/75 

11/75 
11/77 
12/79 

1182* 

11175 

11175 
11177 
12/79 
1/e2• 

12179 
1/82* 

12179 
1/82* 

8/69 
1171 
e/69 
2172 

11177 
12/79 
12/79 

1182* 
1/82* 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
~(1700), ~(1900) 

R2 N*3/2(17001 INTO IK SIGMAI/TOTAL IP31 
R2 I0.0000210R LESS FEUERBACH 70 RVUE PI P TO ~<;+ SiG+ 
R2 ASSUME MASS, WIDJ.Ho XCELASTJ OF DONNACHIE 68 
R2 MODEL USED MAY DOUBLE COUNT. 

R3 N*3/2117001 FP:OM PI N TO N*3/2(12321 PJ,S-WAVE SQRTCPl*P71 
R3 l I-0.2510R -0.24 LONGACRE 75 IPWA PI N TO 2PI 
R3 8 1-0.301 LONGACRE 11 I PWA PI N TO 2PI 
R3 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R3 9 -0.18 0.04 BARNHAM 80 JPWA.++ PIN TO 2PI N 
R3 9 THE COUPLING SIGNS (WHERE OETERMJNEDI OF BARNHAM 80 HAVE BEEN 
R3 9 CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 77. 

R4 N*3/2U7001 FHM PI N TO N03/2112321 PI,D-WAVE SQRTIPI*PBI 
R4 L 10.1 OR (-0.101 LONGACRE 75 IPWA PI N TO 2PI 
R4 8 1-0.051 LONGACRE 17 IPWA PI N TO 2PI 
R4 0.14 0.04 BARNHAM BO IPWA ++ PI N TO 2PI 

RS N*3/2(1100) FFICM PI N TON RHO,S=3/2,S-WAVE SQRT( Pl*P91 
R5 l (0.20IOR +0.30 . LONGACRE 75 JPWA PI N TO 2PJ 

PI N TO 2PI RS 8 (-0.041 LONGACRE 11 IPWA 

R6 
R6 

•• •• •• •• 
R7 
R7 .. 
RB 

A1 
A1 
AI 
A1 
A1 
A1 
AI 
A1 
AI 
A1 

N*3/2(17001 FROM PIN TO K SIGMA SQRHPl*P31 
IO.OOliTO 0.011 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOlUTIONS • 
DEANS75.DISAGREES WITH PI+ P TO K+ SIG)olA+ DATA OF WINNIK77 
AROUND 1920 MEV • 

(.0021 UVANOS 80 DPWA PI P TO K SIGMA 

N*3/2117001 FROM PI N TON RHO,S=1/2,Q-WAVE SQRHP1*P101 
-0.17 0.05 BARNHAH BO IPWA ++PIN TO 2PI N 

N*3/2C17001 FROM PIN TON RHO,S=3/2,0-WAVE SQRTCP1*Plll 
0.1B 0.07 BARNHAM 80 IPWA ++PI N TO 2PI N 

10 N*3/2117001 PHOTON DECAY AMPLCGEV**-1/21 

FOR DEFINtTICN OF GAMMA-NUCLEON DECAY AMPLlTUOESo SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/2( 1700 I INTO GAM NUCLEON, HELICtTY:cJ/2 (GEV**-1121 
0.036 o. 052 OEVENISH 73 OPWA Pl N PHOTOPROD. 

+0.068 0.042 MOORHOUS 73 OPWA PI N PHOTOPROO. 
0.054 o. 029 DEVENIS2 74 OPWA PI N PHOTOPROO. 
o.07B o.oo9 KNIES 74 OPWA PI N PHOTOPRQD. 
o.o 0.04B METCALF 74 DPWA Pl N PHOTOPROD. 
o.o4"t o .. o2B MOORHOUS 1lt OPWA PI N PHOTOPROD. 

+0.101 o.ou CRAWFORD 75 OPWA Pl N PHOTOPROD. 
1+0.120! BARBOUR 76 OPWA Pl N PHOTOPROO. 
+0.012 0.033 FELLER 76 OPWA PI N PHOTOPRQQ. 

AI +0.147 0.013 AZNAURYAN 77 OPWA PIO PHTPRQ,SOL 1 
AI +0.136 o. 013 AZNAURYAN 11 OPWA PIO PHTPRO,SOL 2 
A1 +o. 130 o. 037 BARBOUR 78 OPWA PI-N PHOTOPROD. 
A1 0.112 0.006 ARAl 80 OPWA Pl N PHOTO FIT 1 
A1 0.130 0.006 ARAI BO OPWA Pl N PHOTO FIT 2 
A1 0.123 o. 022 CRAWFORD BO OPWA Pl N PHOTOPRQQ. 
AI 
A1 AVERAGE MEANINGLESS (SCALE FACTOR :c 2.31 

A2 N*3/2( 17 00 I INTO GAM NUCLEON, HEL IC tTY:c3/2 IGEV .. -1/2! 
A2 0.110 0.039 OEVENISH 73 OPWA P! N PHOTOPRQO. 
A2 +0. 022 0.052 MOORHOUS 73 OPWA Pl N PHOTOPROO. 
A2 0.072 o. 014 OEVENIS2 74 OPWA Pl N PHOTOPROD .. 
A2 0.070 o .. oo9 KNIES 74 OPWA Pl N PHOTOPRQO. 
A2 o.o o .. 041 METCALF 74 OPWA Pl N PHOTOPRQQ. 
A2 0.021 0.020 MOORHOUS 74 DP~A . , N PHOTOPROD • 
A2 +0.116 0.024 CRAWFORD 75 OPWA PI N PHOTOPROO. 
A2 (+0 .. 1111 BARBOUR 76 OPWA Pl N PHOTOPRQD. 
A2 +0. 087 0.023 FEllER 76 OPWA Pl N PHOTOPRQO. 
A2 +0.053 o. 003 AZNAURYAN 71 OPWA PIO PHTPRO,SOL 1 
A2 +0.022 o. 003 AZNAURYAN 77 OPWA PIO PHTPRQ,SOL 2 
A2 +0. 09B 0.036 BARBOUR 7S OPWA PI-N PHOTOPROO. 
A2 0.047 0.007 ARAI 80 OPWA Pl N PHOTO FIT 1 
A2 0.050 0.007 ARAI 80 OP"-'A Pl N PHOTO FIT 2 
A2 0 .. 102 o .. 015 CRAWFORD 80 OPWA PI N PHOTOPROQ. 
A2 . . 
A2 AVERAGE f!IIEANINGLESS !SCALE FACTOR= 3.61 

•••••• •••••*••• ••••••••••••••••••••••••••••••••••••••••••••• **•••••• 

DOONACH1 68 PL 26B 161 
ALSO 6S VIENNA 139 
ALSO 68 THESIS 

AYEO 70 KIEV CONF 
DAVIES 70 NP B21 359 
FEUERBAC 70 NP 16B 85 

ALMEHEO 72 NP B40 157 
OEVENISH 73 PL 478 53 
MOORHOOS 73 PL 438 44 

DEVENJS2 74 PL 528 221 
KNIES 74 PRO ~ 26SO 
METCALF 74 NP B76 253 
MOORHOOS 74 PRO. 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP B96 90 
GAIOOS 75 PRO 12 2565 
LONGACRE 75 PL 558 415 

ALS 0 7S PRO 17 1795 

AYEO 76 CEA-N-1"21 
BARBOUR 76 NP B 111 358 
FELLER 76 NP Bl04 219 

AZNAURYA 17 EFI-2641571-77 
LONGACRE 17 NP B122 493 

ALSO 76 NP BlOB 365 

BARBOUR 7B NP 8141 253 
CUTKOSKY 79 PRO 20 2S39 
HOEHlER 79 HANDBOOK OF PI-N 

ALSO SO TORONTO CONF 3 

ARA I 80 TORONTO CONF 93 
B ARNHAM 80 NP B 16B 243 

REFERENCES FOR N*3/2117001 

A OONNACHtE, R G KIRSOPP, C LOVELACE ICERNIIJP 
DONNACHIE RAPPORTEUR'S TALK I GLASJ 
R G KIRSOPP I EOINJ 

R AYEO.P 8AREYREt G VILLET 
A DAVIES 
FEUERBACHER+HOLLADAY 

• +LOVELACE 
OEV EN ISH, RANKIN, L YTH 
MOORHOUSE, OBERLACK . 

OEV EN I SH,l YTH, RANKIN 
KNIES, MOORHOUSE ,OBERLACK 

I SACLII JP 
IGLASI 

I VANDERB ll T I 

ILUNO,RUTGHJP 
( LOUC+BONN+-L lNC I I JP 

IGLAS+LBLIIJP 

'I OESY, LANC, BONN I I JP 
I LSL, GLASI IJP 

ICITIIJP 
IGLAS•LBLIIJ? 

W J METCALF ,R L WALKER 
MOORHOUSE, OBERL ACK, ROS ENFELO 

R L CRAWFORD 
+MlTCHELL, MONTGOMERY,+ 
GAl DOS, MILLER 
+ROSENFELD, lAS I NSK I, SMA OJ A+ 
LONGACRE, LAS tNSK J, ROSENFELD+ 

IGLASIIJP 
I SFLAt ALAS AMA I I JP 

( PURDII JP 
(LBL,SLAC)IJP 
ll8L,SLACJ 

AYED fTHESISI ISACUIJP 
I. M. BARBOUR,R. L. "CRAWFORD (GLASIIJP 
+FUKUSHIMA 1 HORI KAWA,'KAJ IKAWA+INAGOVA+OSAK AI 1 JP 

+AKOPOV, BAGOASARYAN (YEREVAN PHYSICS I NST .. ) 1 JP 
LONGACRE,OOLBEAU ISACUIJP 
DOL BEAU, TR lANTt S,NEVEU,CAO I ET I SACL I IJP 

BARBOUR • CRAWFORD, PARSONS ( GLA S I 
+FORSYTH, HENDRICK, KEllY ( CARN+LBL I I JP 

SCATTERING, PHYSIK DATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
R .. KQCH (KARLSRUHE) IJP 

1. ARAI ITOKYI 
BARNHAM, GL I CKMAN,M I ER-JEDRZ EJOW IC Z+ ( LOI C I 

CHEW SO TORONTO CONF 123 O.M.CHEW ( LBUIJP 
CRAWFORD 80 TORONTO CONF 
CUTKOSKY 80 TORONTO CONF 
LIVANOS SO TORONTO CONF 

107 R.L.CRAWFORD I GLASI 
19 +FORSYTH,BABCOCK.KELLY, HEN ORICK ( CARN+LBLI I JP 
35 +BATON,COUTURES,KOCHOWSKI,NEVEU IS.ACLIIJP 

1110 

11/75 
11/75 
11/77 

12/79 
12179 
12/79 

11/75 
11/75 
11/77 
12/79 

11/75 
11/75 
11/77 

11/75 
11/75 
11/75 

1/7B 
1/78 
l/B2~ 

12/79 
12/79 

12/79 
12179 

2/74 
2/73 
4/75 
2/74 
2/74 
2/74 
1/76 
1/76 
2177 

12/79 
12/79 
3/79 

12/81* 
12/S1* 
12/Bl* 

2/74 
2173 
4/75 
2/74 
2/74 
2/74 
1/76 
1/76 
2177 

12/79 
12/79 
3/79 

l2/S1* 
12/8i• 
12/S1* 

PAPERS NOT REFEPRED TO IN DATA CARDS 

OCNNACHJ 69 NP 108 433 A DONNACHIE, R KIRSOPP 
+8AREYRE, VI LLET 
+CASHMORE 

IGLAS+EDINJ 
AYEO 70 PL 31B 59B ( SACLAYI 

tu. OXFORD) 
(HAIFJI 

BOWLER 70 NP 178 331 
WINNIK 77 NP 812S 66 + TOAFF, REVEL, GOLDBERG• BERNY 

........................ ********* ............................. *****••• 
• •••••••••••••• ********* ••••••••• ****••••• ••••••••• ********* ........ . 

I~( 1900) I 30 N•31211900, JP•l/2-1 !=3/2 ~ 

RE 
RE 

lM 
lM 

RER 
RER 

! MR 
lMR 

PI 
P2 

R1 
R1 
Rl 
R1 
R1 

R2 
R2 
R2 
R2 
R2 
R2 

THIS EFFECT IS SEEN IN BOTH ELASTIC AND PI N TO K SIGMA 
CHANNElS. 

30 N*3/2(19001 MASS IMEVI 

( 1920. I LANGBEIN 73 IPWA PI N-K SJG,SOL 
( 1870. I LANGBEIN 73 IPWA PI N-K SIG,SOL 

OEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK77 AROUND 1920 JollEY .. 

( 2001. I 
(1850.1 (35.1 

1908. 30. 
I 1916.51 123. I 
( 1S03.01 

1B90. 50. . ......... . 

AYEO 
CUT KOSKY 
HOEHLER 
CHEW 
CRAWFORD 
CUTKOSKY 

76 IPWA 
79 I PWA 
79 JPWA 
BO BPWA ++ 
SO OPWA 
80 I PWA 

P1NTOPIN 
PINTO PIN 
PI+P TO PI+P 
PI N PHOTOPRQO .. 
PINTO PIN 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.0 I 

30 N•3/2119001 WIDTH tMEVI 

(140. I LANGBEIN 13 IPWA Pl N-K SIG,SOL 
1160.1 LANGBEIN 13 IP\<IA Pl N-K SIG,SOL 
1307. I AYED 76 IPWA 
(130.1 (40 .. ) CUT KOSKY 79 IPWA P! N TO PI N 
140. 40. HOEHLER 79 IPWA Pl N TO PI N 
(93. 51 (54. I CHEW SO BPWA ++ Pl+P TO PJ+P 

{137.01 CRAWFORD BO OPkA PI N PHOTOPROQ. 
170. 50. CUTKOSKY 80 IPWA Pl N TO PI N 

AVERAGE MEANINGLESS (SCAlE FACTOR :c 1.01 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

30 No1<3/2119001 REAL PART OF POLE POSITION {MEVI 

I 1844.1 
1870. 40. 

CUTKOSKY 79 IPWA 
CUTKOSKY BO IP"-'A 

PINTO PIN 
PINTOPIN 

30 N•3/2(19001 -2*1MAG PART OF POLE PCSITION I~EVJ 

1142 .. , 
1SO. 50. 

CUTKOSKY 79 IPWA 
CUTKOSKY SO IPWA 

PINTOPIN 
PINTOPIN 

30 N*3/2119001 REAL PART OF ELASTIC PClE RESIDUE IMEVI 

11. I 
9. 4. 

CUTKOSKY 79 IPWA 
CUTKOSKY SO IPWA 

PI ~ TO PI N 
PINTO PIN 

30 N*3/211900J IMAG PART OF ELASTIC PCLE RESIDUE (MEVI 

{-1.1 
3. 1. 

CUTKOSKY 79 JP!o.IA 
CUTKOSKY 80 I PWA 

PI N TO PI 
PINTO PI 

30 N*3/2119001 PARTIAL DECAY MODES 

N*3/2119001 INTO PI N 
N*3/211900I INTO K SIGMA 

DECAY Y.ASSES 
139+ 938 
493+11S9 

30 N*3/2119001 BRANCHING RATIOS 

N*3/2119001 FROM 
CO. 1U 
10.121 

PI "N TO K SIGMA SQRTIP1*P21 
LANGBEIN 73 IPWA PI N-K SIG,SOL 
LANGBEIN '73 IPWA PI N-K SIG,SOL 

(0 .. 076 I DEANS 75 OPWA PI N TO K SIGMA 
VALUE GIVEN IS FRCM SOLUTION 1• NOT PRESENT IN SOLUTIONS 2,3,4. 

N*3/21 1900 I INTO (PI NI/TOTAL 
10. OS) 
(O.OBI (0.031 
o.os o.o4 

10 .. 281 
0.10 o. 03 

AYED 
CUTKOSKV 
HOEHLER 
CHEW 
CUTKOSKY 

I Pll 
76 I PWA 
79 I PWA PI N TO PI N 
791PWA PINTOPIN 
SO BPWA ++ PI+P TO PI+P 
80IPWA PJNTOPIN 

R2 • • 
R2 AVERAGE MEANINGLESS I SCAlE FACTOR = 1.01 

30 N*3/2(19001 PHOTON DEC.AY Afo'.PUGEV~~<*-1/2l 

FOR DEFINITION OF GAMMA-NUCLEON DECAY A"'PLITUOES, SEE MINI­
REVIEW PRECEOit.G THE BARYON LISTINGS. 

N*3/21l900) I"'TO GAM NUCLEON, HELICITV=l/2 IGEV**-1/21 

9/73 

9/73 

9/73 
9/73 
1/78 
1/78 

11/77 
12/79 
12/79 
1/82* 

12/81* 
1/S2• 

9/73 

9/73 
9/73 

11/77 
12/79 
12179 
1/82* 

12/81* 
1/S2* 

12/79 
1/82* 

12179 
1/B2* 

12/79 
1/S2* 

12/7~ 

l/S2* 

9/73 

9/73 

9/73 
9173 
9/73 

11/75 
11/75 

11/77 
12/79 
12/79 
l/S2• 
1/S2* 

A1 
A1 {-0.006110 -0 .. 025 CRAWFORD BO OPWA PI N PHOTOPROO. 12/81* 

......................... •******** •••••**** *••······ 

LANGBEIN 73 NP 853 251 
DEANS 75 N.P B96 90 
AYEO 76 CEA-N-1921 

REFERENCES FOR N*3/21 1~001 

LANGBEIN,WAGNER 
+MI TCHEll 1 MONTGOMERY,+ 
AYED ITHESISI 

(MUNICHIIJP 
CSFLA, ALABAMA) IJP 

I SACLIIJP 



Baryons 
~(1900), ~(1905) 

CUTKOSKY 79 PRO 20 2839 +FOfiSVTHwHENDRICK,KELLY (CARN+LBLJJJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL .. t2-l 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KQCH tKARLSRUHEJIJP 

CHEW 80 TORONTO CONF 123 O.M.CHEW ( .LBUIJP 
(GLASJ CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFDRO 

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK ( CARNHBL II JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

WINNIK 71 NP 8128 66 + TOAFF ,REVEL,~OLOSERG, BERNY CHUFJI .............................................................. ~.; .... 
................................................... ********* •••••••• 

I~( 1905) I 11 N•312Cl905, JP•5/2+1 1•312 [!;J 

3 
6 
6 
4 
1 

1 
5 
5 
5 
5 

L 
L 

THIS RESONANCE IS WELL E
1

STABLISHEO. 

CUTKOSKY 80 FINDS A HIGHER MASS F35 RESONANCE IN 
ADDITION TO THIS STATE .. BOTH RESONANCES ARE 
LISTED HERE. 

11 N*3/2{19051 MASS (MEVI 

( 1913.01 OONNACH1 68 RVUE PHASE-SHIFT ANAL 
'1837.01 AYEO 70 IPWA 

FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
I 1841.01 DAVIES 10 RVUE , P--S ANAL SOL A. 
( 1815.1 ALMEHEO 72 I PWA 

1890. 10 1986. MEHTANI 12 DPWA Pl+P TO PI+PIOP 
( 1890.1 LANGBEIN 13 I PWA PI N-K SIG,SOL 1 
( 1890. I LANGBEIN 73 I PWA PI N-K SJG,SOL 2 

OEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
W INNIK77 AROUND 1920 MEV. 

1870. OR 1830 .. LONGACRE 75 IPWA PI N TO 2PI N 
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE .75. 

( 1869. J AYED 76 IPWA 
( 1885.1 (27 .. I CUTKOSKY 16 IPWA 
11892.) BARBOUR 78 DPWA PI-N PHOTOPROO. 
11920.1 130. I CUTKOSKY 79 1 PWA PI N TO PI N 

1905. 20. HOEHLER 79 JPWA PI N TO PI N 
( 1787., (6.1 ( 5."71 CHEW 80 BPWA ++ PI+P TO PI+P 

8/69 
1171 

8/69 
2172 
9/73 
9/73 
9/13 
1/78 
1/78 

11/75 
11/75 
11/77 
11/71 

3179 
12179 
12/79 
1/82• 
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Data Card Listings 
Fornotation, see key at front ofListings. 

IMR 
IMR 
IMR 
IMR 

' JMR 
IMR 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

. R1 

R1 
Rl 

·. R1 
R1 
Rl 
R1 
R1 

. Rl 
Rl 
R1 
R1 
Rl 
R1 

R2 
R2 
R2 
R2 

II N*3/2C 19051 IMAG PART OF ELASTIC 

1-11.) (5.1 CUTKOSKY 76 IPWA 
C-5.1 CUTKOSKY 79 IPWA 
-19. 8. CUTKOSKY 80 ·IPWA 

8. 22. CUTKOSKY 80 IPWA 

AVERAGE MEANINGLESS CSCALE FACTOR~ 1.21 

11 N*3/2(19051 PARTIAL DECAY HODES 

N*3/2(19051 INTO PI N 
N*3/2U9051 INTO N PI PI 
N*3/2C 19051 INTO K SIGMA 
N*3/2119051 INTO N*3/2112321 PI 
N*3/2(1905J INTO GAM NUCLEON, HELICITV:1f2 
N*3/2Cl9051 INTO GAM NUCLEON,· HELICITY=3/2 
N*3/2t19051 INTO N RHO 
N*3/2(19051 INTO N*3/2112321 PloP-WAVE 
N*3/2Cl9051 INTO N*3/2t12321 PI,F-WAVE 
N*3/2119051 INTO N RHO,S:3/2,P-WAVE 

11 N*3/2119051 BRANCHING RATIOS 

N*3/2(19051 INTO CPI NI/TOTAL 
10.161 OONNACH1 68 RVUE 
IO.llt7t AYEO 10 IPWA 
10.20t DAVIES 10 RVUE 
10.181 AlMEHEO 72 1 PWA 
(O.HI AYED 76 IPWA 
10.1401 ( 0.008) CUTKOSKY 76 IPWA 
to .. L51 I 0.021 CUTKOSKY 79 IPWA 
0.15 0.02 HOEHlER 79 IPWA 

PCLE RESIDUE IMEVI 

PI N TO PI 
PI N TO PI 
PI N TO PI 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
493+1189 

1232+ 139 
0+ 938 
0+, 938 

938+ 769 
1232+ 139 
1232+ 139 

938+ 769 

IPll 

SOL A 

PINTO PIN 
PI N TO PI N 

t·O.lll CHEW 80 BPWA ++ PI+P TO PI+P 
o.o8 0.03 CUTKOSKY 80 IPWA PI N TO PI N 
0.01 0.04 CUTKOSKY 80 IPWA :PI N TO PI N . . 

AVERAGE MEANINGLESS ISCALE FACTOR~ 1.71 

N*3/2119051 INTO·fK SIGMAI/TOTAL fP31 

11177 
12179 
1182• 
1182• 

8/69 
1111 
8/69 
2172 

11177 
11177 
12/79 
12/79 
1/82• 
1/82* 
1/82* 

1 I 0.008 lOR LESS FEUERBACH 70 R VUE PI P TO K+ S JG+ 7/70 
ASSUME MA5S. WIDTH, XCEU\STI OF DONNACHIE 68 
MODEL USED MAY DOUBLE COUNT. 

I 1880.01 CRAWFORD 80 DPWA PI N PHOTOPROO. 12181*. 
1910. 30. CUTKOSKY 80 I PWA PI N TO PI N 
2200. 125. CUTKOSK V 80 IP\trjA PI N TO PI N 

CUTKOSKY 80 FINDS A HIGHER. MASS F35 RESONANCE AS WELL AS THE ONE IN 

A 
8 

A8 
A8 
A8 

THIS MASS REGION. 80TH ARE LISTED HERE, LABELED A NiO B FOR LOWER 
AND HIGHER M4SS STATES, AWAITING CONFIRMATION FOR THE HIGHER STATE. 

11869 .. 1 LIVANOS 80 DPWA PI P TO K SIGMA .. 
AVERAGE MEANINGLESS I SCALE FACTOR ~ 1.01 

---- ----- ---- ------- ------- ------ ------ ------
ll N•312t 19051 WIDTH CMEVI 

3 nso. 01 DONNACH1 68 RVUE 
6 Cl98.01 AYEO 10 1 P~A 

w 4 1136 .. 01 DAVIES 10 RVUE SOL A 
w 1 1250.1 ALMEHEO 72 I PWA 
w 1 273. TO 322. MEHTANI 72 DPWA PI+P .TO PI+PIOP 
w 5 (180. I LANGBE.IN 13 IPWA PI N-K SIG,SOL I 
w 5 f\40.1 LANGBEIN 73 IP~A PI N-K SIG,SOL 2 
w L 255. OR 220. LONGACRE 75 IPWA PI N TO 2PI N 
w 1255. i AVEC 76 IPWA 
w 1310.1 (90.1 CUTKOSKY 76 IPWA 
w (159.1 BARBOUR 18 OPWA PI-N PHOTOPRDO. 
w (340. I (80.1 CUTKOSKY 79 I PWA PI N TO PI N 
w 260. 20. HOEHLER 79 IPWA PI N TO PI N 
w {66. I {24.1 ( 16.1 CHEW 80 BPWA ++ PI+P TO Pl+P 
w (193.01 CRAWFORD 80 OPWA PI N PHOTOPRiJD. 
w 400. 100. CUTKOSKY 80 IPWA PI N TO PI N 
w 400. 125. CUTKOSKY 80 IPWA PI N TO PI N 

(255.} LIVANOS 80 OPWA PI P TO K SIGMA 

AVERAGE MEANINGlESS fSCALE FACTOR"' 1.41 • 
SEE NOTES ACCOMPANYING MASSES QUOTED ,AS FOR N*l/2(19101 

11 N*3/2(19051 REAl PART OF POlE POSITION (."4EVI 

RE ( 1813 .. J LONGACRE 75 IPWA PI NT02PIN 
RE ( 1825. I c 12.1 CUTKOSKY 76 IPWA 
RE 11865. I CUT KOSKY 79 IPWA PI N TO PI 
RE 1830. 40. CUTKOSKY 80 IPWA PI N TO PI 
RE 2150. 100. CUTKOSKY 80 IPWA PI N TO PI 
RE 
RE AVERAGE MEANINGLESS I SCALE FACTOR c 3.01 

1/82• 
1/82• 
1/82* 
1/82• 
1/82• 
1182• 

8/69 
1111 
8/.69 
2/12 
9173 
9/73 
9/73 

11/75 
11/77 
11/71 

3/79 
12/79 
12/79 
1/82• 

12/81* 
1182• 
1/82*: 
1/82• 

11175 

11/75 
11177 
12/79 
1/82• 
1/82• 

11 N*3/2C 19051 -2•IMAG PART OF POLE PGSITION CMEV.I 11175 

IM 
IM 
IM 
I M 
IM 
IM 
IM 

RER 
RER 
RER 
RER 
RER 
RER 

(193.1 LONGACRE 75 I PWA .I NT02PIN 
t25·o. 1 (36. I CUTKOSKY 76 IPWA 
1266. I CUTKOSKY 79 I PWA PI N TO PI N 
280. 60. CUTKOSKV 80 IPWA PI N TO PI N 
350. 100. CUTKOSKY 80 JPWA PI N TO .PI N 

AVERAGE MEANINGLESS (SCALE FACTOR " 1.01 

11 N*3/2f19051 ~EAl PART OF ELASTIC PCLE RESIDUE CMEVJ 

113.5) ( 3.51 CUTKOSKY 76 I PWA 
C20.1 CUTKOSKY 79 I PWA PI N TO PI 
16. 8. CUTKOSKY 80 IPWA PI N TO PI 

-lito 13. CUTKOSKY 80 I PWA PI N TO PI 

AVERAGE MEANINGLESS CSCALE FACTOR= 2.01 

11/75 
11/77 
12/79 
1/82• 
1/82• 

1107 
12179 
1/82* 
1/82• 

R3 
R3 

R4 
R4 
R4 

R5 
R5 
R5 
R5 
R5 
R5 

R6 
R6 
R6 
R6 
R6 
R6 

R7 
R7 
R7 
R7 
R7 

. Al 
A1 

. A1 
AI 
Al 
A1 
A1 
A1 
A1 

,.Al 
AI 
AI 
A1 
AI 

·L 

• 
9 
9 

N*3/2C19051 INTO ISIGJIU·KI•CPI NIITOTAL**2 (P3*Pll 
I0.001610R LESS KALMUS 70 OPWA PI+P TO K+ SIG+ 1171· 

N*3/2(19051 FPOM PIN TO N*3/2112321 PI SQR1(Pl*P41 
0.19 TO 0.23: MEHTANI 12 OPWA 'PI+P TO Pt+PIOP 9i13 

MOSTLY F ~AVE DECAY 9173 

N*3/2C19051 FRCM PI N TO K 
(0.061 
10.06) 
(0.021110 0.054 

RANGE GIVEN IS FROM FOUR 
(-0.0131 

SIGMA 
LANGBEIN 73 tPWA 
LANGBEIN 73 IPWA 
DEANS 75 DPWA 

BEST SOLUTIONS. 
LIVANOS 80 OPWA 

N*3/2H9051 FROM PIN TO N*3/2f12321 PI,F-WAVE 
C-0.1210R -0.20 LONGACRE· 75 IPWA 
f-0.171 NOVOSELLE 78 1 PWA 

BW FIT TO LONGACRE 75 IPWA~ 

1-0.061 •NOVOSELLE 78 IPWA 
BW FIT TO NOVOSEL LER 78 t PWA. 

SQRTfP1*P31 
PI N-K SIG,SOL 1 
PI N-K SIG.SOL 2 
PI N TO K SIGMA 

Pl P TO K SIGMA 

SQRTI P1*P91 
PI N TO 2P1 
PINT02PI 

PI N TO 2PI N 

9/73 
9/73 
9173 

11/75 
1117'5 
1/82• 

11/75 
11/75 
3/79 
3179 
3/79 
3179 

N*3/2119051 FACM PI N TON RHO,S=3!2,P-WAVE SQRTIPl*P101 11/75 
t-o.28IOR -0.33 LONGACRE 75 IPWA PI N TO 2PJ 11/75 
(-0~261 NOVOSElLE 78 IPWA PI N TO 2PI 3179 
(-O.lliTO -0.33 NOVOSElLE 78 IPWA PIN TO 2PI 3/79 

BW FIT TO NOVOSEL:lER .18 IPWA, PHASE IS NEAR 90 DEGREES. 12/79 

11 N"03/2(19051 PHOTON DECAY AMPLIGEV**-1121 

FOR DEFINIHCN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/2119051 INTO GAM NUCLEON, 
o. 019 o. 027 
o. 042 o. 016 

,+0.047 0.067 
-0.003 0.009 

(+0.0351 
-0 .. 001 0.012 
+0. 063 o. 018 
+0.033 0.018 

0 .. 022 0.010 
o. 031 o. 009 
0.024 o. 014 

8 SUPERSEDES AARSOUA 16. 

HELICITY=1/2 fGEV••-11.21 
DEVENIS2 74 OPWA PI N PHOTOPROO. 
KNIES 14 DPWA PI N PHOTOPROO • 
METCALF 74 OPWA PI N PHOTOPROD. 
CRAWFORD 75 OPWA PI N PHOTOPROO. 
BARBOUR 76 DPWA PI N PHOTOPROD. 
AZNAURYAN 11 OPWA PIO PHTPRO.SOL 1 
AZNAURYAN 11 DPWA PIO PHTPRO,SOL 2 
BARBOUR 78 OPWA PI-N PHOTOPROO. 
ARA 1 80 OPWA PI N PHOTO FIT 1 
ARAI 80 OPWA PI N PHOTO FIT 2 
CRAWFORD 80 DPWA PI N PHOTOPROD. 

lt/75 
2/74 
2/74 
1/76 
1/76 

12/79 
12/79 

3'/79 
12181* 
12181* 
12181* 
3/79 

A1 AVERAGE MEANINGLESS (SCAlE .FACTOR = 1.61 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2Cl9051 HHO GAM NUCLEON, 
o.o78 o.o2cJ 

-o. 022 o. o2o 
-0.028 0 .. 066 
-o. 021 o. 036 

(-0.0131 
-o. 094 
-0.101 
-0 .. 055 
-0.029 
-o. 045 
-0.012 

o. 027 
0.018 
0.019 
o. 007 
0.006 
0.035 

A2 ·• 

HELICITY:3/2 tGEV••-1121 
DEVENIS2 74 OPWA PI N P~IOtOPROD. 
KNIES 74 OPWA PI N PHOTOPROO. 
METCALF 74 OPWA PI N PHOTOPROO. 
CRAWFORD 75 DPWA PJ N PHOTOPROO. 
BARBOUR 76 DPWA PI N PHOTOPROO. 
AZNAURYAN 11 OPWA PIO PHTPRO.SOL 1 
AZNAURYAN 11 OPWA PIO PHTPROoSOL 2 
BARBOUR 78 OPWA PI-N PHOTOPROO. 
ARAI 80 OPWA PI N PHOTO FIT 1 
ARAI 80 OPWA PI N PHOTO Fll 2 
CRAWFORD 80 DPWA PI N PHOTOPROD. 

A2 ·AVERAGE MEANINGlESS (SCALE FACTOR c 2.61 

Co .................................................................... . 

4/75 
2174 
2174 
1/76 
1176 

12/79 
12/79 
3179 

12/81* 
12181* 
12/81* 
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Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR N*3/2C 19051 

DONNACHl 68 Pl 2 68 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

A OONNACHIE, R G KIRSOPP, C LOVELACE ICERNJIJP 
DONNACHIE RAPPORTEUR'S TALK tGLASI 
R G KJRSOPP lEOINI 

AYEO 70 KIEV CONF R AVED.,P BAREYRE, G VtlLET 
A DAVIES 

f SACUl JP 
CGLASI 

fVANOERBILTl 
ILRU 

DAVIES 70 NP 821 359 
FEUERBAC 70 NP 168 85 FEUER BACHER+HOL LAQAY 
KALMUS 70 PR 02 1824 G KALMUS, G BORREANJ, J LOUIE 

ALMEHEO 7Z NP 840 157 +LOVELACE (LUNO,RUTGJIJP 
CUCR +LBL) 

OIIUNICHUJP 
I OESY tL ANC, BONN I IJP 

HBL,GLASHJP 
tCtTIIJP 

HEHTANI 12 PPL 29 1!J34 
LANGBEIN 73 NP 853 251 
DEVENIS2 74 PL 52S 227 

+FUNG, KERNAN, SCHALK, + 
LANGBE t N, WAGNER 
DE VENt SH, L YTH, RANKIN 

KNIES 74 PRO 9 2680 KN J ES, MOORHOUSE ,QB ERLACK 
W J METCALF,R l WALKER METCALF 74 NP 876 253 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
LCIIIGACRE 75 Pl 558 415 

R L CRAWFORD 
+MITCHELL, MONTGOMERY,+ 
+ROSENFELD, lAS I NSKI, SMADJA+ 
LONGACRE,L AS INSKI, ROSENFELD+ 

IGLASHJP 
C SFLA, ALA8A"1A I I JP 

(LBL, SLACJ IJP 
CLBL, SLAC.) ALSO 78 PRO 17 1795 

AVEC 76 CEA-N-1921 AVEC ITHESISI ISACUIJP 
BARBOUR 76 NP B11l 358 I. M. BARBOUR,R. L. CRAWFORD IGLASHJP 
CUTKOSKY 76 PRL 37 645 CUT KOSKY, HE NOR 1 CK, KELLY ( CARN+LBL) IJP 

ALSO 76 OXFOf!O CCNF. 49 
AZNAURYA 11 EFI-2641571-17 

CUT KOSKY, HE NOR ICK, CHAO+ ( CARN+LBL+BR t SJ I JP 
+AKOPOV,BAGDASARVAN (YEREVAN PHYSICS INST.JIJP 

BARBOUR 78 NP B141 253 
NOVOSELL 78 NP B 137 509 

BARBOUR ,CRAWFORD, PARSONS 
O. E • NOVOSELLER 

(GLASJ 
I CAL TECHHJP 
C CAL TECH) I JP ALSO 78 NP B 137 445 O. E ~ NOVO SELLER 

CUTKOSKY 79 PRO 20 2839 +FORSVTH,HENDRICK,KELLV ICARN+LBLJIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.l2-l 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEJIJP 

A.RAI 80 TORONTO CONF 93 I. ARAI ITOKYI 
CtEW 80 TORONTO CONF 123 O.M.CHEW I LRUIJP 

CGLASI CRAWFORD BO TORONTO CONF 107 R.L.CRAWFORO 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BA8COCK,KELLYtHENDRICK 
LIVANOS 80 TORONTO CONF 35 +BATQN,COUTUREStKOCHOWSKt,NEVEU 

ICARN+LBLIIJP 
I SACUl JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

AYED 70 PL 31B 5'<18 +BAREYRE+VILLET ISACLAYI 
IHA1fll WJNNIK 77 NP B12B 66 + TOAFF, REVEL, GOLDBERG, BERNY .................................................................... .................................................................... 

I fl(1910) I 12 N*l/211910, JP=I/2+1 1•312 ~ 
lH1 S RESONANCE IS WELL ESTABLISHED. 

12 N*3/2119101 MASS (MEVI 

I 1934.01 OONNACH1 6B RVUE PHASE-SHIFT ANAL 
117B3.01 AYED 70 IPWA 

FROM ENER. OEP. FIT OF ARGAND DIAGRAM 
11914.01 DAVIES 70 RVUE P-S ANAL SOL A 
I 1900. I ALMEHEO 72 t PWA 
11'<180.1 LANGBEIN 73 IPWA PI N-K StG,SOL 
I 1950. I LANGBEIN 13 IPWA PI N-K S1G,SOL 

OEANS75 AND lANGSEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK17 AROUND 1-920 MEV. 

( 118'<1.1 AYED 76 lPWA 
11940. I 130.1 CUlKOSKY 76 1 PWA 

8 11790. I LONGACRE 71 1 PWA PI N TO ZPI N 
8 All LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
8 POSITION MHICH IS FROM SOLUTIONS S1 AND C1. 

5 C 1B99. I BARBOUR 1B OPWA PI-N PHOTOPROD. 
( 1920. I (50. I CUTKOSKV 79 IPWA PI ~ TO PI N 

1888. 20. HOEHLER 19 IPWA PI N TO PI N 
A I 1115.21 t21.1 CHEW BO BPWA ++ Pt+P TO Pt+P 
B ll77B.4) 19.0) CHEW BO BPWA ++ PI+P TO PI+P 
C 11960.LJ 121. I CHEW 80 BPWA ++ PI+P TO PI+P 
0 12121.41 (13.1 114.31 CHEW BO BPWA ++ PI+P TO PI+P 

AB CHEW 80 REPORTS FOUR RESONANCES IN THE P31 WAVE. ALL ARE LISTED 
CO HERE LABELED A-0. 

I 1921.01 CRAWFORD 80 OPWA PI N PHOTOPROD. 
1910. 40. CUTKOSKY 80 I PWA PI N TO PI N 

( 1930. I LIVANOS BO OPWA PI P TO K SIGMA 

AVERAGE "1EANINGLESS I SCALE FACTOR "' 1.01 

12 N*3/21 19101 WIDTH I ME VI 

133'<1. OJ DONNACH1 6B RVUE 
l30B.OI AVEO 70 IPWA 
1290. I DAVIES 70 RVUE SOL A 
1200.1 ALMEHEO 72 IPioiA 
(190. I LANGBEIN 73 IPWA PI N-K SIG,SOl 
1170. I LANGBEIN 73 IPWA PI N-K SIG,SOL 
1221.1 AVEC 76 IPWA 
nBO.) 1130.1 CUTKOSKV 76 IPWA 

• (170. I LONGACRE 77 IPHA PI N TO 2PI N 
5 1230.} BARBOUR 78 OPWA PI-N PHOTOPROO. 

1300.1 ClOO. I CUTKOSKV 19 I PWA PINTO PI N 
2BO. 50. HOE::HLER 79 I PWA PI N TO PI N 
193.3) 155.1 CHEW 80 BPWA ++ Pt+P TO Pt+P 
123.01 (29. I CHEW 80 BPWA ++ PI+P TO PJ+P 

(152.'<11 160. I CHEW BO BPWA ++ Pl+P TO Pt+P 
072.21 137.) CHEW 80 BPWA ++ Pl+P TO PI+P 
(351.01 CRAWFORD BO OPHA PI N PHOTOPROO. 
225. 50. CUTKOSKY 80 ·I PWA PI N TO PI N 

1222. I ll VANOS BO OPWA PI P TO K·SIGMA 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 
SEE NOTES ACCOMPANYING MASSES QUOTED 

---- ------- ----- --------- -------- ---- ------ -------
12 N*3/2119101 REAL PART OF POlE POSITION (MEV) 

RE I 1B63. I 115. I CUTKOSKY 76 IPWA 
RE • 1192. OR 1801. LONGACRE 77 IPWA PI N TO 2Pt N 
RE 11871. I CUT KOSKY 79 IPWA PI ~ TO PI N 
RE 1880. 30. CUTKOSKV 80 IPWA PI N TO PI N 

---- -------- ------ --------- -------- ----- ------- --------

8/69 
1171 

8/69 
2172 
9173 
9173 
1178 
1178 

11177 
11/77 
11/77 
11177 
11111 
3/79 

12/79 
1Z/79 
1/82* 
1/82* 
1/B2• 
1/B2• 
1/82* 
1/82• 

12/81* 
1/B2* 
1/82* 

8/69 
1171 
B/69 
2172 
9/73 
9173 

11177 
11177 
11177 

3179 
12179 
12179 
1/82* 
l/B2• 
1/B2* 
1/82• 

12181* 
1/82* 
1/B2* 

11177 
11177 
12/79 

1/B2* 

Baryons 
fl(1905), fl(1910) 

12 N*3/211910) -2*1MAG PART OF POLE PCSITION IMEVJ 

IM 
IM • 
IM 
IM 

1250. I 134. I 
112. OR 165. 

1200.) 
. 200. 40. 

CUlKOSKV 76 I PWA 
LONGACRE 77 IPWA 
CUTKOSKY H IPWA 
CUlKOSKY 80 I PWA 

PI N TO 2PI N 
PI N TO PI N 
PI N TO PI N 

11177 
11177 
12/79 
1/82* 

'12 N*3/2119101 REAL PART OF ELASTIC PCLE RESIDUE CMEVI 

••• ••• ••• 
f-4.1 
f-0.61 

o • 

15.) 

10. 

CUTKOSKY 76 IPWA 
CUTKOSKY 79 IPWA 
CUTKOSKY BO I PWA 

PtNlOPl 
PINTO PI 

12 N*3/2(19101 IMAG P.ARt OF ELASTIC POLE RESIDUE IMEVI 

I Ill 
IMR 
IMR 

1-27.) 
1-18.1 
-20. 

f 5.) .. CUTKOSKY 76 IPWA 
CUTKOSKY 7'<1 lPWA 
CUTKOSKV 80 IPWA 

PI N TO PI N 
PI N TO Pt N 

12 N*3/2119101 PARTIAL DECAY MODES 

P1 N•3t2fi910) INTO PI N 
P2 N*3/2119101 INTO N PI PI 
P3 N*312119101 INTO K SIGMA 
P4 N*3/2119101 tHO N*3/21l2321 PI 

DECAY MASSES 
139+ 938 
93B+ 139+ 13'<1 
493+1189 

1232+ 139 
P5 N*3/2119101 INTO GAM NUClEON, HELlClTY=1/2 0+ 938 

93B+ 769 P6 N*3/211910) INTO N RHO,S=3/2 

12 N*3/2( 1'<1101 BRANCHING RATIOS 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

N*3/211910J l~lO (PI Nl/lOlAL 
10.301 
10.128, 
(0.1BJ 
10.331 
10.161 
10.225} I 0.0251 
(0.191 I 0.041 
0.24 0.06 

{0.181 
10.201 
(0.111 
(0.40) 
0.19 0.03 

R1 • • 

OONNACH1 
AYEO 
DAVIES 
AlMEHEO 
AVEO 
CUlKOSKV 
CUTKOSKV 
HOEHLER 
CHEW 
CHEW 
CHEW 
CHEW 
CUTKOSKV 

Rl AVERAGE MEANINGLESS !SCALE FACTOR= 1.01 

I Pll 
68 RVUE 
70 lPWA 
70 RVUE SOl A 
12 1 PWA 
76 IPWA 
76 IPWA 
19 I PWA PI N TO PI N 
19 IPWA PI N TO P 1 N 
BO BPWA ++ PI+P lO Pt+P 
BO BPWA ++ Pl+P TO Pt+P 
80 BPWA ++ Pt+P lO PI+P 
80 BPWA ++ Pt+P TO PI+P 
80 IPWA PI N TO PI N 

N*3/211'<1101 INTO IK SJGMU/lOTAl IP31 

11177 
12179 
1/82* 

11177 
12/79 
1/B2* 

B/69 
1/71 
8/69 
2/72 

11171 
11177 
12179 
12179 
l/B2* 
1/82* 
1/B2* 
l/B2* 
l/B2* 

R2 
R2 
R2 
R2 

I0.008fOR LESS FEUERSACH 70 PVUE PI P lD K+ SIG+ 7170 
ASSUME MASS, WIDTH, X( HAST I Of OONNACHIE 6B 
MODEl USED MAY DOUBLE COUNT • 

R3 
R3 
R3 
R3 
R3 
R3 

N*3/2119101 FRCM PI N TO K 
(0.111 

SIGMA 
LANGBEIN 73 IPWA 
LANGBEIN 73 IPWA 

SQRTIP1*P31 
PI N-K SIG,SOL 1 
PI N-K SIG,SOL 2 
PI N TO K SIGMA 

COolS) 
CO.OB2 110 O. 184 DEANS 75 OPWA 

RANGE G1 YEN IS 
C-0.0191 

FROM FOUR BEST SOLUTIONS. 
L1 VA NOS BO OPWA PI P lO K SIGMA 

R4 N*3/211'<~101 FROM PIN TO N*3/2112321 PI SQRT1Pl*P41 
Rlt 8 1-0.061 LONGACRE 77 IPWA PI N TO 2PI N 

R5 N*3/2119101 FROM PIN TON RHO,S==3/2 SQRTIP1*P6l 
R5 8 1-0.291 LONGACRE 11 IPWA PI N lO 2P1 N 
R5 N 1-0.171 NDVOSELLE 7B IPWA PI N TIJ 2Pl N 
R5 N EVIDENCE FOR THIS COUPLING IS WEAK, SEE NOVOSElLER 78. THIS 
R5 N COUPLING ASSUMES lHE M6.SS IS NEAR 1R20 MEV. 

12 N*3/2C 1'<~101 PHOTON DECAY AMPL(GEVU-1/21 

FOR DEFINITION Of GAMMA-NUCLEON DECAY AMPLJTUCES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 

N*3/211910J INTO GAM NUCLEON, HELICITY=l/2 (GEV**-1121 
o.ooo 0.025 
0.010 0.012 

-o. o32 o. 065 
-0. OM D. 013 

(-0.031, 
+0.040 0.013 
+0.039 0.012 
-0.035 0.021 

SUPERSEDES BARBOUR 76. 
-o. o 12 o. oos 
-0.031 0.004 
-0.005 0.030 

A1 • • • • •• 

DE VENt 52 74 DPWA PI N PHOTOPROO. 
KNIES 74 OPWA Pl N PHOTOPROO. 
METCALF 74 OPWA PI N PHOTOPROO. 
CRAWFORD 75 OPWA Pt N PHOTOPRCO. 
BARBOUR 76 DPWA PI N PHOTOPROD. 
AZNAURYAN 17 OPWA PIO PHTPRO,SOL 1 
AZNAURYAN 71 OPWA PIO PHTPR.O,SOL 2 
BARBOUR 78 OPWA PI-N PHOTOPROO. 

ARAl 
ARAI 
CRAWFORD 

80 OPWA 
80 OPWA 
80 OPWA 

PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHOTOPROD. 

Al AVERAGE MEANINGLESS I SCAlE FACTOR = z.qJ 

...... ~··· ..... . ......... (!!..... ... ......... .. ....... . ............... . 
OONNACH1 6B PL 268 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

AVED 70 KIEV CONF 
DAVIES 70 NP 821 359 
FEUERBAC 70 NP 168 85 

.&.LMEHED 72 NP 840 157 
LANG8EI N 73 NP B53 251 

DEVENIS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
lo\ETCALF 74 NP 8 76 253 

. CRAWFORD 75 NP 897 125 
DEANS 75 NP B96 qQ 

AVED 76 CEA-N-1921 
BARBOUR 76 NP 8111 35B 
CUTKOSKV 76 PRl 31 645 

ALSO 76 OXFORD CCNF. 49 

REFERENCES FOR ~•312119101 

A OONNACHIE, R G KIRSOPP, C LOVELACE ICERt.IIJP 
OONNACHIE R.APPORTEUR'S TALK CGLASI 
R G KIRSOPP fEOINI 

R AVEO,P BAREYRE, G V1llET 
A DAVIES 
FEUERBAC HER+HOLLAO AY 

+LOVELACE 
LANGBEIN, WAGNER 

DE VENt SH, L VTH, RANKIN 
KNIES, MOORHOUSE ,QB ERLACK 
W J METCALF .R l WALKER 

R L CRAWFORD 
+M I TCHELLt MONTGOME RV, + 

AYEO ITHESISI 

I SACLI I JP 
( GLASI 

CVANOER~ILTI 

ILUNO,RUTGIIJP 
(MUNICHIIJP 

( OESV ,L ANC, BOlliN II JP 
fLBLoGLASIIJP 

IC ITIIJP 

I GLASIIJP 
I SF LA, ALAB-'.""'A I I JP 

I. M. BARBOUR,R. L. CRAWFORD 
CUTKOSKV, HENDRICK, KELLY 

( SA.CLII JP 
IGLASJJJP 

(CARN+LSLI1JP 
I CAR~+LBL+BR IS I IJP CUT KOSKY, HE NOR I CK, CHAO+ 

9173 
9173 
9/73 

11175 
11/75 
1/82* 

11/17 
11177 

11177 
11177 

3179 
12179 
12/H 

4175 
2/74 
2174 
1176 
1176 

12/79 
12179 
3179 
3179 

12/B1* 
12/81* 
12/81• 



Baryons 
t\(1910), t\(1~20), t\{1930) 

AZNAURYA 17 EFI-264(571-71 
LONGACRE 17 'NP B 122 493 

ALSO 76 NP BlOB 365 

+AKOPOV,BAGDASARYAN .!YEREVAN PHYSI.CS l"lST.JJJP 
LONGACRE, DOL BEAU IS ACll I JP 
DOL BEAU. TR IAN"fl S.NEVEU ,CADI ET I SACU IJP 

BARBOUR 78 NP 8141 2!:3 
NOVOSELL ·78 NP 6137 509 

ALSO 78 NP B 1 ~7 445 
CUTKOSKY 79 PRO 20 2S39 

BAR SOUR ,CRAWFORO,P ARSONS 
D. E. NOVOSELLER 
0. E. NOVQ_SELLER. 
+FORSYTH, HE NOR I CK, KEllY 

SCtr.TTERING, PHYSIK DATEN VOL.l2-l 

CGLASI 
ICAL TECHIIJP 
ICAL TECHIJJP 
I CARN+LBU IJP 

HOEHLER 79 HANDBOOK OF P t-N 
+KA.ISER,KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KQCH (KARLSRUHE I IJP 

ARA I 80 TORONTO CONF 93 I •. ARA I ITOKYI 
CHEW 80 TORONTO CONF 123 O.M.CHEW I LBLIIJP 

IGLASI CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORD 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK I CARN+LBL11 JP 

ISACUIJP LIVANOS 80 TORONTO CONF 35 +BATON,COUTURES,KOCHOWSKI,NEVEU 

PAPERS NOT REFERRED TC IN DATA CAPOS 

CARYANN 65 PR f38 8433 CARAYANNDPOULOStTAUTFEST.WlllMANN IPURDI 
A PARTIAL WAVE ANALYSIS OF PI+P TO SIGMA+ K+ 

AYEO 70 PL 31B 5(j8 +BAREYRE+VILLET ISACLAYI 
WINNIK 77NP 8128 t:6 +TOAFF,REVELoGOLDBERG,BERNY CHAIFII 

••••••••••••••• ********• *·******** ••••••••• ••••••••• ••••••*** ******** 
•••••• ****••••• ••••••••• ********* ••••••••• ********* .................. . 

I~( 1920) 1117 N•312(1920, JP•3/2+) 1•3/2 I p;~ I 
E~R!-Y ANALYSES FOUND EVIDENCE ,FOR A P33 RESONANCE NEAR 

.2160 .MEV; THERE MAY HAVE BEEN CONFUSION WITH OTHER 
RESONANCES IN THAT REGION ISEE liSTING FOR N*3/21•21601) .. 
RECENT ANA~YSES FIND THE MASS IS CLOSER TO 1920 MEV. 

117 N*3/2119Z(IJ MASS IMEVI 

I 2160. I KIRSOPP 
12120.1 ROYCHOUD 

7 I 2150. I ALMEHEO 
1 ( 1980. I LANGBEIN 
1 NOT SEEN IN SOLUTION 2 OF l.ANGBEIN73 

68 RVUE 
11 DP'riA 
72 I PWA 
73 I PWA 

PHASE SHIFT ANAL 

PI N-K SIG,SOl 1 

1 OEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA Qf 
1 WINNIK77 AROUND 1920 MEV. 

(.1960.1 180.1 CUTKOSKV 79 IPWA PIN TO PIN 
1868. 10. HOEHLER 79 JPWA PI N TO Pt N 

A (1955.1 113 .. 1 CHEW 808PWA++Pl+PTOPI+P 
B {2065 .. ) (13.61 112.91 CHEW 80 SPWA ++ PI+P TO Pl+P 
AB CHEW BO REPORTS TWO P33 RESONANCES IN THIS f'IASS R-EGION. BOTH .. ARE· 
AB lIS TED HERE, lABELED A AND B FOR LOWER AND HIGHER STATES. 

1920. 80. CUTKOSKY 80 I PWA PI N TO. PI N 
I 1904. I LI"VANos 80 DPWA PI P TO K SIGMA 

AVERAGE "'EANINGLESS I SCAL~ FACTOR = 1.01 

----- ------- ------- --------- -------- -------'-'-

3 
w 1 
w .. 1 

1260. I 
1200·. I 
(190~ I 
1300. I 
220. 
ISS. 31 
162.0 I 

1204. I 
300 •• 

. . 

111 N*3/2119ZOI. WIDTH IMEVI 

1100. I 
BO. 

135. I 
144. I 

100. 

Klr:<SOPP 
ALMEHE0 
LANGBEIN 
CUTKOSKV 
HOEHLER 
CHEW 
CHEW 
ltVANOS 
C.UTKOSKY 

68 RVUE 
72 IP,.,A 
73 IP\ojA 
79 I PkA 
79 I PWA 
SO 8PWA ++ 
SO 8P~ojA. ++ 
80 DPWA 
80 I PWA 

PHASE SH I F1 AN.6l 

PI N-K SIG,SDl 1 
PINTOPIN 
PI N TO Pt N 
DJ+P TO PI+P 
Pl•P to PI +P· 
PI P TO K SIGMA 
PI N TO P 1 N 

AVERAGE MEANINGLESS {SCALE FACTOR = 1.01 

RE 
RE 

IM 
I M 

1280.1 
300. 

117 N*3/2{19201 REAL PART OF POLE POSITION IMEVI. 

CUTKOSKV 79 IPWA 
BO. CUT KOSKY SO I PWA 

PI N TO PI 
PI N TO PI 

117 N*3/2119ZOI -2*1."11AG P&,RT OF POLE POSITION IMEVI 

CUTKOSKY 79 1 PWA 
100. CUTKOSKV 80 IPhA 

PI N TO PI N 
PI N TO PI N 

117. N*3/2119201 REA_L PART OF ELASTIC PCLE RESIDUE IMEVI 

10/69 
3/72 
2172 
9173 
9173 
1/7S 
1/78 

12179 
12/79 
'1/82* 
l/S2* 
1/82* 
l/B2* 
1/82* 
1/82* 

10/69 
2172 
9/73 

12/79 
12/79 
1/82* 
1/82* 
1/82* 
1/82* 

12/79 
1/82* 

12/79 
1/82* 

RER (-tO. I 
Q.ER -21. 1. 

CUTKOSKV "79 IPWA 
CUTKOSKV 80 I PWA 

PI N TO PI 
PI N TO. PI 

12/79 
1/82* 

117 N*3/2119201 H .. AG PART OF ELASTIC POLE ~ESIOUE IMEVI 

IMR 
IMR 

P1 
P2 

R 1 
Rl 
R 1 
R 1 
R1 
R1 
R1 
R1 

1-27. I 
-12. 11. CUTKO SK V 79 I P lolA 

CUTKOSKV 80 I PWA 

117 N*3/2119201 PART!Al DECAY MODES 

N*3/·21 1920 I INTO PI N 
N*3/2( 19201 INTO K SIGMA 

117 N*3/2( 19201 BRANCHING RATIOS 

N*3/211920) 11\10 (PI NIITOTAL 
10.251 
10.31 
10.171 10.041 
o.t4 o.o4 

10.241 
10.1SI 
0.20 0.05 

KIRSOPP 
AlMEHEO 
CUTKQSKY 
HOEHLER 
CHEW 
CHEW 
CUTK0SKY 

68 RVUE 
72 1 PWA 
79 1 PWA 
79 IPWA 
BO BPWA 
80 BPkA 
80 I PloiA 

R1 • • 
R1 AVERAGE ,.EANINGLESS !SCALE FACTOR = 1.01 

PI N TO PI 
PI N TO Pl 

DECAY MASSES 
1"39+ 9"38 
4';13+1189 

( Pll 
PHASE SHIFT ANAl 

PI N TO 0 I N 
PINTO PIN 
PI+P TO PI+P 
PI+P TO PI•P 
PI N TO P T N 

12/79 
1/S2* 

12/79 
10/69 

2172 
12179 
12/79 

1/82* 
1/82• 
l/S,2* 

224 

Data Card Listings 
For nota#on, see key at front of Listings. 

. R2 N*3/2H9201 FRCM PI N TO K SIGMA SORTIP1*P21 

. R2 1 10.081 LANGBEIN 73 tPwA ' PI N-K SIG,SOL 1 
R2 5 I0.0481l0 0.120 DEANS 75 OPWA PIN TO.K_SIGMA 

RANGE GIVEN IS FRi:JM FOUR BEST SOLUTIONS.· - R2 ~ 
R2 '(-0.0491 ' L(VANOS 80 DPWA PI P TO K SIGMA 

...... ********* .................................... . 

K IRSOPP 68 THESIS 
• Rt;JYCHOUD 11 NP 8_27 125 

AlHEHED 72 NP 840 157 
LANGBEIN 73 NP B53 251 
DEANS 75 NP 896 qo 

: R~FERENCES FOR N*3/2119201 

R G KI RSOPP 
R K ROYCHOUDHURV,B H BRANSDEN . . 
+LOVElACE 
LANGBE t Ntlol AGNER 
+MITCHELL, MONTGOHER.V,+ 

:.········ 
"IEDINI 
IOURHIJJP 

ILUNO tRUTGJ I JP 
'(Mu'NICHJIJP 

ISF.LA, ALAgAMAI I JP 

CUTKOSKY 79 PRO 20 21:!39' .+FORSYTH,HENORICK,KEllY . .I{ARN+LBLIIJP 

HOEHLER 79 HANDBOOK OF PI-N S~~!i~~~~~Oc~~:i~~A'~~~~~ Vol".i2-1/~ARLS-RUH'E IJP 

12/79 
9/73 

11175 
11175 

l/S2* 

AlSO 80 TORONTO CONF 3 R .. KOCH I~ARlSRU~EI.IJP~ 

~~~~~SKY :g ·' ig:~~ig ~g~~ ~~3 ~f~R~~i~,BABCOCK,_KElLY,HEN'DRICK ··:,·c.AR~ .... t-~~:;~: 
LIVANO.S 80 T:ORO~TO CONF 35 .+_BATON,C~UTURES.,KDCHOWSKI,NEVEU I~ACUiJP . .................................................................. . 
. , .. :·<· 1 ••. 9 •• 3 .. o .• )., ................................ ~ro· 3.~s~l····· ....... . 

• Ll • 13 N*3/2(1q3o, JP=5/Z-I I=31.2 

THIS RESONANCE IS WEll ESTABLISHi:ii. 

13 N*3/21 19301 MASS IMEVI 

3 11954.01 OONNACH1 68 RVUE. PHASE-SHIFT ANAL ·6/68 
3 I 1970. I Kt RSOPP 68 RVUE. PHASE SHIFT ANAl 10/69 
X 11950.01 A~P.ROX LEA 69 CNTR PI~P ElASTIC 8/69 
X SEE ALSO APLII\ 70 . 

·w 
w 

RE 
RE 
RE 

IM 
IM 
IM 

RER 
RER 
RER 

IMR 
I MR 
IMR 

3 WHERE MAX~' ABSORPTION IS -DONNACHI, 2 ,KJRSOPP EYEBALl FIT CERN 1 
7 12200.1 ' . . ,.. ' ALMEHED 72 I PWA 

1 11q6o.1· LANGBE.IN 73 IPWA PI N-K s .. I~, SOL 2 
1 NOT SEEN IN SOLUTION·" I 'oF ·t·ANGBEIN73 
1 OEANS75 AND L.&NGBEIN73 DISAGREE WITH PI+ P TO K+ .SIGMA+ DATA OF 
1 W INNIK77 .6ROUND 1920 MEV. . .. 

I lM4. I AVED 76 JPWA 
11925.1 120 .. 1 cuTKOSK:v 76 IPWA 
(2024.1 BARBOUR 7B DPWA PI-N PHOTOPROO. 
11930.1 120 .. 1 . CUTKOSKY' 19 lPWA PT N TO PI N 

1901. 15.. HOEHLER 79 IPWA PI N TO PI N 
11q10.1 '115.1 'f11.2)· ·"CHEw·· . ·a·o·BPWA ++ PI+P TO PI+P . 
120DO.OI CRAWFORD 80 DPWA PI N PHOTOPROD. 

1940. 30.. . CUT.KOSKY 80 IPj.jA PI N TO .PI N 
( 1889.1 . liYANOS ' 80 OPWA PI P TO K S~G~.A 

AVERAGE M,EANINGLESS I SCALE FACTOR = 1.21 

1311. OOJ 
1400. I 
16"00. I 
1150."1 
1121. I 
(350 .. I 
1462.) 
'c2ao. 1 

195. 
174. 8) 

· 1442. a·, 
320. 

1121. I 

1~ . N*3/21 19301 WIDTH CMEV1 

1100. I 

cqo. 1 
60. 

U7. I 

60. 

{ 16.1 

OONNACH1 68 RVUE 
~IR.SOPP 6S RVUE PHASE SHIFT ANAl 
ALMEHEO 72 I PWA 
LANGBEIN . 73 IPWA PI "N.-K S_IG,S.Dl. 2 
AVEO. . 76 IPWA 
CUTKOSKY 76 IPWA 
BARBOUR. 7S OPWA PI-N PHo"TOPRm). 
C.U.TKOSKV' 79 IPWA PI N :ro PI N 
HOE i-lLER : '7i:J 1 PWA . • PI N TO PI N 
CHEW 80 'BPWA +;+ PI+P TO PI+.P 
CRAWFO~D 80 OPWA Pt" N PHDTOPROO. 
CUT KOSKY 80 I PWA . PI N TO PI N 
LIVANDS. 80 .OPWA .PI P ·r.a "K SIGMA 

AVERAGE MEANINGLESS C SCALE FACTOR = ·1~51' 
SEE THE NOTES. ACCOMP.ANYING MASSES OUo"TED 

f1S60. I 
I 1908~ I 

1890. 

{276. J 
1226. I 
260. 

( 12.) 
I 13.1 
11. 

(-15. I 
12.1 
-6. 

__ :._· ___ -------- ---~---- ------- ------- -------
13 N*3/21U30J· REAL_ PART 6F PO,LE. POSITION 'cMEVl. 

(15.1 

50. 

.CUTKi:JSKY 76. IPWA 
CUTKDSKV" 79 l"PWA 
CUT~OSKY ap J_P)~A 

---~·-- ____ ._·.:__._ __ .;. ___ ------

PI.NTOPt'N 

Pt~TOP~N ... 

13 N*3/21.1q301 -2*IMAG P~RT OF .PGLE. POSITION (_MEVJ 

I4_D .. I 

60. 

CUTKOSKY "76 I PWA 
CUTKOSKV 79 IPkA 
CUTKOSKV: 80 I PWA 

PINTOPIN 
PINTOPIN 

13 N*J/2(19301 RE_AL PART OF ElASliC POLE RESIDUE IMEVJ 

( 3. I 

1. 

cuTKoSKv 76 I PWA 
CUTKOSKY 79 IPWA 
CUTKOSKV SO IPWA_ 

PI N TO Pt "' 
PI N TO PI N 

1,3 ,N*3/~.1.19301_ IMAG PART OF ElASTIC PCLE RESIDUE ,IME\11 

14. I CUTKOSK y 76 I PWA 
CUTKOSKY 79 IPWA. 

12. CUTKOSKY 80 IPWA ___ -.:....'~- .:.. ____ :_ __ .;. ________ ' :... ____ _ 
13 N*3/2{ 19301 PARTIAl DECAY MODES 

PI N TO PI N 
PINTOPIN 

.P1 N*3/2119301 INTO PI N 
DECAY .'"lASSES 

139+ 938 
P2 N*3/2( 19301 INTO K SIGMA 493+11 SCI 

10/69 
2172 
9/73 
9/73 
1178 
1178 .. 

11/77. 
11/77 
3179 

12/79 
12/79 
, 1/82$ 
12/Sl* 
l/82* 
1/82* 

8/6q 
10/69 
"i/12 
9/73 

1"1/77 
11/77 
"3179 

12/79 
12179 
. .1/82* 
12/81* 
1/82* 
1/82* 

11/77 
12/79 
1/8~* 

·ti/77 ' 
12179 
1/82• 

11177 
12/79 

1/82* 

11/77 
12/79 

1782* 
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Data Card Listings 
For notation, see key at front of Listings. 

~1 
~1 

~1 
R1 
R1 
R1 
R1 
R1 
R1 
~1 

13 N*3/2tl930) 8RANCtHNG RATJCS 

N*3/:Zil930J JNTO C Pt NJI TOTAL I Pll 
(0.151tl DONNACHl 68 RVUE PHASE SHt FT ANA. 
10.121 KIRSOPP 68 RYUE PHASE SHIFT ANAL 
10.251 ALMEHED 72 IPWA 
10.08) AVED 76 IPWA 
10.133) ( 0.0131 CUTKOSKY 76 IPWA 
10.121 I 0.031 CUTKOSKY 79 JPWA PI N TO PI N 
0.04 0.03 HOEHLER 79 I PWA PI ·N TO PI N 

10.111 CHEW 80 BPWA ++ Pt+P TO Pt+P 
0.14 0.04 CUTKOSKV 80"IPWA PI N TO PI N 

Rl • ••••• • •• 
Rl AVERAGE MEANINGLESS I SCAL~ FACTOR ., 2.01 

R2 N*l/2(19301 t'N'ro IK SIGMA.IITOTAL · IP21 
R2 10.0131 CO.OlJ . FEUERBACH 70 RVUE PI P TO K+ SIG+ 
R2 ASSUME MASS, WIDTH,. XC e·U.ST} ·OF OONNACHIE 68 
R2 MODEL USED "AY- DOUBLE COUN.T. ' 

R3 
R3 1 
., 2 
R3 2 

•• 

Al 
A1 
A1 
Al 
A1 
A1 

N*l/2(19301 FRCfill· PI N. TO K SIGMA SQRTIPl*P2J 
to.OBI LANGBEIN 73 JPWA PJ N-K SIG,SOl 2 
t0.0181TO 0.035 DEANS 75 DPWA Pt N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. . 
(-0.0311 liVANOS eO DPWA PI P TO K SIGMA 

13 N*3/2Cl930) PHOTON DECAY AMPL(GEV**-i/21 

FOR OEF INITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI­
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/2U9301 INTO GAM NUCLEON. HELICtTY .. 1/2 'CGEV**-1121 
+0.003 o. 016 CRAWFORD 1'5 OPWA Pt N PHOTOPR.OQ. 

t-o.oe51 BARBOUR 76 OPWA PI N PHOTOPROO. 
-0.062 0.064 BARBOUR 78 DPWA Pl-N PHOTOPROO. 

SUPERSEDES BARBOUR 76. 
-o. o3e o. 047 CPAWFORO eo OPWA PI N PHCTOPROQ. 

Al ••••••••• 
Al AVERAGE MEANINGLESS (SCALE FACTOR .. 1.01 

10/69 
10/69 
2/72 

11/77 
ll/77 
12/19 
12/79 
1/82* 
1/82* 

7170 

9173 
9/73 

11175 
111'75 
1/82• 

1176 
1/76 
1116 
3179 
3/79 

12/81• 

A2 N*3/2tl9301 INTO GAM NUCLEON, HELitiYTc3/2 .CGEV**-112) 1/76 
A2 -0.010 0.032 CRAWFORD 75 OPWA PI N PHOTOPROO. 1176 
A2 (+0.0661 BARBOUR 76 OPWA PI N .PHOTOPROO. 1176 
A2 +o. 019 O. 054 BARBOUR 18 OPhA PI-N PHOTO PROD. 3179 
A2 -0.023 0.080 CRAWfORD . eo. O~WA PI N PHOTOPROO •. 12181* 

!~ ·AVERAGE· MEANtNGLESs • tScAtE FA~TOR .. 1.~1 
........................ •••••!'•••.:••······~ ......................... . 

DCNNACH1 68 Pl 268 161 
KIRSOPP 68 THESIS 

LEA 69 Pl 298 5E4 
FEUERBAC 70 NP 168 e5 
ALMEHEO 72 NP 8lt0 151 

LANGBEIN T3 NP B53 Z51 

CRAWFORD 75 NP 891 125 
DEANS 75 NP 896 90 

AYEO 76 CEA-N-11i121 
BARBOUR 76 NP B111 35e 
CUTKOSKY 76 PRL 37 645 

ALS 0 16 OXFORD CCNP. 49 

REFERENCES FOR N*3/2t 19301 

A DONNAtiHE, R·G KIRSOPP, C LOVELACE CCERNJJJP 
R G Kl RSOPP C EOIN) 

lEA, CADES, WARD,COWAN, + 
FEUER BACHER+HOL LAOAY 
+LOVELACE 

CRHEL,BR ISTOl, DARE I 

LANGBEIN, WAGNER 

R L CRAWFORD 
+I'll TCHELL, MONTGOMERY,+ 

AYED ITHESlSI 
t. M. BARBOUR,R. L. CRAWFORD 
CUTKOSKY tHENORI CK, KEllY 
CUT KOSKY, HENDRl CK, CHAO+ 

C VANDERB ll T t 
CLU~.O,RUTGIJJP 

IMUNICHIJJP 

CGLASllJP 
CSFLA, AU~AMAIIJP 

( SACLJI JP 
C GLASUJP 

CCARN+LBLIIJP 
( CARN+LBL+BR I SJ 1 JP 

BARBOUR 7e NP B141 253 BARBOUR,CRAWFORQ,PARSONS CGLASI 
CUTKOSKY 19 PRO 20 2839 +FORSVTH,HENDRICK,KELLY CCARN+LBLIIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.1Z-1 

+KAISER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO eo TORONTO CONF 3 R.KOCH CKARLSRUHEIIJP 

CHEW 80 TORONTO CONF 123 D.M.CHEW ( LBLIIJP 
CGLASI 

(CARN+lBlllJP 
( SACLI I JP 

CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORD 
CUTKOSKY eo TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,!-IENORJCK 
l IVANOS 80 TORONTO CONF 35 +BATON, COUTURES tKOCHOWS Kit NEVEU 

D~NACHI 69 NP 108 433 
AYED 70 Pl 31B 51i18 
APLIN 71 NP B32 253 
WINNIK 71 NP B12e 66 

PAPERS NOT REFERRED TO IN DATA CARDS 

A OONNACHIE, R KIRSOPP 
+BAREYRE+V ILLET 
+COWAN, GI BSON,GJ LMORE++ 
+ TDAFF, REVEL, GOLOB ERG, BERNY 

(GLAS+EOINI 
C SACLAVI 

CRHEL,8Rl STOll 
IHUFII ................................................... ········· ....... . .................................................................... 

., 

!M 

136 N*3/2tl9401 MASS IMEVI 

1940. 100. 
t205e. 11 t34. 51 

CUTKOSKY eo IPWA PI N TO PI N 
CHEW 80 BPWA ++ PJ+P TO Pt+P 

n6 N*3/2119401 WIDTH CMEVI 

200. 100. 
1198.41 (45.51 

CUT KOSKY eo I PWA PI N TO PI N 
CHEW 80 BPWA ++ PI+P TO Pt+P 

136 N*3/2Cl9401 REAl PART OF POLE POSITION CMEVI 

191}0. 100. CUTKOSKY 80 I PWA PI N TO PI N 

136 N*3/2(19401 -2*1MAG PART OF POLE PCSITJON (MEVI 

200. 60. CUTKOSK Y eo I PtiA PINTO PI"' 

1/e2• 
1/82* 

1/82* 
1/82* 

1/82• 

Baryons 
6(1930), 6(1940), 6(1950) 

.,. 
!MR 

P1 

R1 
R1 
R1 

136 N*3/2Cl9401 REAL PART OF ELASTIC POLE RESIDUE IMEVJ 

-6. s. CUTKOSKY 80 IPWA PI N TO PI N 

136 "1*3/2Cl9401 IMAG PART OF ELASTIC POLE RESIDUE IMEVJ 

6. s. CUTKOSKY 80 1 PWA PI,TOPIN 

136 N*3/211q401 PARTIAL DECAY MODES 

N*3/2tl9401 INTO PIN 
DECAY MASSES 

139+ 938 

136 N*312C 19401 BRANCHING RATIOS 

N*3/2ll9401 INTO C PI NJITOTAL 
0.05 0.02 

(0.181 

I Pl) 
CUTKOSKY 80 IPkA PI N TO PI N 
CHEW eo BPWA ++ PI+P' TO Pt+P 

REFERENCES FOR N*3/21 19401 

CHEW eo TORONTO CONF 123 O.M.CHEW I LBLIIJP 
CUTKOSKY 80 TORONTO CONF 1'il +FORSYTH,BABCOCK,KELlYtHENDRICK ICARN+LBLIJJP . .................................................................. . 
·~ .. :·(· 1 .. 9 .. 5 .. 0 .. ). 1 ...... •• • ......... ......... •••••• rF· ;? .. r···· ...... .. 

.. W " 83 N*3/211950, JP .. 7/2+1 Jz:3/2 

THIS RESONANCE IS WELL ESTABLISHED. 

83 N*3/2C 19501 MASS I MEV) 

c 1920.01 DUKE 65 CNTR PI-P El + POl 
c 1950.01 APPRO X VOKOSAWA 66 CNTR PI- P DSIG + POl 

1/82* 

1/82* 
1/82* 

6/&e 
7/66 

( 1915.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 

RE 
RE ., ., ., 

!M 
l M 
l" 
!M 
!M 

.,. .,. . ,. 

WHERE CROSS SECTION IS GREATEST - EYEBAll fiT 
c 1946.01 00NNACH1 6S RVUE PHASE-SHIFT .ANAl 
( 1931.0) AYED 70 1 PWA 

FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
Cllii35.0J DAVIES 70 RVUE P-S ANAL SOL A 
( 1950.01 130.01 KALMUS 70 OPWA PI+P TO K+ S IG+ 
C 1930. I ROYCHOUD 71 DPWA 

7 C 1925. I ALMEHEO 12 IPWA 
2 1920 TO 1c;51 "'EHTANI 72 MPWA Pt+P TO PI+PIOP 

• 1930. OR 11i!Z5. LONGACRE 75 I PWA PINT02PIN 

• THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
I 192e. I AYED 76 I PWA 
c 1945.1 c 7. J CUTKOSKY 76 l PWA 
c 1912.) BARBOUR 78 OPWA PI-N PHOTOPROO. 
C 1950. I 120. I CUTKOSKY 79 I PWA PINTOPIN 

1913. e. HOEHLER 79 I PWA PI N TO PI N 
c 1855.1 111.1 CLO.I CHEW 80 BPWA ++ PI+P TO PJ+P 
c 1902.01 CRAWFORD 80 OPWA PI N PHOTOPROD. 

1950. 15. CUTKOSKY 80 I PWA PINTOPIN ......... 
AVERAGE MEANINGLESS I SCALE FACTOR "' 2.2 I 

83 N*3/2119501 WIDTH IMEVJ 

(170.01 DUKE 65 CNTR 
C200. 01 APPROX YOKOSAWA 66 CNTR 
(180. 0} BAR EYRE 68 ~VUE 
1221.01 DONNACHl 68 RVUE 
1197.01 AYED 10 I PkA 
1221.01 DAVIES 70 RVUE SOL A 
(300.01 160.01 KALMUS 10 OPWA PIH TO K+ SIG+ 

7 1200. I ALMEHEO 72 IPWA 
2 234 TO 269 MEHTANI 12 MPWA PJ+P TO Pl+PlOP 

• 235. OR 240. LONGACRE 75 I PWA PI N TO 2PI N 
1237. I AYED 76 IPWA 
C305. I (40. I CUT KOSKY 76 I PWA 
ll'i!8.1 BARBOUR 78 OPWA PI-N PHOTOPROO. 
C340. I 160. I CUTKOSKV 79 JPWA PI N TO PI N 
224. 10. HOEHLER 19 l PWA PI N TO PI N 

Cl57. 2 I 122., I 19. I CHEW 80 8PWA ++ Pt+P TO PI+P 
(225.0) CRAWFORD 80 DPWA PI N PHOTOPROO. 
340. 50. CUTKOSKY 80 IPWA PINTO PI N 

AVERAGE. ,..eAN I ~Gl eSs. (SeALE FACTOR = 1.0) 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

6/68 
1/11 

8/69 
1171 
3/72 
2112 
9/73 

11175 
11175 
11177 
11/77 
3/79 

12/79 
1Z/79 
1/82* 

12/81* 
1182• 

1/66 
7/66 

11/67 
6/68 
1171 
8/69 
1171 
2172 
lil/73 

11/75 
11/77 
Ll/17 
3/79 

12179 
12/79 
l/82• 

12/81* 
1/82* 

83 N*3/2119501 REAL PART OF POLE POSITION PIEVI ll/75 

( 1924. I 
( 1915., 
( 1895. I 
C 18Q2.) 

1B90. 

t25e.l 
C220. I 
1260.1 
C248. l 
260. 

cso.) 
143.1 
42 • 

no. 1 

15. 

LONGACRE 
VASANZ 
CUTKOSKY 
CUTKOSKY 
CUTKOSKY 

75 IPWA 
76 
76 TPWA 
19 IPWA 
80 I PWA 

Pt N TO 2Pl N 
FIT AYEO 16 

PI~TOPIN 
PI N TO PI N 

83 N•312111i1501 -2*1MAG PART OF PCLE PCSITION IMEVI 

C24. I 

LONGACRE 75 l PWA 
VASAN2 76 
CUTKOSKY 76 I PWA 
CUTKOSKY 79 I PWA 
CUTKOSKY 80 I PWA 

PI N TO 2PI N 
Ftl AYED 1b 

PI N TO 1;)1 ~ 

PI N TO PI N 

83 N*3/2(19501 REAL PART OF ELASTIC PCLE RESIDUE fMEVI 

C6. I 

7. 

CUTKOSKV 76 JPWA 
CUTKOSKV 79 IPWA 
CUTKOSKY 80 IPhA 

PI N TO PI ~ 

PINTOPIN 

11/75 
11177 
11171 
12179 
1/82* 

11/75 

11175 
11171 
11177 
12/79 

1/82* 

11177 
12179 

1/82* 



Baryons 
L\(1950) 

!MR 
!MR 
!MR 

(-25. I 
(-24.1 
-27. 

83 111*3/211'~501 IMAG PART OF ELASTIC POLE RESIDUE IHEVI 

I 9. I CUTKOSKY 76 IPWA 
CUTKOSKY 79 I PWA 

7. CUTKOSKY 80 IPHA 

E3 N*3/2H9501 PARTIAL. DECAY HODES 

PI N TO PI N 
PI N TO PI N 

DECAY MASSE:S 
P1 N03/21.l950J INTO PI N 139+ 938 

1189+ 493 
1232+ 139 
13A5+ 493 
12:32+ 769 

P2 N*3/2(1950J INTO SIG'1A K 
P3 N*3/2(19501 INTO N*3/2112321 Pt 
P4 N*3/211950J PHD Y*U 13851 K 
P5 N*3/2(19501 INTO N03/2(12321 RHO 
P6 N*3/2119501 INTO NEUTRON PI+ PI+ 93c;l+ 13c;l+ 139 

1232+ 13c;l+ 13c;l P1 N*3/211950J INTO N*3/2tl2321 PI PI (NOT RHOI 
PB N*3/2119501 INTO GAM NUCLEON, He"LtttTY=1/2 0+ 938 

0+ 938 
938+ 169 

1232+ 139 
1232+ 139 

938+ 769 

P9 N*3/2119501 INTO GAM NUCLEON, HELICITY=3/2 
P10 N*3/2(19501 INTO N RHO 
Pll N*3/2(19501 INTO N*3/2( 12321 PI,F-WAVE 
P12 N*3/2H9501 INTO N*3/2112321 pJ,H-WAVE 
Pl3 N03/2(19501 l~TO N RHQ,S=3/2.F-WAVE 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

l 
3 
6 
4 
7 

83 N*3/2{~9501. BRANCHt~G RATIOS 

N*3/2(19501 INTO (PI NI/TOTAL I Pl1 
10.411 DUKE 65 CNTR VERY ENERGY OEP 
(0.41 APPROX' YOKOSAWA 66 CNTR 
.( 0.51) BAR EYRE 68 RVUE 
(0. 3861 OONNACHl 68 RVUE 
10.4961 AYEO 70 I PWA 
( o. 511 DAVIES 70 PViJE SOL A 
10.41 ALMEHEO 72 IPWA 
10.411 AYEO' 76 lPWA 
10.3961 1 o.ot61 CUTKOSKY 76 IPWA 
10.401 I 0.021 CUTKOSKY 79 1 PWA PI N TO PI N 
0.38 0.02 HOEHLER • 79 IPWA P! N TO PI N 

(0.441 CHEW 80 BPt.A ++ Pl+P TO Pl+P 
o. 39 o. 04 CUTKOSKY 80 IPWA PI N T~ PI N 

:~ AVERAGE ·MEAN,·.NGLESs • 1 ScALE FACTOR = 1.01 
SEE THE NOTES ACCOMPANYING THE MASSES Q~OTEO. 

R2 N*3/2119501 INTO ISIGMA KI*IPl NI/TOTAL**2 I P2*Pll 
R2 SEEN BORREANt 68 HBt PHP 1.35-1.68 

PI. P TO "K+ S IG+ R2 10.0041" I 0.0081 FEUERBACH 70 RVUE 
R2 ASSUME MASSo WIDTH, XI ElASTI OF DONNACHIE 68 
R2 MODEL USED MAY DOUBLE COUNT • 
R2 0.0081 0.0013 KALMUS 70 OPWA PI+P TO K+ S IG+ 

R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 
R4 

R5 
R5 
R5 
R5 
R5 
R5 

•• •• •• •• 
R6 

•• 

A l 
Al 
Al 
Al 
A! 
Al 
Al 
Al 
Al 
A l 
Al 
AI 
A! 
Al 
Al 

N*3/2(1950J FROM PI N TO N*3/2{1232J PI SQRTIPl*P31 
0.37 TO 0.48 MEHTANI 72 MPWA Pt+P .TO PI+PIOP 

'10STLY F .,_AVE DECAY 

N*3/21l950) FRG"1 PIN TO. SIGMA K SQRTC Pl*-P2J 
. (0.04) LANGBEIN 73 IPWA PI *-K SJGoSOL 1 

PI N-K SIG,SOL 2 
PI Ill TO K SIGMA 

10.051 LANGBEIN 73 IPWA 
I0.0221TO 0.040 DEANS 75 DPWA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
OEANS75 AND LANGBEIN13 DISAGREE WITH PI+ P TO K+ 
WINNIK77 AROUIIIO 1920 MEV. 

SIGMA+ OATA.OF 

N*3/2(1950J FROM PIN TO N*3/2(12321 PJ,F-WAVE SQRHP1*Plll 
(-0.25IOR -0.32 LONGACRE 75 tPWA PI N TO 2PI 

10.211 NOVOSELLE 18 IPWA PI N TO 2PI 
M 8W FIT TO LONGACRE 75 IPWA, PHASE IS NEAR -60 DEGREES. 

.N 10.381 NqVOSELLE 78 IPWA PI N Ttl 2PI N 
N BW FIT TO NO\IOSEllER 78 IPWA. PHASE IS NEAR -60 DEGREES. 

N*3/2(19501 FRCM PI N TON RHO,S=3/2,F-WAVE SQRT(Pl*P13) 
IO.l810R -0.24 LONGACRE 75 IPWA PI N TO 2Pl 

P 10.241 NOVOSELLE 78 IPWA PI N TO 2Pt 
P BW FIT TO LONGACRE 75 1PWA 1 PHASE IS NEAR 120 DEGREES. 
Q (0.43) NOVOSHLE 78 IPWA PI N TO 2Pl N 
Q BW FIT TO NCVCSELLER 78 IPWA, _PHASE IS NEAR 120 DEGREES. 

MORE INFORMATION ON INELASTIC DECAY MODES OF BUMPS, SEEN IN PRODUCTION 
EXPERIMENTS AROUNC: 1950 MEV, MAY BE FOUND IN THE NEXT ENTRY . 

E3 N*3/2119501 PHOTON DECAY AMPLIGEVU-1/21 

FOR DEFINITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE ~INt.:.. 
REVIEW PRECEOlf'oG THE BARYON LISTINGS. 

N*3/2(19501 It-;TO GAM NUCtEON, 
-0.088 0.025 
-0.070 0.012 
-O.D59 0.029 

1-0.0801 
-D.053 

1-0.0761 
0.005 

-0."078 o. 008 
-0.132 0.015 
-o. o58 o.o13 

SUPERSEDES BARROUR 76. 
-o. o•:n o. oos 
-o. 083 o. oo5 
-0.067 0.014 

HEL lCtTY=l/2 IGEV*0-1/2} 
DEVENIS2 74 OPWA Pt N PHOTOPROO. 
KNIES 74 DPWA PI N PHOTOPRGO. 
METCALF 74 DPWA Pt N PHOTOPROO. 
MOORHOUS 74 DPWA PI N PHOTOPRQO. 
CRAWFORD 75 OPWA PI N PHOTOPROO. 
BARBOUR 76 CPWA PI N PHOTOPROO. 
AZNAURYAN 71 OPWA PIO PHTPRD.SOL 1 
AZNAURYAN i7 OPWA PIO PHTPR0 1 SOL 2 
BARBOUR 78 DPWA PI-N PHOTOPRQD. 

ARAI 
ARAl 
CRAWFORD 

80 OPt.A 
80 DPkA 
80 OPWA 

PI N PHOTO FIT 1 
PI N PHOTO FIT 2 
PI N PHnTOPROD. 

Al AVERAGE MEANINGLESS ISCAL~ F;ACTOR "' 2.6! 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N03/211950) INTO GAM NUCLEON, 
-o. oeo 0.021 
-0.078 o. 010 
-0.093 0.024 

(-0. 1801 
-o. 038 o. 014 

(-0.0651 
-0.160 o.Otb 
-0.169 0.015 
-o. 075 0.020 
-0.101 o. 005 
-0.100 0.005 
-o._pa2 0.017 ...... 

AVERAGE MEA'IIINGlESS (SCALE FACTOR 

HHICITY=3/2 IGEV••-1/2) 
OEVENlS2 74 OPWA PI N PH,OTOP.ROO. 
KNIES 74 OPWA PI N PHOTOPRQD. 
METCALF 74 oP~A PI N PHOTOPROO. 
MOORHOUS 74 OPW~ PI N PHOTOPROO. 
CRAWFORD 15 OPWA PI N PHOfOPR.OO. 
BARBOUR 76 OPkA PI N PHOTOPROD. 
AZNAURYAN 77 OPWA PIO PHTPRO,SOL"1 
AZNAURYAN 17 OPWA PlO PHTPRO.,SOL 2 
BARBOUII. 1B, OPWA PI-N PHQTOPROO. 
ARA"l SO OPt.A PI N PHOTO ~IT 1 
ARAt 80 OPWA PI N PHOTO FIT 2 
CRAWFORD 80 OPWA PI N PHOTOPROD. 

"' 2. 71 

11177 
lZ/79 
1/82* 

7/66 
7166 

11/67 
6/68 
1171 
8/69 
2172 

11177 
11/77 
12179 
12i79 
1/82• 
1/82• 

lD/69 
7/10 

1/71 

9/73 
9/73 

9173 
. 9/73 
9173 

11175 
11/75 

1178 
1178 

11175 
11/15 

3/79 
3119 
3/79 
3/79 

11/75 
11175 

3/79 
3179 
3179 
3/79 

4/75 
2/74 
2174 
2/74 
l/76 
1/76 

12/79 
12/79 

3/79 
3/79 

12/81* 
12/81* 
12/81* 

4/75 
2/74 
2/·74 
2/14 
t/16 
1176 

12/19 
12/79 
3179 

12/81* 
12/81* 
12/Bl* 

226 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR J\11,1:3/2(1950) • 

DUKE 65 PRL 15 468 
YOKOSAWA 66 PRL 16 114 

+JONES,KEMP,MURPHY,PRENTICE 1 + (PHEL,OXFIIJP 
+SUWA, HILL, ESTERLING, BOOTH IANL,CHICIIJP 

BAREYRE 68 PR 165 1131 
BORREAN I 68 UCP.L 18350 
OCNNACHl 68 PL 268 161 

P BAREYRE, C BRICHAN, G VILLET 
BORREANI,KA.LMUS 

(So\CLAYIIJP 
ILRLI 

A OONNACHIE, R G KIRSOPP, C LOVELACE I CERNJI JP 
IGLASI 
IEOtNI 

ALSO 68 V.IENNA 1'39 
·ALSO 68 .THESIS 

AYEO 70 KIEV COIIIF 
OAV I e·s 70 NP 821 359 

DONNACHIE RAPPORTEUR 1 S.TALK 
R G KIRSOPP 

R AYEO.P BAREYRE. G VJLLET 
A DAVIES 
FEUER BACHER+HOLLAOAY 

I SACLI I JP 
IGLASJ 

,. FEUERBAC 70 NP 168 85 
KALMUS 70 PR 02 1824 G KAU~US, G BORREANJ, J LOUIE 

I VANOERB IL T I 
ILRLI 

RCYCHOJD 71 NP 821 125 R K ROYCHOUDHURYtB H BR·ANSOEN IDUR .. O IJP 

' ALMEHED 12 NP 8~0 157 
MEHTANI 12 PRL 2~ 1634 
LANGBEIN 73 NP 853 2~ 1 

+LOVELACE 
+FUNG, KERNAN, SCHALK, + 
LANGBE 1 N, WAGNER 

ILUNO.RUTGJIJP 
I UCR +LBL I 

!MUNICHHJP 

DEVENiS2 74 PL 528 227 
KNIES 14 PRO 9 2680 
METCALF 74. ~p 876 253 
MOORHOJS 74 PRO 9 1 

OEV ENI SH, L YTH, RANKIN 
KNIES ,MOORHOUSE, 08 ERLACK 

IDESY,LANC, BONN I IJP 
ILBL.GLASI IJP 

ICITIIJP 
( GUtS+LBL IIJP 

W J METCALF,R L WALKER 
MOORHOUSE, OBERL ACK ,ROSENFELD 

CRAWFORD 15 NP 897 125 
DEANS 75 NP 896 C!O 
LONGACRE 75 PL 558 415 

ALSO 78 PPO 11 11C:l5 

AYEO 76 CEA-N-tc~21 
BARBOUR 76 NP 8111 :358 
CUT KOSKY 76 PRL 37. 645 

ALSO. 76 OXFORD tcNF. 49 
VASAN2 76 NP 8106 526 

R l CRAWFORD 
+'1 tTCHELLt MONTGOMERY,+ 
+ROSENFELD .LAS 1 NSK I, SMAOJA+ 
LONGACRE, LAS INSK I, ROSENFELD+ 

AYEO !THESIS) 
t. M. BARBOUR, R. L. CR AWFORO 
CUT KOSKY, HE NOR t CK, KELLY 
CUT KOSKY, HE NOR I CK, CHAO+ 
S. S. VASAN 

IGLASHJP 
ISFLA, AL ABAMAII JP 

ILBL,SLACIIJP 
ILBL,SLACI 

( SACUIJP 
I GLASliJP 

ICARN+LBLJ IJP 
I CARN+LBL+BRI S I i JP 

ICARNJIJP 

AlNAURYA 77 EFI-2641571-77 
BARBOUR 78 NP 8 i41 253 
NOVOSELL 78 NP 8137 509 

+AKOPOV,BAGOASARYAN (YEREVAN PHYSICS INST.IIJP 
BARBOUR ,CRAWFORO.P AR SC!NS ( GLASI 
D. E. NOVOSELLER ICAL TECHJJJP 

ALSO 78 NP 81:37 445 D. E. NOVOSELLER (CAL TECH I J JP 

CUTKOSKY 79 PRO 20 28:39 +FORSYTH 1 HENORICK 1 KELLY (CARN+LBLIIJP 
HOEHLER 79 HAND8GOK OF PI-N SCATTERING. PHYSIK OATEN VOL.12-1 

+KAISER,KOCH,PTETARINEN /KARLSRUHE IJP 
ALSO BO TORONTO CONF 3 R.KOCH (KARLSRUHEIIJP 

ARA I 80 TORONTO CONF 93 1. ARA I ( TOKYI 
CHEW 80 TORONTO CONF 123 O.M.CHEW I L8LIIJP 

IGLASJ CRAWFORD 80 TORONTO CONF 107 R.l.CR.AWFORD 
CUTKOSKY 80· TORONTO CONF Jq +FORSYTH,BABCOCK,KELLY,HENORICK I CARN+LBLI IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

HOHLER 63 NP 48 41C G .HOHLER, G EBEL (KARLSRUHE) I 
ICERNI IJ 
ILOICJIJP 

ILR.ll IJ 
(KARLSRUHEJ I 

IVANOERBILTI 
ILRU 

LAYSON 63 NC 27 724 W H LAYSON 
AUVIL 64 NC 33 41.3 P AUVIL, C LOVELACE 
HELLAND 64 PR 134 81062 +OEVLJN,HAGGE,LONGQ,MOYER,WOOO 
HOHLER 64 PL 12 149 G HOHLER, J GIESECKE 
HOLlADAY 65 PR 139 81348 W G HOLlADAY 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON 
DCNNACHl 69 NP lOB 43:3 A OONNA.CHIE. R KIRSOPP I GLAS+EOINJ 
AYEO 70 PL 318 598 +BAREYRE+VILLET ( SACLAYI 
AYED 74 PRIVATE (CMMCTN. AYED 1 8AREYRE I SACLI J JP 

I SACUIJP 
IHAIFII 

ALSO 73 AIX CONFERENCE AYEQ,BAREYRE 
WJNNIK 77 NP 8128 66 +TOAFF.REVEL,GOLD8ERG,BE~NY 

•••••• ········~ .............................................. ********* ******** 
••••••••••••••• ~········ •••.•••••• ********* .............................. . 

1950 MEV REGION - PRODUCTION AND uTOfAL EXP'TS 

c 

10 N*3/211950, JP= I I=3/2 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THEN AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIME"'TS 

10 N*3/2(lc;l501 MASS (MEV I (PROD. EXP.) 

11922.0) APPROX COOL 
(1912.0) (15.01 BRISSON 
(1900.0) 19.01 DEVLIN 
(2080.01 11·2.0) YOON . 

THIS BUMP IS NOT SEEN BY CHUNG 68 
(1860.01 COLTON 
I 1895. J ( 15. 1 COllEY 
(.18c;IO. I 5. TO 10. BRAUN2 
11881.1 (6.1 CHUNG 

MOST PROBABLE JP-ASSIGNMENT IS 7/2+. 

56 CNTR 
61 CNTR 
65 CNTR 
67 HBC + 

AT 3.2 GEV/C 
72 HBC 
14 HBC 

PI+ P TOTAL 
PI+ P TOTAL 
PI+ P TOTAL 
3 BEV/C PI-P 

PP TO PI+PN 7GEV 
K+P TO K+PPI+PI­
P8AR P AND D1 5. 7 75 BC 

75 HBC ++ PI+ P AND K+ P 

11880.1 110.1 GAIOOS 75 HBC ++ PI+P·TO N• 2PI 
540(18 7 1.) 122.1 ZEMANY 78 Hf!C ++ PI+P 10.3 GEV/C 

BEST SIGNAL IS SEEN IN THE P PI+ SPECTRUM FROM THE 
P PI+ PI+ PI- FINAL· STATE 

600 1849 •. TO 1893. . ZEMANY 78 t-IBC ++ PI+P 10.3 GEV/C 
FROM OTHER N Pt, N PI PI AIIID SIGMA K CHANNELS 

15011880. I 130.1 APHOOORN 19 HBC ++ PBAR P 7.2 GEV/C 

70 N*3/2(19501 WIDTH. IMEVI (PROD. EXP.I 

1256.0) 09.0) DEVLIN 65 CNTR 
140.01 (20.01 YOON 67 HSC + 

1180.01 VOL TON 72 HBC ++ PP TO PT+PN 1GEV 
(230.1 150.1 COLLEY 74 HE!C ++ K+P TO K+PPI+Pl-
(120.1 10. TO 20. BRAUN2 15 BC PBAR P AND Q,5. 7 
1219.) 123.) CHUNG 75H6C -1"-I"Pl-I"PANDK+P 
1180. J (30. I GA IOOS 15 t-IBC ++ PI+P TO N-ct 2PI 

540 1205. J 143.1 ZEMANY 78 HBC ++ Pt+P 10.3 GEV/C 
600 114. TO 273. ZEMANY 78 HBC ++.PI+P 10.3 GEV/C 
150 1270. I 170. I APELOOORN 7q HBC ++ PSAR P 7. 2 GEV/C 

SEE THE NOTES. ACC0'1PANYfNG THE MASSES QUOTED APOVE 

1/66 
7/66 

8/67 

1/13 
10/74 
11175 
1/76 
1/76 
1/76 
3/79 
3/79 
3179 
3/79 
3/79 

12/79 

8/67 
1/73 

10/74 
11/75 
1/70 
1/76 
3/79 
3/79 

12/79 
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Data Card Listings 
For notation, see key at front a/Listings. 

Baryons 
t.(1950), t.(2150), t.(2160), t.(2200) 

Pl 
P2 
P3 
P4 
PS 
P6 
P7 
PS 
P9 

70 N*3/2119501 PARTIAL DECAY MODES IPRCQ. FXP.) 

N*3/2119501 INTO' PIN 
N*3/2119501 II\ TO SIGMA" K 
N*3/2(1950) INTO N*3/21l2321 PI 
N*3/2(19501 li',TO Y*lll3851 K 
N*3/211950J T"TO N*3/2112321 Rl:lO 
N*3/2(19501 I"TO NEUTRON PI+ PI+ 
N*3/211950) INTO N*3/2(12321 PI P.I !NOT RHOI 
N*3/2(lq5QI INTO PROTON P[+ PIO 
N*3/211950) lti.TO Pl Pt N 

DECAY MASSES 
l3CI+ 938 

1189+ 493 
1232+ 139 
1385+ 4'H 
1232+ 769 
939+ 139+ 139 

1232+ 139+ l3CI 
q)S+ l3CI+ 139 
139 .. 139+ 93~ 

70 N*312lt9501 BRANCHI"'G RATIOS !PROD. EXP. I 

N*3/2119501 If'..TO (PI NI/TOTAL I Pll 
10.571 10.121 DEVliN 65 CNTR 

Rl 
Rl 
R 1 {0.48) I 0.151 ZEMANY 78 HBC ++ PI+P 10.3 GEV/C 1/78 

R2 
R2 

R3 
R3 
R3 

R4 
R4 

RS 
RS 
RS 

N*3/21l9501 INTO !SIGMA KI/IPI NJ IP21/1Pll 
O. 059 O. 024 CHINOWSKY 68 HBC ++ PP TO P S IG K 

N*3/211950) INTO N*3/2112321 PI PJ CNOT RHOI 
SEEN CHINOWSKY 68 HBC 
SEEN BOGGILD 70 H8C 

N 3/2119501 INTO IPI NIIIN*3/2112321 Pll 
104 551 CR LESS LEE 67 HBC 

I P71 
++ PP TO IP 3PII N 

PP TD N3PttNTRLI 

( p l)f (P3) 
PJ-P 3.63 B~V/C 

N*3/2fl9501 INTO I IPI NI*INEUTRON PI+ Pt+J J/TOTAL**2 
I P1*P6J 

0.05 0.013 GAllOWAY 6B RVUE ++ PI+P'TO N 2PI+ 

N*3/2(1950J lfi:TO IY*lll385J KJiiP't Nl IP41/{P11 

11/66 

11/68 
6/lO 

11/67 

6/66 

R6 
R6 0.035 0.015 CHINOWSKY 68 HBC ++ PP TO P LAM K PI 11/68 

R7 
R7 
R7 

RS 
RS 
RS 

R9 
R9 

RlO 
RlO 

Rll 
Rll 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 

N*3/2{19501 It-.TO IN*3/2(12321 RHOI/IPI Nl IP5J/1Pll 
10.45) APPROX CfiiNOWSKY 68 HBC ++ PP TO IP 3Pl) t..; 

THIS INCLUDES CORRECTION FOR UNSEEN DECAY IISPIN FACTOR 5/31. 

N*3/2(19501 INTO IN*'l/2112321 RHOIITOTAL (PSI 
SEEN YOON 67 HBC + 
NOT SEEN BOGGILD 10· HBC _PP TO N3PIINTRLI 

N*3/2119501 INTO IPROTON PI+ PIOI/TOTAL IPBI 
10.261 10.071 ZE"'ANY 78 HBC ++ PI+P 10.3 GEV/C 

N*3/2119501 INTO !NEUTRON PI+ PI+IITOTAL IP61 
10.241 104071 ZEMANY 78 H8C ++ PI+P 10.3 GEV/C 

N*3/211950J INTO !SIGMA KI/TOTAL IP21 
10.031 10.011 ZEMANY 76 H8C ++ Pt+P 10.3 GEV/C 

N*"3/2119501 INTO IPI PI Nl/IPI N +PI PI Nl IP9111P1+P91 
10.351 IO.OBI GAIOOS 75 HBC ++ PI+P TO N* 2PI 

ASSUMING IPI PI Nl IS All N*3/2112321 PI, WHICH AGREES WITH DATA 
10.301 (0.071 GAIOOS 75 HBC ++ Pt+P TO N* 2Pt 

ASSUMING IPI PI Nl tS All RHO PI .................................................................... 
COOL 
BRISSON 
DEVLIN 
LEE 
YCON 

56 PR 103 1082 
61 NC 19 210 
65 PRL 14 1031 
67 PR 159 1156 
b1 Pl 248 307 

CHINOWSK 68 PR 111 1421 
CHUNG 66 PR 165 1491 
GALLOWAY 68 Pl 266 334 

BOGGILD 
COL TON 
COLLEY 

10 NP B16 503 
12 PR Db 95 
74 NP 869 205 

6RAUN2 75 NP B95 503 
CHUNG 75 Pl 578 384 

ALSO 75 PRO 12 6'B 
GAl DOS 75 PRO 12 2565 

ZEMANY 78 NP B137 3E:5 
ALSO 76 NP Bl313 265 
ALSO 7B PRO 11 2888 

APELOOOR 79 NP 8156 Ill 

DEUTSCHM 75 NP. B9S 3~1 

REFERENCES FOR N•312(19501 IPROD. EXP.I 

R COOL, 0 PJCCIONI t D CLARK (BNLI 
+DETOEUF,FALK-VAIRANT,VAN ROSSUI'I,+ (SA.CLAYJ' 
T J OEVLIN,J SOLOMON,G BERTSCH IPRINCETONI 
+MOEBS,ROE,SINCLAIR,VANOER VELOE !MICHl 
+BERENYt,KEY,PRENTICE, + tTORONTC,WISCI 

CHI NOWSKY, CONDCN,K I NSEY, KlEIN,+ 
S U CHUNG,DAHL,KIRZ,MILLER 
K F GALLOWAY 

t LRL, SLACI 
(LRLI 

CINDIANAI I 

+KOREA- AHO+JACOBSEN+ I BOHR+ HEL S+OSLO+STOH I 
E COLTON, A KIRSCHBAUM ILBLJ 
COLLEY, HUQ 1 JOSE S 1 K I NSON tMILN E ,+ ( 8 I RM+GLA S I 1 

+GERBER 1 MAURER, MICHALON ,SCH I eY+ STSRB ,LPNP I 
+PROTOPOPE SCU, E 1 SNER+ ( BNL +CASE+ LBL +UC SCI I JP 
CHUNG, PROTOPOPESCU, E tSN ER+ I BNL+CASE+UCStJ I JP 
GAIDOS,MILLER IPUROJIJP 

+BE AUFAYS, GODDARD, KEY+ ( TNTO+PURO+BNLII JP 
GOOOARO, KEY, GORDON, LA I I TNTO+BNL I 
KENNEDY, ZEMANY, BEAUFAYS ,KEY, LUSTE+ ( TNTOJ 
VAN APELOOORN,HARTING,HOLTHUIZEN+ CAMST) 

PAPERS NOT REFERRED TO IN DATA CARDS 

DEUTSCHMANN+ I AACH+BONN+BERL+CERN+CRAC+HE I OJ 

*0**** ......... ********* ••••••••• *****•*** ***•***** ••••••••••••••••• .................................................................... 
I t.(2150) 1137 N*31212150, JP•l/2-l 1•312 ~ 

RE 

) 

137 N*3/2(21501 MASS CMEVI 

2150. 100. CUTKOSKY 80 IPWA PI N TO PI N 
A 12047.41 127.0! CHEW 80 BPWA ++ Pl+P TO Pt+P 
B ( 2203.2) 16441 CHEW 60 BPWA ++ PI+P TO PI+P 
AS CHEW 60 REPORTS TWO S31 RESONANCES IN THIS MASS REGION LABELED 
AB A AND B FOR LCWER AND HIGHER STATES. 

200. 
1121.61 
Cl20. 5) 

2140. 

1~7 N*31212150) WIDTH CMEVI 

100. 
(62. I 
145. I 

CUTKOSKY 
CHEW 
CHEW 

BOIPWA PINTOPIN 
80 BPWA ++ Pt+P TO PI+P 
80 BPWA ++ PI+P TO Pl+P 

137 N*3/2121501 REAL PART OF POLE POSITION IMEVI 

eo. CUTKOSKY 80 IP~A PINTOPIN 

11/68 

8/67 
6/70 

1178 

1/78 

3179 

1/76 
1/76 
1176 
l/76 

1/82* 
1/62* 
1/82* 
1/82* 
1/82* 

1162* 
1/82* 
1182* 

1/82* 

1M 

RER 

I MR 

p 1 

Rl 
Rl 
Rl 
Rl 

1::1 N*3/2(21501 -2*1MAG PAR.T OF POLE PCSITION tMEVI 

21)0. so. CUTKOSKY 80 I PWA PINTOPII\1 

137 N•312121501 REAL PART OF ELASTIC POLE RESIDUE IME\'1 

4. 10. CUTKOSKY BO IPWA PINTO PIN 

137 N*3/2121501 !MAG PART OF ELASTIC POLE RESIDUE (MEVI 

-6. 6. CUTKOSKY 80 IP~A PlNTOPIN 

137 N*3/2{21501 PARTIAL DECAY ""ODES' 

N*3/2(2150t lt-.TO PI N 
DECAY MASSES 

13~+ 938 

137 N*312121501 BRANCHING RATIOS 

N*3/2121501 INTO (PI NI/TOTAL I Pll 
0.06 0.02 

(Q.41J 
co. 371 

CUTKOSKY 
CHE'W 
CHEW 

80IPWA PINTOPIN 
60 BPWA ++ Pl+P TO PI +P 
80 BPWA ++ PI+P TO PI+P 

REFERENCES FOR N*3/2121501 

CHEW 80 TORONTO CONF 123 O.M.CHEW I L8LIIJP 
CUTKOSKY 60 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENORICK ICARN+L8LIIJP 

****** ********* ********* *****O*** ****••••• ********* ••••••••• ******** .................................................................... 
c; N*3/212160, I 1=3/2 

EARLY ANALYSES FOUND EVIDENCE FOR A RESONANCE 
NEAR THIS MASS IN THE P33 PARTIAL WAVE. THESE 
RESUlTS ARE NOW INCLUDED WtTH THE LISTING FOR 
t-.*3/2(1930, JP=3/2+1. TN ADDITION, ROYCHOUDHURY 11 
FINO POSSIBLE EVIDENCE FOR P31, 033, AND 035 
RESONANCES IN THIS MASS REGION. IN A SIMILAR ANALYSIS 
13RANSDEN 11 FOUND SOME EVIDENCE H'R S31, 033, AND 035 

RESONANCES IN THIS REGION. VON SCHllPPE 72 SUGGESTS A G39. A PRONOUNC£0 
SHARP DIP IS OBSERVED IN PI+ P BACKWARD SCATTERING AT 2200 MEV BY 
REV 744 DUAL INTERFERENCE MODEL ANALYSIS OF MA 75 FINDS SIGNAL FOR 
P33. P31. AND 035, BUT NOT FOR G39. 

9 N*3/212160J MASS IMEVI 

1/82* 

1/82* 

1/62* 

1/62* 
1/82* 
1/62* 

12196.1 (46.1 (41.1 REY 74 MP"A ++ Pt+ P lBO OEG C.S 10/74 
BAKER 74 AND REY 74 FINO NEGATIVE PARITY I SPIN U"lDETERHJNEDI. 

9 N*3/2(21601 WIOTH (MEVI 

1302. I I 143-1 REY 74 HP\tiA ++ PI+ P 160 OEG CS 10/74 

Pl 
P2 

9 N*3/2(21601 PARTTAL DECAY MODES 

N03/2(21601 INTO PI N 
N*312121601 INTO K SIGMA 

q N*3/2( 21601 BRANCHING RATIOS 

DECAY MASSES 
139+ 936 
493+1189 

R1 N*3/2121601 INTO IPI NJ/TOTAL I Pl) 
Rl 4 REY74 FINDS IJ+l/21X=.81+/-(.54/.39J 

•••••• •••••••*• ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REV 74 PRL 32 908 
ALSO 74 PRL 33 250 
ALSO 75 PRO 11 1777 

DONNACHI 69 NP lOB ij33 
BRANSOEN 11 NP 826 'Hl 

ALSO 70 NP 816 4tl 
ROYCHOUD 71 NP 827 125 
VON SCHL 72 lNC 4 767 
BAKER 74 PRL 32 251 
MA 75 PRO 11 1832 
WINNIK 17 NP 812S 66 

REFERENCES FOR N*3/2121601 

REY ,LENNOX, POIRIER, PRET Zl 
R EY, LENNOX, POIRIER, PRET Zl 
LENNOX, POIRIER, REV 1 SANDER+ 

(NOAM+MPIMJIP 
(NOAM+MPJMJIP 

I NOAM+FNAL +ANL I I P 

PAPERS NOT REFERR.EO TO TN DATA CARDS 

A OONNACHJE,R KIRSOPP 
+OGDEN 
ROYCHOUDHURY, PERRIN, BRA NSOEN 

, R K ROYCHOUOHURY, B H BRANS DEN 
VON SCHLIPPE 

(GlAS+EDtNJ 
tDURHIIJP 
I DURHJI JP 
COURHIIJP 
I LOWCJI JP 

BAKER, EARll Y, PRETAL,PRU SS, + 
HAt SHAW 

I FN AL, ANL. NOAMI P 

+ TOAFF ,REVEL, GOLDBERG, BERNY 
IUCSB,SLACIJJf" 

IHAIFJI ...... ......... ......... ......... ......... ......... . ............... . ...... ......... ......... ......... ......... ......... ......... ....... . 
It.( 2200) 1135 N*31212200. JP•7/2-l 1•312 I G3? I 

) 

2280. 
I 2200. I 

2215. 
2200. 

135 N*3/2(2200I MASS IMEVI 

eo. 

60. 
so. 

HENDRY 
CUTKOSKY 
HOEHLER 
CUTKOSKY 

A.VERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

7B MPWA 
79 IPWA 
1~ I PWA 
60 I PWA 

PI N TO PI 
PI N TO PI 
PINTOPI 
PI N TO PI 

10/74 

1/82* 
1/82* 
1/82* 
1/82* 



Baryons 
11(2200), 11(2300}, 11(2350), 11(2400) 

400. 
(350.1 
400. 
450. 

135 N*3/2(22001 WIDTH C~EVI 

150. 

100. 
100. 

HENDRY 
CUTKOSKY 
HOEHLER 
CUTKOSKY 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.01 

18 MP ... A 
79 I PWA 
79 I PWA 
80 I PWA 

PINTOPIN 
PI N TO PI N 
PINTOPIN 
PINTOPIN 

135 N*3/2122001 REAL PART OF POLE POSITION (MEVI 

RE (2094.1 CUTKOSKY 79 IPWA PtNTOPt 
PINTOPt RE 2100. 50. CUTKOSKV 80 I PWA 

IM 
IM 

RER 
RER 

I MR 
IMR 

Pl 

Rl 
Rl 
Rl 
Rl 
Rl 

C294. I· 
340. 

{2.) 

3. 

t-7., 
-e. 

135 N*3/2C2200I -2*1MAG PART OF POLE PCSITION CMEVI 

CUTKOSKY 79 I PWA 
eo. CUTKOSKY 80 IPWA 

PINTOPIN 
PINTOPIN 

13~ N*3/2C22001 REAL PA.RT OF ElASTIC PCLE RESIOU~ CHEVI 

CUTKOSKY 79 IPWA 
5. CUTKOSKY 80 1 PWA 

PI N i'O PI N 
PINTOPIN 

135 N*3/212200I IMAG PAJtT OF ELASTIC POLE RESIDUE CHEVI 

CUTKOSKY 79 IPWA 
3. "CUTKOSKY 80 IPWA 

135 N*3/21 22001 PARTIAL DECAY MODES 

PI N TO PI N 
PINTOPIN 

N*3/2122001 INTO Pt N 
DECAY ,MASSES 

139+ '938 

N*3/212200 I 
0 .. 09 

10.051 
0.05 
0.06 

135 N•3f212200I BRANCHING RATIOS 

INTO IPI NIITOTAl 
0.02 

0.02 
0.02 

HENDRY 78 fo\PWA 
CUT,KOSKY .79 IPWA 
HOEHLER 79 1 PWA 
CUTKOSKY 80 IPWA 

IPU 
PI 
PI 
PI 
PI 

N TO PI 
N TO PI 
N TO PI 
N TO PI 

R1 .. .. 
Rl AVERAGE MEANINGLESS ISCALE FACTOR"' 1.01 ....................................................................... 

REFERENCES FOR N*3/2122001 

HENDRY 78 PRL 41 222. ARCHIBALD w .. HENDRY ' ftND+LBLIIJP 
I INDIIJP 

I CARN+LBI..IIJP 
ALSO 80 TORONTO CONF 

CUH.<OSKY 7'9 PRO 20 2839 
113 ARCHIBALD W. HENDRY 

+FORSYTH, HEN ORICK, KELLY 
SCATTERING, PHYSIK OATEN VOL.l-2-1 HOEHLER 79 HANDBOOK OF Pt-N 

+KAISER, KOCH, PI ETAR tNEN /KARLSRUHE I JP 
ALSO 80 TORONTO CONF 3 R.KOCH CKARLSRUHEIIJP 

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK. ICARN+lBlllJP ..................................................................... ...... ......... ......... ......... ......... ......... ......... ........ . 

RE 

IM 

RER 

IMR 

2450. 
2211. 

( 2204 .. 51 
2400. 

123 N*312123QO, JP=9/2+1 1=3/2 

123 N*3/212300I MASS IMEVI 

100. 
eo. 
13.41 

125. 

HENDRY 
HOEHLER 
CHEW 
CUTKOSKY 

78MPWA PINTOPIN 
7'9IPWA PtNTOPIN 
80 BPWA ++ PI+P TO PI+P 
80 I PWA PI N TO PI N 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1. 41 

500. 
300. 
(32.31 
425. 

123 N*3/2t2300J WIDTH fMEVI 

. 200. 
100. 

(1.0) 

150. 

HENDRY 
HOEHLER 
CHEW 
CUTKOSKY 

78MPWA PINTOPIN 
79 I PWA PI N TO PI N 
eo BPWA ++ PI+P TO Pt+P 
eotPWA PtNTOPtN 

AVERAGE MEANINGLESS ISCALE FACTOR = 1.01 

123 N*3/212300I REAL PART OF POLE POSITION IMEVI 

2370. eo. CUTK0SKY 80 IPWA PI N TO PI N 

123 N*3/212300I -2•IMAG PART OF POLE POSITION lf'!EVI 

420. 160. CUTKOSKY 80 IPWA ~~ N TO PI N 

123 N*3/2C2300I REAL PART OF ELASTIC PCLE RESIDUE IMEVJ .. 4. CUTKOSKY 80 JP~A PI N TO PI N 

123 N*3/2(23001 IMAG PART OF ELASTIC PCLE RESIDUE.IMEVI 

-3. 5. CUTKOSKY 80 tP~A PI N TO Pt N 

228 \ 

Data Card Listings 
For notation, see key atfront of Listings. 

1/82* 
1/82* 
1/82* 
1182• 

1/e2• 
1/82* 

1/BZ• · 
1/82• 

1/82* 
1/e2• 
1/82• 
1/82* 

1Z/7'9 
12/7'9 
1/e2• 
1/82* 

12/79 
12/79 

1/82* 
1/82* 

1/82* 

1/82* 

1/82* 

Pl 

Rl 

•• Rl 
Rl 
Rl 

123 N*3/2( 2"3001 PARTIAL DECAY MODES 

N*3/2(23001 INTO PI N 
DECAY ·"!ASSES 

139+ 938 

N*3/2( 2300) 
o.o8 
0.03 

(0 .. 051 
0.06 

123 111*3/2( 230~1 BRANCHING RATIOS 

IT<. TO (PI Nil TOTAL 
o.o2 
0.02 

0.02 

HENDRY 
HOEHLER 
CHE._ 
CUTKOSKY 

( Pll 
78~PWA PINTOPIN 
7'9 I PWA PI N TO P t Ill 
80 fPWA ++ Pt+P TO PI +P 
80 I PWA PI N TO PI N 

Rl • • 
Rl AVERAGE MEANINGLESS I SCALE FACTOR= 1·31 ..................................................................... 

REFERENCES FOR N*3/2123001 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL .. l2-1 
+KAt SER.KOCH. P 1 ETAR IN EN /KARLSRUHE I JP 

ALSO 80 TORONTO CONF. 3 R.KOCH (KARLSRUHE IIJP 

CHEW 80 TORONTO CONF 123 O.K.CHEW . I L8lllJP 
CUTKOSKY 80 TORONTO CbNf 19 +FOR~VTH,8A.B"COCK,KELLY,HENDRICK ICARN+L8lllJP ............... !t••······ .-........................................... . ...................................................................... 
111(2350) ~134 N03/ZI2350o JP•512-l 1•312 ~ 

) 

2305. 
2400. 

13ft N*3/2123501 MASS CMEVI 

26. 
125. 

HOEHlER 7'9 I PWA 
CUTKOSKY 80 IPWA 

AVERAGE MEANINGLESS t scALE FACTOR ., 1 .. (u 

300. 
400 .. 

13ft N.*3/Z{235DI WIDTH IMEVl 

HOEHLER - 79 I PWA 
CUTKOSKY 80 't PWA 

AVERAGE MEANINGLESS I stAte FACT.OR = (.OJ 

PINTOPI 
PINTOPJ 

PINTOPI 
PINTOPI 

---- ---- ------ ..: ______ --~--- _....._ __ -------- --------

RE 2400. 125. CUTKOSKY- 80 1 PhA Pr N To· Pi N 

134 N*3/2C23501 -2*IMAG PART OF POLE PCSiitON (111\EVI 

IM 400 .. 150. CUTKOSKY 80 lP"-A Pt N TO PI N 

Ult N*3/212350) REAL PART OF ELASTIC .PCLE RESIDUE (MElli 

RER 5. 17. CUTKOSKY 80 IP\IIA PINTOPIN 

l"H N*3/2C2:3501 IMAG PART OF ELASTIC PCLE RESIDUE 1/'tEVI 

IMR -14. 10. CUTKOSKY 80 IPWA. PI N TO PI N 

1"34 N•3/2(2350J PARTIAL DECAY 'MoDES 

PI N*31212350J INTO Pt N 

131t N*3/2123501 BRANCHING RATIOS 

DECAY MASSES 
13'9+ •n8 

Rl 
Rl 
Rl 
Rl 

N*3/212350) iNTO {PI NI/TOTAL 
o .. o~t o.oz HOEHLER 

CUTKOSKY 

( Pll 
79 IPWA Pt N To PI 

o.2o o.1o 80 IPWA PI N TO PI 

R 1 AVERAGE MEAN I t.GLE SS I SCALE FACTOR = 1.0 I .................................................................... 
REFERENCES .FOR N*3/2(23501 

HOEHLER 7'9 tiANDBOOK CF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

ALSO eo TORO.NTO CONF 3 :~:~~~R,KOCH,PIETARINEN :~::t~:~~~~~~= 

CUTKOSKY eo TOROHO CONF 1'9 +FORSYTH,BA8COCKtKELLY,HENORICK ICARN+l8UIJP ...................................................................... ...... ......... ······•··· ........................................... . 
I ~(24oo) I 

) 

2425. 
2350 .. 

133 N*3/2(2400, JP .. 712+1 Jc3/2 

133 N*312(2400l MASS tMEVI 

60. 
100. 

HOEHLER 79 IPWA 
CUTKOSKV eO IPWA 

AVERAGE MEANINGLESS ISCALE FACTOR .. 1.01 

PI N TO PI 
PI N TO PI 

12/79 
12/19 
12/79 

l/e2et 
1/82• 

1/82* 
l/e2• 

1/82• 
1/e2• 

1/82• 

1/e2• 

1/82* 

1/e2• 

1/82* 
1182• 

1/82• 
1/e2• 



229 

Data Card Listings 
For notation, see key at front of Listings. 

RE 

I M 

RER 

.300. 
300. 

1'33 N03/2124001 WIDTH IMEVI 

so. 
100. 

HOEHLER 79 IPWA · PI N TO PI 
CUTKOSKY 80 IPkA PI N TO PI 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

133 N*3/2(24001 RE.Al PART OF POLE P'oSITIDN _IMEVI 

2350. 100. CUTKOSKY BO IPWA PI N TO PI N 

B3 N*3/2124001 -2*1MAG PART OF POLE PCSITION cMevJ 

2b0. too. CUTKOSKY 80 IPhA PINTO PIN 

133 N*3/2124001 REAL PART OF ELASTIC PCLE RESIDUE IMEVI 

o. 13. CUTKOSKY 80 IPWA PI N 'ro PI N. 

-;---------------- -------; --:~--:;-- ----,---- --------

1/82* 
1/82. 

1/82* 

1/82• 

133 N*3/2(24001 .tMAG PART OF .ELASTIC ,PC.LE _RESIDUE I MEV I,, 

IMR 

PI 

Rl 
R1 
R1 
Rl 

-12. 6. CUT KOSKY 80 I PWA PI N TO PI N 

133 N-*312124001 PARTIAL DECAY MODES 

N*3/212400) INTO PI N 

,. 
DECAY •"'-ASSES 

139+ 938 

133 N*3/2( 24001 8PANCH.ING RATIOS 

N*3/212400J rNro 1 Pi· NJtTOTAL 
0.07 0.04 
0.08 0.04 

HDEHlER 
CUTKOSK"v 

IPll 
79 tPWA PI N TO PI 
80 IP~A PI N TO PJ 

R1 AVERAGE MEANINGlESS I SCALE FACTOR"' 1."01 

********* ·····**** ................................................ . 

· REFERENCES ··FOR N*3/2124001 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOl.12-1 

1/82• 

.1/82* 
1/e2• 

+KAISER,KOCH,PIETARINEN . /KARlSRUHE IJP 
AlSO BD TORONT!J CONF 3 R.KOCH IKARlSRUHEJIJP 

CUTKOSKY 80 TORONTO CONF. 19 +FOR.~YTH.~BABCOCK,KElLY,hENDRICK ICARN+LBUIJP 

•••••• ····-···· .......... •••••-ct.••• -c<-c<*-c<****-c< •••••••••••••••••••••••••• 
·-··· ................................................ ********* •••••••• 

I A(2400) 1124 .N•31212400, JP•9/2-I 1•312· [SJ 

RE 

IM 

) 

C 2170. I 
2200. 
2468. 
,2300. 

0 • ~ 

124' N*3/212400I MASS IMEVI 

100. 
50. 

100. 

AYED 
HENDRY 
HOEHLER 
CUTKOSKY 

76 IPWA 
78 MPWA 
79 I PWA 
80 I PWA 

PI N TO PI 
. PI N TO PI 
PINTO PI 

AVERAGE. r.IEANINGLESS I SCALE FACTOR, c 1.81 

12D5.1 
450. 
480. 
330. 

124 N*3/212400.1 WIDTH I MEV I 

200. 
1DD. 
100. 

AYEO 
HENDRY 
HOEHLER 
CUTKOSK Y 

76 I Plo!A 
78 MPWA 
79 I PWA 
80 IP"A 

PtNTOPIN 
PI N TO PI 
PI N TO PI 

AVERAGE MEANINGLESS C SCALE fACTOR,"~" 1.DI 

124 N*3/2124DDI REAL PART OF POLE POSITION IMEVI 

2260. 60. CUTKOSKY 80 I PWA PI N TO PI ·N. 

124 N*3/2124001, -2*1MAG PART OF PDLE PCSITION (MEV I 

32D. 160. . CUTKOS_KY 80 ~ PWA PINTOPIN 

---- __ _: _____ -------- -------'-- . ___ :_ ________ :_ __ 
124 N*3/2124001 REAL PART OF ELASliC PCLE RESIDUE IMEVI 

RER 7. 4. C~TKOSKY eO IPWA PINTOPIN 

---- ----- ____ ____: ___ '_.:. _______ ....::....,_ ______ ----- ___ , __ ._ _ __ :...~--

IMR 

P1 

124 N*3/.2124001 IMAG PART OF ELASTIC PCLE RESIDUE IMEVI 

-3. CUTKOSKY 8D IP'"A 

124 N*3/2124001 PARTIAL DECAY MODES 

N*3/2124001 INTO PI ,N 

PI N TO PI N 

DECAY MASSES 
139+ 938 

·11/77 
12/79 
12179 

1/82* 

11/77 
12179 
12179 
1/e2• 

1/82~ 

1/82* 

1/82* 

1/82* 

Baryons 
A(2400}, A(2420) 

R 1 
R1 
R1 . 
R1 
R1 
R1 

ll:4 N*3/2124DD1 BRANCHING RATIOS 

N*3/21.24001 INTO (Pl NI/TOTAL 
to. D41 
0.10 
0.06 
o. 05 

0.03 
0.03 
0.02 

AYEO 
HENDRY 
HOEHLER 
CUTKOSKY 

76 IPWA 
78 ~PWA 
79 I PWA 
80 I PWA 

( Pll 

PI N TO Pi 
PINTO PI 
PI N TO PI N 

Rl AVERAGE MEANINGLESS (SCALE FACTOR= ·1.01 

REFERENCES FOR N*3/212400l 

AYED 76 CEA-N-1'121 AYED tTHESISI ISACLIIJP 
I IND+LBL I IJP 

IINDIJJP 
HENDRY 78 PRL 41 222 ARCHIBALD W. HENDRY 

AlSO 80 TORONTO CONF 113 ARCHIBALD W. HENDRY 
HOEHLER 79 HANOBCOK OF PI-N SCATTERING~ PHYSIK OATEN VOL.l2-1 

+KAJSER,KOCH,PIETARINEN /KARLSRUHE IJP 
ALSO 80 TORONTO CONF 3 R.KOCH IKARLSRUHEJIJP 

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,8ABCOCKrKEllY,HENDRICK ICARN.+LBUIJP 

****** .......... ****••••• ............. ********* ********* ................. . 
............................................ ********* ••••••••• 

I A( 2420) I .. N•31212420, JP•ll/2+1 1•3/21 H3111 

RE 

IM 

RER 

I MR 

Pl 
P2 

( 2312.01 
FROM ENER. 

I 2400.1 
I 2400. I 
( 2440.) 
12404. I 
12392. I 

2400. 
2416. 

I 2358.1 
2400. 

THIS RESONANCE IS WELL ESTABLISHED. 

BOTH ROYCHOUDHURY 71 AND BRANSDEN 71 SEE A POSSIBLE 
RESONANT F35 IN THIS MASS REGION. IN ADDITION BRANSOEN 
11 FINO A RESONANT P33 AT 260D MEV. 

E4 N*3/21242DI MASS IMEVJ 

DEP .• FIT OF 

(63.1 

60. 
17. 
I 9. I 

125. 

AYED 
ARGANO Dl A GRAll! 

BRANSDEN 
ROYCHOUD 
OTT 
REV 
AYEO 
HENDRY 
HOEHLER 
CHEW 
CUTKOSKY 

70 1 PWA 

11 OPWA 
71 OPWA 
72 MPWA 0 PI-P BKWD ELSTC 
74 MPWA ++ PI+ P 180 DEG CS 
76 I PWA ' 
78 MPWA .PI N TO PI N 
79 (PWA PI N TO ? I N 
eo BPWA ++ PI+P TO ?I+P 
80 IPWA PI N TO Pl N 

AVERAGE MEANINGLESS I SCALE FACTOR"' 1.01 

(3.<t7.01 
1484. I 
1289. I 
46D. 
340." 

1202.21 
450. 

84 N*3/2124201 WIDTH (MEV) 

("'79.1 

100. 
28. 

145. I 
150. 

AYED 
REV 
AYED 
HENDRY 
HOEHLER 
CHEW 
CUTKOSKY 

70 IPWA 
74 MPWA ++ PI+ 
76 1 PWA 

P 180 OEG CS 

78 ~PWA 
79 I PWA 
80 BPWA 
80 IPWA 

PINTOPIN 
PI N TO OJ N 

++ PI+P TO PI+P 
PI N TO PI N 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1.21 

84 N*3/2124201 REAL PART OF. POLE POSITION CMEVI 

2360. 10D • CUTKOSKY 80 I PWA PINTOPIN 

E4 N*3/2124201 -2*1MAG PART OF POLE POSITION IMEVI 

420. 100. CUTKOSKY 80 I PWA PINTOPIN 

B4 N*3/2124201 REAL PART OF ELASTIC POLE RESIDUE IMEVI 

16. .. CUTKOSKY 80 IPWA PINTOPIN 

84 N*3/2124201 IMAG PART OF ELASTIC PClE RESIDUE IMEVI 

-9. ll. CUTKOSKY 80 IPWA PINTOPIN 

e4 N*3/2124201 PARTIAL DECAY MODES 

N*3/2124201 HHO PI N 
N*3/2t24201 INTO SIGMA K 

DECAY MASSES 
139+ 93e 

11 <;l7+ 4q3 

84 N*3/2124201 BRANCHING RATIOS 

R1" N*3/2124201 INTO IPI N)!TOTAL (Pll 
Rl 10.1131 AYED 70 I PWA 
R1 10.41 OTT 72 MPWA 0 PI-P BKWO ELSTC 
R1 10.1571 I D.0701 10.035lREY 74 MPWA ++ PI+ P 180 DEG CS 
Rl REY 74 DETERMINES IJ+1/21X ONLY, WE HAVE DIVIDED BY 6. 
R1 IO.DSI A.YED 
R1 0.11 0.02 HENDRY 
R1 0.08 0.015 HOEHLER 
R1 10.221 CHEW 
R1 O.OB 0.03 CUTKOSKY 
R1 • • 
R1 AVERAGE MEANINGLESS tSCALE FACTOR= 1.01 

76 I PWA 
78 MPWA 
79 I PWA 

PI N TO PI N 
PINTOPIN 

80 BPWA ++ Pl+P TO Pl+P 
8D IPWA PI N TO PI N 

• ** *** •••••••••••••••••••••••••••••••••••• ****** .... • •••••••••••••••• 

12/79 
11/77 
12179 
12/79 
1/82* 

1/71 

3/72 
3172 
2/73 

10/74 
11/77 
12/79 
12/79 
1/e2• 
1/82* 

1/71 
10/74 
ll/77 
12/79 
12179 

l/82* 
1/e2• 

1/82• 

1/82* 

1/e2• 

1/82* 

1/71 
2/73 

10/74 
10/74 
ll/77 
12179 
12179 

1/82* 
1/82* 



Baryons 
~(2420}, ~(>2500}, ~(2750) 

AYEO 10 KIEV CONF 

REFERENCES FOR N•312C2lt201 

R AYEO,P BAREYRE, G VlllET CSACLJIJP 

BRANSOEN 11 NP 826 !:11 
ALSO 70 NP 816 4f:l 

ROYCHOUO 71 NP. 827 125 
OTT 72 Pl 428 133 

ALSO 72 MCGILL Tf-IESIS 

+OGDEN I OURHIIJP 
ROYCHOUOHURY, PERRI Nt BRANSOEN C DURHJ IJP 
R K ROYCHDUDHURY,B H f'RANSOEN IOURHIIJP 
+TR.ISCHUK, VAVRA, RICHARDS,+ I MCGt, STLO,-IOWAIIJP 
J. VAVRA tMCGJI JP 

REV 74 PRL 32 908 REV, LENNOX, POIRIeR, PRET Zl 
REV ,LENNOX, POIRIER, PRETZL 
LENNOX, Pot R 1 ER tREY, SANDER+ 

INOAM+MPIMIIP 
INOAI!t+MPIM)IP 

C NOAM+FNAL+ANL II P 
ALSO 74 PRL 33 250 
ALSO 75 PRO 11 1171 

AYEO 76 CEA-N-1921 AYEO ITHESISI C SACLII JP 
( IND+LBLII JP 

I lNDJI JP 
HENDRY 78 PRL 41 222 ARCHIBALD w. HENDRY 

ALSO 80 TORONTO CONF 113 ARCHIBALD W. HENDRY 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

+KA.I SER~ KOCH, PI ETARINEN /KARlSRUHE IJP 
ALSO BO TciRONTO CONF 3 R.KOCH IKARLSRUHEIIJP 

CHEW BO TORONTO CONF 123 D.~.CHEW ( LBLIJJP 
CUTKOSKY BO TORONTO CONF 19 +FORSYTH.BABCOCKoKEllYoHENDRJCK CCA.RN+LBLIIJP 

PAPERS NOT REFERRED TCl IN DATA CARDS 

BELLAMY 67 PRL 1'9 476 +BUCKLEYoDOBINSONo + CWESTFIELDoLOUCI JP 

t SA CLAY J AYED 70 PL 31B 5t;B +BAREYRE+VILLET 

...... ......... ......... ......... ......... ......... ......... ....... . .................................................................... 
2420 MEV REGION - PRODUCTION AND aTOfAL EXP'TS 

69 N*3/2C2420o JP-: I 1"'3/2 PRODU.CTION. EXPERIMENTS 

SEE THE MINI-REVIEW P.RECEDING THE N AND DELTA. LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

69 N*3/2124201 MASS IMEVJ CPROO. EXP.J 

(2360.01 DIOOENS 63 CNTR PI+ P TOTAL 
12520.01 140.0) ALVAREZ 64 CNTR Pt PHOTOPROO. 7/66 
12440.01 HOHLER 64 RVUE DATA • OISP REL 
(2400.01 APPROX WAHltG 64 OSPK 0 PI-P CH EX 

B 12452.01 BARGER 66 RVUE TOTAL + CH EX 11/67 
B USES REGGE AMP.+RESON. TO CALCULATE OIF •. CROSS SECTIONS AT 1BO DEGR"E 

·e FOR CRITIC ISM OF THIS METHOD, SEE DOLEN 68. 
2423.0 10.0 CITRON 66 CNTR PI+ P TOTAL 7/66 

p l 
P2 
P3 
P4 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 

69 N*3/2t24201 WIDTH IMEVI CPRQD. EXP.I 

1200.01 
1245.01 
1275.01 
310.0 20.0 

OIDDENS 
HOHLER 
BARGER 
CITRON 

63 CNTR 
64 RVUE 
66 RVUE 
66 CNTR 

TOTAL + CH EX 

-69 N*312(24201 PARTIAL DECAY MODES IPROO. EXP.J 

N•3/212420J INTO PI N 
N*l/2124201 INTO !IGMA K 
N*3/212420) 1~10 N*3/2112)2J PI 
N*3/2124201 INTO NEUTRON PI+ PI+ 

DECAY MASSES 
139+ 938 

1197+ 493 
12n• 139 · 

9 39+ 139+ 139 

69 N*3/212420I BRANCHING RATIOS CPROD. ·EXP. I 

N*3/2124201 INTO CPI NIITOTAL IPll 
10.067} APPROX DIDOENS 63 CNTR ASSU!'HNG J=ll/2 
0.113 0.0036 CITRON 66 CNTR ASSUJ!IIING Jcllf2 

(0.121 BARGER 67 FIT ASSUMING J=ll/2 
10.163} OIKMEN 67 FIT ASSUMI"'G J=ll/i 

USES ONL'f' RESONANCES TO CALCULATE OJF. CROSS SECTIONS AT 180 DEGREES 
10.061 KORMANYOS 67 CNTR ASSUMING J=ll/2 

N*3/2(24201 INTO IPI NI*INEUTRON PI+ Pt+J/ITOUL**21 
. I P1*P41 

0.0195 o.004B GALLOWAY 68 RVUE .................................................................... 
OIDDENS 
ALVAREZ 
HOHLER 
WAHLJG 
BARGER 
CIT RON 

63 PRL 10 U2' 
64 PRL 12 110 
64 PL 12 149 
64 PRL 13 103 
66 PR 151 1123 
66 PR 144 1101 

BARGER 67 PR 155 1192 
OIKMEN 67 PRL 1B 7t;B 
KORMANYO 67 PR 164 1661 
GALLOWAY 68 PL 268 334 

REFERENCES FOR N*3/212420l I PROD. EXP.J 

+JENKINS, KYCIA, RILEY IB"'U I 
+BAR-YAM,KERN,LUCKE't,OSBORNE, + IMIToCEAI 
G HOHLER, J GIESECKE CKARLSRUHEJ I 
+MANNELLI,SOOICKSON,FACKLER,WARO, + C"''ITJ 
V BARGER, M OLSSON IWJSCI 
+GALBRAI~H,KYCIArLEONTtC,PHILLIPS, + IBNLI I 

V BARGER, D CLINE 
F N OIKMEN 
KORMANVOSo KRISCH. OFAlLON, + 
K F GALLOWAY 

CWISCJ P 
I MICHl 

IMICH, o\NLJ 
I INDIANA) 

PAPERS NOT REFERRED TO IN DATA CARDS 

BAACKE 67 NC 51A lH J BAACKE, M YVERT. IKARLSRUHE,QRSAYJJ-L 
OOBROWOL 67 PL 24B 203 DOBROWOLSKI,GUSKOV,UKHACHEV, + IOUBNAI p 
DOLEN 6B PR 166 1768 R DOLEN, 0 HORN, C SCHMID ICITI 
WAHLIG 6B .PR 168 1515 M A WAHLIGo t MANNElLl IMIT.PISAI 

FINAL VERSION OF ·CATA USED IN WAHLIG 64. IN CONJUNCTION wiTH 
.CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. ...................................................................... ..................................................................... 

7/66 
11/67 
7/~6 

7/66 
7/66 

11/67 
11/67 

11/67 

6/68 
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Data Card Listings 
For notation, see key at front of Listings. 

>2500 MEV REGION - FORMATION EXPERIMENTS 

w 
• w 

PI 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

2850. 
3200. 
"3300. 
3700. 
4100. 

127 N•3121>25001 1=3/2 

WE LIST HERE 1=3/2 RESONANCES wtfH MASS GREATER THAN 
ABOUT 2.5 GEV WHICH HAVE BEEN SEEN IN A SINGLE PARTIAL 
WAVE AN~LYSIS ONLY. ALL RESONANCES WHICH HAVE SEEN 
OBSERVED IN >1 ANALYSIS AT ABOUT· THE SAME MASS ARE 
GIVEN A SEPARATE LISTING WITH THE APPROPRIATE QUANTUM 
'-UMBERS. 

127 N*3/21>25001 MASS IMEVI 

150. 
200. 
200. 
200. 
300. 

HENDRY. 
HENDRY 
HENDRY 
HENDRY 
HENDRY 

18 MPWA 
78 MPWA 
7B I"'PWA 
18 MPWA 
78 MPWA 

PI N 1311 
PI N K313 
PI N l3L 7 
PI N M3L9 
PI N N321 

AVERAGE MEANINGLESS CSCALE FACTOR "' 2~3) 

100. 
1000. 
1100. 
1300. 
1600. 

127 N*3/21>25DOJ WIDTH IMEVJ 

200. 
300. 
300. 
ltOO. 
500. 

HENDRY 
HENDRY 
HENDRY 
HENDRY 
HENDRY 

78 fo!PWA 
78 MPWA 
78 MPWA 
78 ~PWA 
78 MPWA 

AVERAGE MEANINGLESS I SCALE FACTOR"' l.OJ 

127 N*3/2(>2500J PARTIAL DECAY MOCES 

N*3/2C>25001 INTO PI N 

N*3/2C>i500I 
0.06 
o.o~ts 
0.03 

.0.025 
0.018 

127 N*3121>2500l BRANCHING RATIOS 

INTO CPt 
0.02 
0.02 
o. 01 
0.01 
0.01 

NI/TOTAl 
HENDRY 
HENDRY 
HENDRY 
HENDRY 
HENDRY 

78· p.IPWA 
78 ~PWA 
"is ~PWA 
18 MPWA 
1B frolPhA 

PI N 131 l 
PI N K3L3 
PI N L3L1 
PI N M319 
PI N N321 

DECAY IIIASSES 
139+ 938 

I PlJ 
PI 
>I 
PI 
PI 
PI 

1311 
K313 
L317 
M3lq 
N321 

R1 • • 
R1 AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 ..................................................................... 

REFERENCES FOR N*3121>2500J 

HENDRY 78 PRL 41 2:i12 ARCHIBALD w. HENDRY IIND+LBUIJP 
I lNO) lJP ALSO BO TORONTO CONF 113 ARCHIBALD W. HENDRY ................................. , ................................. . 

............................................................ **"***t>$ 

la(2750) I· 12s "*"2127sa. JP•L312-• I•>l2 ~ 

Pl 

Rl 
Rl 
Rl 
Rl 

) 

125 N•31212750J MA,SS IMEVJ 

2650. 
2794. 

100. 
ea. 

HENDRY 7B MPWA PI N TO P 1 
HOEHLER. 791P'tiA. PINTOPI 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.11 

125 N*31212750_1 WIDTH (MEVI 

500. 
350. 

100. 
100. 

HENDRY 78 I"'P!oiA 
HOEHLER 79 I PWA 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.11 

125 N•31212750) PARTtAl DECAY MODES 

N*3/2127501 INTO PI N 

1:i15 N*31212750J BRANCHING RATICS 

N*3/212750l INTO CPI NI/.TDTAL 
0.05 0.01 
0.04 0.015 

HENDRY 
HOEHLER 

7B fo'.PWA 
79 IPWA 

PI N TO PI 
PI N TO PI 

DECAY MASSES 
139+ q3a 

( p 11 
PI "' TIJ PI 
PI N TO PI 

R 1· AVERAGE IIIEAN INGLE SS I SCALE FACTOR :: 1.0 I .................................................................... 
REFERENCES F.OR N*312ti750I 

HENDRY 78 PRL 41 2t2 ARCHIBALD W. HENDRY IIND+l:BLJIJP 
ALSO 80 TORONTO CoNF 113 "ARCHIBALD w. HENDRY I tNOJJJP 

HOEHLER 79 HANOBCOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12-1 
+KAISER.KOCH~PtETARJNEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH IKARlSPUHEIIJP . ................................ ·········· ......................... . 
••••• ••••••••• ••••••••• ••••••••• ••e•••••• ••••••••• ••••••••• •••••••• 

12/79 
12/79 
12/79 
12179 
12/79 

12/79 
.12179 
12179 
12/79 
12/79 

12119 
12/79 
12/79 
12179 
12/79 
12/79 

12/79 
12179 

12/79 
12/79 

12179 
1217q 
12/H 
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Data Card Listings 
For notation, see key at front of Listings. ~(2850), ~(2950), a(3230), 

Baryons 
EXOTIC NUCLEONS 

~(2850) 
BUMPS 

( 2870.01 
I 2700. OJ 
12850.01 

2850.0 
(2883.1 

85 N*3/212850o JP= +I 1=3/2 PRODUCTION fXPERtMENTS 

'85 N*3/2(2850) MASS (MEVI IDROO. EXP.J 

APPROX 

12.0 
126. I I 28.1 

HOHLER 
WA.HliG 
BARDAOIN 
Cl TRON 
REV 

64 RVUE OA.TA + DJSP REl 
64 OSPK 0 PI-P CH EX 
66 HBC ++ N* TO P + 3 PIS 
66 CNTR PI+ P TOTAL 
74.~PWA •• PI+ P 180 DEG CS 

e5 'N*3/2128501 WIDTH fMEVI IPRQO. EXP~J 

7/66 
7/66 

10/74 

1150.0 I 
400.0 

1380.) 

BAROADIN 
Cl TRON 
REV 

66 HBC 7/66 
40.0 

{141. I 
66 CNTR 7/66 

I 201 .. 1 74 MPWA ++ PI+ P 180 DEG CS 10/74 

Pl 
P2 
P3 

85 N"~<3/2126501 PARTUL DECAY MODES (PROD. EXP.I 

N*3/2128501 INTO PI N 
N*3/2128501 INTO P PI PI PI 
N*3/2128501 lfi.TO N PI PI 

DECAY MASSES 
139+ 938 
(j)8+ 139+ 139+ 139 
938+ 139+ 139 

E5 N*3/2128501 BRANCHING RATIOS I PROD. EXP. J 

R1 N*3/2128501 INTO tPI NI/TOTAL (Pll 
Rl ONLY IJ+l/21*1 PI NITOTALI MEASURED FOR THIS STATE 
Rl 8 (0.2241 (0.0161 BARGER 66 fWUE TOTAL + CH EXC. 11/67 
Rl 0.261 0.048 CITRON 66 CNTR TOTA.L CROSS.SEC. 11/67 
R1 t0.401 BARGER 67 PVUE USES KORMANYOS66 11/67 
Rl USES REGGE AMP.+RESON. TO CALCULATE OIF. CROSS SECTIONS AT l8D OEGRE 
Rl FOR CRITIC ISM OF THIS METHOD, SEE DOLEN 68. 
R1 (0.49) DIKMEN 67 PVUE USES KORMANYOS67 ll/67 
R1 USES ONLY RESONANCES TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGREES 
R1 ID.391 DOBROWDLS 61 CNTR PI+P AT 18D DEG 
R1 10.101 KORMANYOS 67 CNTR PI-P AT 180 OEG. 11/67 
R1 IO.D61 CR LESS CL==.95 HALDORSE 72 HBC PP 19 GEV/C 12172 
Rl UPPER LIMIT CN ELASTtCITY.ALSO FINO Jc9/2 OR MORE. 
Rl (0.28) (0.131 10.191 REY 74 to\PWA ++PI+ P 180,DEG CS 10174 ................•.....•.............................. 

REFERENCES FOR N*3/2(285DI IPROD. EXP.I, 

HOHLER 64 PL 12 149 G HOHLER, J GIESECKE (KARLSRUHE! I 
WAHLIG 64 PRL 13 103 +MANNElll, SDOICKSON, FACKLER ,WARD, + f MITJ 
B All:OAOI N 66 PL 21 357 BARDAOIN-OTWINOWSKA,OANYSZ, + IWARSAWI 
BARGER 66 PR 151 1123 V BARGER, M OLSSON IWISCJ 
CITRON 66 PR 144 1101 +GALBRAITH,KYCIA,LEONTIC,PHILLIPS, + (BNLI I 

~ARGER 67 PR 155 1792 V BARGER, 0 CLINE IWISCI P 
I MICHl OIKMEN 67 PRL 18 TS8 F N DIKMEN 

DOBROWOLSKI,GUSKQV,UKHACHEV, + 
KORMANVOS, KRISCH, OFAllON, + 
HALOORSEN, JACOBSEN 

OOBROWOL 61 PL 24B 203 
KORMANYO 67 PR 164 1661 
HALOORSE 72 NC lOA 468 
REY 74 PRl 32 908 REV, LENNOX, POI R TER r PP El Zl 

C DUSNAI 
IMICH.ANLJ 

I OSLO I iJ 
INDAM+MPIMJJP 
INOAM+MPIMJJP AlSO 74 PRL 33 250 

ALSO 75 PRO 11 1717 
REY .LENNOX, POIRIER, PP.ET ZL 
LENNOX, POI R I EP., REY t SANDER+ ( NOAM+FNAL+ANL J I P 

PAPERS NOT REFERRED TO IN DATA CARDS 

BAACKE 67 NC 51A 7til J BAACKE, M YVERT IKARLSRUHEoORSAYIJ-L 
DOLEN 68 PR 166 1768 R DOLEN, ·o HORN, C SCHMID (Ctll 
WAHLIG 68 PP 168 1515 M A WAHLIG, I MANNELLI IMIT,PISAI 

FINAL VERSION OF OATA USED IN WAHllG 64. IN CONJUNCTION WITH 
CIT RON 6b TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA. GIVES 
CCMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

I ~(2950) j,. N*31212950, JP=i512+l 1•312 ~ 

PI 

Rl 
Rl 
Rl 
Rl 

) 

2850. 
2990. 

126 N*3/2129501 MASS IMEVI 

100. 
100. 

HENDRY 
HOEHLER . . . . 

AVERAGE MEANINGLESS I SCALE FACTOR::: 1.01 

126 N+3/2(2950) WIDTH P'4EVI 

78 MPWA 
79 I PWA 

TOO. 
330. 

zoo. 
100. 

HENDRY 78 MP"-A 
HOEHLER 79 IPkb. 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.71 

126 N*3/2(29501 PARTIAL DECAY MGOES 

N*3/2129501 INTO PI N 

126 N*3/2(29501 BRANCHING RATIOS 

N*3/2129501 INTO IPI NI/TOTAL 

PI N TO PI 
PI N TO PI 

PINTO PI 
PI N TO PI 

DECAY ~ASSES 
1 '39+ 938 

( Pll 
0.03 0.01 . HENDRY 

HOEHLEP. 
7S MPWA PI N TO PI 

0.04 0.02 79 IPWA PI N TO PI 

R1 AVERAGE "!EANINGLESS I SCALE FACTOR == 1.01 

12/H 
12/79 

12179 
12/79 

12/79 
12179 
12179 

REFERENCES FOR N*3/21295DJ 

HENDRY 18 PRL 41 222 ARCHIBALD W. HENDRY CINO+LBLIIJP 
ALSO 8D TORONTO CONF 113 ARCHIBALD W. HENDRY f INDHJP 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12-1 . 
+KAISER.KOCH,PIETARINEN /KARLSRUHE IJP 

ALSO 80 TORONTO CONF 3 R.KOCH CKARLSqUHEJIJP 

.......................................... ********* **••••••* •••••••• .................................................................... 
~(3230) 
BUMPS 

86 N*3/2(3230, JP= I 1=3/2 PRDOUCTIO"' EXPERIMENTS 

86 N*3/2(32301 MASS I MEV I I PROD. EXPo I 

C 3230.0 I 
I 3296. I 179.1 178.1 

CITRON 
REV 

66 CNTR PI+ P TOTAL 7/66 
74 MPWA ++ PI+ P 180 DEG CS 10174 

86 N*312132301 WIDTH IMEVI IPROD. EXP.J 

1440.01 CITRON 
1687.1 11043.1 1323.1 REY 

66 CNTR 7/66 
74 MPWA ++ PI+ P 180 DEG CS 10/74 

86 N*3/2132301 PARTIAL OECAY MODES IPROO. EXP.J 

Pl 
P2 

N*3/213230J Jt-.TO PI N 
N*3/2132301 INTO N PI PI 

86 N*3/21 32301 BRANCHING RATIOS 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

R1 N*3/213230I INTO IPI NIITOTAL IPll 
R1 ONLY IJ+l/21*1 PI NITOTALI MEASURED FOR THIS STATE 
Rl B 10.031 10.01) BARGER 66 RVUE TOTAL+ CH EXC. ll/67 
R1 10.06) CITRON 66 CNTR TOTAl CROS. SEC.. 11/67 
Rl B (0.031 TO 0.1 BARGER 67 CNTR USES KOR"''ANYOS66 11/67 
Rl B USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT lSO DEGRE 
R1 B FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
Rl D (0.251 DIKMEN 67 P.VUE USES i<;QRMANYOS67 ll/67 
R1 0 USES ONLY RESONANCES TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGREES 
Rl 10.451 (0.091 10.131 REY 74 MPWA ++ PI+ P 180 DEG CS 10/74 

................................... ********* ••••••••• ••******* •••••••• 

BARGER 
CIT RON 
BARGER 
OIKMEN 
REV 

66 PR 151 1123 
66 PR 144 1101 
67 PR 155 1792 
67 PRL 18 798 
74 PRL 32 908 

REFERENCES FOR N*3/2132301 I PROD. EXP.) 

V BARGER, M OLSSON IWISCJ 
+G.UBRAITH,KYCIA.LEONTIC,PHILLIPS, + IBNU I 
V BARGER, 0 CliNE IWISCJ P 
F N OIK11EN {MICHl 
REV, lENNOX, POIRIER, PRETZL I NOAM+MPIMI I P 

ALSO 74 PRL 33 250 
AlSO 15 PRO 11 1717 

REY, LENNOX, POl P. IER, PRET Zl I NDAI1+MPI M I I P 
LENNOX, POI Rl ER ,REV, SANDER+ (NQAM+FNAL+ANL I I P 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORMANYO 67 PR 164 1661 
OOLEN 68 PR 166 1768 

KORMANYOS, KRISCH, OFALLON. + 
R DOLEN, D HORN, C SCHM 10 

fMICH,ANU P 
ICITJ 

............... •••••*••• •••••••••••••••••••••••••••••••••••• ...... ......... ......... ......... ......... ......... ........ . 
EXOTIC NUCLEONS - 1400-1700 MEV REGION 

EXI140D-1700, JP= I 1=5/2 

THIS IS NOT A COMPLETE LIST. WE TABULATE 
ONLY FROM 1970 ON • 

IN A MISSING MASS EXPERIMENT, PI+ P TO PI- X+++, 
BIRULEV 11 FIND NO EVIDENCE FOR EXOTIC 11==5/21 RESONANCES IN THE 
MASS INTERVAL 1.2 TO 2.2 GEV. 

. EXI 1400-11001 MASS IMEVJ 

29 1627. 12. PRICE 70 OBC -- K-0 AT 4.91GEV/C 
FOUR S. O. EFFECT 

25 1400. 12. ABDJVALI 79 HBC +++NP TO NP 4PI 
CROSS-SEC liON IS QUOTED AS 25 M I CROBARNS. OE'CAYS TO DELl A++ PI+ 

EXI1400-1700I WIDTH IMEVI 

29 30. OR LESS CL=.90 PRICE 70 DBC -- PI-PI-N BUMP 
CROSS SECTION 13.0+-3.9 MJCROBARNS 

25 43. ABOIVAl I 79 HBC +++NP TO NP 4Pt 

EXI1400-17001 CROSS SECTION liMITS IMICROSARNI 

3/71 

2/82* 

3/71 

2/82* 

CS B 40. OR LESS BANNER 70 OSPK +++ PI+Pr1.9 GEV/C 7170 
CS B 1==5/2 LIMIT GIVEN ABOVE IS FOR MASS RANGE 154D-115D MEV 

••••••••• ********* ............................. ******** 

BANNER 70 NP 815 205 
PRICE 70 Ot 338,533 
ABDIVALI 79 SJNP 29 793 

AMMANN 
B IRULEV 
JOHNSON 

71 PL 34B 533 
71 SJNP 12 536 
71 PL 34B 428 

REFERENCES FOR EXI1400-1100 I 

+CHEZE,HAMEL,TEIGER,ZACCONE + ISACLAYI 
+BERG, SAL ANT, WATERS, WEBSTER, WEINBERG I VANDI 
ABO IVAL lEV • 8ESHLIU, GASP4RYAN, GRUYA+ I J INRI I 

PAPERS NOT REFERRED TO IN DATA CARDS 

+CARMONY ,GARFINKEL ,GUT AY ,MIllER, YEN 
+VOV ENKO, GUSKOV, DOBROVO LSK I 1, ++ 
0 JOHNSON 

I PUROI 
I JINRI 

I ANLI 

...... ********* ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
****** ............................................. ********* •••••••• 



Baryons 
z'•s, Z0(1780) 

Note on the S = +1 Baryon System 

The evidence for s· = +1 baryons was thoroughly 1 .. 
reviewed in our 1976 edition, and has been 

2 3 reviewed more recently by Kelly and by Oades. 

In the last few years the results of several 

new experiments have appeared. In particular, the 

K+n charge-exchange polarization data of WATTS 80 

(for references in this form, see the Listings that 

follow), the K+n elastic polarization data of 
0 0 ROBERTSON 80, and the KiP + KSp data of CAMERON 78, 

ENGLER 78, and GORDEN 79 provided badly needed new 

constraints on the I = 0 KN amplitudes; 

Three new phase-shift analyses have been 

reported since our last edition. Energy­

independent analyses were made by Martin and Oades4 

in the I=O and I=l KN channels, and by WATTS 80 in 

the I=O and I=l channels simultaneously. GORDEN 82 

made an energy-dependent analysis of the I=O chan­

nel. 

All analyses agree there is little real evi-

* dence for classical Breit-Wigner Z resonances. 

The Argand diagrams for the POl and Pl3 amplitudes 

exhibit counterclockwise movement, but there are no 

corresponding speed maxima. However, the parametr­

izations of MARTIN 75 and ARNDT 78 for the Pl3 

amplitude do have unphysical-sheet poles. The 

recent low-energy K+p elastic polarization data of 

LOVETT 81 can be well described either by the 

analysis of ARNDT 78 (which used preliminary data 

of LOVETT 81), or by other analyses not requiring 

structure in the P13 amplitude. 
5 The multi-quark states predicted by Jaffe in 

the MIT bag model should be most easily observed in 

the KN system. Jaffe and Low6 showed that such 

multi-quark states need not appear as classical 

resonances in hadron-hadron scattering. Rather 

they would manifest themselves as poles in the P­

matrix, which connects the discrete quark states 

inside the bag with the physical scattering states 

outside. De Swart et al. 7 have predicted the low­

lying multi-quark states which might be seen in the 

KN chan~el, and Roiesnel8 (using the partial-wave 

analysis of MARTIN 75) and GORDEN 82 have found 

such P-matrix poles. However, the agreement with 

the predictions of de Swart et al. is not com­

pletely compelling. 
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Data Card Listings 
For notation, see key at front of Listings. 
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·~•*** ********* ********* ********* ••••••o•* ••••••:o:•• ********* ******** 

S= 1 1=0 EXOTIC STATES (Z0) 

• •• ••• • ••• ** .... . •••••• •• .. • •••••• •• ********. •• **** ••• ********* •••••••• 
****** •••••••** ***(<***** ••••••••• ********* ********* **:00****** •••••••• 

lz0(1780)1 
) 

95 Z*O(i780, JP=l/2+1 I=O ~ 
SEE THE MINI-REVIEW PRECEDING TI-llS LISTING. 

'llllLSON 72 AND GIACOMELLI 74 FIND SOME SOLUTIONS 
WITH RESONANT-LIKE BEHAVIOR IN THE POl PARTIAL WAVE. 
THE EFFECT SEEN IN THE I=O TOTAL CROSS SECTIONS. 

P1 

R1 
Rl 
R1 
R1 
R1 
R1 

w 
1 
1 

w 
1 
1 

w 
1 
1 

1780.0 
SEEN 
SEE AlSO 

( 1800.1 
ESTIMATE OF 

( 1750.) 
( 1825. I 

FIT t=FJT OF 
FIT 2=FIT OF 

( 1740. I 

(565.01 
000. I 
f600. I 
(845.) 
1300. I 

IF A RESONANCE, MUST HAVE SPIN=l/2, 'BECAUSE THE 
INELASTIC CROSS SECTlON IS VERY SMAll AND THE TOTAL 
CROSS SECTION IS ABOUT 4*P!IK**2• 

'i5 Z:c<Q( 17801 MASS fMEVI 

10.0 COOl 70 CNTR + K+P, 0 TOTAl 
DOWEll 70 CNTR K+PoD TOTAL 

DISCUSSION OF lYNCH 70 
WILSON 72 PWA K+N POl WAVE 

PARAMETERS FROM BW + QUADRATIC BACKGROUND FIT TO POl. 
CARROll 73 CNTR KN I==O TCS,I=IT 1 
CARROll 73 CNTR KN J:Q TCS,FJT 2 

SINGLE L::1 BW+BACKGROUNO TO 1=0 TCS FROM 0.4-1.1 GEV/C 
l=1 AND l==2 BWS TO SAME OATA,SEE ZO( 18651 FOR L=2 PART 

GIACOMEL 74 PWA .38-1.51 GEV/C 

~5 Z*0(1780) WIDTH fMEVI 

COOL 
WILSON 
CARROLL 
CAP ROLL 
GIACOMEL 

10 CNTR + 
72 PWA 
73 CNTR 
13 CNTR 
74 PWA 

<;5 Z:c<O(l7BOI PARTIAL DECAY MODES 

K+P. 0 TOTAL 
K+N PO 1 WAVE 
KN 1=0 TCS.fJT 1 
KN 1=0 TCS,fiT 2 
.38-1. 51 GEV/C 

Z*OI 17801 INTO K N 
DECAY MASSES 

493+ Q39 

'i5 Z*OI 17801 BRANCHING RATIOS 

Z*Ot 17801 INTO I K Nil TOTAL ( PU 
(0.951 COOL 70 CNTR + K+Po D TOTAL 
(0. 851 WILSON 12 PWA K+N POl WAVE 
co. 751 CARROLL 73 CNTR IF J=l/2.FIT 1 
fO.'Hl CARROLl 73 CNTR IF J:l/2,FIT 2 
10.851 G I ACOMEL 74 PWA .38-1.51 GEV/C 

REFERENCES FOR Z*OU7801 

COOL 70 DUKE CONF 47 R l COOL t BNLI 
ALSO 69 Pl 308 564 
ALSO 70 PR Dl 1987 

DOWELL 70 DUKE 53 
WILSON 72 NP 842 445 
CARROLL 73 PL 458 531 
GIACOMEL 74 NP 871 138 

AB!tAMS,COOL,GIACOMElLI,KYCJA,U + IBNLI 
COOL.GIACOMELLI.KYCI A,LEONT tC.lt + I BNLI 
J.D. 00\o/Ell (BIRMI 
+GRIFFITHS,HIRATA + {BGNA+GLAS+Q.OMA+TRST) 
+KYC I Ao L I ,MICHAEL. MOCI<ETT, RAHM+ I B"'LI I 
GIACOMElli,+ ( BGNA+HAS1-R0"1A+TQ.ST I IJP 

1171 
1170 
1170 
3172 
3172 
9173 
9173 
9173 
9173 

10/74 

1111 
3172 
9/73 
9/73 

10114 

1171 
3172 
9/73 
9173 

10174 



233 

Data Card Listings 
For notation, see key at front of Listings. 

70 DUKE 9 
71 NP 630 157, 
13 PR 07 22 
74 PL SOB 343 
15 PALERMO CONF. 
76 NP BllO 25 

PAPERS NOT REFERRED TO IN OAlA CARDS 

G LYNCH !REVIEWER Of CR.SEC. DATAl lll:t.ll 
+GOLDHABER, HAll, SEEGEP, THRILl lNG, WOHL ILBL II JP 
+JENKINS,KALBACH,PETERSEN + IARIZ+MICHI 
JOHNSON, VLA SSOPULOS I CERN, OURH 1 
+CA PI LUPPI + I BGNA+ EDt N+GLA S+P I SA+RHEU I JP 
+CAMERON+ I BGNA+ EDI N +HAS+P I SA+RHELI I JP 
C. ROIESNEL fMlTl 

LYNCH 
HIRATA 
BOWEN 
JOHNSON 
CAMERON 
B IGI 
ROIESNEL 
MART IN 
OAOES 
CORDEN 

79 PRO 20 1646 
80 TORONTO CONF. 
81 ROME CONF. 53 
82 PRO 25 720 

355 s.R.MARTJN,G.C.OAOES ILOUC+AARHI 
LOW + INTERMEDIATE ENERGY KN PHYSICS IAARHI 
+COX, KELSEY ,LAWRENCE ,WATKINS+ IE! I RM+l PNP I 

EXPERIME"lTS MAINLY ABOUT ELASTIC CHANNELS--
GOLDHABE 62 PRL 9 135 GOLDHABER,CHINOWSKY,GOLOHABER+ CLRL+UCLAIIJP 
RAY 69 PR 183 1183 RAYoBURRISoFISK,KRAEMER,HlLL+ +CARN+BNL 
ARMITAGE 12 NAL PAPER 391 +A.STON,DUERDOTH,ELLISON, + IMCHS+OA.REI 
GIACOMEl 12 NP 842 431 GIACOMELLI + CBGNA+GLA.S+ROMA+TRSTI 
GIACOfo'EL ?3 NP 856 346 GIACOMELLI,+ CBGNA+GLAS+ROMA+TRSTI 

ALSO 73 BGNA FPT. AE-73/4 GIACOMELLI,GRIFtTHS,+ IBGNA+GLAS+ROMA+TRSTI 
LONDON 74 PRO 9 1569 LONDON CB"'LIIJP 
ADAMS 75 NP 887 41 +CARTER,COOK,GLASS,GREEN (WASHI 
A.LEXANOE 75 PL 588 484 ALEXANOER,BA.R-NIR,BENARY;+ tTELA+HEIDIIJP 
DAMERELL 75 NP 894 314 +HOTCHKISS,WICKENS,BENTLEY+ IRHEL.BIRMI 
CAMERON 78 NP 8132 189 +CAPILUPPt+ CBGNA+EDIN+GlAS+PISA+RHEU 
ENGLER 78 PRO 18 30bl +KEYES .• KRAEMER, TANAKAtCt-10+ ICARN+ANLI 

ALSO 76 PL 60e 293 CHOtDERRICK,MILLER,SMITH,ENGLER+ (A.NL+CARNI 
CORDEN 79 NP 8155 13 +COX,KELSEY,LA.WRENCE,WATKINS+ {BIRM+LPNPI 

EXPERIMENTS MAINLY ABOUT 
GIACOMEL 12 NP 837 ·577 
EDELSTE I 76 PRO 14 702 
ARMITAGE 77 NP 8123 11 
GLASSER 77 pq,o 15 1200 
SAKITT 77 PRO 15 1846 
ROBERTSO 80 PL 91 e 465 
WATTS 80 PL 958 323 

INELASHC CHANNELS -
GIACOMELLI + I BGNA+CLAS+ROMA.+TRSTI 
EDELSTEIN, FISK, JOSEPH+ ( CA.RN+ IOWA+ANL I 
+ASTON, DUERDOTH, ELL I SGN,F I TTON+ I MCHS+DARE I 
+SNOW, TREVVETT, BURNSTE I N,FU, PETR 1 +I UMO+ I IT I 
+SKELLY,THOMPSON (8NU 
ROBERTSON, A STBURY, GRAYER, SHAH+ ( RHEL+LOOMI 
+BUGG, CARTER ,COUPLAND+ ( L OOM+RHEL I 

•••••• ********* ********* ********* ********* ••••••••• ********* •••••••• 

·j;~(·~·~·~·~) ·j·::··::o~::::~·::.:::::·::: ······r~ ::r··· ...... .. 
• • HilS EFFECT IS STRONGLY ASSOCIATED WITH THE K* N 

-----..;~~ THRESI-CILD. SEE HJRA.TA 68 A.ND 70. WILSON 72 AND 7 EJACOMELL12 13 REPORT PARTIA.L WAVE ANALYSES. 
AARON 73 CLAIMS A RESONANCE IN A MODEL DEPENDE~T 
PWA. SEE A.LSO Z*OI1780J. 

96 Z*Oil8651 MA.SS (MEV) 

11860.01 (15.01 CARTER 67 THEO DISPERSION REL. 8/67 
(1868.01 110.01 COOL 70 CNTR K+P, 0 TOTAL 8/b7 
( 1830.1 AARON 73 I"PWA JcQ KN .6-1.6G/C 9/73 

M 
. M 

11840. J CARROLL 73 CNTR KN J;O TCStFIT 2 9173 
FJT2=FIT OF L=1 AND L::2 BWS TO 1=0 TCS FROM 0.4-1.1 GEV/C. 9173 

M SEE ZOI17801 FOR FIT 1 AND L=1 PAP:T OF FIT 2. 9/73 

(200.0 I 
U60.0I 
(100.) 
(15. I 

96 Z*Ofl8651 WIDTH IMEVI 

150.01 
130.01 

CARTER 
COOL 
AARON 
CARROLL 

67 THEO 
70 CNTR 
73 MPWA. 
73 CNTR 

96 Z*O( 18651 PARTIAL DECAY MODES 

Z*OI18651 INTO K N 

1=0 KN .6-1.6G/C 
KN 1"'0 TCSoFIT 2 

DECA.Y' MASSES 
493+ 939 p 1 

P2 Z*O( 18651 INTO N K*l8921 938+ 891 

c;& Z*Oil8651 BRANCHING RATIOS 

R1 Z*OI18651 INTO I K NI/TOTAL (PlJ 
R1 10.1551 ( 0.0251 CA.RTER 67 THEO IF J=3/2 
R1 10.1151 ( 0.0251 COOL 70 CNTR IF J=312 
R1 10.0851 CARROLL 13 CNTR IF J~3/2, f'IT 2 

R2 Z*Oil8651 INTO IN K*I892JJ/TOTAL C P21 
R2 MAIN INELASTIC OECA.Y HIRATA 68 HBC .................................................................... 
CARTER 67 PRL 18 801 
HIRATA 68 PRL 21 1485 
COOL 70 PR 01 1887 

ALSO 66 PRL 17 102 
ALSO 69 PL 308 564 

AARON 13 PRO 7 1401 
CARROLL 13 PL 45E 531 

HIRATA 70 DUKE 429 
AARON 11 PRL 26 407 
HIRATA-1 11 NP 833 445 
GIACOMEL ?2 NP 837 517 
WILSON 72 NP B42 445 

P.EFERENCES FOR Z*O 118651 

A A CARTER (CAVENDISH) 
HIRATA, WOHL, GOLDHABER, TRILliNG ILRLI 
COQL,GIACOMELLI.KYCIAtLEONTICoLI + IBNU 
+GIA.COMELLI,KYCIA,LEONTIC,LI,LUNDBY,+ (BNLI I 
ABRAMS,COQL,GIACOMELLioKYClAtll + IBNLI 
AARON, RICH, HOGAN, SR IVAS lAVA I LA SL +NEA.S I I JP 
+K YC JA, L1, MICHAEL, MOCKETT, RAHM+ I BNLJ I 

PA.PERS NOT REFERRED TO IN DATA CA.RDS 

+GOLDHAB ER, SEEGER, TR llL tNG+WOHt I LRL I 
+AMA.OO+S IL BA.R I NEAS,PENN, L ASLI I JP 
+GOLDHABER, HALL, SEEGER, TRILLING, WOHL I LBLJ 
GIACOMELLI + I BGNA+GLAS+ROMA+TRST) 
+GRIFFITHSoHIRATA + I BGNA+GLA.S+ROMA+TRSTI 

...... ********* ••••••••• ********* ••••••••• ********* ••••••••• ******** 
****** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

8/67 
8/67 
9/73 
9/73 

9/73 
9173 
9/73 

ll/68 

Baryons 
Z0(1780), Z0(1865), Z1(1900) 

. .•...•.••.•••••••.••.••.••...••.•.......••••.........•••••. ······"'* 

........................ ********* ••••••••••••••••••••••••••••••••••• 

S=l 1=1 EXOTIC STATES (Z 1) 

.................................................................... .................................................................... 
lz,(t9oo)j 

~ 
97 1*111900, JP=3/2+1 1=1 

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K-DHTA 

RE 
RE 
RE 

I M 
I M 

P1 
P2 

R1 
R1 
R1 
R1 
R1 
R1 
R I 
R1 
R1 
R1 

THRESHOLD. SEE THE M1NIREVIEW PRECEDING Z*0(17801 

"i7 Z*lll900l MASS (MEVI 

1 (1932.01 AYED 70 IPWA P13oSOL.I 
1 11899.0) AYEO 70 IPkA. P13,SOL.ti 
1 12030.01 AVEC 70 IPWA SlloSOL.ttt 
1 THREE SOU.S IN ORDER OF OECREA.SING SIGNIFICANCE. THOUGH AYEO 70 
1 GIVE PARAMETERS,THEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL. 

2 (1830.1 BARNETT 70 IPWA Pl3,SOLN 111 
2 RESONANCE SIGNAl BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
2 IN THE AMPliTUDES RESULTING FROM THE ANALYSIS 

1 
1 
1 

2 

1 
1 
1 

2 

1900.0 10.0 COOL 70 CNTR ++ K+P TOTAL 
( 1880. I ALBROW 11 IP"*A ++ SOL. GAM"1A 
11890.1 KATO 71 IPWo\ SOL IIFJT BWI 
12040.1 KATO 71 IPWA SOL IHFlT BWI 

KATO 11 ESTIMATE RESONA.NCE PARAMETERS -- UPDATED Pt-'ASE SHIFTS 
PUBUSHEO IN MILLER 72 • 

97 Z*lll9001 WIDTH IMEVJ 

(520.01 AVEC ?0 I PWA K+P 
1397. OJ AYED 10 I PWA K+P 
1557. OJ A. YEO 70 IPWA K+P 
1120. I BARNETT 10 IPi'A P13.SOLN 111 
1240.01 COOL 70 CNTR ++ K+- TOTAl 
U90. I ALB ROW 71 lPhA SOL. GAMMA 
1280. I KATO 11 IPh'A SOL I( FIT BWl 
(260.) KATO 71 IPWA SOL JJIFIT BWl 

SEE THE NOTES A.CCOMPANYING MASSES QUOTED. 

97 Z*lll9001 REAL PART OF POLE PCSITION 

I 1787. I 
t 1196. I 

SUPER.SEDES AIINOT 74 • 

ARNDT 
ARNOT 

74 DPWA 
78 DPWA 

K+ P ELASTIC 
K+ p 

lli7 Z*U 1900) -IMAGINARY PART OF P(;LE POSITION 

1100. I 
not. 1 

AR"'DT 
ARNDT 

74 OPWA. 
78 OPWA 

"i7 Z*U 1"~001 PARTIAL .DECAY MODES 

Z*ll1900) INTO K N 
Z*ll19001 INTC N*3/2C12321 K 

97 Z*lt 19001 BRANCHING RATIOS 

z•u 19001 INTC IK NI/TOTA.L 
10.101 OR LESS CARTER 67 THEO 
10.161 AYEO 10 I PWA 
10.201 AYED 70 IPWA 
10.111 AYED 10 IPWA 
10.12) BARNETT 70 IPWA 

K+ P ELASTIC 
K+ P 

DECAY MA.SSES 
493+ q39 

1232+ 493 

I Pll 
OI SPERSION REL. 

Pl3tSOLfll Ill 
(0.121 CASSUMING J=3/21 COOL 10 CNTR ++ K+P TOTAL 
10.151 ALBROW 71 IPWA ++ SOL. GAMMA 
(0.22) KATO 71 IPWA SOL I I FIT 13WI 
(0.27) KA.TO 11 IPWA. SOL J I( FIT BW) 

SEE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 Z*ll JCWOI INTO IK N*3/2( 12321 1/TOTA.L (P21 
R2 MAIN INELASTIC DECAY BLAND b1 HBC 
R2 NO EVIDENCE, SPEED HAS MINIM. GRIFFITHS 12 HBC K+P .9-1.5 GEV/C 

.......................................... ********* ••••••••••••••••• 

BLAND 67 PRL 18 1017 
CARTER 67 PRL 18 801 

AYEO 70 PL 328 404 
BARNETT ?0 U MO,RPT ?0-101 

ALSO 70 DUKE 443 
COOL 70 PR 01 1887 

ALSO 66 PRL 17 102 

REFERENCES FOR Z*1 11900) 

+BOWLER,BROWN,G+S GOLOHA8ER,SEEGER,+ ILRL) 
A A CARTER ICAVENDISHI 

+BAREYRE, FEL TESSE, VILLET 
BARNETT ,GOLOMAN,LAAS ANEN,S'T E INS ERG 
BA.RNETT .GOLDMAN, LAASANEN, S T E JNBERG 
+GIACOMELLI, KYCIA, LEONTJC, LI, + 
COOL, G IACOMHLI ,KYC I A, L EONT IC, L l + 

ISACLA.YIIJP 
IU~OIIJP 

IUMOIIJP 
18"lll I 
(BNU 

ALB ROW 71 NP 830 273 +ANDERSON, ALMEHEO, ••• ,UOO, WAGNER ICERNIIJP 
ICERNIIJP 

CANLoNWESIIJP 
UNU I JP 

( ANL, NWE S 11 JP 

ALSO 70 DUKE 375 ERNE,SENS,WAGNER 
KATO 1l H.E.PHEN.,MORIONO +KOEHLER .... ,YOKOSAWA+BURLESGN 

ALSO 70 DUKE 367 A. YOKOSAWA 
ALSO 70 PRL 24 615 KA.TOrKOEHLER,NOVEY,YOKOSAWA+ 

GRIFFITH 72 NP B38 365 
MILLER 12 NP 837 401 

+HIRATA, HUGHES + ( BGNA.+GLAS+POMA.+TRSTI 

A.RNDT 
ARNOT 

74 PRL 33 "if!7 
78 PRO 18 3278 

+NOVEY, YOKOSAWA oCUTKOSKY + I ANL+CARN+NWE Sl I JP 

ARNDT, HACKMAN t ROPER, STEINBERG 
ARNOT, ROPER, STEINS ERG 

CVPI,UMDIIJP 
IVPI,W"'OI 

6170 
6/70 
6170 

1/71 
10/71 
10/71 
10/71 

3172 
3/72 

6170 
6/70 
6/70 
9173 
1171 

10/71 
10/71 
10/71 

4/75 

4/75 
3/79 
3/79 

4/75 

4/15 
3179 

8/b7 
6/70 
6/70 
6/70 
9/73 
1/71 

10/71 
10/71 
10/71 

8/67 
3/72 



Baryons 
Z1(1900), Z1(2150), Z1(2500) 

PAPERS NOT R_EFFEREO TO IN Z•l DATA CARDS 

TOTAL-CROSS-SECTION EXPERIMENTS --
BUGG 68 PR 168 1466 +GILMORE,KNIGHT, + IRHELtBIRM,CAVE'I 
BOWEN 70 PR 02 2599 +CALDWEll• OIKfoiiENt JENKINS, KALBACHo+IARIZI 
BOWEN 73 PR 07 22 +JENKINS 1 KALBACH,PETERSEN + URIZ+MICHJ 
CARROLL 73 PL 458 531 ... KYCJAolloMICHAELoMOCKETT,RAHM+ CBNLI 

A K-MATRIX ANAL't'SIS OF SOME OF THE EARLY K+P OATA·---
HITE 67 THESIS G E HITE ( JlliNOI SJ 

THEORETICAL ANO MODEL DEPENDENT ANALYSES 
CARRERAS 70 NP 819 349 8 CARRERAS, A OONNACHIE I OARESBURY, MCHSI 
ALCOCK 73 NP 856 301 ALCOCK,COTTINGHAM I BRISJIJP 

CBRISHJP 
IBRISHJP 

ALCOCK 76 NP 8102 173 ALCOCK,COTTINGHAM,QAVIS 
ALCOCK 78 J.PHYS .. G 4 323 ALCOCK,COTTINGHAMrOAVJS 
ROIESNEL 79 PRO 20 1646 C. ROIESNEL . (MJTJ 

EXPERIMENTS MAINLY i\BOUT INELASTIC CHANNELS--
BLAND 68 UCRL-18131 THESIS R W BLAND ILRLI 
BLAND 69 NP B13 5~5 +BOWLER, BROWN, KADYKt GOLDHABER, + (LRU 
BLAND 70 NP Bl8 537 +BOWLER, BROWN, GOLOHABER, (LRU 

BLAND 69 AND BLA~O 70 REPLACE BLAND 67 AND BLAND 68. 
HIRATA-1 71 NP B33 445 +GOLDHABER,HALL,SEEGER,TRILLING,WOHL (LBLl 
BRUNET 72 NP B37 .114 BRUNEToNARJOUX,DANYSZ+ICDEF+SACL+LOIC+LOWCt 
GRIFFITH 72 NP 63B 365 +HIRATA,HUGHES 1 JACOBS+(BGNA,GLAS,ROMA,TRSHIJP 
LOKEN 72 PR 06 2346 +BARISH,GOMEZ,OAVIES.SCHLEIN,+ (CIT,UClAt 
BERTHON 73 NP B63 54 BERTHQN,MONTANET,PAUL,SAETRE+ CCERN+SACU 
,LEWIS 73 "!P 860 283 LEWIS,AlLEN,JACOBS,DANYSZ+. ILCI4C+LOIC't-CDEFl 
LESQUOY 75 NP 899 346 +MULLER,TRJANTJS,BERTHON+ ISACL+CERN1IJP 
MUSGRAVE 75 NP B87 365 +PEETERSISCREINER,WHITMORE,YUTA CANLJ 
GIACOM-2 76 NP Bl11 365 GIACOMELLI+~ANDRIOlt+ (BGNA+<:LAS+RDM~+TRSTJ 
ARMITAGE 71 NP 8123 11 +ASTQN,OUERDOTH,ELLISONoFITTON+ IMCHS+DAREI 
GLASSER 77 PRO 15 1200 +SNOW,TREVVETT,BURNSTEIN,FU,PETRI+IUMD+IITt 
SAKITT 77 PRO 15 1846 +SKELLY,THOMPSON IBNL'I 

THE MAIN ELASTIC SCATTERING AND POLARIZATION ·EXPERIMENTS--
CARROLL 68 PRL 21 1282 
ANDERS-I 69 PL 28B 611 
ANDERS-2 69 PL 308 56 
ASBURY 69 PRL 23 194 
BLAND 69 PL 29B 61B 
BARBER 70 PL 32B 214 
GIACOMEL 70 NP B20 301 
HALL 70 DUKE 435 
REBKA· 1'0 PRL 24 160 
ADAMS 71 PR D4 2637 
BARNETT 71 PL 34B 655 
EI-P.LICH 71 PRL 26 925 
WHITMORE 11 PR 03 1092 
ADAMS 72 NAL PAPER 326 
CHARLES "12 PL 40B 2B9 

ALSO 72 NAL ·PAPER 287 
OANYSZ 72 NP B42 29 
ADAMS 73 NP ·B66 36 
BARBER 73 NP B61 125 
BARNETT 73 PRO 8 2151 

+FISCHER, LUNOBY, PHILLIPS, + (BNLoRDCHl 
ANDERSSON, OAUM, ERN·E, LAGNAUX, + 1·CEII.Nl 
ANDERSSON, DAUM, ERNE, LAGNAUXo + CC.EII.NI 
+DOWELL, KATO, LUNDQUIST, NOVEY, +lANl,UMDt 
R W BLANDo G GOLOHABER, G H TRILLING IL'II.LI 
+BII.OOME, DUFF, HEYMANN, IMRJE,+ CLDUCoRHELIIJP 
G UCOMELL I, GR I FFI TH·s, ( BGNA, GLAS,ROMA, TRST 11 JP 
+BLANQ,GOLDHABER,TRILLING ((RLI 
+ROTHBERG, ElKINS, GLOOIS," + IYi\lEIIJP 
+QA VIES ,DOWELL 1 GRAYER, HATTERS+ 1 8 I RM+R:HEL I 
+LAAS ANEN, STEINBERG + CUMO+ANL +NWES+FNALI 
+ETK I N,GLODI S, HUGHES, KONDO, LUt MORt+ (YALE I 
+ABRAMS, E I SENS TE IN ,KIM ,QHA LLORAN, + (I LL1 
+CDX,QAVIES,OOWELbGRAYER + IBtRM+RHELI 
+COWAN, EDWARDS, G 18 SON,+ ( BRI StRHElt SHMP I 
CHARLES, COWAN, EDWARDS + ( BRI S+RHEL+SHMPJ 
+PENNEY, STEWART 1 THOMPSON,+ ( LOtC,CDEF, LOWC t 
ADAMS, COX, OAVI E StOOWELL ,+ ( 6 I RM+RHELI I JP 
SARBER, BROOME, BUSZ A, DAY IES, DUFF+( LOUt+RHEL t 
BARNETT, lAASANEN+ (UMO+ANL +NWES+F NAL) 

CHARLES 73 PURDUE CONF. 179 CHARLES, EDWARDS,+ ( SHMP+AARH+RHEl+BR t Sl 
BURNSTE I 14 PRO 10 2767 
CAMERON 74 NP B78 93 
YUTA 74 NP B81 189 
ABE 75 PRO 11 1719 
ADAMS 75 NP B87 41 
PATTON 75 PRL 34 915 
WATTS 80 PL 95B 323 
LOVETT 81 PRO 23 1924 

PARTIAL-WAVE ANALYSES 
CARRERA1 70 NP 623 525 

ALSO 70 DUKE 447 · 
ERNE 70 DUKE 375 
LEA 71 NP 626 413 
LOVELACE 71 NP 828.141 
CUTKOSKY 12 NAL PAPER .210 
·EHRLICH 12 NAL PAPER 447 
MARTIN 72 PREPRINl 
MARTIN 75 NP· B94 413 
CUTKOSKY 76 NP B 102 139 
GIACOM-1 76 NP B1iO E1 
MART IN eo· TORONTO CONF. 

BURNSTEIN ,LEFEBVRE, PETERSEN, RUB tN+t.I I T~UMOI 
CAMERON, HIRATA, JENNINGS,+ I GLAS ,SGNA • TRS T Jt JP 
YUTA, BOCK • MUSGRAVE 1 PEElERS, SCHREINER,+ ( ANLJ I 
+BARNETT t GOLDMAN ,L AASANEN+ CUMD, ANLl 
+CARTER, COOK, GLASS, GREEN ( WASHt 
+BARLETTA, EHRLICH, ETKtN+ (YALE, TOKY, BNU 
+BUGG, CARTER, COUPLAND+ I LOQM+RHE L 1 
+HUGHES. MISHINA .ZEllER+ ( YAL E+BNL+KYDTOJ 

(SEE ALSO ADAMS 73, CAMERON 74, AND ARNOT 78) 
B CARRERAS, A OONNACHIE (QAREUJP 
+DONNACHIE, K I RSOPP (OAR E+MC HS+EO IN) 
+SEN$~WAGNER CCERNJIJP 
+MARTIN, THOMPSON CRHEL, LOUCllJP 
+WAGNER CCERNJIJP 
+HICKS 1 KEllY, SHI H1 JOHNSON CCARN+l Ll+ANL 1 
+ETKIN,GLDOI S,HUGHES,LU ,PATTON + ( YAL·E 1 
B.R.MARTJN, C.E.MlLLER . (LOUO 
B R Mi\RTIN ILDUCI 
CUlKOSKYtHICKS,KELl Yo+ tCARN+I I T+ANU lJP 
G I ACDMELL I +MANOR tOll ( BGNA+GLAS It JP 

355 B.R.MARTIN,G.C.OADES (LOUC+AARHJ 

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLARIZATION DATA--
LEA 68 PR 165 1770 LEA, MARTIN, CADES IRHH,BNL,CERNJ 
MARTIN 68 PRL 21 1286 8 R MARTIN (BNLJ 
CUTKOSKY 70 PR 01 2547 R E CUTKOSKY, 8 8 OED ICARNEGIE-MELLONI I 

LATEST REVIEW TALKS AND PAPERS . 
LEVISETT 69 LUND CONF 341 R LEVI SETTI (RAPPOR.TEURI (CHICAGOJ 
GOLDHABE 70 DUKE 407 G.GOLDHABER (REVIEWER) ILRLJ 
DOWEll 72 NAL REVIEW REVIEW TALK IN BARYON SESSION {BIRMJ 
LOVELACE 72 NAL REVIEW RAPPORTEUR'S TALK (RUTG) 
DOWELl 13 PURDUE CONF. 157 DOWELL IBIRMI 
CUTKOSKY 74 LONDON CONF I 1-54 CUT·KOSKY CCA.RNI 
KELLY 75 ANL-HEP-CP-75-58 REVIEW TALK IN BARYON SESSION ILBU 
URBAN 75 PL 608 71 URBAN llBLI 
MARTIN 76 QXFORC CGNF. 409 RAPPORTEUR'S TALK , ·.' (LOUCI 
KELLY 78 HUPD-7813 44 MTG .. ON EXOTIC RESONANCES, HI~OSHIMA CLBLI 
OAOES B1 ROME CONF. 53 LOW + INTERMEDIATE ENERGY KN PHYSICS (i\ARHJ 

***O** ••oo•o••• "'******** ********* ******O** ********* ••••o•o• 
.................................................. ***•••••• ......................... .. 

Z1(2150) 
BUMPS 

) 

2150. 

"li3 Z*ll2150, JP"' I 1=1 

A SMALL BUMP tN TOTAL CROSS SECTION AT 
PK=1.8 GEV/C 

93 z-col( 21501 MASS (MEV I 

20. ABRAMS 70 CNTR ++ K+P TOTAL 10/11 
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~3 Z*ll21501 WIDTH (MEVI 

(175. I ABRAMS 7_0 CNTR + K+P TOTAL 

93 Z*ll21501 PARTIAL DECAY MODES 

Pl Z*.ll2150) INTO K N 
DECAY MASSES 

493+ 938 

~3 Z*ll2150l BRANCHING RATIOS 

R1 Z*U2150l INTO {K Nl/TOTi\L (P11 
Rl J IS NOT KNmtNt THE FOLLOWING IS CJ+l/21*P1 
1H (0.041. ABRAMS 70 CNTR + K+P TOTAL 

oo•*** ••••••••• ••••••••• ••••••••• ********* ••••••••• ••••••••• ******** 

REFERENCES fOR Z*ll2150l 

ABRAMS 70 PR" Dl 1917 
ALSO 67 PRL .19 251 

+CODL,"GIACOMELLI,KYCIA,LEONTIC,LI + IBNLI 
ABRAMS, ~DOL ,GJ ACOME LLI , KYC lA, LE.DNTIC+ { BNLJ 

............................... "' ....................................... *•••••••• .......... .. ....................... ········~ ........... ·······*· ........... ********* •••••••• 

Z1(2500) 
BUMPS 

) 

94 Z*li250Q, JP= I 1=1 

A SMALL BUMP IN TO,TA·t cROSS SECTION AT 
PK=2. 7 GEV/C 

c;4 Z*U2500t MASS fMEVI 

2500. 20. ABRAMS 70 CNlR ++ K+P TOTAL 

~4 Z*li2500I WIDTH IPIIIEVI 

{160. J ABRAMS 70 CNTR ++ K+P TOTAL 

c;4 ZC1U2500l PARTIAL DECAY MODES 

Pl Z*ll25001 INTO K N 
DECAY ~ASSES 

493+ 938 

c;4 Z*liZ5001 BRANCHING RATIOS 

R1 Z*ll2500t INTC (K Nt/TOTAL .· IPll 
Rl J IS NOT KNO"-N, THE FOLLOWING IS (J+l/21*P1 
R1 (0.031 ABRAMS 70 CNTR ++ K+P TOTAL 

****** ********* ********* ********* ********* ********* ICtO******* ******** 

ABRAMS 70 PR ·01 1~17 
ALSO 67 PRL 19 251 

REFERENCES FOR Z*ll25001 

+COOt.GIACOMELLI,KYCIA.LEONTIC,Ll + (BNU 
ABRAMS, COOL ,Gt ACOMELLI ,KYC I A, LEONTIC+ C BNU 

*"*** ••••••••• ••••.~•o•• ••••••••• ••••••••• "'******** ********* ******** .................................................................................... 
Z1 CROSS SECTION LIMITS 

SEE MINIREVIEW PRECEDING Z*O 

CS UNITS HICROBARNS 
CS LESS THAN 50. 
CS A LESS THAN 0.2 +0.3 
CS A ABOVE LIMIT FOR 
CS BLESS THAN 1.4 +1.9 
CS B A80VE LIMIT FOR 

-0.1 
M=1.2 TO 

-0.5 
M=1.5 TO 

BASSDMPIE 68 HBC K+P TO Z*+ PI+ 
ANDERSON 69 ASPK + PI-P TO K-ZO+ 

1.4 GEV- CL= 99 P.C. 
ANDERSON 69 ASPK + PI-P TO K-Z*+ 

2.5 GEV . ................................................................................ .. 
REFERENCES FOR Z*1 CROSS SECltoN liMITS 

BASSOMPI 68 Pl .21e 468 
ANOERSC'N 69 Pl 298 136 

BASSO~PIERRE, + (CERN, BRUXELLE St 
+BlESER, BLIEDEN, COLLINS, + (BNL,CARNEGIEI 

TYSON 
MORt 
MORI 

PAPERS NOT REFERRED TO IN DATA tAROS 

67 PRL 19 255 +GREENBERG 1 HUGHESrlUwMI~EHART,MORI 1 
68 PL 288 152 +GREENBERG,HUGHESoLU.ROTHBERG. + 
69 PR 185 1687 +GPEENBERG, HUGHES, LU, MINEHART. + 

MDRI 69 REPLACES TYSON 67 AND !"'ORI 68. 

(YALE) 
(YALE I 
I.YALEI 

.. ...................................... ********* ..................... *****"*** 

........................... ****"***** **"****"*** .................... ****>~<*** 

10/71 

10171 

10/71 

10/71 

10/71 

10/69 
10/69 

10/69 



235 

Data Card Listings 
For notation, see key at front of Listings. 

Note on A's and L's 

* The number of established Y resonances is 

still slowly increasing. In 1978 two A's and one L 

were promoted to the Baryon Table, in 1980 none 

were promoted, and in this edition two A's have 

b_een promoted. There remain, however, a large 

number of proposed but unconfirmed resonances in 

the Data Card Listings. Table I is an attempt to 

evaluate the status, both overall and channel by 

* channel, of each Y in the Listings; the evalua-

tions are of course partly subjective. A blank 

indicates there is no evidence at all: either the 

relevant couplings are small or the resonance does 

not really exist. The Baryon Table includes only 

the well-established resonances (overall status 3 

or 4 stars). Any particular one of the question­

able resonances may disappear with the next 

analysis, but there are probably many new reso­

nances underlying those already established. 
*~ None of the Y s proposed in the last few 

years couple strongly to the main 2-body decay 

channels NK, A~, and L~, and thus they seldom 

appear in cross sections or.invariant mass distri­

butions. Rather, when the reactions KN + KN, 

KN + A~, and KN + L~ are partial-wave analyzed, 

some of the amplitudes are found to traverse small, 

more-or-less resonance-like counterclockwise cir­

cles. The question in each case is: Is this 

really a resonance, or is it an idle meander? Is 

the effect even real, or is it the result of imper­

fect data and analysis procedures? 

I. Formation Experiments 

(by G.P. Gopal, Rutherford 
and Appleton Laboratories) 

Partial-wave analyses have been made mainly 

for the NK, A~, and L~ channels, but there are also 

a few results for the =K, Aw, and some quasi-2-body 

channels. The earliest analyses covered, in the 

main, rather narrow mass ranges, usually the range 

of a single bubble chamber experiment. Although 

the amplitudes obtained often did not join smoothly 

with those from other analyses of the same channel 

performed in neighboring mass ranges, they gave 

useful and fairly reliable information about the 

strongly coupled resonances dominating the middle 

of the ranges covered. The more recent analyses 

l!IBLE I. STATUS OF Y* RESONANCES 

Baryons 
A's and l:'s 

THOSE WrTH AN OVERAll STATUS OF ***OR**** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN --

OVi:RAll TOTAL;e 
PARTICLE LIJ STATUS CR. SEC. KBAR N LAM PI StG PI OTHER CHANNELS 

LAMI11151 POl 
LAM 11405) SOl 
LAMI15201 003 
LAM I 16001 POl 
LAM I 16701 SOl 
LAM(l690) 003 
LAM I 18001 SOl 
LAMILBOOI POl 
LAMI18001 G09 
LAMI18001 PE 
LAM(l820) FOS 
LAM(l8301 005 
LAMI18901 P03 
LAMI2000) 
LAMI20201 F07 
LAMI2100) G07 
LAMI21l01 FCS 
LAMI23251 OC3 
LAM 123501 
LAM I 25851 

SIG(ll931 Pll 
SIGIL3851 Pl3 
SJGI14801 PE 
S IG( 15601 PE 
SIG( 15801 013 
SIGI16201 Sll 
SIGI16601 Pll 
SIGI16701 013 
SIGI16701 PE 
SJG(l6901 PE 
SIGC 17501 Sll 
SIGC 17701 Pll 
SIGIH751 015 
SIGI 18401 P13 
SIG( 18801 Pll 
SIGC19151 Fl5 
SIGC 19401 013 
SJGC20001 Sll 
SIG(20301 Fl7 
SIGI20701 F15 
SIGI20801 P13 
SIGC2100I Gl1 
S IG(22501 
SIG( 24551 
SIGC 26201 
SIGI30001 
SIGC3170l PE 

... 
DEAG . 

.. ... 
DEAD 

... 
GOOD, CLEAR, Af\0 UNMISTAKABLE. 

WEAK TO Ill PI 
F 

•••* 0 **** LA"!2PI oLA"' GMt 
*** R ** 

B **** 
1 **** 

0 •• 
••• 0 ** 

LAr-1 ETA 
LAM2Pl, SIG2PI 
N K*t SIG* PI 
NKO 

.. . 

E 
N LAM PI PI 

F **** SIG( 13851 PI 
0 **** S IGI13B~ I PI 

N K*, SIG* PI 
LAM OM(,, N Kll< 

R 
B 

[ 

0 

.. .. 

0 
E 

LAM OMG, N Kll< 
LAM OMG, N Kll< 
LAM OMEGA 

WEAK Tn N PI 

**** SEVERAL OTHERS 
11<11< SEVERAL OTHERS 
* LAM 2-PI 

SIG ETA 

SEVERAL OTHERS 

N K* 
StG( 13851 PI 
QUASI-2-BOOY 
N K*• LAMII< PI 
SEVERAL OTHERS 

MULTI-BODY 

GOOD, BlfT IN NEED OF ClARIFICATION OR NOT ABSOLUTELY CERTAIN. 
NEEDS CONFIRMATION. 

* WEAK. 

#. ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

covering much wider mass ranges have found that 

using these established dominant states as input 

provides extremely useful constraints in determin­

ing the overall partial-wave amplitudes and thus in 

getting information about the less strongly coupled 

resonances. Besides covering wider mass ranges, 

some of the more ambitious analyses have treated 

several channels simultaneously so that unitarity 

constraints are automatically satisfied and only a 

single mass and width is obtained for each reso-
1-3 nance. The early mul·ti-channel analyses 

included the channels NK, A~, and L~, and covered 

the only mass range (1500 to 1900 MeV) with data of 

relatively good statistical accuracy, nearly all of 

it from a single bubble chamber experiment. 4 

The amount of bubble chamber data has since 

been considerably increased below, 5 across, 6 and 

above7 the range covered by that experiment, and 

there are now data with lower statistics up to 2500 

Mev. 8 More recently, counter experiments have made 



Baryons 
A's and l:'s 

- -::() major .contributions by measuring the K p + K n 

total and differential cross sections at lo-w: .ener­

gies,9 the K-p polarizations down to 1630 MeV for 

the first time, 10 the K-p polarizations over the 

range 1700 to 1900 MeV with an order of magnitude 

increase in statistics, 11 the pure I=1 K-n elastic 

angular distributions from 1600 to 1800 Mev
12 

and 
. 13 0 - 0 

from 1900 to 2300 MeV, and the 180 K p and 0 

E-TI+ differential cross sections from 1550 to 1900 

Mev. 14 There are also ~ew data.~ith good statis-
0 + tics on pure I=1.KLP interactions in the An and, 

more importantly, the E0n+ channels. 15- 17 Finally, 

there are new K-n + (En) data over the range 1750 

to 2200 Mev.18 All these new data provide sensi­

tive tests of the overall correctness of existing 

competing partial-wave amplitudes. Some of the new 

data have yet to be incorporated into new analyses. 

In the following, we discuss the more recent 

partial-wave analyses, comparing them with each 

other and with the new data. 

The NK channel: The most recent analysis of 

this channel is an update 19 of the old Rutherford 

Lab-Imperial College (RLIC 77) analysis. 20 
As was 

its predece~sor, _it is a conventional energy­

dependent analysis with the added constraint that 

the masses and widths of the resonances must be 

consistent with those determined in the inelastic 

channels analyzed previously -- An, En, A(1520)n, 

E(1385}TI, and NK*(892). With good angular distri-
5 butions now available at lower energies, the 

analysis goes closer to threshold: the range 

covered is 1470 to 2170 MeV. With the exception of 

the very high-statistics charge-exchange differen­

tial cross-section measurements9 (which are in 

serious disagreement with both the earlier and the 

latest6 high-statistics bubble chamber measure­

ments) and the backward elastic data, 14 all the.new 

NK data mentioned above have been included. As 

before, angular distributions (a total of 5110 data 

points) have been fitted directly. The new 

partial-wave amplitudes are not significantly dif­

ferent from the old RLIC 77 amplitudes for this 

channel. However, the inclusion of the I=1 K-n 

data has removed some of the uncertainties in the 

* I=1 Y spectrum. 

The LBL-Mt. Holyoke-CERN analysis21 covers the 
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narrower range of 1500 to 1940 MeV and also 

includes most of the new data. It is an energy­

dependent analysis using a unitary background 

parametrization in terms of scattering lengths. 

The cusp effects at the An and En thresholds are 

included by introducing a square-root singularity 

in the energy variation of the widths of the 

corresponding resonances. The inclusion of their 

own high-statistics charge-exchange data9 -- admit­

tedly not in good agreement with bubble chamber 

measurements -- all but kills the less well­

established resonances. 

The University College, London (UCL) K-matrix 
22 energy-dependent analysis covers the range 1540 

to 2000 MeV. The NK amplitudes are consistent with 

those of the other analyses over the greater part 

of this range. However, at the low-energy end 

there are considerable differences, indicating the 

lack of strong constraints from the dominant D03 

A(1520) state-- just below the range coveted. ·The 

new K-n angular distributions and K-p polarization 

measurements are not very well described by the 

amplitudes from this analysis. 

These analyses, all below 2200 MeV, are com­

plemented by the College de France-Saclay (CdF-S) 
8 energy-dependent analysis covering the range 2070 

to 2440 MeV. Besides the conventional polynomial , 

parametrization of the background amplitudes, they 

also tried a more economical parametrization with 

constraints imposed from the duality hypothesis 

(that a-channel backgrounds come exclusively from 

the t-channel Pomeron exchange amplitude). With 30 

fewer free parameters, the results are consistent 

with the more conventional approach. 

The En channel: There are no. new analyses of 

this channel. There is very little agreement, par­

ticularly in the lower .partial waves, between the 
20 22 

amplitudes of the two multi-channel analyses. ' 
0. 0 + . 15 16 

The low energy KiP + E TI data ' are better 

explained by the RLIC 77 amplitudes than by the UCL 

amplitudes. At the·higher mass end there is good 

continuity between the RLIC 77 amplitudes and. those 

of the single-channel analysis of the CdF~S colla-
8 boration covering the range 2070 to 2440 MeV. The 

two strongly coupled resonances, D03 A(l.520) and 

G07 A(2110), lying below and above the mass range 

covered by the UCL analysis, clearly provide strong 
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constraints on the amplitudes. 

The A~ channel: This pure I=1 channel, where 

simultaneous measure~ents of the polarization and 

differential cross section are possible, has been 

the subject of many ~ide-range energy-dependent and 

energy-independent analyses (for example, RLIC 

77, 20 UCL, 22 Baillon-Litchfield, 23 de Bellefon­

Berthon,24 and Van Horn25). However, even the 

widespread use of the method of Barrelet zeroes has 

* not helped to resolve the I=1 Y spectrum -- prob-

ably because most of the I=1 states do not couple 

strongly to the initial NK channel. 

Quasi-2-body channels: The RLIC group has 

made energy-dependent analyses of the A(1520)~, 
-* 

E(1385)~, and NK (892) channels over the widest 

ranges for which data are available. The data are 

extracted from the appropriate 3-particle final 

states by making 4-variable fits to an incoherent 

superposition of quasi-2-body final·· states and 3-· 

particle Lorentz-invariant phase space. The qual­

ity of the .fits suggests a maximum model-dependent 

systematic uncertainty of 10%. The errors quoted 

* on the Y couplings do not include this uncer­

tainty. The Aw channel has been analyzed from 
8 threshold to 2440 MeV·by the CdF-S .collaboration. 

Figures: Argand plots of fifteen S=-1 partial 

waves are shown in Fig. 1(a) through (k); The ana­

lyses shown were picked for illustrative purposes 

rather than on the· basis of our judgment of their 

quality. For the KN channel, we show the ampli­

tudes from RLIC 7720 and from LBL-Mt. Holyoke­

CERN,21 and for the A~ and E~ channels those from 

RLIC 77 20 and from UCL. 22 

Errors on masses and widths: Ofte·n the errors 

quoted on resonance parameters from partial-wave 

analyses are only statis-tical',· and the parameters 

can change by more th~n these errors when a dif­

ferent parametrization of tlie waves is used. 

Furthermore, the ·d-ifferent analyses use more or 

less the same set of data, so it is not really · 

appropriate to treat the different determinations 

of the resonance parameters as independent measure­

ments or to average them tog.ether. In any case, the 

spread of the masses, widths, and branching frac­

tions from the different 'analyses is certainly a 

better indication of the uncertainties than are the 

quoted errors. In the Baryon Table, usually a 

range reflecting the spread of values obtained is 

given rather than a particular value with error. 

For three states, the A(1520), the A(1820), 

and the E(1775), there is enough information avail­

able to make an overall fit of the various branch­

ing fractions (see Sec. VII B of the main text). 

It is then necessary to use the quoted errors, but 

the errors· obtained from the fit are not to be 

taken seriously. 

II· Production Experiments 

Partial-wave analyses of course separate par­

tial waves, whereas a peak in a cross section or an 

invariant mass distribution usually cannot be 

disentangled from background and analyzed for its 

quantum numbers; and more than one resonance may be 

contributing to the peak. Results from partial­

wave analyses and from production experiments are 

generally kept separate in the Listings, and in the 

Baryon Table results from production experiments 

are used only for the low mass states. The E(1385) 

and A(1405) of course lie below the KN threshold 

and everything about them comes from production 

experiments; and production and formation experi­

ments agree quite well in the case of A(l520) and 

results have been combined. There is some 

disagreement between production and formation 

experiments in the 1600-to-1700 MeV region: see 

the E(1620) and E(1670) notes for details. 

The most interesting recent result from a pro­

duction expe_riment is the observation of a narrow 

hyperon of mass 3170 MeV decaying to multi-strange 

final states containing five or six particles 

(NDii + pions, 5K + pions). The effect is seen in 

two high-statistics bubble chamber experiments 

studying K-p interactions at 6.5 and 8.25 GeV/c. 26 

The statistical significance of the peak is about 

6.5 standard deviations, and the observed width is 

consistent with the experimental resolution. The 

modes with three strange particles possibly suggest 

an exotic. (~.g., qqqqq) state. 

References 

(see also the Listings) 

1. J.K. Kim, Phys. Rev. Lett. 11. 356 (1971). 
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-.eo -.ze 

11100 

-.oo -.ea ... 
11500 

RN~"I: POl AMPLITUDE 

2100 

J:ftr:RGT (KtV} II'II:RGT (I .. V) 

Fig. l!a). The L•I•2J = s(H and POl partial-,wave amplitudes. for KN scattering in the elastic and l:1T chan­
nels. The lower plot for each amplitude is from RLIC 77, the.upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the l:1T amplitudes are. from MARTIN .77 • ·In the ·Arg.ind .plots; the 
ticks are at integral multiples .of 50 MeV,. and the established resonances are shown at their nominal posi- · 
tiona [the SOl .A(l405) 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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Fig. l(b). The L•I•2J = P03 and D03 partial~wave amplitudes for KN scattering in the elastic and En chan~ 
nels. The lower plot for each amplitude is from RLIC 71; the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the En amplitudes are from MARTIN 77 •· In the Argand -plots; the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown ·at their nominal posi~ 
tiona. The real and imaginary parts of the amplitudes as functions of energy are shown projected in align~ 
ment with the Argand plots. 
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.3 IM.(D05) 

1600 

2100 

-.30 -.16 ... 1700 2100 -.311 ''-.115 ·" ""· E!IERCT (MeV)· 

1600 HiOO 

KN~KN 005 AMPLITUDE KN~wE 005 AMPLITUDE 

Z100 2100 

nzac;y (MeV) J:RERCT (MeV) ElfiRGT (lll.eV) 

.a Dl(roe) 

.. 

-.10' -.115 ·" 
1600 

2100 

l:ft'ERCT (lie'¥) ENERGY (llleV}, llliERCT (M•V) IIIIERGT (II•V) 

Fig. l(c). The L·I·2J =DOS· and F05 partial-wave ainplitude·s .for KN ·scattering 'in the ·elastic and L'TT chan­
nels. The lower plot for each amplitude is .froni RLIC 77, ··the upper plots for the elasU:c amplitudes 'are 
from ALSTON 78i arid the upper plots for th'e .t'Tf ·amplitudes are from MARTIN 77. Iri the Argand plots; the 
ticks are at integral multiples of SO MeV, and •the oes'tablished resori'ances are show ·at their nominal posi­
tions.· The real and imaginary parts of the amplitudes ·as functions 'of energy .. are shown p'rojected in align­
ment with the Argand plots. 
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Fig. l(d). The L•I•2J = F07 and G07 partial-wave amplitudes for KN scattering in the elastic and Err chan­
nels. The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the Err amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonance is shown at its nominal position. 
The real and imaginary parts ·of the amplitudes·as functions of energy are shown projected in alignment. with 
the Argand plots. 
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-.eo -.11 .• ..• 
1&00 

uoo UOD 

iiiiRCY (llhV) 

·-.ISO ... 

KN~"l: 511 AMPUTUDE 

Fig. l(e)._ The L•I•2J = Sll partial-wave ampli­
tudes for KN scattering in the elastic, An, and En 
channels. The lower plot for each·· amplitude is 
from RLIC 77, the upper plot for the elastic ampli­
tude is from ALSTON 78, and the upper plots for the 
An and En 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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Fig. l(f) • The L•I•2J = Pll partial-wave ampli­
tudes for KN scattering in the elastic, An, and Ln 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli­
tude is from ALSTON 78, and the upper plots for the 
An and Ln 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. 



Baryops 
A's and l:'s 

. -.10 -.115 

naacn (X•VJ 

f. 

I 
I 
I 
1. 
I 
I 
I 

-.ao -.ta' .u~ 

1600 

1700 

1900 

2100 

ZJIERGT . (MeV) 

8100 

1700 1800 2100 
EBJ:aCY (II•V) 

1700 1100 2100 

8100 

KN~nA P13 AMPLITUDE 

,~ 
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~Data Card Listings 
For notation, see key at front ofListings. 

1700 1100 2100 ... 

-.tO -.111 .115 -.11 ... 
R P13 

14500 1800 

1100 1700 
KN~nE P13 AMPUTUDE 

1100 liOO 

. 2100 8100 

IRJ:aCT (lhV) 

Fig. l(g) ._The L·I•2J = Pl3 partial-wave ampli­
tudes for KN scattering in the elastic, An, and En 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli­
tude is from ALSTON 78, and .the upper plots for the 
An and En channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of SO MeV [the E(l385) is of course below threshold 
and is not shown]. The real and imaginary parts of 
the amplitudes as functions of energy are shown 
projected in alignment with the Argand plots. 
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Data Card Li~tings 
For.notation, see key at front:ofListings. 

-.ao -.us ... 
11100 

1100 

IIIZRGY (llle, 

E(1670) 
. I-

-.30 -.16 

2100 

.I 
I 
I 
I 
I 
I 
I 
I 

·" 
1600 

ENERGY (MeV) 

KN~KN D13 AMPLITUDE 

l!t'IERCl' (MeV) 

-.15 

,·· 

-.30 
.115 .30 

R 013 
1500 

KN~rrA D13 AMPLITUDE 

IHRGY (llf.eV} 

E(1670)""" 

-.30 -.115 ._115 -.16 .16 

1500 1600 

1900 

2100 

EMERGT (lie'¥) ENERGY (~eV) 

-.us 

-.30 
30 

.1600 

Baryons 
A's and t's 

E!fiRGY (MeV"J 

KN"rrE D13 AMPLITUDE 

Fig. l(h) ._The L•I·2J = Dl3 partial-wave ampli­
tudes for KN scattering in the elastic, ATI, and LTI 
channels~ .The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli­
tude is from ALSTON 78, and the upper plots for the 
ATI and LTI channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of SO MeV, and the established resonances are shown 
at their nominal p.ositions. The real and imaginary 

:.parts of the amplitudes as functions of energy are 
shown, projected in alignment with the Argand plots. 



Baryons 
A's and l:'s 

-.aa -.11 

11100 

I 
I 
I 
I 
I 
I 
I 

I 

I(l775) 

I 

... 

8100 

-.30 -.16 .ttl 

1600 

llfi:RGT (MeV) 

1100 

1700 1800 2100 
ZRERCT (MeV) 

KN~KN D15 AMPLITUDE 

2100 

ElfERCT (III.IV) 

IJIIRGT (lhV) 
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Data Card Listings 
For notation, see key at front D[Listings. 

I(l775) 

/ 

.S UI(Dl&) 

.. 
----"+-"---- - - - - - - - - of-:-:11:1::0::-"0 -+-,"'TiC-00---i...._:l:j:OO:::O=\--Uf-OO---i 

-.115 

I(l775) 

I ·• 
11500 

~-115 

-.30 
-.1& . 0 .16 -.HI ·.us .so 

R lH6 
1600 1600 

KN-.ni: D15 AMPLITUDE 

2100 

!NERCT (lleV) !W!R(;T (lleV) 

Fig. l(:i.) ._The L•I•2J = DlS partial-wave ampli­
tudes for KN scattering in the elastic, ATI, and LTI 
channels. The lower plot for each.amplittide is 
from RLIC 77, the upper plot for the elastic ampli­
·tude is from ALSTON 78, and the upper plots for the 
ATI and LTI 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 Argartd plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

-.a -.1 

1100 

-.I 

2100 

I(1916) 

I 

.. 
1100 

\ 
I(1916) 

.i 

1100 

1700 

1000 

It Fill 

\ 
I(1916) 

.. 
1100 

1100 

1'700 HIOO UOO 
lftiRCT (III•V) 

KN~KN F15 AMPLITUDE 

.. 

-.2 .. 

IM(Flll) 

1700 

11100 

ElfJ:RGT (M•V) 

KN~rrA F15 AMPLITUDE 

.. 

'-..... 
I(1916) 

-.1 

-.2 

UI(FU) 

Baryons 
A's and l:'s 

-··~·----~··---+--~··~tiT.~~~--~~~~·· 
11100 

1700 
KN~rrr F15 AMPLITUDE 

1100 

1!1100 1100 

EDROY (lihV) 

Fig. l(j). The L•I•2J a FlS partial-wave ampli­
tudes for KN .scattering in the elastic, An, and En 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli­
tude is from ALSTON 78, and the upper plots for the 
An and Ert 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. 



Baryons 
A's and r·s 

-.a -.1 

UiOO 

8100 

I:DIIGT (lh'V) 

-.2 

11500 

1700 

1900 

2100 

R rt7 
11100 

r(ioao) 

I 

R F17 
1500 

ENERGY (MeV)' 

8100 

1700 1800 .2100 
EIIERCY (MeV) 

KN'-KN F17 AMPLITUDE 

-.1 

-.a 
.2 

111(117) 

·1700 

11100 !lfi:BCT (MeV) 1900 

2100 

2100 

KN~rrA F17 AMPLITUDE 
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Data Card Listings 
For notation, see key at front ofListings. 

1600 _1700 

ER!RCT (MeV) 

-.2 

- ...... _ _.:..._-+_...:..;.·'.:...· -n.io+..,,"--.:.L...-+--''"-'· -~·· 
1600 

1700 
KN;+rrl: F17 AMPLITUDE 

uoo 

tlOO 

IKERCY (MeV) 

Fig. l(k)._ The L•I•2J = Fl7 partial-wave ampli­
tudes for KN scattering in the: elastic, A71, and l:7T 
chan~els. The .. lower plot for each amplitude is 
from RLIC 77, ·the· upper plot ·for the elastic ampli­
tude is from ALSTON 78, and the upper plots for the 
fm and L7T channels .are from MARTlN 77. In the 
Argand plots, the ticks are at integral multiples 
of SO 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 alignme.nt. with the Argand plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

3. 

4. 

5. 

6. 

7. 

8. 

w. Langbein and F. Wagner, Nucl. Phys. B47, 
477 (1972). 

A.T. Lea et al., Nucl. Phys. B56, 77 (1973). 

R. Armenteros et al., Nucl. Phys. B8, 195 
(1968) and B21, 15 (1970). 

r.s. Mast et al., Phys. Rev. D14, 13 (1976). 

B. Conforto et al., Nucl. Phys. B105, 189 
(1976) and w. Cameron et al., Nucl. Phys. 
B193, 21 (1981). 

R.J~ Hemingway et al., Nucl. Phys. B91, 12 
(1975). 

A. de Bellefon et al., Nuovo Cimento 42A, 403 
(1977); Nuovo Cimento 37A, 175 (1977);-iucl. 
Phys. B90, 1 (1975); and Nuovo Cimento ~. 96 
(1977). 

9. M. Alston-Garnjost et al., Phys. Rev. D17, 
2216 (1978) and~. 2226 (1978). 

10. R.n. Ehrlich et al., Phys. Lett. 11!, 455 
(1977). 

11. H.c. Bryant et al., Nucl. Phys. B168, 207 
(1980). 

12. c.J.s. Damerell et al., Nucl. Phys. B155; 13 
(1979). 

13. y, Declais et al., CERN 77-16 (1977). 

14. M. Alston-Garnjost et al., Phys. Rev. D21, 
1191 (1980). 

15. A. Engler et al., Phys. Rev D18, 3061 (1978). 

16. w. Cameron et al., Nucl. Phys. B132, 189 
(1978). 

17. M.J, Gorden et al., Nucl. Phys. B155, 13 
(1979). 

18. M.J. Gorden et ai., Nucl. Phys. Jlill, 61 
(1977). 

19. 

20. 

21. 

22. 

23. 

th G.P. Gopal, in Proceedings of the IV Inter-
national Conference on Baryon Resonances 
(Toronto, 1980), edited by N. Isgur, P• 159. 

G.P. Gopal et al., Nucl. Phys. B119, 362 
(1977). 

M. Alston-Garnjost et al., Phys. Rev. D18, 182 
(1978). 

B.R. Martinet al., Nucl. Phys. B126, 266 
(1977); ~. 285 (1977); and B127, 349 
(1977). 

p. Baillon and P.J. Litchfield, Nucl. Phys. 
B94, 39 (1975) • 

24. A. de Bellefon and A. Berthon, Nucl. Phys.· 
B109, 129 (1976). 

25. A.J. Van Horn, Nucl. Phys. B87, 145 (1975). 

26. J. Amirzadeh et al., Phys. Lett. 89B, 125 
(1979). 

Baryons 
A's and I:'s, A, A(1405) 

............ ,. ............... ********* ••••••••• ********* ••••••••• ******** ..................................................................... 
S=-1 I=O HYPERON STATES (A) . .................................................................. . 

••••• '0 ...................... ,., ••••••••••••••••••••••••••••••• ******** 

~ 18 lAMBOAfll16, JP=l/2+1 l=O 

SEE STABLE PARTICLE DATA CARD LISTINGS ....................................................................... 
T~·( ;~~·~·; j"::··::o~::::~·::.:::~~·~~: ..... T;~:r .......... . 

• • PRODUCTION EXPERIMENTS 

( 1405. 0) 
11410.0) 
C 1405. OJ 
11382.01 

1400.0 
67 1400.0 

THIS RESONANCE CAN BE IDENTIFIED WITH THE VIRTUAL BOUND 
STATE IN THE KBAR-N SYSTEM FOUND IN THE ANALYSIS OF LOW 
ENERGY K-P INTERACTION. WE LIST SUCH EXPERIMENTS SEPA-
IUTELY BELOW. WE USE ONLY PRODUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS. 

~7 Y•OC 14051 MASS I MEV I (PROD. EXP.I 

ALSTON 61 HBC K-P 1.15 BEV/C 
ALEXANDER 62 HBC PI-P 2.1 BEV/C 
ALSTON 62 HBC K-P 1.2-.5 BEV/C 

c a .. o1 ENGLER 65 HOBC PI-P, PI+O 1.68 
24.0 MUSGRAVE 65 t-IBC PBAR P 3-4 BEV/C 

5.0 BIRMINGHA 66 HBC K-P 3.5 
120 1405.0 5.0 GAL TIER I 68 OBC K-0 2.l-2.7BEV/C 

AVG 1402.4 3. 5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

37 Y*OI 14051 WIDTH (MEV) I PROD. EXP.) 

(20.01 ALSTON 61 HBC 
35.0 5.0 ALEXANDER 62 HBC 

150.01 ALSTON 62 HBC 
189.01 120.01 ENGLER 65 HOeC 
60.0 20.0 MUSGRAVE 65 HBC 

67 50.0 10.0 BIRMINGHA 66 HBC ~-p 3.5 
120 35.0 a.o GAL TIER I 68 osc K-D 2.1-2~7BEV/C 

AVG 38.1 
'· 9 

AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 

37 Y00114051 PARTIAL DECAY ~ODES IPRDC.. EXP.I 
DECAY MASSES 

P1 Y*Otl~051 INTO SIGMA PI 1189+ 139 

............... **"'"'"'"'*** "'"'******* ...................................... . 

ALSTON 
ALEXANOE 
ALSTON 
ENGLER 
MUSGRAVE 

61 PRL 6 698 
62 PRL 8 447 
62 CERN CONF 311 
65 PRL 15 224 
65 NC 35 735 

BIRMINGH 66 PR 152 1148 
GALTIERI.~8 PRL 21573 

REFERENCES FOR Y*Oil4051 IPRCO. EXP.I 

+ALVAREZ, ERERHARD, GOOD. GRAZIANO, + ILRLI I 
ALEXANOER,KALBFLEISCH,MILLER,SMITH ILR.U I 
+ALVAREZ,FERRD--LUZZJ,ROSENFELO, + ILRLI I 
+FJSK,KRAEMER,MELTZER,WESTGAP:O,+ ICARN,BNLI IJ 
+PETMEZAS, + I Bl RM ,cERN. E PDloLOIC, SACLAY I 

BIRMINGHAM, GLASGOW ,LOI C, OX FCRO, RUTHERFORD 
BARBARO-GALTIERI.CHADWICK + (LRL.SLACJ 

****** ********* ***O***** ********* ********* ********* ********* **•***** 
****** ********* ********* ********* ********* ******•** ********* -o:o••-o:••• 

7/66 
7/66 
9/67 
6/68 

7/66 

7/66 
7/66 
9/67. 
6/68 

1405 MEV REGION: EXTRAPOLATIONS BELOW THRESHOLD 
24 Y*Oil405o JP=l/2-J J-c:O S'Ol 

EXTRAPOLATION BELOW THRESHOLD 

SEE NOTE IN Y*OI14051 PRODUCTION EXPERIMENTS. THE OIF­
FICUL TIES IN EXTRAPOLATING FRO~ THE PHYSICAL REGIO~ TO 
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67. 

THE QUESTION ON WHETHER Y*ll405l IS A KBAR-N BOUND 
STATE OR A COO POLE IDALITZ 70, RAJASEKARAN 72 HAS BEEt\ INVESTIGATED 
BY CLINE 71, MARTIN 71, GALTIERI 72, AND DOBSON 72. TI-'E LAST TWO 
PAPERS CONCLUDE THAT THE DATA CANNOT TELL THE DIFFERENCE. 

THE IN KBARJ/IPI SIGMAJ COUPLING RATIO IS DISCUSSED BY OADES 7"7. 

1410.7 
1409.6 

1407.5 
1403.0 
1416.0 

( 1421.01 
11406.) 

SEE ALSO THE 

37.0 
28.2 
34. l 
50.0 
29.0 

120.01 
155. I 

24 Y*OI1405) MASS {MEV) 

11.0) KIM 65 HBC D-EFF-RANGE FIT 
11.71 SAKITT 65 HBC G-EFF-RANGE FIT 

DATA OF SAKITT ARE USED IN FIT BY KITTEL. 
(1.2) KITTEL 66 HBC 0-EFF-RANGE FIT 
{ 3.01 KIM 67 HBC K MATRIX FlT{KPl 
14.0) MARTIN 69 HBC CONST. K MATRIX 

MARTIN 70 RVUE CONST. K MATRIX 
CHAO 73 OPWA D-RNG. FIT .SOL 8 

ACCOMPANYING PAPER OF TH0MAS73. 

24 Y*OI 14051 WIDTH 04EV1 

13.21 
14. 11 
( 4.11 
( 5.0) 
16.01 

KIM 
SAKITT 
KI TTH 
KIM 
MARTIN 
MARTIN 
CHAO 

65 HBC 
65 HBC 
66 HBC 
67 HBC K MATRIX FITIKPI 
69 HSC CONST. K "'lATRIX 
70 RVUE CONST. K MATRIX 
13 DPWA D-RNG. FIT.SOL 6 

ASYMMETRIC RESONANCE SHAPE,W/2=41 MEV BELOW RESONANCE,l4 MEV ABOVE· 

****** *****~*** ********* ********* ********* ••••-o:**** o•••••••• **-:&***** 

7/66 
7166 

7/66 
8/67 

10/69 
6/70 
9/73 
9/73 

7/66 
7/66 
7/66 
8/67 

10/69 
6/70 
9/73 
9/73 



Baryons 
A( 1405), A( 1520) 

REFERENCES FOR Y*O( 1405 I (FROM EXTRAPOLATIONSJ 

KIM 65 PRL 14 29 J K KIM ((OLUMBIAUJP 
CUMO,LRLIIJP 

(VIENNAJIJP 
IYALEJJP 

SAKITT 65 PR 139 8119 +DAY,GLASSER, SEEMAN, FRIEDMAN, + 
W KITTEL, G OTTER, I WACEK K.ITTEL 66 PL 21 349 

KIM 67 'PRL lS 1074 J KIM 
MARTIN 69 PR 183 1~52 B R 11ARTIN, M SAKITT ( LOUC+B~ll 

(DURHAM )I JP 
I RHEL+C ARN+L OUC li JP 

ICARNJIJ 

MARTIN 70 NP 816 479 A D HARTIN, G G ROSS 
CHAO 73 NP 856 46 CHAO, KRAEMER, THOMAS, MART IN 

THOMAS, ENGLER, F 1 SK, KRAEMER ALSO 73 NP 856 15 

PAPERS NOT REFERRED TO IN DATA CARDS 

ABRAMS 65 PR 13q 8454 G S ABRAMS, B SECHI-ZORN IUMOJIJP 
DONALD 66 PL 22 711 +EDWARDS, LYS, NISAR, ~OORE (liVERPOOlJ 
KAOYK 66 PRL 17 599 +OREN, G+S GOLOHABER, TRILLING (lRlJIJP 

FIT SOLUTIONS GI\IING AN IttO Sl 12 RESONANCE.) 
ABRAMS 65r KAOYK 66, AND DONALD 66 SUPPORT THOSE EFFECTIVE-RANGE-

OALITZ 67 PR 153 1617 OALITZ, WONG, RAJASEKARAN IOXFORO,BOio\BAYl 
OALITZ 70 OUKE-HR 70 03 R 0 DALITZ IOXFJ 
CLINE 71 PRL 26 1194 D CLINErR LAUMANN,J MA'PP (WISC) 
MARTIN 71 Pl 356 62 A 0 MARTIN,B R ,..ARTIN,RCSS IDURH+LOUC+RHEU 
DOBSON 72 PR 06 3256 P N DOBSON ,R MCELHANEY IHAWAI 
GALTIERI 72 LBL 555 A.BARBARO-GALTIERI ILBU. 
RAJASEKA 72 PR 05 610 RAJASEKARAN ITIFRJ 

ALSO EAPLIER PAPERS C:ITED IN RAJASEKARAN72 
SHAW 73 PURDUE CCNF. 417 SHAW IUCIHJP 
OADES 77 NC 42A 462 G.C.DAOES,G.RASCHE IAARH+ZURIJIJP 

*****"' ********* ........... ********* .................................... . 

T~< ~·~·;~; r::··::o~::::~·::.::::~·::: ·····T~::r··· ....... . 

• w • 

PRODUCTION AND FORMATION EXPERIMENTS AGREE QUlTE WELL 
·\<jJTH EACH OTHER, SO THE RESULTS OF THE. TWO KINDS OF 
EXPERIMENTS ARE LISTED TOGETHER HERE. . 

THE DECAY MODE LAMBDA PI PI IS LARGELY DUE TO 
Y*Ul3B51 PI. ONLY THE VALUES OF IY*Ul3B51 Pll/flAHBDA PI Pll GIVEN 
BY MAST "72 AND CORDEN "75 ARE BASED ON REAL 3-BODY PARTIAL WAVE ANALYSES 
ITHE OLDER RESULTS BEING OBTAINED USING CRUDER MeTHOOSI. THE 
DISCREPANCY ·BETWEEN THE 2 RESULTS IS ESSENTTALLY DUE TO THE DIFFERENT 
HYPOTHESIS MADE CCNCERNING THE SHAPE OF THE EPSILON MESON. 

38 Y*Oil5201 MASS IMEVI 

145 1517.2 3.0 GALT{ERI 63 DBC K-D 1.51 BEV/C 
1519.4 2.0 WATSON 63 HBC K-P All CHANNELS 

29 1520.0 4.0 ALMEIDA 64 HBC K-P 1.45 BEV/C 
I 15ll.O) 115.01 MUSGRAVE 65 HBC PBAR P 3-4 BEV/C 

3011510.01 12.01 BIRMTNGHA 66 HBC K-P 3.5 
1517.2 1.2 BURKHARDT 69 HBC K-P .8-1.2 GEV/C 

QUOTED ERROR INCREASED TO ACCOUNT FOR Di"SAGREEMENT RETWEEN 
TWO MEASUREMENTS DONE BY SAME AUTHORS I K-P AND SIGMA I>IJ 

( 1519.1 KIM 11 DPWA K-M.o\TRIX ANA.L. 
1669 1517,+/-1, TO 1521.+/-1. BEPTHON 74 HBC 0 QUAST 2 BODY CS 
20DO 1519.4 0.3 CORDEN 75 OBC K- 0 1.4-1.8GV/C 

4K 1519.7 0.3 CAMERON 77 HBC K-P Q.96-1.36GEV 
1519. 1. RLTC 77 DPWA KBAR N MULTICHNL 
1520. 0.5 ALSTON 76 OPWA KB.AR N ELASTIC 

5K 1517.8 1.2 RARLAG 79 HBC K-P AT 4.2 GEV/C 
300 1517.3 1.5 BARBER 80 SPEC GAM P TO K+ Y* 

1519.0 1.0 GOPAL 80 DPWA KBAR N ELASTIC 

AVG 1519.44 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

38 Y*Oil5201 WIDTH (MEV} 

1b.4 2.0 WATSON 63 HBC 
119.0 I 119.01 MUSGRAVE 65 HBC 

30 150.01 110.0) BIR"41NGHA 66 HBC K-P 3.5 
( 18.01 OR LESS DAHL 67 HBC 
14.1 1. 8 BURKHARDT 69 HBC K-P • 8-1.2 GEV/C 

116. I KIM 71 DPWA K-MATFI IX A~A.L. 

2000 15.5 1.6 COROEN 75 OBC K- 0 1.4-1. 8GV/C 
4K 16.3 o. 5 CAMERON 77 HBC K-P 0.96-l.36GEV 

15. o. 5 RLIC 77 DPWA KBAR N MUL TICHNL 
15.4 0.5 ALSTON 78 OPWA KBAR N ELASTIC 

677 14. 3 • BARLAG 79 HBC K-P AT 4. 2 GEV/C 
FROM BEST-RESOLUTION SA"1PLE OF LAMBDA PI PI EVEf.ITS ONLY. 

300 16.3 3.3 BARBER 80 SPEC GAM P TO K+ v• 
16.0 1.0 GO PAL 80 OPWA KSA!t N ELASTIC 

AVG 15 .. 58 0.27 AVERAGE I ERROR INCLUDES SCALE FaCTOR OF 1.01 

~8 UOI 15201 PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y•oc 15201 INTO N KBAR 938+ 493 
P2 Y*Oil5201 INTO SIGMA P.I 1189+ 139 
P3 Y*OI 1520) INTO lAiolBOA 1>1 PI 1115+ 139+ 139 
P4 Y*OI15201 INTO LAiolBDA GAMMA 1115+ 0 
P5 Y*O( 15201 INTO S IGMAO GAMMA 1192+ 0 
P6 Y*0(15201 INTO SIGMA PI PI 1192+ 139+ 139 
P7 YOQ( 15201 INTO IV•Ul3B5J+Pl1 1385+ 139 
PB Y*OI 1520 I INTC Y*lll3851 PI INT(l lAMBDA PI PI 1115+ 139+ 139 

NOTE THAT P8/P7 IS THE BRANCHING FRACTION FOR Y*1 ( 13851 INTO LM PI 
P9 Y*OI 1520) INTC LAMBDA EPS t LON 1520+1300 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, P 1, as follows: The diagonal e1e~ents are Pi :t 6Pi' where 

6Pi = ..) (6P10P1), :-"'hile the o!!·diagonal elements are the~ correlation coeffi­

cients (6~\6Pj)/(6Pi · 6Pj). For the definitionS of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit tO be nonzero and 

are thus constrained to add to 1. 

Pl P2 P3 P4 PS P6 
p 1 .4465+-. 0060 
p 2 -.6290 .4219-+-.0063 
p 3 -.2605 -.3603 .0954+-.0043 
p 4 -.0834 -.1020 -.0415 .0079+-.0014 
P 5 --2134 -.26C7 -.1061 -.0216 .0196+-.0034 
p 6 -.03lq -.0389 -.0158 -.0032 -.0083 .0086+-.0005 

7/66 
9/67 

10/69 

3/71 
10/74 
4/75 
1/78 
1/76 
1/78 

12/79 
2/82* 

12/81• 

7/66 
9/67 
9/66 

10/69 
3/71 
4/75 
1/78 
1/76 
1/78 

12/79 
12/79 
2/82* 

12/81* 

9/73 
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Data Card Listings 
For notation, see key at front of Listings. 

Rl 
Rl 
RI 
R1 
'Rl 
R1 
Rl 
Rl 
Rl 
Rl 
R1 AVG 
Rl FIT 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

•• •• •• R4 FIT 

RS 
RS 
R5 
R5 
R5 
RS FIT 

38 Y*Ol 15201 BRANCHING RATIOS 

¥.*0115201 INTO I SIGMA PII/IKBAR Nl IP2JI(Pll 
MUSGRAVE 65 HBC 1. "72 o. 78 

0.96 o. 20 
0.73 Doll 
1.06 o. 14 
0.82 0.08 

C 1.061 I 0.121 
0.98 0.03 

DAHL 67 HBC 
DAUBER 6 7 HBC 
SCHEUER 68 OBC 
BURKHARDT 69 HBC 
BERTHON 74 HBC 
RLIC 77 OPWA 

PI-P 1.6-'t GEV/C 
K-P AT 2.GEV/C 

0 K-N 3 GEV/C 

KBAR N TO SIGMA PI AMPLITUDE 

K-P .8-l.Z GEV/C 
0 QUASI 2 BODY CS 

KBAR N MULTICHNL 
+1- 0.01 AT RESONANCE IS .+0.46 

0.951 0.044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
0.945 0.024 FROM FIT IE~ROR INCLUDES SCALE FACTOR OF 1.21 

Y*0115201 INTO 
o.n 
0.21 
0.1'3 
o. 22 

(0. 21 
10.271 

I LAMBDA PI 
0.05 
0.18 
o. 04 
o. 03 

I 0.131 

PI 1/IKBAR Nl 
DAHL 67 HBC 
DAUBER 67 HBC 
SCHEUER 68 OBC 
BURKHARDT 69 HSC 
KIM 71 OPWA 
BERTHON 74 HBC 

(P31/1Pll 
PI-P' 1.6-4 GEV/C 
K-P AT 2.GEV/C 

0 K-N 3 GEV/C 
K-P .8-1.2 GEV/C 
K-,..ATRlX ANAL. 

0 QUASI 2 BODY ,CS 

0.202 0.021 AVERAGE tERROR INCLUDES SCALE FACTOR .OF 1.01 
0.214 0.011 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.~1 

Y*0Cl5201 INTO ISIGMA·Poli/ILAMBDA PI PIJ IP21/(P31 
4.5 1.0 ARMENTERO 65 HBC 
3.3 1.1 BIRMINGHA 66 HBC K-P 3.5 
3.9 1.0 UHLIG 67 HBC K-P .• 9-1.0 BEY/C 

3.94 0.59 AVERAGE I ERROR INCtti0ES SCALE FACTOR OF .1.01 
4.42 0.23 FROM FIT I ERROR INCLUDES_ SCALE FACTOR .OF 1.1) 

Y*OI15201 INTO (LAMBDA GAMMAI/TOTAL IPERCENTI .('P41 
238 0.80 0.14 MAST 68 HBC 0 USING ELAST=.45 

0.79 0.14 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

Y*Oil5201 INTO I SI GMAO GAMMA I /TOTAL I PERCENT) ( P5 I 
2. 0 O. 35 MAST 68 HBC SEE NOTE S 

RATIOS CALCULATED FROM R4,ASSUMING SUI31. NEEDED TO CONSTRAIN 
All THE Y*Ol15201 BRANCHING RATIOS TO BE UNITY. 

1.96 0.34 FROM FIT IERPOR INCLUDES SCALE FACTOR OF 1.01 

R6 ¥*0115201 INTO I KBAR NI/TOTAL I Pll 

'at67 
9/66 
8/67 

10/69 
IC)/69 
10/74 

1176 
1/76 

9/66 
8/67 

10/69 
10/69 
3/71 

10/74 

7/66 
9/6'7 
9/66 

11/68 

10/69 

R6 0.29 0.05 WATSON 63 HBC K-P All CHA"'NELS 10/71 
R6 0.447 0.01B ·GALTIERI 69 HBC K- P .28-.45 G/C 10/69 
R6 0.41 0.03 COLLEY 71 DBC K-N 1.5 GEV PROD .10/71 
R6 10.451 KIM 71 OPWA K-MATRIX ANAL. 3/71 
R6 0.448 0.014 COROEN 75 OBC K- 0 1.4-1.BGV/C 4/75 
R6 (0.421 MAST· 76 HSC 0 K- P CEX 1176 
R6 (0.471 (0.01) RLIC 71 OPWA KBAR N MULTICHNL 1/76 
R6 IKBAR NIITOTAL FROM ~llC 17 ·IS SUPERSEDED BY GOPAL 80. 
R6 0.45 0.03 AlSTON 78 OPWA KBAR·N ElASTIC 
R6 0.47 0.02 GOPAL 80 OPWA KBAR N ELASTIC 
R6 
R6 AVG 0.449 0.013 AVERAGE IERR:OR INCLUDES SCAlE FACTOR OF 1.51 
R6 FIT 0.4't65 0.0060 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

R7 v•ot 15201 INTO I SIGMA PI I /TOTAL ( P21 
R7 o. 55 0.09 WATSON 63 HBC K-P All CHAI'fNELS 
R7 0.418 a. 011 GALTTERT 69 HBC 0 K-P .2B-.45GEV/C 
R7 0.43 ( o. 031 COLLEY 71 OBC K-N 1. 5 GEV PROD 
R7 10.46) "" 71 OPWA K-MATRIX ANAL. 
R7 3 . 0.426 .0. 014 GORDEN "75 DBC K- 0 1.4-l.BGV/C 
R7 
R7 
R7 
R7 

•• •• •• . RB 
RB A 
RB A 

. R8 A 
RB 

3 

AVG 
FIT 

R8 AVG 
R8 FIT 

R9 
R9 
R9 

, R9 
R9 
R9 

· R9 
R9 
R9 
R9 

SUPERSEDES CIJLLEX 71 

0.425 a. 011 AVERAGE (ERROR 
Q.42lq O. 0063 FROM FIT IE RROR 

Y*OI15201 INTO (SIGMA PI PII/TOTAL 
0.010 0.0015 GALTIERI 
0.0085 0.0006 MAST2 

BASED ON ASSU"1EO ELASTICITY OF 0.46 
0.001 • 0.002 COROEN 

CONSIDERABLE "FRACTION OF THE SIGMA PI 
Y*ltl3851 PI ~NTERMEOIATE"STATE. 

INCLUDES SCALE FACTOR OF 1.01 
INCLUDES SCALE FACTOR OF 1 .. 21 

IPE:I 
69 HBC 0 K-P .28-.45GEV/C 
13 MPWA K-P TO 2Pl SIG 

75 DBC K- 0 1.4-1.8GV/C 
PI DECAY PROCEEDS VtA THE 

0.00858 0.00054 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.00858 0.00054 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

Y00115201 10 Y*lll385) PI.TO LM PI PI/LH PI PI (P8)/IP31 
MORE THAN 0.10 CLINE 69 08C K-0 TO 2PT LAM N 

0.3c; 0.10 BURKHARDT 71 HBC LAM. 3PI PROD· 
(1,0) CHAN 72 IPWA K-P TO LAiol 2PI 
0.82 0.10 MAST 73 lPWA K-P TO 2P1 LAM 
0.58 0.22 COROEN 75 OBC K- 0 l.4-1.8GV/C 

CENTR.Al BINI1~H4-15241 GIVES .74+:-.10 -- OTHER BINS .LOWER BY 2-SSIG 
ONLY THE Y*fl38510S03.SEEMS TO CONTRIBUTE 
BOTH Y*I13851DS03 AND SIGMA (PI PIIOP03 CONTRIBUTE 

Fl.9 AVERAGE MEANINGLESS I SCALE FACTOR = 2.21 

R10 
RlO 

Rll 
Rll 
Rll 
Rll 
Rll 
Rli. 
Rll 
R 11 AVG 
Rll FIT 

Y*OI15201 INTO IY*lll3851 PII/TOTAL I P71 
0.041 0.005 CHAN 72 H8C K-P TO LAM 2PI 

Y00115201 INTO (l-AMBDA PI Pli/TOTAL 
0.10 I O. 021 COLLEY 11 DBC 
0.11 0.01 MAST 73 IPWA 

BASED ON ASSUio!ED ELASTICITY OF 0.46+/-0.02 
0.091 0.006 COROEN 75 DBC 

SUPERSEDES COLLEY 71 . 

IP3J 
K-N 1. 5 GEV PROD 
K-P TO 2PI LAM 

K- 0 l.4-l.8GV/C 

0.0960 0.0084 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.61 
0.0954 0.0043 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

1/78 
12/81* 

10/71 
6/69 

10/71 
3/71 
4/75 
1/76 

10/69 
9/73 
9/73 
4/75 
4/75 
4/75 

9/73 
9/69 
3/71 
2/73 

12/72 
4/75 

3/71 

10/71 
9/73 
9/73 
4/75 
1/76 

RI2 
R12 

Y*0115201 INTO (LAMBDA EPSILONI/TOTAL IP91 4/75 
o. 20 O. 08 GORDEN 75 OBC K- D 1.4-1.8GV/C 4/75 

............................................ ****IO<**** .................. *. 

GALliERI 63 PL 6 296 
WATSON 63 PR 131 2248 
ALMEIDA·. 64 Pl q 204 
ARMENTER 65 PL 19 338 
MUSGRAVE 65 NC 35 735 

BIRMINGH 66 PR 152 1148 
DAHL 67 PR 163 1n7 
DAUBER 67 Pl 24B 525 
UHLIG 67 OR 155 1448 
MAST 68 PRL 21 1115 
SCHEUER 68 NP B8 503 

REFERENCES FOR Y*OI1520 I 

A BARBARO-GALTTERloA HUSSATN,RO TRIPP ILRll 
M B WATSON, M FERRO-LUZZI~ R 0 TRIPP ILRLITJP 
S P ALMEIDA, G R LYNCH ICERNI 
AR"tENTEROS~F-LUZZt, + CCERN,HEIO.SACLAYI 
+PETMEZAS, + ( 81 RJI',C ERN, EPCL, LOIC, SACLAYI 

B 1 RMI NGHAM, GLASGOW, I .C. , OXFCRD, RUTHERFORD 
DAHL, HARDY, HESS, KI RZ, Mt LLER I LRL J 
+MALAMUD. SCHL El N. SLA TfR, STORK I UCLAJ 
+CHARLTON, CONOON,GLASS ER, YOOH,+ I UMO, NRLI 
MAST, ALSTON, BANGERTER, GALT I ER t + ( LRL J 
SABRE COLL AS. I SACL +AMS T +BGNA+R EHO+EPOL I 
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Data Card Listings 
For notation, see key at front of Listings. 

BURKHARD 1)9 "'P 814 1')6 
CLINE 69 LNC 2 407 
GALTIERI 69 LUND 352 

ALSO 70 DUKE 95 

BURKHAROT71 NP 827 64 
COLLEY 71 NP 631 61 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 

CHAN 
MAST 
"4AST2 
BERTHON 
C ORDEN 

72 PRL 28 256 
73 PR 07 5 
73 PRO 1 3212 
74 NC 2U 146 
75 NP 884 306 

MAST 76 PRO 14 13 
CAMERON 77 NP 8131 399 
RLIC 71 NP 8119 H2 
ALSTON 78 PR 018 182 

ALSO 77 PRL 38 10C7 
8ARLAG 79 NP 8149 220 
BARBER 80 ZPHY C7 17 
GOPAL 80 TORONTO CONF 

BERLEY 70 PR 01 1996 
GOL.OWICH 74 PRO 10 3861 

+F I L T HU fH+KLUGE+.. ( HEIO +Ef l+CERN+SAC LA YJ 
+LAUMANN+MAPP IWfSCJ 
fl AR BARD-GALT I ERI, BANGERTER, MAST', TFt I PP I LRL I 
R 0 TRIPP (LRL) 

+F I L THUTH, KLUGE, DB ERLACK++ I HEI O+CERN+ SACL I 
+COX, EA STWOQQ, FRY+. o I B IRM+EDI N+GLAS+LOI C I 
J K KIM IHARV)JJP 
J, K. KIM IHARVJJJP 

+BUT.- SHAFER, HERTZ BACH, KOFLER++ I MASA, YALE I 
+ALSTON-GAP NJOST, SANGER TER, +... llBlJ I JP 
+BANGERTER, ALSTON-GARNJOST t + ( LBLJ I JP 
BERTHQN, TR 1 STRAM,+ ( CDEF+RHE L +SACL+S TRB I 
COROEN, COX, OARTNEL L, KENYON ,ONEALE, + ( B IRMJ 

MAST, Al STON-GARNJOST, SANGER TER+ ( LBLI 
+FRANEK ,GO PAL, KALHUS,MC PHERSON+ (P HEL+LOI C IIJP 
GOPAloROSS,VAN HQRN,MCP~ERSON+ (LOIC+RHELJIJP 
+KENNEY, POLLARD, ROSS+ ( LBL +MTHO+CERN I I JP 
Al STON-GARNJOST, KENNEY ( LBL+MTHO+CER.N I I JP 
+BLOKZ t Jl, JONGEJANS+ ( AMST +CERN+NJ JM+OXF I 
+OA I NTON, LEE, MARSHAll+ (OAR E+l ANC+SHEF I 

159 G.P.GOPAL (RHELJtJP 

PAPERS NOT REFERPED TO IN DATA CARDS 

+YAMIN, KOFLER, MANN, MEISNER+ ( BNL, lo'!ASA, Y Al f: I I JP 
EUGEN GOLOWICH (SLACI 

••••• * ••••••*** ********* ********* ********* •••****** •••••*••• ******** 
•••••• ********* ••••••*** ********* ********* ********• ********* ******** 

jA(1600)j 1C1 Y*0(1600, JP ... 1/2+1 I=O 

SEE THE NOTE FC"!R THE Y*OHBOO, JP=l/2+1 P"Ol. 
SCMEWHERE IN THIS REGION THERE IS PROBABLY ONE, 
AND PERHAPS TWO, POl STATES. 

101 Y*OI16001 MASS (MEVI 

1/76 

1/76 

( 1570.} KIM 11 DPWA K-MATRIX ANAL. 1/76 
POSSIBLE EFFECT IN SIGMA PI AND KBAR N CHANNELS. 

1620.0 10.0 LANGBEIN 72 IPWA MULTICHANNEL 1/76 
1596.0 (6 .. 01 KANE 74 DPWA K-P TO PI SIG 12181* 
1646.. 7. CARROLL 76 DPWA t=O TOTAL CS 2/77 
1572. OR 1617. HARTIN 77 OPWA KBAR N HULTICHNl 11/77 

THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
PARA"''ETER5 FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1573. 2 5o RL IC 77 OPWA KBA.R N MUL TlCHNl 1/76 
1703.. 100. ALSTON 78 OPWA KBAR N ELASTIC 1/78 
1568.0 120.01 GOPAL 80 OPWA KBAR N ELASTIC. 12181* 

P1 
P2 

R1 
R1 
R1 
R1 
R1 
R1 
Rl 
R1 
R1 

AVERAGE MEANINGLESS I SCALE FACTOR :: 2.31 

101 Y*Oil6001 WIDTH IMEVI 

150.1 KIM 71 DPloiA 
60.0 10.0 LANGBEIN 72 tPWA 

175.0 ( 20 .. 01 KANE 74 OPWA 
I 20. I CARROll 76 OPWA 
247 .. OR 271. MARTIN 77 OPWA 
147. 50. RLIC 77 DPWA 
593. 200. ALSTON 78 OPWA 
116.0 (20.01 GOPAL 80 DPWA. 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

AVERAGE MEANINGLESS (SCALE FACTOR"' 1.71 

1Cl Y*OI 16001 PARTIAL DECAY MODES 

Y*OI16001 tNTC N KBAR 
Y*O( 16001 INTO SIGMA PI 

101 Y*OI16001 BRANCHING RATIOS 

K-MATRtX ANAL. 
MULTICHANNEL 
K-P TO PI SIG 
I=O TOTAL CS 
KBAR N MULTICHNL 
KBAR N MULTICHNl 
KBlR N ELAS"fiC 
KBAR N ELASTIC 

DECAY MASSES 
ens+ 493 

1189+ 139 

Y*O( 16001 INTO ( KBAR NI/TOTA.l I P1 I 
0 .. 25 0 .. 15 LANGBEIN 72 IPWA MULTICHANNEL 

TOTAL CROSS SECTION BUMP WITH IJ+1/21X=.04 SEEN BY CARROLl 76 
(0.30lOR 0 .. 29 MARTIN 71 OPWA KBAR N•MULTICHNL 
(0.241 I 0.041 RLIC 11 OPWA KBAR N MULTICHNL 

IKBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
0.14 0.05 ALSTON 78 OPWA KBAR N ELASTIC 
0 .. 23 (0.041 GOPAL 80 OPWA KBAR N ELASTIC 

R1 AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*O( 16001 FROM KBAR N 
o.2a o.o9 

-0.33 (Q.1ll 
NOT SEEN 

(-0.3910R -0.39 
-0.16 o. 04 

INTO SIGMA PI 
LANGBEIN 
KANE 
HEPP2 
MARTIN 
RLIC 

SQRT(Pl*P2l 
12 IPWA MULTICHANNEL 
74 OPWA K-P TO PI StG 
76 OPWA -0 K- NUC TO SIG PI 
77 OPWA KBAR N MUL TICHNL 
71 OPWA KBAR N MULTIC.HNL 

R2 AVERAGE MEANINGLESS I SCALE FACTOR =· 1.21 

****** •••••*••• .......... ****••••• ••••••*•• ********* •*•*••••• ......... . 

KIM 71 PRL 27 356 
ALSO 70 DUKE 161 

LANGBEIN 12 NP 647 477 
KANE 74 lBl-2452 

CAR ROLL 76 PRL 37 806 
HEPP2 76 Pl 658 487 

REFERENCES FOR Y*OI1600 I 

J K KIM 
J. K. KIM 

+WAGNER 
D. F.KANE 

(HARVIIJP 
IHARV}JJP 

I MPIMIJJP 
(LBLJ IJP 

+CH lANG. KYC JA, l I .MAZUR, MICHAEl+ I BNLJ I 
+BRAUN, GRIMM, STROBELE. T HOL+ I CERN, HE t D, MPI M I I JP 

1176 

1/76 
1/76 

12181* 
2/77 

11177 
1/76 
1/78 

12/81* 

1/76 

1/16 

1/76 
1176 
2177 

11/77 
1/76 

1178 
12/81* 

1/76 
1176 

12/81* 
2/77 

11/77 
"1!76 

Baryons 
A(1520), A(1600), A(1670) 

MARTIN 77 NP B127 349 MAR TIN, PIDCOCK, MOORHOUSE (LOUC+GLASllJP 
ALSO 71 NP B 126 266 
ALSO 71 NP B 126 285 

MARTIN,PIDCOCK (LQUC) 
MARTIN,PIDCOCK ILOUCJJJP 

RLIC 71 NP Bll9 362 GOPAltROSS,VAN HORN,MCPHERSO~+ ILOIC+RHELJIJP 
ALSTON 78 PR 018 1e2 +KENNEY, POLLARD, ROSS+ ILBL +MTHO+CERN II JP 

ALSO 77 PRL 38 1007 ALSTON-GAR NJOST, KENNEY I LBL +MTHO+C ERN I I JP 
GOPAL 80 TORONTO CONF 15Q G.P.GOPAL IRHEUIJP 

•oeo*••• ********* ********* ••••••••• ********* ********* ********* ******•• 

T~( ;~·;·~·) r·::··::o~::::~·::.:::~~·::: ..... T~~J ........... .. 
SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WEll ESTABLISHED. 

40 Y*0116701 MASS (MEVI 

11666.0)0Ril675.01 BERLEY 65 H8C 0 K-P TO LAM ETA 7/66 
THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS 

SHALL, THE SECOND THAT IT IS LARGE. BECAUSE. THE RESONANCE IS NEAR 
THE LAMBDA ETA THRESHOLD. THE BRANCHING RATIO AFFECTS THE MOMENTUM 
DEPENDENCE Of THE TOTAL WIDTH, AND THUS ALSO THE RESONANCE PARA­
METERS OBTAINED BY FITTING TO THE DATA. 

M (1663.01 (3.01 ARMENT-1 68 HBC 0 ELASTIC, CH EXCH 11/68 
M 11678.0) 12 .. 01 ARMENT-2 68 HBC 0 K-P TO SIGMA PI 11/68 
M THE APPARENT DISCREPANCY BETWEEN THESE R.ESUL TS IS PROBABLY NOT 

- M SERIOUS.. THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 
ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION FORCED ON 
THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE lARGE. 

P1 
P2 
P3 
P4 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R 1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 

H 
N 
N 

• 

1674.0 15.01 ARMENT-3 69 HBC 0 MULTICHANNEL 9/69 
THE MULTICHANNEL"ANALYSIS INCLUDES ELASTIC AND SIGMA PI. 10/69 

1662.0 (3.01 ARMENT-4 69 HBC 0 ELAST,CH.EXC .. Ell 9/69 
1680.0 ( 1.01 ARMENT-4 69 HE!C 0 K-P TO SIG PI.ED 9/69 
1674~0 BERLEY 69 HBC 0 K-P TO SIG~A PI 6/70 
1683.0 15.01 GALTIERI 70 HBC 0 SIG PJ,EDPWA 7/70 
1670. KIM 71 OPWA K-MATR!X ANAL. 3/71 
1640.0 140.01 lANGBE IN 72 I PWA MUL TICHMINEL 12/72 
1700. ( 1 O.) BAXTER 73 OPWA 0 K- P TO NEUTRALS 10174 
1672. (1 .. 1 HART 73 OPWA El+CX,.7-.8GEV/C 2/74 
1679.0 ( 1.01 KANE 74 OPWA K-P TO PI SIG 12/81* 
1665. {5.1 PREVOST 74 DPWA 0- K-N TO SI1385JPI 10174 
1675. 12.1 HEPP2 76 OPWA -0 K- NUC TO SIG PI 2/77 

( 1664. I MARTIN 77 DPWA K8AR N MULTICHNL 11!77 
MARTIN 77 OBTAINS IDENTICAL RESONANCE PARAMETERS FRO"'' THE 
T-MATRIX POLE AND FROM A B-W FIT. 

1670. 15. I RLIC 71 OPWA KBAR N MUL TIC.HNL 1/76 
1671. (3. I ALSTON 78 DPWA KBAR N ELASTIC 1/78 
1667.0 ( 5.0) GOPAL SO OPWA K8AR N ELASTIC 12/81* 

40 Y*Oil6701 WIDTH I MEVJ 

(22.010R(15.01 
126. 0) ( B.OI 
(26. 01 15.01 

23.0 (3.0} 
38.0 05 .. 01 
33.0 I 5.01 
31.0 
25.0 
35. 
45.0 
65. 
19. 
40.0 
19. ... 

(12.) 
45. 
29. 
29.0 

( 5.01 

(20.0) 
120., 

( 2. I 
( 3.0) ( 5., 
Is. I 

(10.1 
(5.1 

BERLEY 65 HBC 0 SEE NOTE H ABOVE 
ARMENT-1 68 HBC 0 SEE NOTE N ABOVE 
ARMENT-2 68 HE!C 0 
ARMENT-3 69 HBC 0 
ARHENT-4 69 HE!C 0 ELAST,CH EXC.EO 
ARHENT-4 69 HBC 0 K-P TO SIG Pt .. ED 
BERLEY 69 HBC 0 K-P TO SIGMA PI 
GALTIERI 70 HBC 0 SJG PI,EDPWA 
KIM 71 OPWA K-MATRIX A.NAL .. 
LANGBEIN 72 IPWA ~ULTICHANNEL 
BAXTER 73 DPWA 0 K- P TO NEUTRALS 
HART 73 DPWA El+CX,.7-.BGEV/C 
KANE 74 OPWA K-P TO PI SIG 
PREVOST 74 OPWA 0- K-N TO S( 1385lPI 
HEPP2 76 DPWA -0 K- NUC TO StG PI 
MARTIN 71 OPWA KBAR N MULTICHII.:l 
Rll C 17 DPWA KBAR N MUL T 1 CHNL 
ALSTON 78 DPWA KBAR N ELASTIC 
GOPAL 80 OP\oiA KBAR N ELASTIC 

SEE 
t 5.ol 

THE NOTES ACCOMPANYING THE MASSES QUOTED 

40 Y*0116701 PARTIAL DECAY MODES 

Y*Oil6701 INTO N K8AR 
Y*O( 16701 INTO LAMBDA ETA 
Y*O( 16701 INTC SIGMA PI 
Y*OI 16701 INTO SIGMA( 13851 PI 

40 Y*OI 16701 BRANCHING RATIOS 

DECAY MASSES 
'138+ 493 

1115+ 548 
1189+ 139 

139+1385 

Y*O( 16701 INTO ( KBAR NI/TOTAL I Pll 
10.141 10.041 ARMENT-1 68 HBC 0 OlD DATA 
0.17 ARMENT-3 69 HBC 0 
0.14 (0.041 ARMENT-4 69 HBC 0 NEW DATA 

(0.391 (0.051 CONFORTO 11 HBC 0 K-P,ELAST.CEX 
0.28 KIM 11 DPWA K-MATRIX ANAL. 
0.35 10.061 LANGBEIN 12 IPWA MULTICHANNEL 
0.36 10.031 HART 73 OPWA El+CX •• 7-.8GEV/C 

10.151 HARTIN 77 DPWA KBAR N MULTICHNL 
(0.201 I 0.03) RLIC 77 DPWA KBAR N MULTICHNL 

CKBAR N)/TDTAL FROM RLIC 71 IS SUPERSEDED BY GOPAL 80. 
0.17 10.031 ALSTON 78 DPWA KBAR N ELASTIC 
0.18 ( 0.031 GOPA.l BO OPWA KBAR N ELASTIC 

EFFECT BELOW REGION ANALYZED. VALUE OF 0.18 DOES NOT 
AFFECT FIT OR VALUES OF OTHER PARAMETERS. 

THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGAND PLOT. IT IS 
SUPERIMPOSED ON A LARGE BACKGROUND. 

Y*O( 16701 FROM KBAR N TO LAMBDA ETA SQRTIP1*P21 

7/66 
11/66 
11/68 
9/69 
9/69 
9/69 
6/70 
7/70 
3/71 

12/72 
10/74 
2/74 

12/81* 
10174 
2/77 

11/77 
1/76 
1178 

12/81* 

11/68 
9/69 
9/69 
6/70 
3/71 

12/72 
2/74 

11/77 
1/76 

1/78 
12/81* 

(0. 201 CR O. 23 BERLEY 65 HBC 0 SEE NOTE M ABOVE 7/66 
10.26) ARMENT-3 69 HBC 0 9/69 
10 .. 241 KIM 71 DPWA K-MATRIX ANAL. 3/71 
+0.20 I 0.051 BAXTER 73 DPWA 0 K- P TO NEUTRALS 10174 

SEE THE ~DTES ACCOMPANYING MASSES QUOTED 



Baryons 
A{1670), A(l690) 

Y*O( 16701 FRC~ KBAR N TO SIGMA PI SQRHPl*P31 
1-0.251 10.061 ARMENT-2 68 HBC 0 Oi..O DATA 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 ., 

1-0. Z7J ARMENT-3 69 HBC 0 91b9 
1-0.301 10.031 ARMENT-4 69 HBC 0 NEW DATA 9/69 

PUBLISHED SIGN CHANGED TO AGREE WITH LU"'D 1969 CONVENTION ISEE TEXT! 10/74 
·-0.21 BERLEY 69 HBC 0 K-P TO SIGMA PI 6/70 
-0.29 10.031 GALTIERI 70 HBC 0 S-IG PJ,EDPWA 7170 
-0.38 KIM 71 OPWA K-MATRIX ANAL. 3/71 
-0.28 ( O. 05) BAXTER 73 OPWA 0 K- P TO NEUTRALS 10174 
-0.27 10.021 KANE 74 DPWA K-P TO PI SIG • 12/Bl• 
-0.23 10.031 LONDON 75 HLBC 0 K- P TO SIGO PIO 4/75 
-0.29 (0.031 HEPP2 76 DPWA -0 K- NUC TO SlG PI 2177 

R3 

•• 
1-0.131 MARTIN 71 DPWA KBAR N MULTICHNL 11/77 
-0.31 (0.031 RLIC 77 OPWA KBAR N MULTICHNL 1176 

Y*Oil6701 FROM KBAR N TO SIGMAI13851 PI SQRTIPl*P41 •• •• -0.18 0.05 PREVOST 1'4 OPWA 0- K-N TO S03851PI 10/74 

................................................... 1(1 ................ . 

REFERENCES FOR Y*OC 16701 

BERLEY 65 PRL 15 641 
ARMENT-I 68 NP 88 195 
ARMENT-2 68 NP 88 223 

+CONNOLLY. HART, RAUM_, STONEHILLo + CBNUIJP 
ARMENTEROS, BAILLON, + CCERN,HEIDEL,SACLAYJIJP 
ARMENTERQS, BAILLON, + (CERN,HElOEloSACLAYflJP 

ARMENT-3 69 LUND. PAPER 229 ARMENTEROS, BAJLLON, + CCERN,HEIDEL,SACLAY)IJP 
SETTI 69. VALUES ARE QUOTED 1 N LEVI 

ARMENT-4 69 NP 814 91 ARMENTEROS, BAILLON, + CCERN,HEtDEL,SACLAYIIJP 
BERLEY 69 PL 308 430 + HART, RAHM, WILLIS, YAMAMOTO IBNUIJP 
GALTIERI 70 DUKE 173 A. BARBARO GALTIERI (LRUIJP 

CONFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

+LEVI SETTI oLASINSKJ •• OBERLACK++ ( EFI+HEIOI IJP 
J K KIM IHARVJIJP 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 471 

J, K. KIM (HARVIIJP 
+WAGNE.R I MPIMJIJP 

BAXTER 73 NP 867 125 BAXTER, BUCK INGHAM, CORBETT, DUNN,+ C OXFORD I I JP 
HART 73 PURDUE CCNF. 311 +R I CEo BACA STOW, FUNG, + ( TENN+UC R+MA SA+ BUFF I I JP 
KANE 74 LBL-2452 O.F.KANE ILBUIJP 
PREVOST 74 NP B69 24t6 PREVOST, BARLOUT AUD, + I SACL +(: ERN+HE 1 Dl 
LONDON 75 NP 885 289 LONDON, YU, BOYD,+ ( BNL, CERN tEPOL, ORSA, TOR II 

HEPP2 76 PL 656 487 +BRAUN, GRIMM, STROBELE, T HOL + C CERN, HE ID, MP I MJ I JP 
MARTIN 77 NP 8127 34t9 MARTIN, PIDCOCK, MOORHOUSE CLOUC+GLAS UJP 

ALSO 77 NP B126 266 
ALSO 77 NP B126 2!!5 

MARTIN,PIDCOCK CLOUCJ 
MARTIN,PfOCOCK (LOUCIIJP 

RLtC 77 NP B 119 362 GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEUIJP 
ALSTON 78 PR Dl8 182 +KENNEY, POLLARD ,ROSS+ ( LBl+MTHO+CERNJ I JP 

ALSO 17 PPL 38 100"1 ALS TON-GARNJOST, KENNEY ( LBL+MT.HO+CERN II JP 
GOP AL 80 TORONTO CONF 159 G,P .. GOPAL (~HELIIJP 

PAPERS NOT REFERRED TO IN DATA CAPOS 

BIRMINGH 66 PR 152 1148 
LEVISETT 69 LUND 339 

I BIRMINGHAM, GLASGO'-!, LOIC, QX FORO, PUTHERFDI 
R LEVI SETTI (RAPPORTEUR) CCHlCAGOJ 

•••••• ****"'**•• .................... ••••••*** •••••••••••••••••• •••••••• 
•••••• ****-*** •••••~··• ••••••••• •••••.•••• ••••••••• *•o••••c.• ******** 

jA(l690)1 55 Y*O( 1690, JP::3f2-~ I::Q I D~3l 
SEE THE MINt-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WEll ESTABLISHED. 

55 V*OC 16901 MASS I MEV I 

( 1696.01 (3.01 ARMENT-t 68 HBC ELASTI"C. CH EXCH 
11681.01 (2,01 "ARMENT-3 68HBC ·K-PTOSIGMAPI 

1681. ( 8. I BARTLEY 68 OBC K-P AND K-D DATA 
1695.0 (4,01 BUGG 68 CNTR K-P, 0 TOTAL 

( 1697 .. 01 I 2.01 CONFORTO 68 HBC ELASTIC, CH EXCH 
THE Y*O( 16901 IS AT THE EDGE OF THE ENERGY REGION ANALYZED AY 

M CONFORTO .. THE SAME DATA AS WELL AS OTHERS EXTENDING TO LOWER 
H ENERGIES ARE INCLUDED IN ARMENTEROS 1. 

A 1691.0 (2.01 ARMENT-4 69 H8C 0 ELAS,CH EXC.ED 
A ANALYSIS INCLUDES OLD AND NEW DATA OF CHS COLLAB. 0.43-.8 GEV/C 
A THE APPARENT DISCREPANCY BETWEEN THE SIGMA PI AND OTHER RESULTS IS 
A PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE 
A SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION 
A OF THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 
A 1688.0 (2.01 ARMENT-4 69 H8C 0 K-P TO SJG PJ.ED 

1689.0 BERLEY 69 HBC 0 K-P TO SIGMA PI 
1"101.0 (4.01 BERTANlA 69 HBC 0 ELASTIC; CH·EXCH 
1680.0 (5.01 G4LTIERI "10 HB( 0 SIG PI,EDPWA 
1688.0 (3 .. 01 CONFORTO 71 HBC 0 K-P~EU.ST,CEX 
1690. KIM 71 OPWA K-MATRIX ANAL .. 
1680.0 (20.01 LANGBEIN 72 IPWA MULTICHANNEL 
1670. (10 .. I BAXTER "13 DPWA 0 K- P TO NEUTRALS 
1684. (3,) HART "13 OPWA EL+CX, .. 7-.BGEV/C 
1689.0 ( 1.01 KANE "14 OPWA K-P TO PI SIG 
1692. ( 4.1 CARROLL 76 OPWA I=O TOTAL CS 
1690. 13.} HEPP2 76 OPWA -0 K- NUC TO SIG PI 
168"1. OR 1689, MARTIN 77 OPWA KBAR N HULTICHNL 

THE TWO ENTRIES FOR MARTIN 7"1 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FRCM THE T-MATRIX POLE AND FROM A B-W FITr RESPECTIVELY. 
ANOTHER 3/2- LAMBDA AT 1966 MEV IS ALSO SUGGESTED BY MARTIN7"1, 
BUT IS VERY UNCERTAIN, 

1690. ( 5.) 
1692. C 5. I 
1690 .. 0 (5.01 

RllC 
ALSTON 
GO PAL 

71 DPWA 
"1B OPWA 
80 OPWA 

KBAR N MUL TICHNL 
KBAR N ELASTIC 
KBAR N ELASTIC 

---- ---- ------ -------- ----- ---- ----- -------
55 '¥*0( 1690) WIDTH IMEVJ 

(35.01 ( 7 .. 0) ARMENT-1 68 HBC 0 OlD DATA 
(85.01 17.0) ARMENT-3 68 HBC 0 OLD DATA ... 115.1 BARTLEY 68 DBC 0 K-P AND K-0 DATA 
40.0 (7.01 BUGG 68 CNTR 0 

" (2"1 .. 01 (5.01 CONFORTO 68 HBC 0 SEE NOTE II( ABOVE 
A 31 .. 0 (1,Q) ARMENT-4 69 HBC 0 ElAS,CH EXC .. ED 
A 72.0 ( 6.01 ARMENT-4 69 HBC 0 K-P TO SIG PI ED 

57.0 BERLEY 69 HBC 0 K-P TO S IG~A PI 
2B.O ( 8.0) BERTANZA 69 HBC 0 
B5. 0 flQ,Q) GALTIERI "10 HBC 0 SIG PJ,EOPWA 
64.0 ( 5.01 CONFORTO "11 HBC 0 K-P,ELAST ,CEX 
55. KIM "11 OPWA K-MATRIX ANAL. 
40.0 ClO .. OI LANGBEIN "12 IPWA MULTICHANNEL 
30. ( 10., BAXTER "13 OPWA 0 K- P TO NEUTRALS 
86. ( 9.1 HART 73 OPWA El+CX ... 7- .. 8GEV/C 
60.0 ( 4.01 KANE 74 DPWA K-P TO PI SJG 

11/68 
11/68 
11/68 
7/68 

ll/6B 

9/69 

9/69 
6/70 
9/69 
1/10 
6/70 
3/71 

12/7Z 
10/74 
2/74 

12/81* 
2/77 
2/77 

11/7~ 

1/76 
1178 

12/81* 

11/68 
ll/6B 
11/68 
7/68 

11/68 
9/69 
9/69 
6/70 
9/69 
7/70 
6/70 
3/71 

12/72 
10/74 
2/74 

12/81* 
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Data Card Listings 
For notation, see key at front of Listings. 

138· I CARROll 76 OPWA I::O fOTAL CS 2171 
(8.1 HEPP2, 76 OPWA -0 K- NUC TO SIG PI • 2177 82· 

62· OR 62. MARTIN "11 DP\o!A KBAR N MULTI CHNL h/77 
60. ( 5.1 RLIC 77 OPWA KBAR N MULTIC-INL 
64. no. 1 ALSTON 78 bPioiA KBAR N ElASTlC 
61.0 ( 5.01 , GOPAL 80 OPWA KBAR N ELASTIC 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

55 Y*Of 16901 PAPTIAL DECAY MODES 

Pl v•oc't690I INTC N KBAR 
DECAY MASSES 

938+ 493 
P2 Y*OC 16901 
P3 Y•O( 16901 
P4 "¥•or 16901 

INTO SIGMA PI 
INTO LAMBDA PI PI 
INTO SIGMA PI PI 

1189+ 139 
1115+ 139+ 139 
1192+ 1:39+ 139 

P5 Y*O.I 1690J 
P6 Y*O( 16901 

INTO Y*U1·385J .PI S-WAVE 
INTO LA~BOA ETA 

139+1385 
1115+ 548 

!::5 Y•OI1690) BRANCHING RATIOS 

THE SUM OF All THE QUOTED BRANCHING RATIOS "IS MORE .THAN 1.0. THE 
TWO-BODY RATIOS ARE FROM PARTIAL WAVE ANAL'¥SESt AND THUS PROBABLY ARE 
MORE RELIABLE TheoN THE THREE-BODY RATIOS. WHICH ARE DETERMINED FROM 
BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA PI PI BUMP LOOKS 
MORE Sl G~IFICANT (THE ER,ROR .GIVEN FOR THE LAMBDA PI PI RATIO LOCKS UN­
REASONA8LY SMALL I. HARDLY ANY OF THE SIGMA PI PI DECAY CAN BE IJIA 
Y*111385), FOR T!-IEN NINE TIMES AS MUCH LAMBDA PI PI DECAY WOULD BE 
REQUIRED. 

Rl Y*O( 16901 INTC (KBAR NI/TOTAL I Pl1 
Rl (0 .. 181 ( o. 03) ARMENT-I 68 HBC 0 
Rl co. 231 BUGG 68 CNTR 0 ASSUMING J=3/2 
Rl M 10.221 (0. 031 CONFORTO 68 HBC 0 SEE NOTE M ABOVE 
Rl Q.lB I 0.021 ARMENT-4 69 HBC 0 NEW ·DATA 
Rl o. 28 ( o .. 041 BERTANZA 69 HBC ·o 
Rl co. 341 ( 0.021 CONFORTO 71 HBC 0 K-P,ELAST,CEX 
Rl EFFECT IS AT END OF REGION ANALYZED. THIS COULC AFFECT Vo\LUE OF Xl. 
Rl o. 22 KIM 71 OPWA K-MATRIX ANAl. 
Rl 0.15 ( 0 .. 05) LANGBEIN 72 IPWA MULTICHANNEL 
Rl 0 .. 24 ( o. 011 HART 73 OPWA EL +CX ~ .. "1-. BGEV/C 
Rl (0. 2810R 0-26 MARTIN "17 OPWA" KBAR N MUL TICHNL 
Rl (0.241 ( 0,031 RltC 7"1 OPWA KBAR N MUL TICHNL 
Rl ( KBAR NI/TOlAL FROM RltC n IS SUPERSEDED BY GOPAL so. 
Rl 0.22 I 0 .. 031 ALSTON 18 DPWA KBAR N ELASTIC 
Rl Q. 23 ( 0.031 GO PAL 80 OPWA KBAR N ELASTIC 

R2 Y*QI-1690) FROM KBAR N TO SIGMA PI SQRTIP1•P21 
R2 c-o. 331 ca .. 021 ARME~T-3 68 HBC . 0 OLD DATA 
R2 c-.o. 361 ( 0.021 ARMENT-4 69 HBC 0 NEW DATA 
R2 PUBLISHED 51 GN CHANGED TO AGREE WITH .LUND 1969 CONVENTION (SEE TEXT I 
R2 -a. 21 BERLEY 69 HBC 0 K-P TO SIG"'A PI 
R2 -0.31 (0.031 GAL TIER I "10 HBC 0 SIG. PI, EOPWA 
R2 -0.40 KJM. 71 OPWA K-MATRlX ANAL. 
R2 0.26 I 0.0"11 LANGBEIN 72 IPWA MUL TlCHANNEL 
R2 -o;zo (0 .. 031 BAXTER "13 OPWA 0 K- P TO NEUTRI\LS 
R2 -o. 28 t a .. ozJ KANE 74 OPWA K-P TO PI SJG 
R2 -0.28 ( 0 .. 031 LONDON 15 HL8C 0 K- P TO SIGO PIO 
R2 -o. 29 ( 0.031 HEPP2 76 DPWA -0 K- NUC TO SIG PI 
R2 c.-:o.30JOR .-0.28 MARTIN 77 OPWA K8AR N MUL TICHNL 
R2 -0.25 ( 0.031 RLIC 77 OPWA ·KBAR N MUL TICHNL 

R3 Y•oc 16901 FROM KBA.R N TO LAMBDA PI Pl SQR.H P l*P31 

•• (0. 251 (0 .. 021 BARTLEY 68 HOBC 0 LAM 2PJ CROS SEC 

•• ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71, 

•• Y*O( 16901 FROM KBAR N TO SIGMA PI Pl SQRTIPl*P41 

•• co. 211 ARMENT~2 68 HOBC 0 K-N TO SIG PI Pl 

R5 Y*O( 16901 FRGp.! KBAR N INTO LAMBDA ETA SQRTCPl*P61 
R5 o.oo I 0.031 BAXTER "13 OPWA 0 K- P TO NEUTRALS 

R6 Y*O( 16901 FROM KBAR N TO Y*lf1385) Pl S-WAVE SQRTIP1*P51 
R6 +0.27 0 .. 04 ~REVOST 74 OPWA 0- K-N TO SC 13851PI 

• .................................. 1(1•••***** *•••••••• ••••••••••••••••• 

ARMENT-I 6B NP B8 195 
ARMENT-2 68 NP 88 216 
ARMENT-3 6B NP 88 223 
BARTLEY 68 PRL 21 1111 
BUGG 68 PR 16B 1466 

ALSO 67 PRL 18 62 
CONFORTO 68 NP 88 26_5 

ARHENT-4 .69 NP B 14 91 
BERLEY 69 PL 308 430 
BERTANZA 69 PR 1 H 2036 

GALTIERI "10 DUKE 1"13 
CONFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B4"1 47"1 
BAXTER 73 NP 86"1 125 
HART "13 PURDUE CCNf. 
KANE 74 L8L-2452 
PREVOST 71t .NP 869 246 

LONDON 
CARROLL 

"HEPP2 

"15 NP B85 289 
"16 PRL 37 806 
76 PL 65B 487 

"lARTIN 7"1 NP 8127 349 
ALSO 7"1 NP B 126 266 
ALSO 77 NP Bl26 285 

RLIC 17 NP B119 3ti 
ALSTON 18 PR 018 182 

ALSO 7"1 PRL 38 1007 
GOP AL 80 TORONTO CONF 

REFERENCES FOR Y*0{16QOJ 

. ARMENTEROS, BAILLON, + 
ARMENTEROS. BAILLON, + 
ARMENTEROS. BAILLON, + 
+CHU, OOWO, GREENE,+ 
+GIU40RE, KNIGHT, + 
DAVIES,OOWELLt+ 
+HARMSEN, LASINSKI, + 

I CERN, HE JOEL, S ACLA Yl 1 JP 
(CERN,HEIDEL,SACLAYI I 
CCERN, HE I DEL, SACLAY I I JP 
CTUFTS,FSU,SRANOEISJ I 

(BIRM,CAVE,.R.HEU I 
( BIRM,CAVE,RHEU I 
I CHICAGO, HE I OEU IJP 

, .ARMENTEROS, BAILLON, + CCERN,HEIDEL,SACLAYJIJP 
- + HART, RAHM• WILLIS, YAMAMOTO IBNLJIJP 

+BIGI,CAPRARA,CASALI, + tPISA,BNL,YALEJIJP 

A. 8ARSARO GALTIERI [LRUJJP 
+LEVI SETTI,LASINSKJ, .OBERLACK++ ( EF I+HEIO) IJP 
J K KIM (HARV)JJP 
J .. K. KIM (HARVIIJP 
+WAGNER C MPI Ml IJP 
BAXTER • BUCK INGHAM, CORBETT, DUNN.+ (OXFORD I I JP 

311 +RICE, BACA STOW,FUNG, + fTENN+UCR+MASA+BUFF J I JP 
D.F.KANE [LBLIIJP 
PREVOST, BAR LOUT AUO, + ( SACL+C ERN+HE I 01 

LONDON, YU, BOYD,+ ( BNL, CERN, EPOL,ORSA, TOq_ll 
+CH IANGwKYC IA,LI ,MAZUR ,MICHAEL+ ( BNU I 
+BRAUN ,GRIMM, STROBELE, Hill+ I CERN, HE tO • MP I MJ IJP 

MARTIN, PI OCOCK, MOORHOUSE I LOUC+GLAS J I JP 
MARTIN,PIDCOCK (LOUCI 
MARTIN, PIDCOCK (LQUCJ IJP 
GO PAL ,ROSS, VAN HORN, MCPHERSON+ ( LOIC+RHELI I JP 
+KENNEY, POLLARD, ROSS+ ( LBL+MTHO+CERN I I JP 
ALSTON-GAR NJOST, KENNEY ( L8L +MTHb+CERN JJ JP 

159 G.P.GOPAL (RHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTERD,!.M CCINF + CHS COLLABORATION I CERN+HE I D+SACL I 

••••*• ........................... ····•••*• •••••••••••••••••••••••••• . ................ **······· ............................................ . 

1176 
1/78 

12181* 

11/68 
7/68 

11/68 
9/69 
9/69 
6170 

3/71 
12172 
2/74 

11177 
1/76 

l/7B 
12/Bl* 

ll/6B 
9/69 

10/74. 
6/70 
7/70 
3/71 

12/72. 
10/74 
12/B 1* 
4/75 
2/77 

11/77 
1/76 

ll/6B 
3172 

11/68 

10/74 

10/74 
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IA(1800)1 31:: Y*OI t8QQ, JP=l/2-1 1=0 

THE SOl AMPLITUDE SHOWS A RATHER CLEAR SECOND RESO~ANCE 
eEHAV lOR IN THE 1700-1900 MEV REGION. THFRE ARE WIDE 
CISAGREEMENTS AMONG THE MASS, WIDTH, AND COUPLING 
CET ERMINA liONS. 

36 Y*OilBOOJ MASS IMEVI 

(1812.0) (lQ,Q) BRJCMAN 70 DPWA TOTo ELASo CHEX 
I 1780.1 KIM 11 OPWA K-MATRIX Af>IAL. 

M 1830.0 (20.01 LI\NGBEIN 72 IP\oiA "4ULTICHANNEL 
M 1767. OR 1842. MARTIN 77 OPWA KBAR N "'ULTICHNL 
11 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION Of RESO~ANCE 
"! PARAMETERS FRCM THE T-MATRIX POLE AND FROM A 6-W Fllo RESPECTIVELY. 
H 1825. 120.1 RLIC 17 OPWA KBAR N MULTICHNL 

Pl 
P2 
P3 
P4 
P5 · 

Rl 
Rl 
Rl 
Rl 
R 1 
Rl 
Rl 
Rl 

1125. 120.1 ALSTON 78 OPWA KBAR N ELASTIC 
1841.0 110.01 GOPAL 80 OPWA KBAR N ELASTIC 

36 Y*O( 18001 WIDTH I '"lEVI' 

llOO.OJ 
140. I 
70.0 

435. OR 
230. 
165. 
226.0 

120.01 

115.01 
473. 

120. I 
120. I 
120. OJ 

8R I CHAN 
KIM 
LANGBEIN 
MARTIN 
RLTC 
ALSTON 
GO PAL 

"70 OPWA 
71 DPWA 
72 IPWA 
71 DP\oiA 
77 OPWA 
78 OPWA 
80 DPWA 

36 Y*OI18001 PARTIAL DECAY ~ODES 

INTO N KBAR 
INTO SIGMA PI 
INTO Y*lll3B51 PI 

Y*OI 18001 
Y*C( 18001 
Y*OI18001 
Y*OI 1800) 
Y*OI 18001 

INTO N K*l8901t S1 WAVE 
INTO N K*C890J, 03 WAVE 

36 Y*OI18001 BRANCHING RATIOS 

Y*OI HOOI INTC I KBAR NIITOTAL 
10.181 I o. 021 
10. 80) 
o. ~ 5 I 0.151 

11.2110R 0~10 
10.371 I 0.051 

BR IC""'AN 70 DPWA 
KIM 7l DPWA 
LANGBEIN 72 !PWA 
MARTIN 17 OPWA 
RLIC 77 DPWA 

TOT, EU.S, CHEX 
K-..,ATR I X ANAL. 
PUL TICHANNEL 
KBAR N MULTICHNL 
KBAR N MULTICHNL 
KBAR .>.j ELASTIC 
KBAR N ELASTIC 

DECAY MASSES 
ens+ 493 

1189+ 139 
139+1385 
939+ 891 
93'H 891 

CPU 
TOT, ELAS, CHEX 
K-MATRIX ANAL. 
MULTICHANNEL 

(KBAR NI/TOTAL FROM RLIC 71 IS SUPERSEDED BY GOPAL 

KBAR N MULTICHNL 
KBAR N MULTICHNL 
eo. 

o. 28 ( 0.051 ALSTON 78 DPWA 
0.36 10.041 GOPAL 60 OPWA 

Y*OI18001 FROM KBAR N TO SIGMA PI 

KBAR N ELASTIC 
KBA.R. N ELASTIC 

SQRTIP1*P21 

1/71 
3/71 

12/72 
11177 

1/76 
1/78 

12181* 

1/71 
3/71 

12/72 
11/77 
1/70 
1/78 

12/81"' 

1/71 
3/71 

12/72 
11/77 
1/76 

1/78 
12/816-

R2 
R2 
R2 
R2 

{0.241 KJM 
I-0.74JOR -0.43 MARTIN 
-0.08 10.051 Rl!C 

71 OPWA 
77 OPWA 
77 DPWA 

K-MATP.(X ANAL. 3/71 
K~AR N MUL TICHNL 11/77 
KBAR N MUL TICI.INL 1/76 

Y*OI 18001 FROM KBAR N INTO Y*lll3851 PI SQRHP1*P31 R3 
R3 
R3 

+0.056 0.028 CAMERON 18 DPWA 0 K-P TO SI13R51PI 1/78 
SIGN CHANGED TO BE IN ACCORD WITH THE BARY(lN-F~RST CONVENTlON. 12/79 

R4 Y*OI 18001 FRO' KBAR N INTO N K*(891Jit Sl WAVE SCRTIPl*P41 
R4 3 -0.17 0.03 CAMERON2 78 OPWA K-P TO K•N 
R4 3 THE SIGN HERE IS CHANGED TO AE IN ACCORD WITH THE BARYON-FIRST 
R4 3 CONVENTION. 

R5 Y*0(1800) FROI" KBAR N INTO N K*(890),· "D3 WAVE SQRT(Pl*P51 
RS -0.13 0.04 CAMERON2 78 OPWA K-P TO K*N 

BRICMAN 70 PL 338 511 
K !M 71 PRL 21 356 

ALSO 70 DUKE 161 
LANGBEIN 12 NP B47 477 

MARTIN 77 NP Bl27 ~49 
ALSO 77 NP Bl26 266 
AlSO 77 NP 8126 285 

Rl!C 77 NP 8119 3f2 
ALSTON 78 DR 018 182 

ALSO 77 PRL 38 1CC7 
CAMERON 78 NP 8143 189 
CAMERON2 78 NP 8146 321 

REFERENCES FOR Y*O C 1800 I 

C BRJCMAN, M FERRO-LUZZI, J P LAGNAUXCCERNIIJP 
J K KIM IHARVIIJP 
J. K. KIM (HARV) IJP 
+WAGNER (!1PIMIJJP 

MART IN, PIDCOCK ,lo1QORHOUS E . ( LOUC+GLAS I I JP 
MARTIN,PIOCOCK flOUCI 
MARTJN,PIOCOCK (LOUCIIJP 
GOPAL 1 ROSS,VAN HORN,MCPHERSON-+ ILOIC+RHElllJP 
+KENNEY, POLLARD ,ROSS+ ( LBL +MTHO+CERNI I JP 
AL S TON-GARNJOST, KENNEY ( LBL +MTHO+C ERN I I ~p 
+FRANEK, GO PAL, B ACDN, BUTTER WORTH+( PHEL +LO [ C I I JP 
+FRANEK, GO PAL, KALMUS, MCPHERSON,"+( RHEL +lO! C I I JP 

GOPAL 80 TORONTO CONF 159 G.P.GOPAL IRHEUIJP 

.................. ,. ••••• ********* •••••••••••••••••• ********* •••••••• 

T~( ~·~·~·~; j .. ::··::o~::::~·::.::::~·::: ·····T~ ~:r···· ...... .. 
SEE THE MINI-REVIEW A'r THE START OF THE Y* LISTINGS. 

THE EVIDENCE FOR THIS STATE IS SO~EWHAT CONFUSED. IT 
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF 
KBAR N DATA BY THE BEHAVIOUR OF THE POl Alo1PLITUDE 
.,HEN IT WAS PARAMETRIZED AS A TWO-STRAIGHT-LINE 
BACKGROUND IARMENTEROS 681. 

ALMOST ALL THE RECENT ANAL-YSES CO~TA!N A POl STATE, AND SOMETt ... ES 
TW0 1 BUT THE !lASSES, WIDTHS, AND BRANCHING RATIOS OBTAINED IN THE 
DIFFERENT ANALYSES VARY GREATLY. SEE ALSO THE Y*Ot1600IP01 LISTING. 

77 Y*0(18001 MASS fMEVJ 

( 1145.01 
( 1740.01 
( 1800.01 
( 1750-DI 
11690.01 110.01 

ERROR STATIST. ONLY-

ARMENTERO 68 HBC 
BAILEY 69 OPWA 
ARMENTERO 70 H8C 
ARMENTERO 70 HBC 
GAL TIER I 70 HBC 

NO ERROR DUE TO PARTICULAR 

ELASTIC, CH EXCH 
ELASTIC, CH EXCH 
ELASTIC, CH EX 
SIGMA PI 

0 SIG PI tEDPWA 
P,W,ANAlo INCLUDED 

12/79 
12/79 
12/79 

12/79 

11/68 
10/70 
6/70 
6/70 
7/70 
1/71 

Baryons 
A(l800) 

'w 
w 

{ 1755. J KIM 71 DPWA K-MATRIX ANAL. 
1180.0 20.0 LANGBEIN 72 IP.,A MULTICHA.NNEL 
1746. 10. PREVOST 74 OPWA. 0- K-N Hl St 13851PI 
1735. 5. CARROLL 76 DP\o~A 1=0 TOTAL CS 
1861. OR 1t:l53. MARTIN 71 DPWA KBAR N MULTTC'"!NL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-"'ATRIX POLE AND FP.OM A B-W FIT, RESPECTIVELY. 

1853. 20. RLJC 77 DPWA KBAR N MULTIC!-1:-..IL 
1841.0 {20.01 GOPAL 80 OPWA KP.Ail N ELASTIC 

AVERAGE MEANINGLESS tSCALE FACTOR= 3.51 

(147.01 
t300. 0 I 
130. 0) 
170.01 
(22. 01 
(35. l 
120.0 ... 
128.1 
535. OR 
166. 
90.0 

164.0 

11 Y*OI18001 WIDTH CMEVI 

10.0 
20 • 

585. 
20. 
20.0 

(20. OJ 

AR""ENTERQ 68 H~C 
BAILEY 69 OPWA 
ARMENTERO 70 HFIC 
ARMENTERD 70 HBC 
GAL Tl ER I 10 HBC 
KIM 11 OP~A 
LANGBEIN 12 IPWA 
PREVOST 14 DPWA O-
CARROLL 76 DPWA 
MARTIN 17 OPWA 
RLIC 77 DP~A 
CA!o'.ERON2 18 DPWA 
GOPAL 80 DPWA 

AVERAGE ... EANII\GLESS I SCALE FACTOR= 2.61 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

17 Y*OI 18001 PAq_TIAL DECAY MODES 

ELASTIC, CH EXCH 
ELASTIC, CH EX 
SIG~A PI 
SIG PI, EOPWA 
K-MATRIX Alo,JAL. 
MUL TICI-IANNEL 
K-N TO Stl3851PI 
I=O TOTAL CS 
KBAR N MULTIC'"INL 
KBAR N ,_,ULTICHNL 
K-P TO K*l8901 N 
KBAR N ELASTIC 

P1 Y*O( 18001 INTC N KBAR 
DECAY MASSES 

~38+ 493 
P2 Y*O( 18001 INTO SIGMA PI 1189+ 139 

139+1385 P3 Y*0(18001 INTO S!GMAfl3851 PI 
P4 Y*0118001 INTC N K*(890I. Pl WAVE <;139-+ 891 
P5 Y*OI18001 INTO N K*C890I. P3 WAVE 9~9+ 891 

R l 
Rl 
Rl 
R l 
Rl 
Rl 
Rl 
Rl 
RI 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

17 Y•OilBOOI BRANCHING RATIOS 

Y*OIIBOOI INTO IKBAR NI/TOTAL IP11 
10.41 AR.MENTERO bB DPWA 0 ELA.SiiC, C~ EXCH 
co. 55) BA !LEY 69 DPWA ELASTIC, CH EXCH 
(0.151 ARMENTERO 10 DPWA ELASTIC, CH EXCH 
(0.301 Kl M 11 OPWA K-MATR IX ANAL 
o. 36 o. 05 LANGBEIN 72 I PWA MULTICHANNEL 

10.52 lOR 0.4~ ... ART IN 77 DPIOA KRAR N ,Ul T I CHNL 
co. 211 ( 0.041 RLIC 77 DPWA KBAR N "'Ul TICHNL 

IKBAR NJ/TOTAL FROM RL IC 77 IS SUPERSEDED BY GOPAL 80. 
0.24 ( o. 041 GO PAL SO OPWA KBAR N ELASTIC 

Y*Ol 18001 FROI" KBAR N INTO SIGMA PI SQRTIPl*P21 
(+0.201 ARMENTERO 10 DPWA 0 K-P TO SIGMA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUIIID 1969 CONVENTION !SEE TEXT I 
1-0.131 10.031 GALTIEPI 10 OPWA 0 K-P TO SIG"''A PI 

(0.171 KIM • 71 DP~A K-MAT~lX ANAL. 
10.011 OR LESS LA~GBEIN 12 IPWA MULTICHANNEL 

1+0.2510R -+0.23 MARTIN 17 OPWA KBAR N ~ULTICHfl:l 
-0.24 0.04 RLIC 77 OPWA KBAR N MULTICHNL 

Y*0(18001 FRO~ KBAR N TO SIGMA(13851 PI SQRHPl*P31 

3/71 
12/72 
10/74 
2/77 

11177 

1/76 
12/81* 

10/70 
6/70 
6/70 
7170 
3/71 

12/72 
10/74 
2171 

11/77 
l/76 

12/79 
12/81* 

11/68 
10/70 
10/70 
3/71 

12/72 
11/77 
l/76 

12/81* 

6/70 
10/74 
7/70 
3/71 

12/72 
11/77 
1/76 

R3 
R3 +0.18 0.10 PREVdST 74 DPWA 0- K-N TO SI1385IPI 10/74 

Y*Oil8001 FROM KBAR N INTO N K*l890}, Pl WAVE SQRT(P1*P41 R4 
R4 
R4 
R4 

-0. 14 O. 03 CAMERON2 78 OPWA K-P TO K*N 12/79 
4 THE SIGN HEqE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
4 . CONVENTION. 12/79 

R5 
R5 

Y*Of18001 FRO~ KBAR N INTO N K*ISCIOI, P3 WAVE SQRTIP1t:P51 

A.RMENTER 
BAILEY 

.ARMENTER 
GAL TIER I 
K !M 

ALSO 
LANGBEIN 

+0.35 0.06 CAMERON2 18 OPWA K-P TO K*N 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

**"'*****"' ********* ********* ********* "'******** ****'~'**"' 

68 NP BS 195 
69 THESIS UCRL-50617 
70 DUKE CONF 123 
70 DUKE CONF 113 
7l PRL 27 356 
70 DUKE 161 
72 NP 847 417 

REFERENCES FOR ¥*011800 I 

ARMENTEROS, BAILLQN, + 
DAVID SAAL BAILEY 
AR.'•IENTEROS, BAILLON, + 
A EARBARD-GALTIERI 
J K KIM 
J. K. KIM 
+WAGNER 

(CERN, HEIDEL, SACLAY) I JP 
llRl LIVE~<MOREIIJP 

!CERN, HEIOELIIJP 
(LRLII JP 

I HARVI IJP 
(HAqVJIJP 
I MPIMIIJP 

PREVOST 74 NP B6':i 246 PREVO 51 1 BAR LOUT AUD, + I SACL +CERN +HEIDI 
CARROLL 76 PRL 37 806 
"'ARTJN 77 NP B 127 349 

ALSO 17 NP 8126 266 
ALSO 17 NP 8126 285 

RLIC. 77 NP 8119 3t2 
CAHERON2 78 NP B146 327 
GOPAL 80 TfJRONTO CONF 

+CHIANG,KYC !A, L I ,MAZUR ,MICHAEL+ ( '3'\ILl I 
"1 ARTINo P t OC DC K, MOORHOU 5 E IL OUC+GL ft. S I I JP 
MARTIN,PIDCOCK ILOUU 
MARTIN,PIDCOCK ILOUCIIJP 
GOPAL,ROSS,VAN HORN,MCPHERSO~-+ (LOIC-+RHELIIJP 
+FR. ANE K, GO PALo K AUWS, MCPHERSON,+ I RHEL + LOI C I 1 J P 

159 G.P.GOPAL (Q.HELIIJP 

................... "'******** *******"'* ******••• ********* *"'******* 

·j·~~ ~·~·~·~·; j·:::··::o~::::~·::.:::::·::: ..... T~::r .. ·· 
• • THIS NARROW STATE WAS REQUIRED TO Fl T A PEAK IN THE A7 

-----~"· COEFFICIENT OF THE K-P ANGULAR DISTRIP.UTION IN RLIC 77. 7 IT WAS NOT REQUIRED TN PI SIGMA. NEW KBAP N ANALYSIS 
IGOPAL 801 FINDS THE STATE INCONSISTENT WITH THE NE~ 

1808. 

1-'IGH STATISTICS K-P POLARIZATION MEASUREMENTS IEIRV'ANT 
801. 

102 Y*0(18001 MASS (MEV) 

5. RLIC 77 DPWA KBAR N MULTICHII.L 

12/79 

1/76 

l/76 

1/76 



Baryons 
A{1800), A( 1820) 

1G2 Y*OCISOOJ WIDTH IMEVI 

27. 5. RltC 11 OPWA 

102 Y*O( 18001 PARTIAL DECAY MODES 

Pl 
P2 

Y*OI 16001 INTC N KBAR 
Y*OC 18001 INTO SIGMA PI 

1C2 Y*Oil8001 BRANCHING RATiOS 

KBAR N MUL T f CHt>:l 

DECAY MASSES 
938+ 493 

1197+ l)q 

Rl Y*OilBOOI INTO IKBAR NI/TOTAL CPU 
Rl C (0 .. 041 10.011 RLIC. 17 OPWA KBAR N "4ULTICHNL 
Rl C fKBAR NI/TOTAL FROM RliC 17 IS SUPERSEDED BY GOPAL 80. 
Rl 0.03 I 0.031 GOPAL. 80 OPWA KBAR N .ELASTIC 

R2 
R2 

Y*Oil800) FROM" KBAR N INTO SIGMA PI 
LESS.THIIN 0.04 RUC 

SQRTC Pl*P21 
77 OPWA KBAR N MULTICHNL ............................................................ ········ 

REFERENCES FOR Y*OI 18001 

1/76 

1/76 

l/76 

1176 

1/76 
1/76 

12/81* 

1/76 
1/76 

RllC 77 NP,Bl19 362 GOPAL,ROSS,VAN HORN,MCPHERSON+ CLotC+RHElJIJP 
GOPAL 80 TORONTO CONF 159 G.P.GOPAL IRHEUIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRYANT 80 ·NP B 168 207 +CARTER 1 COUPLAND, E I SENH ANOLH 1 + ILOQM+RHELI 

*** ••• •• •• ...... • •• :t •• ••• •• ..... .... .......... •••••• ••• ........... • ••••••• ............................................................. ,. ..... . 
A( 1800) 
BUMPS 

) 

119 Y*Dil800 1 JP:c: I I=? PRODUCTION EXPERIMENTS 

LOCKMAN 78 OBSERVE· A 5 STO. DEY. ENHANCEMENT IN THE 
LAMBDA PI+ PI- MASS SPECTRUM FROM THE REACTION 
PP -"""'">LAMBDA PI+ PI-.+ ANYTHING IN A CERN ISR 
EXPERIMENT AT C.M. ENERGIES OF 43 AND 62 GEV. 
THE MAIN DECAY MODES APPEAR TO BE Y*ll 13851 PI AND 
Y*lll5601 PI ISEE THE ENTRY FOP Y*l(IS6011. 

THE I-SPIN IS NOT ESTABLISHED, BUT SINCE THE LAMBDA PI DECAY IS NOT 
OBSERVED •. I=O IS MARGINAllY· PREFERRED. 

119 Y*OC 18001 MASS OtEVJ I PROD. EXP. I 

60 1B02. 3. LOCKMAN 78 SPEC 0 PP TO L PI PI X 

119 Y*Oil800) WIDTH {MEV I {PROD. EXP.) 

W C 60 · 24. . B. LOCKMAN 78 SPEC 0 PP TO L PI Pl X 
W C OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUliON. 

Pl 
P2 
P3 

uc; Y*0(1800J PARTIAL DECAY MODES (PROD. EXP.I 

Y*OilBOOI INTO LAMBDA PI PI 
Y*O( 18001 INTO Y*1Cl3851 PI 
Y*Oil8001 INTO Y*lll5601 PI 

DECAY MASSES 
1115+ 139+ 139 
1385+ 139 
1_560+ 139 

11~ Y*OilSOOI BRANCHING RATIOS ·(PROD. EXP.J 

R1 Y*Dil800J. INTO ILAMBDA PI PII/TOTAL (P11 
R1 SEEN LOCKMAN 78 SPEC 0 PP f[1 L PI PI X 

R2 Y*OflBOOI INTO IY*lll3851 Pli/TOTAL IP21 
R2 SEEN LOCKMAN 78 SPEC 0 PP TO L PI PI X 

R3 Y*Oil800l INTO IY*ll15601 Pli/TOTAL IP3J 
R3 SEEN LOCKMAN 78 SPEC 0 PP TO L PI PI X 

...... ********* ······•*• ................................................ . 

REFEI\ENCES FOR Y*Oil8001 fPRCO. EXP.J 

LOCKMAN 78 CEN DPI-'PE 78-01 +MEYER,RANOER·oPOSTERoSCHLEIN+ IUCLA+SAtL.I~ .................. · ................ -................. · ................. .. ......................................................................... 
lA{1820)1 39 Y*(H 1820, JP:c:5/2+1 J:Q 

SEE THE MINI-REVIEW AT THE STAPT OF THE Y* liSTINGS. 

THIS STATE IS WELL ESTABliSHED. MOST OF THE QUOTED ER­
RORS ARE STATISTICAL ONLY. THE SYSTEMATIC ERRORS DUE TO 
THE" PARTICULAR PARAMETRIZATION USED IN THE P.W.A. ARE 

NOT INCLUDED. FOR THIS REASON WE DO NOT CALCULATE WEIGI-ITEO AVERAGES FGR 
MASS AND WIDTH. 

.. 
4 

N 

1813 .• 0 
1816.0 
1817.0 
iSI9. 0 
1825.0 
1819.0 
1830.0 
1820.0 
1818.0 
1810. 

{ 1823.01 
KANE 72 IS 

1818.0 
1821.0 

f 1830. I 

3q Y*Oil8201 MASS CMEVI. 

I 2.01 
14.01 
{ 2.0) 
f.4.01 
{ l.Q) 
{ 1.01 

110.01 
110.01 

I ~.OJ 

{ 3.01 
SUPEREDEO BY KANE 

I 3.01 
I 2.01 

ARMENT-I 
BEll 
ARMENT-3 
BiJGG 
BRICMAN 
BRlCMANl 
COOL 
GAL TIEl\ I 
CONFORTD 
KIM 
KANE 

14. 
LANGBEIN 
KANE 
DEC LA IS 

67 HBC 
67 HOBC 
68 HBC 
68 CNTR 
70 CNTR 
70 OPWA 
70 CNTR 
70 OPWA 
71 OPWA 
71 DPWA 
72 OPWA 

72 IPWA 
7t; DPWA 
77 OPWA 

0 K-P TO SIGMA PI 
0 K-N TO SIGMA PI 
0 ELASTIC, CH EXCH 
0 K-P, D TOTAl 
0 TOTAL AND CH EX 

Sl GTOT, ELAS,CHE X 
K-P., 0 TOTAL 

0 -K-P TO SIG"4A PI 
0 ELASTIC, CH EXCH 

K-MATRIX ANAL. 
0 K-P TO PI SIG 

MUlTICHANNEL 
K-P TO PI SIG 
KBAR N TO "KSAR N 

12/79 

12/79 

12/79· 

12179 

12/79 

8/67 
11/67 
11/68 
6/68 
6/70 
1171 

10/-70 
7/70 
6170 
3171 

10/71 

12172 
12/81* 

1178 

254 

Data Card Listings 
For·notation, see key at front of Listings. 

w 
w 
w 

. w 
w 
w 

. w 
w 
w 

P1 
P2 
P3 

•• P5 
P6 

. N 

N 
N 

4 
N. 

1817~ OR 1819. MARTIN 77 OP'IIA K8AR N "4ULTtC.HNL 
THE TWO ENT'I.JES FOR MARTIN 17 COR"-ESPONO TO EXTRACTION OF RESONANCE 
PARM:lETERS FRdM, THE T:-MATRIX POLE AND FROM A e-w FJ,T, RESPECTIVELY. 

1822. C 2. I RllC 17 OP\rriA KBAR N MUL TICHNL 
1819. 12. I ALSTON 78 OPWA KBAR N ELASTIC 
1823.0 13.01 GOPAL 80 DPkA K8AR N -ElASTIC 

ERROR STATIST. ONLY- NO E~ROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 

39 Y*OC 18201 WIDTH CME·VI 

87.0 ( 15. OJ ARMENT-I 67 Het 
64.0 112.01 BELL 67 HOBC 
11.0 (4.01 ARMENT-3 68 HBC 
75.0 I 7. OJ BUGG 68 CNTR 
80.0 {6.01 BRICMAN 70 CNTR 
79.0 13.0.J, BRICMAN1 70 DPWA 

100.0 COOL 70 CNTR 
100.0 120.01 GALTIERI 70 OPWA 
90.0 14.01 CONFORTO 71 DPWA 
10. KIM . 71 DPWA 

1104.01 116.01. KANE 72 DPWA 
70.0 CS.OJ LANGBEIN 72 IPWA 
87.0 (3.01 KANE 74,0PWA 

182. I .DECLAlS 77 OPWA 
76. OR 76. HARTIN 77 DPWA 
81. { 5. I RLIC 71 OPWA 
72. I 5. I ALSTON 78 DPWA 
11.·0 (5.01 GOPAL 86 OPWA 

~EE.THE NOTES ACCOMPANYING _MAS_SES QUOTED 

"39 Y*OC 18201 PARTIAL DECAY MODES 

Y*OC 18201 INTO N KBAR 
Y*OI 18201 INTO SIGMA PI 
Y*Of 18201 INTO SIGMA PI PI 
Y*Oil8201 INTO ETA LA"''BOA 
Y*Oil8201 INTC Y*1113851 PI P-WAVE 
Y*OI 1820J INTO Y*lll3851 PI F-WAVE 

0 
0 
0 ELASTIC, CH EXCH 
0 K-P, 0 TOTAL 
0 TOTAL AND CH EX 

SI GTOT, El AS 1 CHEX 
K-P, D TOTAL 
K-P TO SIG~A PI 
ELASTIC, CH EXCH 
K-MATRIX ·At~AL. 

0 K-P TO. P,t SJG 
MULTICHANNEL 
K-P TO PI SJG 
KBAR N T.O KSAR N 
KBAR N MULTI CHNL 
KBAR N MULTI CH~l 
KBAR N .. ELASTIC 
K8AR N ElASTIC 

OEC·AY MASSES 
938+ 493 

1189+ -139 
1192+ 139+. 139 

548+1115 
139+1385 
139+1385 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

11/77 

1"/76 
1/78 

12/81* 
1171 

8/67 
11/67 
ll/68 
6/68 
6/70 
1/71 

10/70 
1170 
6/70 
3/71 

10171 
12172 
12/81* 
1/78 

11/77 
1176 
1178 

12/81* 

The matrix below is derived !rom th_e error matrix fo! the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements· are Pi±6Pi' where 

6Pi ~ -J\6Pi6Pi)' while the off-diagonal elements are the~ correlation coeHi­

cients (6pi6Pj)/(6Pi; 6Pj), For the d_efinitions of the individual Pi' see the listings 

above; only those Pi appearing in the m"atrix a·re assumed in the fit to be nonzero and 

are thus constrained to. add to 1. 

p 1 
p 2 
p 3 
p 4 
p 5 
p 6 

p 1 
.6044...:.....0216 

• 2 p 3 P. 4 p 5 p .6 

-.4984 .1145+-.·oo8z' 
-.1146 .0571 .1028+-.0287 
-.3954 .0151 -.7879 .1560+-.0340 
-.0643 .0320 .0014 -.2237 .• 0152+-.0085 
-.0401' .0200 ·0046 -.1678 .0026 .0070+-.0062 

---:--- --------- ---~--- ------- ------ ------
39 Y*OI 1_8201 BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS 00 NOT INCLUDE UNCERTAINTY DUE 
TO PARMETRtZATION USED IN THE .P.W.A. THEY SHOULD BE INCREASED. 

Y*OC 18201 INTC I KBAR Nl /TOTAl I Pll 
0.62 0.02 ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 

10.721 
0 •. 65 0.02 

BUGG 68 CNTR 0 K-P, ·D TOTAL 
BRICMAN 70 CNTR 0 TOTAL AND CH EX 

o.58 o.o2 BRJCMAN1 70 DPWA. SlGTOT,ELASoCHEX 
10.81 COOL 70 CNTR .K-P, 0 TOTAL 
0.63 0.01 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 

10.521 KIM 71 OPWA K-MATRIX ANAL. 
0.41 o. 02 LANGBEIN 72 IPWA MULTICHANNEL 

(0.5lt 
2 to.59J'DR a.58 
c· co.571., co.o21 
C I KBAR Nl /TOTAL; FROM RllC 77 

.a. 6o.- o. 03 

OECLAIS 77 DP\ojA I<BAR N TO KBAR N 
MARTIN 77 OPWA KBAR N MULTICHNL 
Rl IC 77 DPWA KBAR N MUL T.ICHNL 

IS SUPERSEDED BY GOPAL. SQ.· 
ALSTON 78 OPWA KBAR N ELASTIC 

o.ss (0.02) GOPAL 80 DPhA KBAR N ELASTIC 

R1 
R! 
R1 
R1 

;R1 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
R! 
Rl 
Rl 
Rl 

·Rt. 
Rl 

AVG 
FIT 

0.605 
0.604 

0.024, AVERAGE I ERROR INCLUDES .SCALE FACTOR OF 3.41 
0.022 FROM FIT IERROR INCLUDES SCALE FACTOR OF 3.11 

R2 
·R2 
R2 
R2 
R2 
R2 
R2 4 
R2 
R2 
R2 
R2 
R2 

Y•Oil8201 FROM KBAR N INTO SIGMA PI SQRltP1*P21 
,-0.27 0.01 ARMENT-I 67 DPWA· 0 K-P TO SIGMA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION CSEE TEXT I 
O. 23 O. 025. . BEll 67 DPWA· 0 K-P TO SIGMA PI 

-0.26 0.03 GALTIERl 70 OPWA 0 K-P TO SIGMA PI 
10.26) Kll'l 71 OPWA K-HATII:IX.ANAL. 

1-0.2681 I O. 0271 KANE 72 OPWA 0 K P TO PI SIG 
0.25 0.03 LANGBEIN 72 IPWA I<IULTICHANNEL 

-0.28 CO.OU KANE 74 DPWA K-P TO PI SIG 
C-0.25JOR -0.25 MARTIN 77 OPWA -KBAR N MULTICHNL 
-0.28 0.0"3 RLJC 77 DPWA KBAR N MULTICHNL 

R2 AVG MOO 
R2 FIT 

o. 2642 
0.2631 

0.0082 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.0082 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

R3 
R3 
R3 
R3 FIT 

Y*OC 18201 FROM K BAR N TO ETA LAMBDA SQRTI Pl*P41 
-q.096 0.040 0.020 RADER 73 MPWA 

O.Oq6 0.027 FROM FIT tERROR INCLUDES SCALE FACTOP OF 1.01 

Y*OC18201 INTO 'rv•·lfl385J PIJ/TOTAL IP51 

11/68 
6/68 
6170 
1/71 

10170 
6170 
3171 

12172 
1/78 

11/77 
1/76 

1/78 
12/81* 

10/74 
10/74 
11/67 

7170 
3/71 

10/71 
12/72 
12/81* 
11177 
1/76 

9/73 
9/73 

R4 

•• •• 
O. 20. 0. 05 BUlGE 65 HBC 0 K-P TO lAM .PI PI 7/66 

R5 
R5 
R5 
R5 
R5 
R5 FIT 

• • • • • • • e • 

o; 103 0.029 ~ROM FIT CERRO~ INCLUDES SCALE FACTOR OF 1.51 

Y*Ofl820I INTo tSIGMA PI.PII/TOTAL IP31 
NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SJG PI PI 11/68 

THERE IS A SUGGESTION OF A BUMP, ENOUGH TO BE CONSISTENT WITH 
WHAT IS EXPECTED FROM S~GMA PI DECAY OF THE Y*Ul3851 --ABOUT 0.02. 

O. 156 O. 034 FROM FIT 



255 

Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1820), A(1830), A(1890) 

R6 Y*OilBZOJ FRCM KBAR N TO Y*lll3851 PIP-WAVE SQRT(Pl*PSI 
R6 A (0e31 10.051 ARHENT-2 67 HBC 0 K-P TO LAMP+ P+ 
R6 +0.27 0.03 PREVOST 74 OPWA 0- K-N TO SU385JPI 10/74 
R6 
R6 

-0.167 0.054 CAMERON 78 OPWA 0 K-P TO 5(1385JPJ 1/78 

R6 AVG MOO 
R6 FIT 

0.246 
0.249 

0.044 
Q.035 

AVERAGE IERROR INCLUDES SCALE FACTOR OF loll 
FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

R7 
R7 
R7 
R7 
R7 

Y*Oil8201 FROM KBAR N TO Y*lU385J PI F-WAVE SQRltPl*P61 
+0.065 0.029 CAMERON 78 OPWA 0 K-P TO SI1385JPI 

THE SIGN HERE AND IN R6 IS CHANGED TO BE IN ACCORD WtTH THE 
BARYON-FIRST CONVENTION. 

R7 FIT 0.065 0.029 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 ..................................................................... 
REFERENCES FOR Y*OU8201 

BIRGE 65 ATHENS CONF 296 +ELY,KALMUS,KERNANoLOUIEoSAHOURJA, + CLRLIIJP 
ARMENT-1 67 PL 248 !C~8 ARMENTEROS, F LUZZlt + CCERN,HEJDEL,SACLAY)IJP 
ARMENT-2 67 ZEIT PHYS 202 486 All.MENTEROS, F LUZZI, + CCERN,HEIOEL,SACLAYliJP 
BELL 67 PRL 19 ~36 R B BELL fLRLIJJP 
ARMENT-3 68 NP 88 1t:l5 ARMENTERQS, BAILLON, + CCERN,HEIOEL,SACLA'r'JIJP 
ARMENT-4 68 NP BB 216 AP.MENTEROSo BAILLON, + (CERN,HEIOEL,SACLAYI 1 
BUGG 68 PR 168 1466 +GILMORE, KNIGHT, CRHEL+8IRM+CAVEJ I 

BRICMAN 70 PL 31B 152 
BRICMANl 70 Pl 33B 511 
COOL 70 PR 01 1887 
GAL TIER I 70 DUKE CONF I 73 

CONFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 

KANE 12 PR D5 15E3 
LANGBEIN 12 NP 847 417 
RADER 73 NC 16A 118 
KANE 14 LBL-2452 
PREVOST 74 NP 869 246 

DECLAIS 77 CERN 77-16 
MARTIN 11 NP 8127 349 

ALSO 71 NP 8126 266 
ALSO 71 NP 8126 2e5 

RLI C 17 NP 8119 3t:2 
ALSTON 78 PR 018 182 

ALSO 71 PRL 38 1007 
CAMERON 78 NP 8143 189 

+FERRO LUZZI, PERREAU,+ CCERNoCAEN,SACLAYI 
+FERRO-LUZZI, LAGNAUX (CERN I 
+GIACOMELLI, KYCIA, LEONTIC, U, + CBNLI I 
A BAR8ARD-GALTIERI ILRUIJP 

+LEVI SETTI,LASINSKI ... OBERLACK++ ( EF I+HEIDI JJP 
J K KIM (HARVJJJP 
J, K. KIM CHARVIIJP 

0 F KANE 
+WAGNER 
+BARLOUTAUO,+ 
O.F .KANE 

IL8LJIJP 
CMPIMJIJP 

C SACL+HEI O+CERN+RHEL +COEF I 
CLBUJJP 

C SACL+C ERN+HE I OJ PREVOST ,BARLOUTAUO,+ 

+DUCHON, LOUVEL, PATRY, SE GUt NOT+ CCAEN+CERNI I JP 
MAR T1 N, PI OCOCK, MOORHOUSE CLOUC+GL AS) I JP 
MARTIN,PIDCOCK CLOUCJ 
MARTIN,PIOCOCK ILOUCIIJP 
GOPALoROSS,VAN HCIRNoMCPf-IERSON+ CLotC+RHELIIJP 
+KENNEY, POLLARD ,ROSS+ C LBL+MTHO+CERN I I JP 
Al STON-GARNJOST, KENNEY C LBL +MTHO+CERN I I JP 
+FRANEK ,GOPAL, BACON, BUTTERWORTH+ CRHEL+LOIC) IJP 

GOPAL 80 TORONTO CONF 159 G.,P.GOPAl P:tHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FOLLOWING PAPERS ARE NOW OF ONLY HISTORICAL INTEREST--

CHAM8ERL 62 PR 125 1696 CHAMSERLAINoCROWE.KEEFEoKERTH, + llRLI I 
GALTIERI 63 PL 6 296 A BARBARQ-GALTIERltA HUSSAlNtRO TRIPP ILRltJJ 
SODICKSO 64 PR 133 8757 SODICKSONoMANNELLJ,FRISCH,WAHLIG OtJT(BNUJ J 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY CLRLI J 
BIRMINGH 66 PR 152 1148 BIRMJNGHAM,GLASGOW,I.C., OXFORD,RUTHERFORO 
COOL 66 PRL 16 1228 +GIACOMELLI,KYCIAoLEONTICoLUNOBY + CSNLII 
GELFAND 66 PRL 17 1224 +HARMSEN,LEVI-SETTI,PRECAZZI+ IEFI,ANLI 
ARM ENTER 67 NP 83 592 ARMENTEROS • FERRD-LUZZ I+ C C ERN,HEJQ, SACLAYJ I JP 
C.ONFORTO 68 NP B8 265 +HARMSEN, LASINSKt. + CCHICAGO,HEIDELIIJP 
LASINSKI 68 PR 163 1792 LASINSKt, LEVI SETTJ, PREOAZZI CCHICAGOI JP 
PREVOST 71 AMSTEROH CONF + CHS COLLABORATION CCERN+HEJD+SACLI 

............................................ ••••*•••• ••••••••••••••••• ............... ••••••:c.•• ••*•••••• ..................................... . 

M 
M 

" " " " 

I A( 183 0 )j 56 v•o<ls3o, JP•5/H 1-o l 005 1 

3 
3 

3 

K 

1827.0 
1837.0 
1807.0 
1B4Q.O 
183I. 0 
1830. 

C 1120. I 
( 1832.01 

KANE 12 IS 
1810.0 
1825.0 
1817 .. OR 

~EE THE MINI-REVIEW -AT THE START OF THE Y* LISTINGS. 

THE BEST EVIDENCE FOR nitS RESONANCE CCMES FROM THF. 
SIGMA PI CHANNEL. IT IS WEll ESTABLISHED. 

56 Y*OH8301 "'ASS IMEVI 

13.01 AR>4ENTERO 67 HBC 0 K-P TO SIGMA PI 
·(l\.0) BELL 6 7 HBC. 0 K-P TO SIG"''A PI 
(JQ.OI ARMENTERO 6B HBC 0 ELASTICt CH EXCH 
ns .. 01 GALliER I 70 OPI!A 0 K-P TO SIGM.&, PI 

( 5.0) CONFOPTO 11 DPWA 0 ELASTIC• CH EXC.H 
KIM 11 DPWA K-MATRIX ANAL. 
KIM 71 OPWA K-MATRJX ANAL .. 

15.01 KANE 72 DPWA 0 K-P TO "PI SIG 
SUPEREOED BY ~ANE: 74. 

ClO.OI LAIIIGBEIN 72 I PWA MULTICHANNEL 
(1.01" KANE 74 OPWA K-P TO PI SIG 

18IB. MARTIN 17 OPWA KBAR N MUL T1 CHNL 
THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARA"fETERS FPOM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY .. 

1825. ( 10-1 RLIC 11 OPWA KBAR N h\UL T 1 CHNL 
1B31. 0 110.0) GO PAL 80 OPWA KBAR N ELASTIC 

K POSSIBLE EFFECT MAINLY ~N SIGMA Pt. NOT CLEAP IF UNCORRELATED 
K WITH THE 1830 EFFECT 
N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P .. W.ANAL. I NCLUOED 

56 Y*OI1830J WIDTH CMEVI 

75.0 (9.0) ARMENTERO 67 HBC 0 K-P TO SIG"''A PI 
74 .. 0 n a .. 01 BELL 67 H8C 0 K-P TO SIGMA. PI 

123.0 132.01 ARMENTERO 68 HBC 0 ELASTIC• CH EXCH 
150.0 oo.o1 GALliER I 70 DPWA 0 K-P TO S IGJIIA PI 
104.0 (35.01 CONFORTO 11 OPWA 0 ELASTIC• CH EXCH 
so. KIM 71 OPWA K-IIIATRIX ANAL. 

K 120. I KIM 11 DPWA K-MATRIX A"'AL. 
188.01 110-01 KANE 12 OPWA OK-PTOPI SIG 
60.0 (20. 01 LANGBEIN 72 t PWA MUL TtCHA.NNEL 

tlq.o (3.01 KANE 74 DPWA K-P TO PI SIG 
56. OR 56. MARTIN 11 OPioiA KBAR N MULTICHNL 
94. flO. I RLtC 11 OPWA KBAR N MULTICHNL 

100.0 11D.OI GO PAL 80 DPhA KBA!l: N ELASTIC 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

1/78 
12/79 
12/79 

8/67 
11/67 
11/68 
7/70 
6/70 
3/71 
3/71 

10171 

12/72 
12/81* 
11/77 

1/76 
12/81* 

1/71 

8/67 
B/67 

11/68 
7170 
6170 
3/71 
3/71 

10/71 
12/72 
12/81* 
11177 

1/76 
12/81* 

PI 
P2 
P3 
P4 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 ., 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 

I 
c 
c 

3 

56 Y*OI 1B301 PARTIAL DECAY HODES 

Y*OC 1B301 INTO N KBAR 
Y*O( 18301 INTO SIGMA PI 

DECAY MASSES 
938+ 493 

Y*Ol 18301 tNTC Y*1 (13B51 PI 0-WAVE 
V*OI 18301 INTO ETA LAMBDA 

1189+ 139 
139+13B5 
548+Ll15 

56 Y*OC 18301 BRANCHING RATIOS 

Y*OC 1B301 INTO CKBAR NIITOTAL C Pll 
0.09 (0.011 ARMENTERO 68 H8C 0 ELASTIC, CH EXCH 
0.03 10.021 BRICMAN1 70 OPWA SIGTOT,ELAS,CHEX 
0 .. 05 (0.021 CONFORTO 11 OPWA 0 ELASTIC, CH EXCH 

(0.241 KIM 11 DPWA K-MATRIX ANAL. 
0.10 (0.03) LANGBEIN 72 JPWA MULTICHANNEL 

(0.04)0R 0.04 MARTIN 11 OPWA KBAR N MUL TICHNL 
(0 .. 041 10.031 RLIC 11 OP~A K8AR N MULTICHNL 

IKBAR NI/TOUL FROM RLIC 11 IS SUPERSEDED BY GOPAL 80. 
0.02 (0.021 ALSTON 78 OPWA K8AR N ELASTIC 
o.oB co.o3» GOPAL 80 OPWA KBi\R N ELASTIC 

Y*OC18301 FRO~ KBAR N INTO SIGMA PI SQRTCP1*P21 
C-0.151 (0.021 ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION CSEE TEXTI 
0.19 10.011 BELL 67 OPWA 0 K-P TO SIGMA PI 

-0.16 C0.031 GALTIERI 70 OPWA 0 K-P TO SIG"'A. PI 
0.15 KIM 11 OPWA K-IIIATRIX ANAL. 

1-0.1381 10.0181 KANE 72 OPWA 0 K-P TO PI SIG 
0.27 (0 .. 071 LANGBEIN 72 IPWA MULTICHANNEL 

-0.15 (0.011 KANE 74 OPWA K-P TO PI SIG 
(-0.1710R -0 .. 11 MARTIN 71 OPWA KBAR N MULTICHNL 
-0.17 (0 .. 03) RLIC 11 OPWA KBAR N MULTICHNL 

V*OC 18301 FRGM KBAR N TO ETA LAMBDA 
-0.044 O. 020 RADER 73 MPWA 

Y*011830) FROM KBAR N TO Y*1(13851 PI 0-WAVE SQRTCP1*P31 

11/68 
1/71 
6/70 
3/11 

12/72 
11/77 
1/76 

1178 
l2/B1* 

10/74 
10/74 
11/67 
7/70 
3/71 

10/71 
12/72 
12/81* 
11/77 
1/76 

9/73 
9/73 

R4 
R4 
R4 
R4 
R4 
R4 

+0.13 0.03 PREVOST 74 DPWA 0- K-N TO S(13B5JPI 10/74 
2 +0.141 0.014 CAMERON 78 OPWA 0 K-P TO SI13851PI 1178 
2 CAMERON 18 UPPER LIMIT ON G-WAVE DECAY IS 0 .. 03. THE SIGN HERE IS 12179 
2 CHANGED TO BE IN ACCORD WITH THE BARVON-FJRST CONVENTION. 12/79 

R4 AVERAGE MEANINGLESS ISCALE FACTOR z: 1.01 ......................................................................... 
REFERENCES FOR Y*OI 1B301 

ARMENTER 67 Pl 2ltB 198 ARMENTEROS, f-LUZZit + CCERN,HEIOEloSACLAYIIJP 
BELL 67 PRL 19 936 R B BELL ILRLIIJP 
ARMENTER 68 NP BB 195 ARMENTEROS, BAJLLON. + CCERN,HEIDEL,SACLAYHJP 
CONFORTO 6B NP B8 265 +HARMSEN, LASINSKI, + CCHICAGO,HEIOELIIJP 

IS SUPERSEDED BY CONFORTO 71. 
8RICMAN1 70 PL 33B 511 +FERRO-LUZZiolAGNAUX ICERNI 
GALTIERJ 70 DUKE CONF 173 A 9ARBARD-GALTIERI (LRUIJP 

CONFORTO 71 NP B 34 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
KANE 12 PR D5 15f3 
LANGBEIN 72 NP B47 477 
RADER 73 NC 16A 178 

KANE 74 LBL-2452 
PREVOST 74 NP B6c; 246 

"MARTIN 71 NP B127 349 
ALS 0 11 NP IH 26 266 
ALSO 77 NP B126 2e5 

RLIC 11 NP B119 362 
ALSTON 78 PR 018 182 

ALSO 11 PRL 38 1007 
CAMERON 78 NP B 143 189 
GOP AL 80 TORONTO CONF 

+LEVI SETTI ,LAS INSK I •• OBERL ACK++ 
J K KIM 

CEFI+HEIDIIJP 
CHARVJIJP 
CHARVJJJP 

CLBLIIJP 
I MPJMIIJP 

I SACL+HElD+CERN+RHEl +CDEF I 

J. K. KIM 
D F KANE 
+WAGNER 
+BARLOUTAUO,+ 

O.F .KANE 
PREVOST, BARLOUT AUDt+ 

( LBU IJP 
C SACL+CERN•HEIOI 

MARTI Nt P IOCOCK, MOORHOUSE ( LOUC+GlAS II JP 
MARTJN,PIDCOCK CLOUCI 
MARTJN,PIOCOCK ILOUCIIJP 
GOPAL,ROSS,VAN HQRN,MCPHERSON+ ILOIC+RHELIIJP 
+KENNEY, POLLARD, ROSS+ ( LBL +MTHO+C ERN II JP 
ALS TON-GARNJOST, KENNEY ( LBL+MTHO+CERN 1 I JP 
+FRANEK ,GO PAL, BACON, BUTTERWORTH+(RHEL +LOI C I I JP 

159 G.P.GOPAL IRHEUIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 A"'STER06M CONF + CHS COLLABORATION I C ERN+HE I O+S ACL I 

.................................................... •••••**** •••••••• ...... ........... ........... ......... ......... .......... ......... ....... . 
IA(1890)l I Po31 

HIE JP=3/2+ ASSIGNMENT IS CONSISTENT WITH ALL 
AVAILABLE DATA IINCLUDING PDLARtzATIONI AND RECENT 
P6RTIAL WAVE ANALYSES. THE DOMINANT INELASTIC 
JIIODES REMAIN UNKNOWN. SEE ALSO Y*OC 20001 MINI-REVtEW. 

A F07 1864.0 2.0 ARMENTERO 6B DPWA 0 ELASTIC, CH EXCH 
N 1870.0 5.0 8UGG 68 CNTR 0 K-P TOTAL 

A F07 1B17.0 6.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 
1B70.0 6.0 8RICMAN1 70 OPWA 0 SIGTOT,ELAS,CHEX 

N 1B93.0 10.0 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 
1 ( 1110.1 KIM 71 DPWA K-MATRIX ANAL. 

1850.0 20.0 LANGBEIN 72 IP!tA MULTICHANNEL 
11868. I LEA 73 OPWA MJLTICHNL K-MTRX 

1894. 10. HEMINGWA 75 OPWA 0 K- P TO KBAR N 
11900. I NAKKASYA 75 DPitA 0 K-P TO LAM. OMG, 

SEEN BACCARI 77 IPWA 0 K-P TO lAM. OMG. 
1856. OR 1868. MARTIN 77 OPWA KBAR N HULTICHNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTP.ACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRIX POLE AND FROM A e--W FIT, RESPECTIVELY. 

1900. 5. RLIC 71 OPWA KBAR N MUL TICHNL 
1908. 10. ALSTON 78 OPWA KBAR N ELASTIC 
1897.0 C5 .. 0J GOPAL 80 OPWA KBAR N ELASTIC 

THESE TWO ANALYSES GAVE THE F07 ASSIGNMENT, THEY HAVE TO BE 
DISCARDED IN VIEW OF CONFORTO 70 AND B!ttCMAN1 70 

N DUE TO PARTICULAR PARAMETERIZATION USEO,ERPOR CAN BE LARGE 
1 POSSIBLE EFFECT MAINLY IN SIGMA Pl. WE TENTATIVElY LIST IT HERE .. 

2 ONLY UNCONSnAINED STATES FROM TABLE 1 OF lEA73 ARE IN LISTINGS. 
3 FOUND IN CNE OF TWO BEST SOLUTIONS. 

AVERAGE MEANINGLESS ISCALE FACTOR= 2.41 

ll/68 
7/68 
6/70 
1/71 
6/70 
3/11 

12172 
9173 

11175 
1/76 
1178 

11/77 

1/76 
1/78 

12/81* 
1/71 

1/71 

9/73 
1/76 



Ba:ryons 
A(1890), A(2000), A(2020) 

60 Y*OI 18901 WIDTH I M_EVJ 

A F07 39.0 7.0 ARMENTERO 68 QPWA 0 ELASTIC, CH EXCH 11/68 
N 40.0 1 O. 0 BUGG 68 CNTR 0 ·K-P TOTAL 7/68 

A F07 24.0 15.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
37.0 10.0 BRICMANl 70 OPWA 0 SIGTOT,EU.S,CHEX 1/71 

N 80 .. 0 20.0 CONFORTO 71 OPWA 0 EU,STIC; CH EXCH 6/70 
1 120.1 KIM 71 OPWA K...;MATRIX A"lAL. 3/71 

125.0 20.0 LANGBEIN 72 IPWA HUL TICHANNEl 12/72 
(323. 8 I LEA 13 DPWA MULTICHNL K-HT~X 9/73 
107. 10. HEHINGWA 75 OPWA 0 K- P TO KBAR N 11/75 

(100.1 NAKKASYA 75 OPWA 0 ·K.:..P TO U,M. OMG. 1/76 
191. OR 193. MARTIN 77 OPWA KBAR N MULTICHNL 11/77 
12. 10. RLIC 77 QPWA KBAR N MULTICHNl 1/76 

119. 20. ALSTON 78 DPWA KBAR N ELASTIC 1/78 
W 74.0 (10.01 GO PAL 80 QPWA KBA.R N ELASTIC 12/81* 
W SEE THE NOTES ACCOMPANYING MA_SSES QUOTED 
w 0 ........ 0 

W AVERAGE MEANINGLESS I SCALE FACTOR c 2.81 

PI 
P2 
P3 
P4 
P5 
P6 

60 Y*Oil8901 PARTIAL DECAY MODES 

Y*Oil890J INTO N KBAR 
Y*OI 18901 INTO SIGMA PI 
Y*OI1890l INTO LAMBDA OMEGA 
Y*OI 18901 ·INTC Y*l I 13851 PI P-WAVE 
Y*OI 18901 INTC Y*l03851 PI F-WAVE 
Y*Oil8901 INTO N K*l890), Pl WAVE 

60 Y*Oil890J BRANCHING RATIOS 

R1 Y*'OI1890J INTri I KBAR NJ/TOTAL 
R1 A F07 0.12 0.02 ARHENTERO 68 H8C 
R1 (J+1/2JP1: 0.40 BUGG 68 CNTR 
Rl A F07 0 .. 07 0.02 BRICHAN 70 CNTR 
Rl 0.14 0.02 BRICHAN1 700PWA 
R1 0."25 0.03 CONFORTO 11 OPWA 
R1 0.3"1 0.·05· LANGBEIN 72 IPWA 
R 1 10.321 LEA 73 OPWA 
R1 0.24 0.04 HEMINGWA 75 OPWA 
R1 (0.36IOR 0.34 MARTIN 71 DPWA 
R1 . (0.181 (0.021 RLIC 77 OPWA 

DECAY MASSES 
9:::38+ 493 

1189+ 139 
1115+ 782 
139+1385 
139+1385 
939+ 891 

( Pll 
0 ELASTJC, CH EXCH 
0 
0 TOTAL AND CH EX 
0 SIGTOToELAS,CHEX 
0 ELASTIC, CH EXCH 

MUL TlCHANNEl 
MUL TICHNL K-MTRX 

0 K-. P TQ.Kt3AR N 

R1 IKBAR NI/TOTAL FROM RLJC 71 IS SUPERSEDED BY GOPAL 

KBAR N MULTJCHNL 
KBAR N MULTICHNL 
80. 

R1 0.34 0.05 ALSTON 78 DPWA 
R1 0 .. 20 (0.021 GOPAL 80 OPWA 
Rl SEE THE NOTES ACCOMPANYING MASSES QUOTED 
Rl 
Rl 

• 0 .... 0. 0 0 

AVERAGE MEANINGLESS (SCALE FACTOR == 2.81 

KBAR N HASTIC 
KBAR N ELASTIC 

Y*OC1890J INTO (SIGMA Pll/TOTAL (P21 

11/68 
7/68 
6/70 
1/71 
b/10. 

12/72 
9!73 

11/75 
11/77 
1/76 

1/78 
12/81* 

R2 
R2 
R2 
R2 
R2 
R2 

PROBABLY SEEN GAL TIE.RI 68 DBC 0 K-N TO .SIG PI PI 11/68 
10.031 CR LESS LANGBEIN 72 JPWA MULTICHANNEL 12/72 

POSSIBLY "THIS BUMP SEEN AT 1840+-10 MEV WITH A WIDTH OF 35+-10 MEV 
IS THE Y*OU8301. WHICH DECAYS STRONGLY TO SIGMA PI. HOWEVER THE 
NARROW WIDTH HERE ARGUES FOR ITS BE·ING THE Y*OI18901. 

R3 
R3 
R3 
R3 

v•oc lB90J FRCM K8AR N TO SIGMA PI SQRH Pl*P21 

R4 
R4 

R5 
R5 

1+0.151 
(+0ol5IOR +0.14 
-0.09 o.o3 

Y•oc 18901 FROM KBAR N 
10.032 I 

Y*OI1B901 FROM KBAR N 
LESS THAN. O. 03 

LEA 73 DPW&. MUL TICHNL K-MTRX 
MARTIN 11 DPWA KBAR N MUL TICHNL 
RLIC 11 OPWA KBAR N MULTICHNL 

INTO LAMBDA OMEGA SQRT( P1*P31 
NAKKASYA 15 OPWA 0 K-P TO LAM. oMG·. 

INTO Y*U 13851 Pi' P-WAVE SQRTIPl*P4J 
CAMERON 78 DPWA 0 K-P TO S( 1385JPI 

R6 Y*0(1890J FROM KBAR N INTO Y*LC13851 PI F-WAVE SQRTIPl*P51 
R6 -0.126 0.055 CAMERON 78 DPWA 0 K-P TO SI13851PI 
R6 SIGN CHANGED TO BE IN ACCORD WI!H THE BARYON-:FIRST CO~VENTION. 

R7 Y*OI18901 FROM KBAR N INTO N K*(89QJ, P1 WAVE SQRHP1*P6) 
R7 6 .-0.07 0.03 , CAMERON2. 7B OPWA K-~ TO K*N 
R7 6 THE SIGN HERE IS CHANGED TO BE IN ACCORD WJTH THE BARYON-FIRST 
R7 6 CONVENTION. , UPPER LIMITS ON THE .P3 AND F3 WAVES ARE EACH 0.03. 

.... *. •••***••• ........... ·······*· •*••••••• •••••••••••••••••••••••••• 

ARHENTER068 NP BB 195 
SUGG 68 PR 168 1466 
GALTIERt 6B PRL 2I 573 

BRICMAN 70 Pl 318 152 
BRIC.MAN1 70 Pl 33B 511 
CONFORTO 71 NP 834 41 
K IH 11 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 477 

LEA 73 NP B56 11 
HEMINGWA 75 NP 891 12 
NAKKASYA 75 NP 893 B5 

MARTIN 77 NP B127 ~49 
ALS 0 77 NP B126 266 
ALSO 77 NP 8126 285. 

RLIC 77 NP 8119 362 
ALSTON 78 PR D1B 182 

ALSO 11 PRL 3B 1007 
CAMERON 78 NP 8143 189 
CAHERON2 78 NP B146 327 

REFERENCES FOR Y*OC1890J 

ARMENTEROS, BAillON, + ICERN,HEIDEL,SACLAYJIJP 
+GILMORE, KNIGHT, + IRHEL,BIRM,CAVEI I 
BARBARG-GALTIERt, MATtSON, + ILRL,SLACJ 

+FERRO LUZZI, PERREAU,+ ICERN~CAEN,SAClAYJ 
+FERRO-LUZZI ,LAGNAUX . (CERNI 
+LEVI SETTI ,LASINSKI •• 08ERLACK++ I EFI+HEIDJ I JP 
J K KIM IHARVIJ'JP 
J. K. KIM IHARVJIJP 
+WAGNER CMPIMliJP 

+MARTIN, HdORHOU SE+ I RHEL+LOUC+GLAS+AARHUS J I JP 
HEMINGWAY, EADES ,HARMSEN+ I CERN, HE I Do MPHUI JP 
A. NAKKASYAN . ICE~NJ IJP 

MARTIN, PIDCOCK, MCIORHOUS E I LOUC+GLASJ I JP 
MARTIN,PIOCOCK (LOUCI 
HARTIN,PIOCOCK (LOUCIIJP 
GO PAL, ROSS, VAN HORN ,MCPHERSON+ I l OIC+RHELI I JP 
+KENNEY, POLLARD, ROSS+ ( LBL +MTHO+CERN J I JP 
ALS TON-GARNJOST ,KENNEY I LBL+MTHO+CERN I I JP 
+FRANEK, GO PAL, BACON, BUTTERWORTH+ (RHEL+L01 C II JP 
+FRANEK,GOPAL, KALMUS, MC PHERSCN, +(RHEL+lotC 1 I JP 

GOPAL 80 . TORONTO CONF 159 G.P.GOPAL IRHEUIJP 

PAPERS NOT REFERRED TO ,IN DATA _CARD:s 

ARHENTER 67 NP 83 5~2 ARMENTEROS, F-LUZZJ, + CCERN,HEIOEloSACLAYJIJP 
REPLACED BY· ARMH•TEROS 68 AND CONFORTO 68. 

CONFORTO 68 NP 88 265 +HARMSEN, lASINSKio + ICHICAGO,HEIDELJIJP 
SUPERSEDED BY CONFORTO 71. 

LEVISETT 69 LUND 339 R.LEVI SETTI IRAPPORTEURI CEFII 
ALBROW 71 NP 829 413 +ANOEJlSON,BOSNJAKOVtC,OAUM,ERNZ,+ ICERF>!I 
BACCARI 71 NC 41A 96 +POULARD,REVEL,.TALLINI+ (SACt:+CDEFJIJP 

.................................. *****•••• •••••••••••••••••••••••••• 

...... ......... ********* ••••••••••••••••••••••••••• ••••••*•• •••••••• 

9/73 
9/73 

11/77 
1/76 

l/76 
1/76 

1/7B 

1178 
12179 

12/79 
12179 
12/79 
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Data Card Listings 
Fo~ notation, se-e key at front ofLfstir]gs. 

I A(2000) I 
) 

8~ Y*OI2000, I ·1=0 

SEE T-HE MINI-REVIEW AT THE START OF THE "Y* LISTINGS. 

RE L-IST HERE All THE AMBIGUOUS RESONANCE POSSIBLITIES 
\rjJTH A MASS AROUND 2 GEV. THE PROPOSED QUANTUM NUMBERS 
ARE 03 CGALTIERI 70 IN SIGMA PI I, '·03+F5, P3+D5, OR. 
Pl+03 (BRANDSTETTER 72 IN LAMBDA OMEGA), AND Sr 

1CAMERON2 78 IN NK*I. THE FIRST TWO OF THE ABOVE ANALYSES SHOULD NOW 
BE CONSIDERED OeSOLETE. 

e9 Y*OC20001 MASS IMEVJ 

(2010.01 (30.01 GA.LTIERI 70 DPWA 0 K-P TO SIG"''A PI 
1935. TO 1971. ··BRANDSlE 72 DPWA 0 K-P TO LAM. OMG. 
1951. TO 2034. BRANDSTE 72 DPWA 0 K-P TO LAM. OMG. 

PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS, THE LOWER 
IHIGHERI· MASS STATE PROBABLY HAS ·J.LE.3/215/2J. 

2030.0 30.0 CAMERON2 ·-,a OPWA K-P TO K*(890J N __ ,_. ____ -------- __ ..;.. ____ ..,:. ______ ::...__ ------ --------

E9 Y•OI2000f WIDTH IMEVI 

1170 
1/74 
1/74 

11/75 
11/75 
12/79 

1130.01 ·150.01 ·GALTIERl 70 OPWA· 0 K~P TO. SIGMA PI "'7/70 .· 
180~ TO 240. (LWR. "MASSI BRANDSTE 72 OPWA 0 K-P TO' lAM. OMG. 1/74' 
73. TO 154 •. OiGR. MASSI BRANDSTE 12 DPWA 0 K-P TO LAM. CHG. 1/74•··. 

125.0 25.0 CAMERON2 78 OPWA K-P TO K*IB901 N 12/79 

PI 
P2 
.P3 
P4 
P5 

Rl 
Rl 

., 
"' "' 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

89 Y*OI2000J PARTIAL DECAY MODES 

Y*OI 20001 INTC N KBAR 
Y*OI 20001 INTO SIGMA PI 
Y*OI 2000) INTO LAMBO&. OMEGA 
Y*O( 20001 INTO N K*(890), S1 WAVE 
Y*OI20001 INTIJ 

1
N K*l8901 t 03 WAVE 

E9 Y*OI2000J BRANCHING RATIOS 

o·:CAY MASSES 
"BB+ 493 

1189+ 139 
11'15+ 782 
~39+ 891 
~39+ 891 

Y*0120001 FROM KBAR N TO SIGMA PI . SQRTIP1*P21 , 
(-0.201 10.041 GAL·TIERI 70 DPWA O·K-P TO SIGMA "f>I 

Y*O( 20001 FROM KBAR N INTO LAMBDA OMEGA 'SQRTI P1.-P3) 
10.111 TO 0.25 ILWR.I· BRANOSTE 72 OPWA 0 K-P TO LAM.· OMG. 
(0~041 TO 0.1~ (HGR.J BRANOSTE 72 DPWA 0 K-P TO LAM •. OHG. 

R3 Y*OI·2000J FROM KBAR N INTO N K*I89Q), ·S1 WAVE SQRTIP1*P41 
R3 2 -0.12 . ·. 0.03 CAMERON2 78 OPWA K-P TO K*N 
R3 2 THE SIGN HERE· IS CHANGED TO BE IN ACCORD WITH THE BAR~ON-FIRST 
R3 2 CONVENTION., . ' ' . 

R4 Y*OI20001 FROfol KBAR N INTO N K*(890J, D3 WAVE SQRTIPl*P51 
R4 +0. 09 o. 03 CAMERON2 7B DPW~ K-P TO K*N 

7/70 

1/14 
1174 

12/79 
12179 
12/79 

12/79 

......................... ··*······ ......•.. *········ •*••····· •••••**• .. 
REFERENC~S FOR_ Y*0(20001 

GAL TIER I 70 DUKE CONF 1"13 
BRANDSTE 72 NP 839 13 
CAMERON2 78 NP 8146 327 

'"A BARBARD-GALTIERI (LRLIIJP 
BRANDSTETTER, BUTTERWORTH,+ I RHEl +CDEF+SACL I 
+FRANEK, GO PAL ;KALMUS, MCPHERSON, +I RHEl+LOlC I I JP 

NAKKASYA 75 NP B93 85 

PAPERS NOT. REFERRED TC' IN. DATA CARDS 

A; NAKKASYAN CCERNIIJP 

••••*• ••••*•••• ••••••••• •*****••• ••••••••• ········* *•••••••* •••••••• 

• .. , A··(· 2··0· .• 2 •• 0 •• )= ,······ ••• •••••• ••• ••••••••• ...... rF· 0:;7. 1 ·· ..... · 
• • 27 Y*OI2020. JP=7/2+J 1=0 

EFFECTS IN THIS PARTIAL·WAVE HAVE BEEN OBSEIWED AT 
----~~~ ·ctFFERENT"ENERGIES IN TWO CHANNELS. It>: LITCHFIELD 11, 

NEED FOR THE STATE 'RESTS SOLELY ON POSSIBLY 
INCONSISTENT POLARIZATION MEASUREMENT AT 1.784 GEV!C• 

'HEMINGWAY 75' ANALYStS. OF KBAR N ODES NCT REQUIRE ·THIS 
STATE •. RLIC 77 ·co .NOT NEED IT IN EITHER KBAR N OR PI SIGMA. WITH NEW 
K- N~UTRON &.NGULAR DISTRIBUTIONS INCLUDED; DECLAIS 77 SEE THIS STATE. 
HOWEVER 0. -~HIS AND. OTHER NEW DATA ARE INCLUDED IN GOPAL 80 AND THIS 
STATE IS NOT REQUIRED. BACARI 11 WEAKL~ .SUPPORTS THI_S STATE. 

27 Y*OI202DJ MASS (MEVJ 

(2020.0) 
( 2100., 
( 2140.} 
( 2117.) 

(20.01 
130. I 

GAL TIER I 
'LITCHFI E 

BACCARI 
DECLAIS 

70 OPWA 
71 DPWA 
71 DPWA 
71 OPWA 

27 Y*0(2020J WIDTH CMEVJ 

1160.01 
U20. I 
(128.1 
1167. I 

(30.01 
130. I 

GALTIERl 70 DPWA 
LITCHFIE ·71 DPWA 
BACCARI 77 OPWA 
DECLAIS 17 DPWA 

27 Y•OC 20201 PARTIAL DECAY !~'.ODES 

P1 Y*O( 20201· INl"O N KBAR 
P2 Y*OC20201 INTO"SIGMA PI 
P3 't*O( 20201 INTO LAMBDA OMEG-A 

0 K-P TO SIGMA PI 
K-P'TO KBAR N 

0 K-P TO LAM. OMG. 
K8AR N TO KBAR N 

D" K-P TO SIGMA PI 
K-P TO KBAR N 

0 K-P TO LAM. OMG. 
KSAR N TO KBAR N 

DECAY MASSES 
~38+ 493· 

1189+ 139 
1115+ 782 

7170 
10171 
1178 
1/78 

7/70 
10/71 
1/78 
1/78 
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Data Card Listings 
For notation, see key at front of Listings .. 

21 Y*OI202DI BRANCHING RATIOS 

Rl v•oc zozo1 INTO ( KBAR f..II/TOTAL I Pll 
Rl 10.051 10.021 LITCHFIE 11 OPWA K-P TO KBAR N 
Rl 10.051 DEC LA IS 77 OPWA KBAR N TO KBAR N 

R2 Y*OI 20201 FROM KBAR N TO SIGMA PI SQRTIPl*P21 
R2 1-0.151 10.021 GAL TIER I 10 OPWA 0 K-P TO SIGMA PI 

R3 v•oc zozo1 FROM KBAR N TO LAJIIIBOA OMEGA SQRTIPl*P31 
R3 LESS THolN 0.05 BACCARI 77 DPWA 0 K-P TO LAM. OMG. ..................................................................... 

REFERENCES FOR Y*012D20 J 

GAL TIER I TO DUKE CONF 173 
LITCHFIE 71 NP 830 125 

A BARBARO-GALTIERI ILRLIIJP 
L ITCHFI ELDt ••. +LESQUDY, +... I RHEL+COEF+SACL 11 JP 

BACCARI 77 NC 41A CJ(: +POULARQ,REVEL, TAL LINt+ I SACL +CDEF IIJP 
+DUCHON ,LOUVEL, PATRY, SEGUINOT+ C CAEN+CERNJ IJP OECLAIS 77 CERN 71-16 

PAPERS NOT REFERRED TO IN DATA tAROS 

HEMINGWA 15 NP B91 12 HEM INGWAYt EADES ,HARMSEN+ CCfRN, HE lOt MPI H)J JP .................................................................... .................................................................... 
IA(2100)j 41 Y•oc 2100, JP-=T/2-1 t=o @;] 

PI 
P2 
P3 
P4 
P5 
P6 
PT 

R I 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

l 
I 

5 
5 

2 
3 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

HitS ENTRY ONLY INCLUDES RESULTS FROI"' PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTlONS 
.6ND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 HEV ARE 
GIVEN IN A SEPARATE ENTRY BELOW. 

41 Y*D(21DOI MASS (MEV) 

12120.01 WOHL 
120BQ.OJ UO.OI BUA.GUN 
(2130.01 120.01 BERTHON1 

2110.0 120.0) GALTIERI 
2100. (15.1 LITCHFIE 
2110.0 130.01 LITCHFIE 
2113. TO 2154. BRANOSTE 

12092.0J 02.01 KANE 
KANE 12 1 S SUPEREDEO BY KANE H. 

66 HBC 
68 OPWA 
70 OPWA 
70 OPWA 
71 QPWA 
71 OPNA 
72 DPWA 
72 DPWA 

K-P CH EX 
0 K-P TO XI K 
0 K-P TO SIGMA PI 
0 K-P TO SIGMA PI 

K-P TO KBAR N 
K-P TO SIG PI 

0 K-P TO LAM. OMG. 
0 K-P TO PI SIG 

2115.0 (lO.OJ KANE 14 OPWA K-P TO PI SIG 
2105. 110.1 HEMINGWA 15 DPWA 0 K- P TO KBAR N 
21LO. OR 2089. NAKKASYA 15 DPWA 0 K-P TO LAM. OMG. 

12094. I BACCARI 77 DPWA 0 K-P TO UH. OMG. 
( 2094.1 DEC LA IS 11 OPWA KSAP: N TO KBAR N 

2110. 110.) RLIC 17 OPWA KBAR N MULTICHNl 
2106. 00. I BELLEFON 78 OPWA 0 KBAA. N TO KBAR N 
2104.0 110.01 GOPAl 80 OPWA K8AR N ElASTIC 

2 QUOTED PARAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND. 
2 EACH HAS THE Y*O( 2100) AND ONE ADDITIONAL RESONANCE IP3 OR ·F51. 

A BURGUN 68 SEE A RESONANCE-LIKE EFFECl IN THIS REGION IN THE 
REACTICIN K-P TO XI K. HOWEVER, AS THEY POINT OUT, IT IS NOT CLEAR 
WHETHER IT IS MAINLY THE GOT Y•OI2100) OR INSTEAD A SO FAR OTHERWISE 
UNOBSERVED RESONANCE WITH A SPIN LESS THAN 1/2. 

l LITCHFIElD -71 IS AN UPDATE OF BERTHON1 70 
1 PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS. 

"-1 Y*0(21001 WIDTH CMEVJ 

fl45.01 WOHL 66 HBC 
180.0) 110.01 BURGUN 68 OPWA 0 K-P TO XI K 
140.0 115.0) BERTHONl TO OPWA 0 K-P TO SIGMA PI 
60.0 (25.01 GALTtERl TO OPWA 0 K-P TO SIGMA PI 

B Cl70.1 TODOO.J LlTCHFIE 71 DPWA K-P TO KBAR N 
8 LARGER VAlUE CORRESPONDS TO PURE B.W. lOWER VALUE, TO B.W. + BCKGRO 

l 140.0 150.0) 00.01 liTCHFIE 71 OPWA K-P TO SIG PI 
1 208. TO 229. BRANDSTE 72 DPWA 0 K-P TO l6."· OMG. 

5 (144.01 (26.0) KANE 72 DPWA 0 K-P TO PI SIG 
152.0 (15.01 KANE 71t OPWA K-P TO PI SIG 
241. l30.I HEMINGWA 75 OPWA 0 K- P TO KBAI\ N 

2 244. OR 302. NAKKASYA 75 DPWA 0 K-P TO LAM. DMG. 
3 (98.1 BACCARI 17 DPWA 0 K-P TO lAM. OMG. 

1250.) OECLAIS 77 OPWA KBAR N TO KBAR N 
250. 130. I RllC 77 OPWA KBAR N MUL T ICHNl 
157. 140. I BEl.LEFON 78 DPWA 0 KBAR N TO KBAR N 

4 (250.01 GDPAL 80 DPWA KSAR N ELASTIC 
4 WIDTH NOT WELl CONSTRAINED BY THE DATA. HENCE FIXED TO THE RLIC 77 
4 VAlUE. 

D 

D 

SEE THE NOTES ACCOMPANYING MASSES OUOTEO 

41 Y*0121001 PARTIAL DECAY friiiOOES 

v•oc 21001 
Y•o• 21ooJ 
Y•Ot 2100) 
Y*O( 21001 
Y•OI2100J 
Y*O( 2100J 
Y*OI2100J 

INTO "t KBAR 
INTO SIGMA P 1 
INTO X I K 
INTO LAMBDA OMEGA 
INTO ETA LAMBDA 
INTC N K*C890J, D3 WAVE 
INTC N K*(8C'IOI, G1 WAVE 

41 Y*0121001 BRANCHING RATIOS 

V*O( 21001 INTC ( KBAR NJ /TOTAl 
10.25) WOHL 66 HBC 
(0.33) OAUM 68 CNTR 
o. 30 (0.031 LITCHFIE 11 OPWA 
0.31 ( 0.03) HEMING'IA 75 DPWA 
10~29) DEC LA IS 71 OPWA 
(0. 301 I 0.031 RLIC 77 OPWA 

DECAY MASSES 
938+ 4C'I3 

1189+ 139 
1321+ 497 
lll5+ 782 

548+1115 
939+ 891 
939+ fl91 

(PlJ 

K-P fLA,POloSJGT 
K-P TO KeAR N 

0 K- P TO KBAR N 
KBAR N TO KAAR N 
Kf!AR N ~Ul TICHNL 

IKBAR Nt/TOUL FROM RLIC H 1 S SUPERSEDED BY GOPAL 80. 
o. 24 (0. 061 BEllEFON 78 OPWA 0 KBAR N TO KBAR N 
0.34 I o.o3J GO PAL 80 OPNA KBAR N ElASTIC 

DAUM 68 ASSUMES (J+112t•X VALUE SEEN IN TOTAL CROSS SECTION. 

10/71 
1178 

1110 

1178 
1178 

. 7/66 
10169 
10170 

1170 
10/71 
10/71 

1174 
10/71 

12181* 
11175 
11175 

1178 
1178 
1176 
1178 

12181• 
11175 
11175 

3172 
1174 

7/66 
10169 
10170 

1170 
10171 

10171 
1174 

10171 
12181* 
11175 
11175 

1178 
1/78 
1176 
1178 

12181* 
I2181• 
12181* 

7166 
7/70 

10/71 
11175 
1/78 
1176 

1178 
12181• 

Baryons 
A{2020), A(2100) 

R2 Y•OI 21001 FRO"' KBAR N INTO SIGMA PI SQRTIP1*P21 
R2 l 1+0.161 I 0.021 BERTHONl 70 OPWA 0 K-P TO SJG"''A PI 10170 
R2 
R2 
R2 
R2 
R2 

R3 

•• 

l 
5 

R3 8 
R3 

•• R3 8 

•• 
R4 I 
R4 2 
•• 3 
•• 3 
R4 3 
R4 3 

R5 
R5 

R6 
R6 

RT 
RT 
RT 
RT 

+0.06 ( o. 031 GAl TIERt 70 OPWA 0 K-P TO SIGMA PI 
0.16 I O. 05! li TCHFI E 11 OPWA K-P TO SIG PI 

t+0.0961 I 0.037! KANE 72 DPWA OK-PTOPI S!G 
+0.11 ( 0.01) KANE 74 OPWA K-P TO PI SlG 
+0.12 I o. 041 RliC 17 OPWA KBAR N MUl TICHNL 

Y*OI2100t FROM KBAR N TO XI K SQRT(Pl*P31 
t0.051 TRIPP 67 PVUE 0 K-P TO XI 
IO.Oiil ( 0.011 BURGUN 68 DPWA 0 K-P TO XI 
(0.003) MULLER 69 OPWA 0 
0.035 0.018 LITCHFIE 71 DPWA K-P TO XI K 

BURGUN 68 UPDATED BY liTCHFIELD 71. WHO TAKES SOLUTION C OF BURGUN 

Y*OI 2100) FROfril: KBAR N 
(0.051 TO 0.11 
10.122JOR 0.154 

1-0.070) 
(+0.0111 
(+0.008) 

INTO LAMBDA OMEGA 
BRANOSTE 
NAKKASYA 
BACCARI 
BACCARI 
BACCARI 

NOTE THAT TH 3 ENTRIES FOR BACCARI17 

V*OI2100) fRCM KBAR N TO ETA LAMBDA 
-0.050 0.020 RADER 

72 OPWA 
75 OPWA 
77 OPWA 
71 OPWA 
17 OPWA 

ARE FOR 3 

73 MPWA 

SQRTI P1*P41 
0 K-P TO LAM. OMG. 
0 K-P TO LAM. OMG. 
0 G037-WAVE 
0 GG1T-WAVE 
0 GG37-WAVE 

DIFFERENT WAVES. 

SQRTIP1*P51 

Y*0(21001 FROM KBAR N INTO N K•IB90J, 03 WAVE SQRTIP1+P61 
+0.21 0.04 CAMERON2 78 OPWA K-P TO K•N 

Y•OI2100J FROJIII KBAR N INTO N K*(8901t G1 WAVE SQRT(PUPTl 
-0.04 0.03 CA"1ERON2 78 OPWA K-P TO K*N 

THE SIGN HERE t S CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
CONVENTION. THE UPPER liMIT ON THE G3 WAVE IS 0.03. 

SEE THE NOTES ACCOMPANYING MASSES QUOTED .................. ,. ................................................ . 
REFERENCES FOR Y*OI21001 

WOHL 66 ORL 17 107 C G WOHL, F T SOUUTZ, M L STEVENSON ILRLIIJP 
TRIPP 67 NP B3 10 + lEITH, + ILRl,SLAC,CERN,HEIOEl.SAClAYJ 
BURGUN 68 NP 88 447 +MEYER,PAUU, + ISACLAYtCOLFRANCE,RHELI 
OAUM 68 NP B7 19 +ERNE, lAGNAUX, SENSo STEUER, UOO ICERNIJP 

COOFIRMS THE SPIN-PARITY ASSIGNMENT. 
MUllER 69 THESIS,UCRL .19372 R A MUlLER llRLI 

BERTHON1 TO PIIP 824 417 
GALTIERI 70 DUKE CONF 113 
L tTCHFI E 71 11,11' 830 125 

+VRANA, BUTTERWORTH, + ICDEF, RHElo SACLAYHJP 
A BARBARG-GAL Tl ERI I lRU I JP 
l tTCHf I ELO, ••• +LESQUOY t +.. I RHEL+CDEF+ SACU I JP 

1170 
10/71 
10/71 
12181* 

1176 

8161 
10/69 

1170 
3172 
3172 

1174 
11175 

1178 
1178 
1178 
1178 

9173 
9173 

12179 

12179 
12179 
12179 

BRANOSTE 72 NP B39 13 
KANE 72 PR 05 15!!3 
RADER 73 NC 16A 118 
KANE 74 LSl-2452 

BRANDS TETTER+ ••• +TALL IN 1 IRHEloCDEF.SACLI IJP 
llBLIIJP 

I SACl +t-.E I D+CERN+RHEl+COEF J 
llBLIJJP 

D F KANE 
+BARlOUTAUOo+ 
O.f .KANE 

HEMINGWA 15 NP 891 12 
NAKKASVA 75 NP 893 85 

HEMINGWAY, EADES oHARMSEN+ t CERN, HE ID, MP t M J I JP 
A. NAKKASV AN I CERN 11 JP 

BACCARI 77 NC 41A 9f +POULARO, REVEL, T ALliN I+ ( SACl+COEF J I JP 
DECLAIS 77 CCRN 71-16 +OUCHO~,lDUVH, PATRY, SEGUI NOT+ ( C A EN+ CERN I IJP 
RliC 77 NP B119 "3t2 
BEllEFON 78 ~C 42A 403 
CAMERON2 78 ~p B 146 327 

GOPAloROSSoVAN HORN,MCPHERSON+ ILOIC+RHEUIJP 
+BER THON tB ILLO I R, BRUNET+ (COEF+ SACL l 1 JP 
+FRANEK ,GOPAL,KALMUS, MC PHERSO"t, + (RHEL +LOIC l 1 JP 

GOP AL 80 TORONTO CONF 159 G .. P.GOPAl IRHEUIJP 

........................................................... ,. ............... . ............................................................................ 
2100 MEV REGION - PRODUCTION AND O'mAL EXP'TS 

PI 
P2 
P3 
P4 

Rl 
Rl 
R I 
Rl 
Rl 

R2 
R2 

25 Y*OI2LOO, JPc I 1=0 PRODUCTION EXPERIMENTS 

SEE THE HINt-REVIEW olloT THE START OF THE v• LISTINGS. 

SEE THE NOTE TO THE G07 Y*OI2100J, WHICH PP:ECEOES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-

SECTION PEAKS ARE AT lEAST DOMINANTLY ASSOCIATED \<liTH THE V*OI2100I, 
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB­
liSHED OTHER RESCNANCES IN THIS REGION. 

25 Y*OC21001 MASS IMEVJ (PROD. EXP.I 

12097.01 
2100.0 
2121.0 
2107.0 

( 2135.0) 

( 6.01 
( 7.0) 
( 5.0) 

{10.01 
(20.01 

BOCK 
BUGG 
BR JCMAN 
COOl 
LU 

65 HBC 
68 CNTR 
70 CNTR 
70 CNTR 
10 CNTR 

P8AR P 5. 7 BEV/C 
K-P, 0 TOTAl 

0 TOTAL AND CH EX 
K-P, 0 TOTAl 

0 GAMMA P TO K+ Y* 

25 Y•OI21001 WIDTH IMEVI IPROO. EXP.I 

124.0) 
140.0 
147.0 
185.0 
(40.01 

114.0) 
(15.01 
(15.0) 

(24 .. 01 BOCK 
BUGG 
BR ICMAN 
COOL 
LU 

65 HBC 
68 CNTR 
70 CNTR 
70 CNTR 
10 CNTR 

INTO KRAR ~ IPI I 

0 TOTAl AND Cl-4 EX 
K-P, 0 TOTAL 

0 GAMMA P TO K+ Y* 

25 Y*OC2100I PARTIAl DECAY MODES IPROQ. EXP.J 

v•O( 21001 INTO N KBAR 
Y*O( 21001 INTO N KBAR PI 
Y•O( 2100t INTO LAMBDA ETA 
V•OI 2100) INTO lAMBDA OMEGA 

DECAY MASSES 
<138+ 493 
938+ 497+ 139 

1115+ 548 
1115+ 782 

H Y*OI2100l BRANCHING RATIOS IPROD. EXP.I 

Y•OI 21001 INTC (KBAR NlfTOTAL I PlJ 
THESE VALUES OF ElASTICITIES ASSUME J=712 --

0.305 BUGG 68 CNTR 
0 .. 24 I 0.021 BRitMAN TO CNTR 0 TOTAl AND CH EX 
0.4 COOl 70 CNTR K-P, D TOTAl 

Y*OC 21001 INTO I KBAR N PI )/TOTAL I P21 
SEEN BOCK 65 1-'BC 

7/66 
6/68 
6170 

10170 
1171 

7166 
6168 
6170 

10170 
1171 

6/68 
6170 

10170 



Baryons 
A(2100), A{2110), A(2325), A(2350) 

VbQ( 21001 FR0"4 KBAR N INTO L.6HBOA ETA SQRTIP1*P31 "' R3 10.091 OR LESS FLATTE 2 67 HBC 0 K-P TO LA"4 ETA 6/68 

Y*OI21001 INTO I LAMBDA OMEGAJITOTAL IP'tl . R4 
R4 10.11 OR LESS FLATTE 1 67 HBC 0 K-P TO LAM OMEGA B/b7 

REFERENCES FOR Y*OI21001 IPRCD. EXP.I 

BOCK 65 PL 17 166 
FLA TTE 67 PR 155 1517 

+COOPER• FRENCH,KINSQN, + 
S M FLA.TTE. 

(CERN,SACLAYI 
ILRLI 

FLATTE 67 PR 163 1441 S M FLATTE, C G WOHL 
+GILMORE,KNIGHT, + 

( LRLI 
IRHEL,BJRM,CAVEI I BUGG 68 PR 168 1466 

BRICMAN 70 PL 318 152 +FERRO LUZZI, PERREAUo+ ICERN,CAEN,SACLAYI 
COOl. 70 PR 01 1887 +GIACOMELLI, KYCIA, lEONTtC, lt, + IBNLJ I 
LU 70 PR 02 1846 +GREENBERG, HUGHES. MINEHltRTo IIIIORJ,+ IYALEJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66.PRL 16 1228 +GIACOMELL~rKYCIA,LEONTIC,LI,lUNOBY,+ IBNL.J I 
SUPERSEDED BY COOL 70. .............................................. ·~······· ·······•· ••••-:••• 

T~( ~·~·~·~) r-::··::0~::::~·::.:::::·::: ..... Tr~:l ............ . 

P1 
P2 
P3 
P4 
P5 

R1 
R1 

BERTHON1 70 FIND EITHER F05 OR 005 POSSIBLE IN 
THE SIG PI CHANNEL, WITH FOS. SLIGHTlY PREFERRED. 
IN THE KBAR N CHANNEL, LITCHFIELD 71 I SAME GROUP) 
FIND ONLY DOS. AS USUAL, THE STATISTICS ARE MUCH 
eETTER IN THE ELASTIC CHANNEL. 

ALTHOUGH KANE 72 FINDS AN F05 EFFECT, THE UNUSUALLY BROAD 
WIDTH MAY INVALIDATE A RESONANT INTERPRETATION.. t'OWEVER RLIC 77, 
BELLEFON 17, AND BELLEFON 78 ALSO FIND AN FOS. THE EVIDENCE FOR 
F05 FROM THE LAMBDA OMEGA ANALYSES. N&.KKASYAN 75 AND BACCARI 77, 
IS QUITE WEAK, BUT THEY GIVE NO EVIDENCE IN FAVOR OF D05. THE . 
WEIGHT OF THE EVIDENCE IS THUS IN FAVOR OF FOS.. SEE ALSO THE 
Y*0(20001 MINI-REVIEW. 

~5 Y*OI21101 MASS (MEVI 

I 2110. I 110. I BERTHON1 10 OPWA - K- PTOSIGPI 
005 2140. 40. LI TCHFJ E 71 DPWA K-P TO I<.BAR N 

( 2141.01 C 6 .. OJ KANE 12 DPWA OK-PTOPI SIG 
RESONANCE OUTSIDE RANGE OF DATA. SUPERSEDED BY KANE 74. 

2112.0 
I 2103. I 

FOUND IN ONE 

005 

( 2137. I 
2140. 
2100 .. 
Zl06. 
21Z5. 0 
2092.0 

1B5. 
120. 

1504. OJ 
190.0 

(391. I 
1132. I 
140. 
200. 
251. 
160.0 
245.0 

7.0 KANE 
NAKKASYA 

OF TWO BEST SOLUTIONS. 
BACCARI 

(20.) BELLEFON 
(50.) RLIC 
(50. J BELLEFON 
(25.01 CAMERON2 
(25.01 GO PAL 

35 Y*OI21101 WIDTH IMEVI 

30. 
40. 

110.01 
130.01 

120. I 
(50.) 
150.) 
(30. OJ 
125.0) 

BERTHON1 
LITCHFIE 
KANE 
KANE 
NAKKASYA 
BACCARI 
BElLEFON 
RLIC 
BELLEFON 
CAMERON2 
GO PAL 

74 OPWA K-P TO PI SIG 
15 OPWA 0 K-P TO LAM. ·OHG. 

77 DPWA 0 K-P TO LAM. OMG. 
17 OPWA OK-PTOSIGPI 
11 OPWA .KBAR N MUL TICHNL 
16 OPWA 0 KBAR N TO KBAR N 
78 DPWA K-P TO K*( 8901 N 
BO OPWA KBAR N ElASTlC 

70 DP~A - K- P TO SIG PI 
11 OPWA K-P TO KBAR N 
72 DPWA 0 K-P TO PI SIG 
74 OPWA K-P TO PI SIG 
75 OPWA 0 K-P TO LAM. OHG. 
17 OPWA 0 K-:P TO lAM. OMG. 
11 OPWA 0 K- P TO SIG PI 
11 OPWA KBAR N MUlTICHNL 
7B OPWA 0 KBAR N TO KBAR N 
7B OP~A K-P TO K*( B90) N 
80 OPWA KBAR N ELASTIC 

35 Y*OI2110J PARTIAL DECAY MODES 

Y*O( 2110) INTC N KBAR 
Y*OI 21101 INTO SIGMA PI 
Y*OC 21101 INTC LAMBDA OMEGA 
Y*OC21101 INTO Y*1(1385) PIP-WAVE 
Y*OC 21101 INTC N K*I890J, F1 WAVE 

DECAY MASSES 
Cl3B+ 4'B 

11B9+ 139 
1115+ 7BZ 

139+1385 
93Cl+ B91 

35 Y*O( 21101 BRANCHING RATIOS 

Y*Ol 2110 I FRQJI', K BAR N TO SIGMA PI SQRT(Pl*P2) 
+0.17 O. 03 BERTHON1 70 OPWA - K- P TO SIG PI 

Rl A 
R1 

(+0..1561 10 .. 0131 KANE 
+0 .. 20 (0.031 KANE 

72 OPWA 0 K-P TO PI SIG 
74 DPWA K-P·TO PI SIG 

R1 +0 .. 14 IO.Oll BELLEFON 71 OPWA 0 K- P TO S I G PI 
R1 1+0.101 I 0.031 RLIC 11 OPWA KBAR N M~l TICHNL 

R2 Y*OI21101 INTC IKBAR NIITOTAL (Pll 
R2 005 0 .. 14 0 .. 04 llTCHFIE 11 OPWA K-P TO KBAR N 
R2 C 10.071 (0.031 RliC 71 OPWA KBAR N MULTICHNL 
R2 C IKBAR NI/TOTAl FROM RllC 17 IS SUPERSEDED BY GOPAl 80. 
R2 2 O. 27 I O. 06) BELLEFON 7B OPWA 0 KBAR N TO KBAR N 
R2 2 THE PUBLISHED ERROR OF 0 .. 6 WAS A MISPRINT. 
R2 O. 07 I O. 031 GO PAL BO DPWA KBAR N ELASTIC 

R3 

•• R3 

R4 
R4 
R4 
R4 

R5 
R5 
R5 
R5 

Y*O( 21101 FROM KSAR N INTO LAMBDA OMEGA SQRT(Pl*P31 
10.1121 .NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 
LESS THAN 0.05 BACCARI 71 OPWA 0 K-P TO LAM. OHG. 

Y*0(21101 FROM.KBAR N TO.Y*U13851 PIP-WAVE SQRTlP1*P41 
2 +0.071 0 .. 025 CAMERON 78 OPWA 0 K-P TO Sfl3851Pt 
2 CAMERON 7B ·uPPER LIMIT ON F-WAVE DECAY IS 0.03. THE SIGN HERE IS 

.2 CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

Y*OI21101 FRCI" KBAR N INTO N K*(8901 7 F1 WAVE SQRTIP1*P51 
-0.17 0.04 CAMERON2 7B DPWA K-P TO K*N 

THE SIGN HERE IS CHAN..,_GED TO BE IN ACCORD WITH THE BARYON-FIRST 
CONVENTION. UPPER LIMITS ON THE P3 AND F3 WAVES ARE EACH 0.03. 

********* ********* ............................................. . 

1171 
10111 
10171 

12/81* 
1176 
1176 
1/76 

11111 
1/76 
1178 

12/79 
12/B1* 

1171 
10/71 
10/71 
1Z/81* 
1/76 
1178 

11/77 
1/76 
117B 

12/79 
12181* 

1/71 
10171 
12/81* 

1176 
1/76 

10/71. 
1/76 

1178 
12179 
12/B1• 

1/76 
1/76 
1178 

1178 
12179 
12/79 

12179 
12/79 
12179 

258 

Data Card Listings 
For notation, see key at front of Listings. 

BERTHONl 70 NP B24 41l 
LITCHFIE 11 NP 830 125 
KANE 12 PR 05 15e3 
KANE 74 LBL-2452 

NAKKASYA 75 NP B93 f5 
BACCARI 77 NC 41A Cl6 
BEllEFON 77 NC 37A 175 
RliC 77 NP Bll9 3~2 

REFERENCES FOR Y*O 12110 I 

+VRANA, BUTTERWORTH,+ I C 0EF, RHEL, SAC,LA Y) I JP 
LITCHFIELD, ••• +LESQUOY,+ ... IRHEL+COEF+SACLIIJP 
0 F KANE HBLI I JP 
O .. F .. KANE ILRLIIJP 

A. NAKKASYAN 
+POULARO, REVElo TAll IN I+ 
DE BELLEFON,BERTHON,BILLOIR+ 
GOPALo ROSS, VAN HORN, MCPHERSON+ 

fCERNJIJP 
I SACL+CDEF II JP 
(CDEF+SACLIIJP 
(LOIC+RHELJ I JP 

BELlEFON 7B NC 42A 403 +BERTHQN,BILLOIRtBRUNEl+ ICOEF+SACLJIJP 
.CAMERON 7B NP Bl43 .189 +FRANEK,GOPAL,BACON,BUTTERWORTH+tRHEl+LOICIIJP 
CAMERON2 78 NP B146 327 +FRANEK,GOPAL,KALMUS,MCPHERSON,+CRHEl+lOICIIJP 
GOPAL 80 TORONTO CONF 159 G .. P.GOPAL IRHELJIJP . ................................................................... . 
T~( ~·;·~·~) r::: .. ::o~:::::·::.:::::·::: ..... T~~:r ........... . 

) 

2327 .. 
2342. 

BACCARI 77 FINO THIS STATE WITH JP EITHER 3/2- DR 
3/2+ IN A DPWA OF K- P TO LAMBDA OMEGA FROM 2070 TO 
2436 MEV •. A SUBSEQUENT SEMI-ENERGY-INDEPENDENT PWA 
FRO"' THRESHOLD TO 2436 MEV SELECTS 3/2-. 
I!ELLEFON 7B ISAME GROUPI ALSO SEE THIS STATE IN A 
CPWA OF K- P ELASTIC AND CHARGE-EXCHANGE DATA 
IN THE SAME ENERGY RANGE, AND FINO JP=312- OR 3/2+. 
TI-'EY AGAIN. PREFER JP=3/2- 1 BUT ONLY ON THE BASIS 
OF MODEl DEPENDENT CONSIDERATIONS. 

112 Y*OI23251 MASS IMEVI 

20. 
30. 

BACCARI 77 DP\tjA 0 K-P TO LA"'. OMG. 
BEllEFON 7B OPWA 0 KBAR N TO KBAR N 

AVERAGE MEANINGLESS I SCALE FACTOR"' 1.0) 

112 Y*OI2325) WIDTH IMEVJ 

1178 
1178 

160. 
177. 

40. 
40. 

BACCARI 77 I PWA 0 K-P TO LAM. OMG. 117B 
BEi.LEFON 78 OPWA 0 KBAR N TO KSAR N l/7B 

Pl 
PZ 

Rl 
Rl 
Rl 
Rl 
Rl 

. RL 

AVEUGE MEANINGLESS (SCALE FACTOR= 1.01 

112 Y*OI 23251 PARTIAL DECAY MODES 

Y*Ol 23251 INTO N KSAR 
Y*O( 2325) INTO LAMBDA OMEGA 

DECAY MASSES 
'il38+ 493 

1115+ "782 

112 Y*0(23251 BRANCHING RATIOS 

Y*0(23251 FRCM KBAR N TO LAMBDA OMEGA SQRTI Pl*P21 
0.06 0.02 BACCARI 11 IPWA 0 OS33-WAVE 
0.05 0.02 BACCARI 11 OPWA 0 001 "3-WAVE 
0.08 0.03 BACCARI 77 OPWA 0 0033-WAVE 

NOTE THAT HE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES. 

Rl AVERAGE MEANINGLESS I SCALE FACTOR = 1.01 

R2 Y*OI2325) INTO IKBAR NI/TOTAL (PlJ 
R2 0.19 0. 06 BELLEFON 7B DPWA 0 KBAR N TO KBAR N ....................................................................... 

REFERENCES FOR Y*OI2325J 

BACCARI 77 NC 41A Cl6 
BELLEFON 7B NC 42A 403 

+POULARO, REVEL, TALL I Nt + 
+BER THON,B I llOI R, B~UNET+ 

(SACl+COEFIIJP 
ICDEF+SACLJIJP ......................................................................... ........................................................................... 

" " " " " " " " " 

A(2350) 
BUMPS 

42 Y*OI2350, JP= I 1=0 PRODUCTION EXPERIMENTS 

SEE _THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 

CAUM 68 FAVORS JPc7/2- OR 'il/2+. BRICMAN 70 FAVORS 9/2+. 
1ASINSKI 11 SUGGESTS THREE STATES IN THIS REGION 
USJ NG A POMERON + RESONANCES MODEL.. THERE ARE NOW ALSO 

T~EE FORMATION EXPERIMENTS FROM THE COLLEGE DE FRANCE-SACLAY GROUP 
WHICH WE INCLUDE HERE, BELEFON 77. BACCARI 77. AND BELLEFON 7B, WHICH 
FIND 9/2+ HI OPWAS OF KBAR N TO SIGMA PI, LAMBDA OMEGA, AND KBAR N. 

42 Y*0(2350l MASS (MEVJ (PROD. EXP. I 

2340.0 (1.01 BUGG 68 CNTR K-P. 0 TOTAL 
235B.O ( 6.01 BR ICMAN 10 CNTR 0 TOTAL AND CH EX 
2344.0 (15.01 COOL 70 CNTR K-P, 0 TOTAL 

( 2360. 0) 120.01 LU 70 CNlR 0 GAMMA P TO K+ Y* 
I 2372. I BACCARI 71 OPWA 0 K-P TO LAM. OHG. 

2365. 20. BELLEFON 71 DPWA OK-PTOSIGPI 
2370. 50. BEllEFON 78 OPWA 0 KBAR N TO KBAR N 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

42 Y*OI 23501 WIDTH «MEVJ I PROD. EXP.) 

140.0 (20 •. 01 BUGG 68 CNTR K-P, 0 TOTAL 
324.0 (30.01 8R ICMAN 70 CNTR 0 TOTAL AND CH EJC 

(190.01 COOl 70 CNTR K-P, 0 TOTAL 
155.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 

1257.1 BACCARI 71 DPWA 0 K-P TO LAM. OMG. 
110. 20. BELLEFON 77 DPWA 0 K- P TO SIG PI 
204. 50. BELLEFON 7B OPWA 0 KBAR N TO KBAR N 

AV~RAGE_ MEAN-INGLESS I SCALE FACTOR"' 1.11 

1178 
1/7B 
1178 
1/7B 

1/78 

6/68 
6/70 

10170 
1171 
1178 

11/77 
117B 

6/6B 
6170 

10/70 
1/h 
117B 

11177 
1178 
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Data Card Listings 
For notation, see key at front of Listings. 

Pl 
P2 
P3 

42 Y*Ot23501 PARTIAL DECAY ~ODES IPROO. EXP.I 

Y*OI 23501 INTO N KBAR 
Y*OI23501 INTO SIGMA Pt 
Y*O{ 23501 INTO LAMBDA OMEGA 

DECAY MASSES 
938+ 493 

1189+ 139 
1115+ 182 

42 Y*OI2350) BRANCHING RATIOS CPROO. EXP.I 

Rl Y*OI23501 INTO IKBAR NI/TOTAL tPll 
Rl 0.12 0.04 BELLEFON 78 OPWA 0 KBAR N TO KBAR N 

R2 Y*OI 23501 FROM KBAR N INTO SIGMA P.l SQRHPl*P21 
R2 -0.11 0.02 BELLEFON 710PWA OK-PTOSIGPI 

R3 Y*OC 23501 FROM KBAR N TO LAMBDA OMEGA SQRT(Pl*P31 
R3 LESS THAN _0.05 BACCARI 11 OPWA 0 K-P TO LANI. OMG. 

•• •• •• •• •• 

Y*OI 23501 INTO I KBAR Nl /TOTAL 
J IS NOT DETERMINED IN THESE EXPTS. 

10.571 BUGG 
1.1 0.25 BRICMAN 

11.01 COOL 

IJ+l/21*1PlJ 
THE FOLLOWING IS I J+l/21*Pl 

68 CNTR K-P. 0 TOTAl 
70 CNTR 0 TOTAL AND CH EX 
10 CNTR K-P, 0 TOTAL 

......... ********* ..................................................... . 

REFERENCES FOR Y*OI2350J· IPRCD. EXP.) 

BUGG 
OAUH 
BRICMAN 
COOL 

68 PR 168 1466 
68 NP B7 19 
70 PL 31B 152 
10 PR D 1 1887 
70 PR D2 1846 

+GILHO~E,KNIGHT, + CRHEL,BIRM,CAVEJ I 
+ERNE, LAGNAUX, SENS, S"TEUER, UDO ICERNIJP 
+FERRO LUZZI, PERREAU,+ ICERNoCAEN.SACLAYJ 
+GIACOMELLI, KYCIA, LEONTIC, Lt, + IBNU I 

LU +GREENBERG, HUGHES, MINEHART, MORt,+ IYALEJ 

BACCARI 77 ~C 41A 96 
BELLEFON 77 NC 37A 175 
BELLEFON 78 NC 42A 403 

+POULARDtR EVEL, TALL I Nl + 
DE BELLEFON,BERTHOfo.!,BtllotR+ 
+BERTHON, B IllOI R, BRUNET+ 

ISACL+CDEFIIJP 
ICDEF+SACU IJP 
ICDEF+SACL J IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 
COOL 66 PRL 16 1228 +GJACOMElli,KYCIAolEONTIC,llolUNDBY,+ IBNLJ I 

SUPERSEDED BY CCCL 70. 
LASINSKJ 71 NP 829 125 T A LASINSKI CEFIIIJP 
BELLEFD2 75 NC 28o\ 289 DE BELLEFON,BERTHON,BJLLOIR+ ICDEF+So\CLJ 

PRESENTLY LISTED UNDER Y*ll22501, BUT ISOSPJN UNDETERMINED. 

****** ....... * •••••••••• *'········ .................. ******••• •••••••• 
............................................ ····••*•• ••••••••• ******'** 

Pl 

A(2585) 
BUMPS 

1 Y*OI2585, JP .. ) 1=0 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START CF THE ycr LISTINGS. 

1 Y*OI25851 MASS IMEVI I PROD. EXP. I 

2585.0 45.0 ABRAMS 
LU 

70 CNTR K-P, D TOTAL 
12530.0) 125.0) 10 CNTR 0 GAMM6. P TO K+ Y* 

1 Y*OI25_8_5J WIDTH IMEVJ !PROD. EXP.J 

1300.01 
1150.0 I 

ABRAMS 
LU 

10 CNTR K-P, 0 TOTAL 
70 CNTR 0 GAMMA P TO K+ Y* 

7 Y*DC25851 PARTIAL DECAY "10DES (PROD. EXP.I 

Y*OC25851 INTO N KBAR 
DECAY MASSES 

C:038+ 493 

1 Y*OI25851 BRANCHING RATIOS (PROD. EXP.J 

Y*OI25851 INTC IKBAR NIITOTAL I P II 
J IS NOT KNOWN. THE FOllOWING IS IJ+l/2)*P1. 

1/78 

1/76 
11/77 

1/78 
1/78 

3/78 
3/78 
31'18 

10/70 
1/71 

10/70 
1/71 

Rl 
Rl 
Rl 
Rl 
Rl 

I lo 0 J ABI:U.MS 70 CNTR 
10.121 10.121 BRICMAN 70 CNTR 

K-P, 0 TOTAL 
TOTAL AND CH EX 

SIGNAL. 

10/70 
10/70 

RESONANCE AT END OF REGION ANALYZED -- NO CLEAR 

....... ********* .......................................................... . 

A!!RAMS 
BRI CMAN 
LU 

COOL 

70 PR 10 1917 
70 PL 318 152 
10 PR 02 1846 

66 PRL 16 1228 

REFERENCES FOR Y*0(25851 IPRCD. EXP.I 

+COOL, GIACOMELLI, KYCJA, LEONTIC, :+ IBNll I 
+FERRO LUZZI, PERREAU,+ (CEFH'hCAEN,SACLAVJ 
+GREENBERG, HUGHES, MINEHART, ~ORI ,+ (YALE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

+GIACOMELLI, KVC I A, LEONT tC, LUNOBY + IBNLII 

•••*•• ********* ***•••••• •••••••••••••••••• ········* ••••••••••••••••• ........................................... ········* ................ . 
S=-1 I= 1 HYPERON STATES (I:) ......................................................................... ................. ,. .................................................... . 

1'i SIGMA+Ill89, JP=l/2+) 1=1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

****** ••••••*•• ..................................................... . 
............................................ ·····•*** ••••••••• •••***** 

....... ....... 
20 SIG..,A-11197, JP::::1/2+1 1:::::1 

HE STABLE PARTICLE DATA CARD LISTINGS 

.......... ********* ................................... . . ..................................................... . 

A(2350), A(2585), 
Baryons 
r 0

, r(1385) 

21 SIGMAO( 1193, JP=l/2+1 1::1 

SEE STABLE PARTICLE DATA CARD LISTINGS ............................................ ,. ....................... . 
T;( ~·;·~·~; r:: .. ::.:::::~·::.:::::·::: ..... T~ ::r···· ....... . 

SERIOUS INCOMPATIBILITIES EXIST BETWEEN DIFFERENT 
fo'EASUREMENTS OF THE Y*ll385) MASS AND WIDTH. THESE 
INCOMPATIBILITIES ARE AT LEAST PARTIAllY ACCOUNTED FOR 
BY SOME EXPERIMENTS QUOTING UNREALISTICALLY SMALL 

ERRORS. WE CONSISTENTLY INCREASE UNREALISTIC ERRORS BEFORE AVERAGING 
ISEE THE TVPEC NCTE ON K*l892)1. 
IN THE LISTINGS BELOW WE ATTEMPT TO OBTAIN THE BEST VALUES FOR THE 
SEPARATE CHARGE STATE MASSES AND WIDTHS. THUS WE 00 NOT USE RESULTS 
QUOTED FOR MIXED CHARGES • 
WE NO LCNGER USE EVERY PUBLISHED VALUE, BUT AVERAGE ONLY THE MOST 
SIGNIFICANT DETERMINATIONS. NEITHER DO '"E AVERAGE RESULTS FROM 
INCLUSIVE EXPERIJIIIIENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT 
ACCOMPANIED BY AT LEAST A DISCUSSION ON EXPERIMENTAL RESOLUTION • 
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN ISEE 
THE IDEOGRAMS INSERTED IN THE DATA CARD LISTINGS BELOW). THESE 
DIFFERENCES COULD ARISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH 
PRODUCTION MECHANISM AND/OR BEAM MOMENTUM. THEY CAN ALSO BE ACCOUNTED 
FOR IN PART BY DifFERENCES IN THE PARAMETRIZATIONS EfltPLOYED (SEE 
BORENSTEIN 74 FOR A DISCUSSION ON THIS POINT) • THUS BORENSTEIN 74 USE A 
BREIT-WIGNER WITH ENERGY INDEPENDENT WIDTH, SINCE A P-WAVE WAS FOUND 
TO GIVE UNSATISHCTDRY FITS. CAMERON 78 USE THE SAME FORM. 
ON THE OTHER HAND HOLMGRAN 17 OBTAIN A GOOD FIT TO THEIR LAMBDA PI MASS 
SPECTRUM WITH A P-WAVE BREIT-WIGNER, BUT INCLUDE THE PARTIAL WIDTH FOR 
THE SIGMA PI DECAY MODE IN THE PARAMETRIZATION. 

14U 1384.0 I 
11385.01 

43 Y*1113851 MASS IMEVI 

60 HBC +- K-P 1.15 BEV/C 
61 HBC +- K-P .4-.85 BEV/C 
61 HBC +0 K20 P ."98 BEV/C 
62 HLBC -0 PI- PRP 2. BEV/C 

38( 1384.0 I 
11392.01 
( 1389.01 
(1392.01 

( 7.0) 
( 3.0) 

(LO.OJ 
( 2.01 
( 5. I 

ALSTON 
BERGE 
MARTIN 
COLLEY 
BALTAY 
MUSGRAVE 
ATHERTON 
AMMANN 
ATHERT01 
DIONISI 
BANERJEE 
BANERJEE 

65 HBC +- PBAR P 3.7 BEV/C 7/66 
65 HBC +-OPBAR P 3-4 BEV/C 7/66 

20011384. 8 I 
19DI1380.1 
20011386. I 
242( 1394. J 

71 HBC +- LAM PI+ + C.C. 11/77 
73 OBC +- K-N 4 • 5GEV /C 11/77 

15.1 
(1.1 
C 2. I 

75 HBC +-OPBAR P 5.7 GEV/C 1/76 
18 HBC K-P TO Y* K KBAR 3/79 

1KI 1383. I 
50011388. I 

FROM fiT TO 

79 HBC +- LAM PI+ + C.C. 1/80 
79 HBC +- LAM PI- + C.C. 1/80 

INCLUSIVE LAMBDA PI + C.C. SPECTRA 

MO 
MO E 

106(1381.01 14.01 CURTIS 63 OSPK 0 PI-P 1.5 BEV/C 
240 1385.1 2. 5 THOMAS 13 HBC 0 PI-P TO PIOKOLM 

MO E 
MO 2 
MO 2 
MO 2 

ERROR ENLARGED BY US TO GAMMA/SQRTCNJ. SEE TYPED NOTE ON K* MASS. 
3100 l3BO. 2. BORENSTE 74 HBC 0 K-P l0(1385J+PIS 

FROM FIT TO LAM PIO MASS SPECTRUM (JN LAM PI+ PI- PtO EVENTS I WITH 
WO fiXED AT 34 MEV. 

MO F 50011389. I I 3. I BAUBILllE 79 HBC 0 K-P AT 8. 25 GEV 
MO F FROM FIT TO INCLUSIVE LAMBDA PJO SPECTRUM WITH WIDTH FIXED AT 
MO F 40 MEV. 
MO 
MO AVG 1382-0 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.61 

M+ E 15411376.01 13.91 ELY 61 Hl BC + K-P loll BEV/C 
M+ 17011375.01 (3.91 COOPER 64 HBC + K-P 1.45 BEV/C 
M+ 859 1381.0 1.6 HUWE 64 HBC + K-P 1.22 BEV/C 
M+ 750 1382.0 1.0 ARMENTERO 65 HBC + K-P .9-1.2 BEV/C 
H+ E 2501 1384.3 J 11.91 SMITH 65 HBC + K-P 1.8 BEV/C 
M+ E 250Cl382.6J 12.11 SMITH 65 HBC K-P 1.95 BEV/C 
H+ E 6211383.01 c e.o1 BIRMINGHA 66 HBC K-P 3.5 GEV/C 
M+ 13511378.0) (5.01 LONDON 66 HBC + K-P 2.24 BEV/C 
M+ 1260 1384.4 1. 0 SIEGEL 67 HBC + K-P AT 2.1 GEV/C 
M+ 4611390.0) 16.01 AGUIU.R 70 HBC K-P 4 GEV/SIG.PI 
M+ 400 1382.0 2. 0 AGUILAR 72 HBC K-P TO LAM+PIS 
M+ 2300 13B3.5 0.85 HABIB! 73 HBC + K-P TO 2P1 LAM 
M+ R 374011382.1 11.1 BERTHON 74 HBC + K-P 1263-1843MEV 
M+ R ERRORS STATISTICAL ONLY. RE SOL UTI ON NOT UNFOL OED. 
M+ 6846 1381. 1. BORENSTE 74 HBC + K-P TDI13B51+PIS 
H+ I 11380. I I 2. I BAROAOIN 75 HBC K- p 14.3 GEV/C 
M+ HI 22KI1385.1 (3.1 BARREIRO 11 HBC K-P AT 4.2 GEV 
M+ H INCLUDES OAT.6 OF HOLMGREN 77 
H+ 2594 1385. 1. HOLMGREN 17 HBC + K-P AT 4.2 GEV 
H+ 69DO 1381.9 0.3 CAMERON 78 HBC + K-P 0.96-1.36GEV 
M+ I 7Kil381.1 12.1 BAUBILLIE 79 HBC + K-P AT 8.25 GEV 
M+ 2KI1391. I 12. I CAUTIS 79 HYBR + PI+/K-P 11.5 GEV 
M+ I 10011390.1 12.1 SUGAHAR A 79 HBC + PI-P AT 6 GEV/C 
M+ 60011385.11 11.21 BAKER 80 HYBR + PI+P 1 GEVIC 
H+ 75011383.21 11.01 BAKER 80 HYBR + K-P 1 GEV/C 
M+ 

FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM M+ l 
M+ E 
M+ 

ERROR ENLARGED BY US TO GAMMA/SQRT(NI. SEE TYPED NOTE ON K* MASS. 

M+ AVG 13B2. 29 0. 39 AVERAGE I ERROR INCLUDES SCALE fACTOR OF 1.61 
(SEE IDEOGRAM BELOW I 

M- 9311382.01 13.01 DAHL 61 DBC -
H-E 22411376.01 (4.41 ELY 61 HLBC -
H- 20011392.01 16.2) COOPER 64 HBC -
M-E 10861385.3 1.9 HUWE 64 HBC -
M- 1380 1384.0 1. 0 ARMENTERO 65 HBC -
M-E 120( 1391.51 12.61 SMITH 65 HBC -
M-E 5811399.8) {2.21 SMITH 65 HBC -
M- 1511389.01 19.01 LONDON 66 HBC -
H- 370 1390.7 2.0 SIEGEL 67 H8C -
M- 1900 1390.7 1.2 HABIB! 13 HBC -
M-E 630 1387.1 1.9 THOMAS 73 HBC -
H- R 3060( 1389. I I 1. I BERTHON 74 HBC -
M- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 

K-0 0.45 BEV/C 
K-P 1.11 BEV/C 
K-P 1.45 BEV/C 
K-P 1.15-1.30GEV 
K-P .9-lo2 BEV/C 
K-P 1. 8 BEV/C 
K-P 1.95 BEV/C 
K-P AT 2.24 GEV 
K-P AT 2.1 GEV/C 
K-P TO 2Pt LAM 
PI-P TO PI-K+LM 
K-P 1263-1843MEV 

11/77 

11/77 

l/80 

11177 
ll/77 

11/77 
11/77 
ll/77 
11/77 
10/69 
11/77 
10/74 
9/73 

10/74 

10/74 
11177 
11/77 

11/77 
11177 
1/80 
1/80 
1/BO 
2/82• 
2/82• 

11/77 
11/77 
11/77 
11/77 

11/77 
11/77 
11/77 
10/69 
9/73 

11/77 
10/74 

M- 2 303 13B3. 2. BORENSTE 74 H8C -
BAROADIN 75 HBC -
BARREIRO 17 HBC -

K-P T0(13851+PIS 10/74 
M- I 11383.1 12.1 
M- HI 12Kil387.) 13.1 
H- H INCLUDES OAT.& OF HOLMGREN 71 

. M- 193 1391. 3. 
M- 9720 1387.6 0.3 
M- I 4.5Kil383.) 11.) 
"1- I 15011380.1 t6.1 
M-

HOLMGREN 17 HBC -
CAMERON 78 HBC -
SAUBILLIE 79 HSC -
SUGAHARA 79 HBC -

FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM 

K- P 14.3 GEV/C 11/77 
K-P AT 4. 2 GEV 11/77 

K-P AT 4.2 GEV 11/77 
K-P 0.96-1.36GEV 11/77 
K-P AT 8.25 GEV 1/80 
PI-P AT 6 GEV/C 1/80 

M- l 
M- E ERROR ENLARGED BY US TO GA"''MA/SQRT(NI. SEE TYPED NOTE ON K* MASS. 
M-
M- AVG 1387.44 0.58 AVERAGE (ERROR INCLUDES SCALE fACTOR OF 2.21 

I SEE IDEOGRAM BELOW I 



Baryons 
1:( 1385) 

0-+ 
0-+ 
[)-+ 
0-+ 
0-+ 
0-+ R 
0-+ R 
0-+ 
D-+ R 
0-+ R 
0-+ R 
0-+ 
0-+ R 

WEIGHTED AVERAGE= 1382.29 ± 0.39 
ERROR SCALED BY 1. 6 

·CAMERON 78 HBC 
-+-. ·HOLMGREN 77 HBC 

·BORENSTE 74 HBC 
·HABIB! 73 HBC 
·AGUILAR 72 HBC 
·SIEGEL 67 HBC 
.. ARMENTERO 65 HBC 
·HUWE 64 HBC 

1375 1360 1365 1390 1395 1400 
Y'1(1365)+ MASS (MEV) 

WEIGHTED AVERAGE - 1367.44 * 0.58 
ERROR SCALED BY 2.2 

·CAMERON 76 HBC 
LMCREN 77 HBC 

-t--· ·BORENSTE 74 HBC 
·THOMAS 73 HBC 

73 HBC 
67 HBC 

·ARMENTERO 65 HBC 
·HUWE 64 HBC 

1375 1380 1395 1400 
Y'.1 (1385)-

43 fY*-1 - CY*+I HA.SS DIFFERENCE CMEVI 

CO.O I (4. 21 ELY 61 HLBC ··- K-P l.ll 
117.1 n. I COOPER 64 HBC +- K-P 1.45 

C4.3) ( 2.21 HUWE 64 HBC -K-P 1.22 

CH!SQ 
1 . 7 
7.3 
1. 7 
2.0 
0.0 
4.5 
0.1 

___Q_,2_ 
17.9 

(CON LEV 
=0.012) 

CHI SO 
0 .3 

4 .9 
0.0 
7.4 
2.7 

1 1. 8 
_1_._3_ 
26.4 

(CONLEV 
=0.000) 

eev/c 8/66 
BEY/C 10/69 
BEV/C 8/66 

(2.0} f 1.51 ARMENTERO 65 HBC +- K-P .9-1.2 BEV/C 8/66 
17.21 I 2.11 SMITH 65 HBC -tc;-P 1.8 BEV/C 9/66 

117.21 ( 2.01 .SMITH 65 HBC +- K-P 1.95 BEV/C 9/66 
f 11.01 I 9.01 LONDON 66 HBC +- K-P 2.2-ft BEY/C 8/66 

•• o •• 0 LONDON 66 HBC +- LAMBDA 3 PI EVTS 7/66 
16.31 f 2.01 SIEGEL 67 HBC K-P AT 2.1 GEV/C 10/69 
(1.21 { 1.41 HABIB I 73 HBC +- K-P TO 2PI LAM 9/73 

BETWEEN -2 AND +6 CL"'o95 BORENSTE 74 HBC +- K-P TOC1385I+PIS 11177 

REDUNDANT lojllH DATA IN MASS LISTINGS 

43 fY*OI - CY*+I "'ASS DIFFERENCE HIEVI 

DO+ R BETWEEN -4 AND +4 CL=.95 BORENSTE 74 HBC +0 K-P TOI13851+PIS 11177 
DO+ R REDlNDANT WilH DATA IN MASS LISTINGS 

D-0 R 
0-0 R 

• • • • • • • • • w 
w 
w 

43 IY'*-1 - IY*OI MASS DtFFERENCE II'IEVI 

12.01 12.41 THOMAS 73 HBC -0 PI-P rQ Pl..:.K+LH 
REDUNDANT WITH DATA IN MASS LISTINGS 

43 Y*ll13851 WIDTH IMEVI 

1'1 164 .. 01 ALSTON bO HBC +- K-P 1.15 BEV/C 
140.01 BERGE bl HBC +- K-P .4-.85 BEV/C 

38 120.01 OR LESS MARTIN 61 HBC +0 K20 P .98 BEVIC 
180.01 (10.01 COLLEY b2 HLBC -0 Pt- PRP 2. BEV/C 
126. OJ ( 5.01 BAL lAY 65 HBC +- PBAR P 3. 7 BEV/C 
138.01 (9.01 MUSGRAVE 65 HBC +-OPBAR P 3-4 BEV/C 

T 200 120. I 14.1 ATHERTON 71 HBC LAM PI+ + C.C. 
T FIT e.w. + PHASE SPACE BCKGRO 
R 200 (35.1 15. I 6THERTON 71 HBC +- LAM PI+ + t.C. 
R FIT e.w • AND NO BCKGRD 

190 161. I .no. J A.MMANN 73 DBC +- K-N 4.5GEV/C 
200 189. J 123. I ATHERTON! 15 HBC +-OPSAR P 5.1 GEV/C 

120. I 110.1 ALSTON 78 DPWA -0 KSAR N ONLY 
WITH MASS FDIEO AT 1385 MEV • FROM RESULTS OF PARTIAL WAVE ANALYSIS 
OF K8AR N SYSTEM EXTRAPOLATED BELOW THRESHOLD • 

242 153.1 114. I DIONISI 78 HBC +- K-P TO Y* K KSAR 
IK 135.1 12.) BANERJEE 7~ HBC +- LAM PI+ + C.C. 

500 (36.} ( 4.1 BANERJEE 79 HBC +- LAM PI- + C.C. 
FROM FIT TO INCLUSIVE LAMBDA PI + C.C. SPECTRA 

11177 

7166 
7/66 

11177 

11177 

11177 
11/17 

1178 
1178 
1178 
3179 
1/80 
1/80 
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Data Card Listings 
For notation; see key at front ofListings. 

WO lOb (30.01 (q.Q) CURTIS 63 OSPK 0 PI-P 1.5 BEVIC 
\110 E 240 39.3 10.2 THOMAS 73 HBC 0 PI-P TO PtOKOLM 11117 
WO E ERROR ENL!&RGEO BY US TO 4*GAMMA/SQRHNJ. SEE TYPED NOTE ON K* MASS. 
WO C 3100 153.1 18.) BORENSTE 74 HBC 0 K-P TOI13851+PIS 11177 
WO C 3100 CONSISTENt W1TH WOcW+aW- BORENSTE 74 HBC 0 K-P TOC13851+PIS 11177 

W+ E 1S4 148.01 tt6.0J ELY 61 HLBC 
W+ E 110 U1.01 {16.01 COOPER 64 HBC 
W+ E 859 46.5 6.4 HUWE 64 HBC 
If+ E 750 32.0 4. 7 ARMENTERO 65 HBC 
W+ £ 250 130.31 11.5) SMITH 65 HBC 
W+ E 250 (33.1} 18.31 SMITH 65 HBC 
If+ E 62 (25.01 132.01 BIRMINGHA 66 HBC 
W+ £ 1260 '36.0 4.0 SIEGEL 67 HBC 
If+ E 46 133.1 120.0J AGUILAR 70 HBC + 
W+ 400 32.5 6.0 AGUilAR 72 HBC + 
W+ £ 2'300 '38.3 3.2 HABtet 73 HBC + 
W+ R 3140 148.1 (3. J 8ERTHON 14 HBC + 
W+ R ERRORS STUtSTICAL ONLY. RESOLUTION NOT UNFOLDED. 

K-P 1.11 SEV/C 
K-P 1.45 8EV/C 
K-P 1.15-1.30GEV 
K-P .95-1.20 GEV 
K-P 1.8 BEV/C 
K-P 1.95 BEV/C 
K-P 3. 5 .GEV/C 
K-P AT 2.1 GEV/C 
K-P 4 GEV/StG.Pt 
K-P TO LAM+PIS 
K-P TO 2PI LAM 
K-P 1263-1 843MEV 

W+ 1 6846 34. leb BORENSTE 74 HBC + K-P TOI13B51+PIS 
W+ 1 RESULTS FROM·LAM PI+ PI- AND LAM PI+ PI- PIO COMBINED BY US. 
W+ t 140.1 13.21 8ARDADtN 75 'HBC + K- P 14.·3 GEV/C 
W+ HI ZZK 143.1 15.·1 BARREIRO 77 HBC + K-P AT 4.2 GEV 
W+ H INCLUDES DATA OF HOLMGREN 71 
W+ 2594 3oft. 2• 
..,. 6900 35.·5 1. 9 
W+ 1 7K (37.1 12.1 
W+ 2K 130.1 lit. I 
W+ 1 100 (30.1 (6. I 
W+ 600 140.) 13.1 
W+ 750 (37.1 12.1 
W+ 

HOLMGREN 11 HBC + · 
CAMERON 78 HBC + 
BAUBILllE 79 HBC + 
CAUTI S 79 HYBR + 
SUGAHARA 79 HBC + 
BAKER 80 HY!!R + 
BAKER 80 HYBR + 

FROM FIT TO INCLUSIVE LAMBDA PI SPECTRl.Jt 

K-P AT 4.,"2 GEV 
K-P o.qb-1.36GEV 
KOO:P AT 8.25 GEV 
PI+/K-P 11.5 GEV 
PI-P AT 6 GEVIC 
PI+P 7 GEV/C 
K-P 1 GEVIC 

W+ I 
W+ E 
W+ 

ERROR ENLARGED BY US TO 4*GAMMA/SQRHNJ. SEE TYPED NOTE ON K* MASS. 

W+ AVG 34.96 0.92 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

W- 140.01 DAHL bl DBC -
W- E 224 (66.01 118.01 ELY 61 HLBC-
W- E 200 (88.01 124.01 COOPER 64 HBC -
W- 1086 62.0 7.0 HUWE bit HBC -
W- E 1382 38.0 4.1 ARMENTERO 65 HBC -
W- E 120 129.21 Cl0.61 SMITH 65 HBC -
W- E 58 117.11 (8.91 SMITH 65 1-!BC -
W-E 370 31.0 6.5 SIEGEL 67 HBC -
W- E 1900 51.9 4. B HABIBI 73 HBC -
W-E 630 48.2 7.7 ·THOMAS 73 HBC -
W- R 3060 140.1 I 3.1 BERTHON 74 HBC -
W- R ERROAS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 

K-0 0.45 BEV/C 
K-P 1.11 BEV/C 
K-P 1.45 BEV/C 
K-P 1.15-t.30GEV 
K-P .95-1.20 GEV 
'K-P 1. 80 BEY 1C 
K-P 1.95 BEV/C 

·K-P AT 2.1 GEV/C 
K-P TO 2Pt LAM 
PI-P TO PI-KOUI 
K-P l2b3-1843MEV 

W- 1 2303 35. 3. BORENSTE 74 HBC - K-P TOil3851+PIS 
W- 1 RESULTS FROM LAM PI+ PI- AND LAM PI+ PI- PIO COMBINED BY US. 
W- I 147.1 (6.1 BARDADIN 75 HBC - K-.P 14.3 GEV/C 
W- HI 12K 14"5. I I 5. I BARREIRO· 11 HBC - K-P AT 4.2 GEV 
W- H INCLUDES OA TA 0 F HOLMGREN 71 

11177 
11177 
11/77 
11/77 
11177 
11/77 
11/11 
11177 
11177 
10/14 
11177 
10/74 

11177 

11177 
11177 

11/77 
11177 

1/80 
1/80 
1/80" 
ZIBZ* 
2182• 

11177 
11177 

11/77 
11177 
11177 
11177 
11177 
11/77 
10/74 

11177 

11/77 
11177 

w- 193 135.1 no.J 
w- 9720 39.2 1.1 

HOLMGREN 11 HBC -
CAMERON 78 HBC -
BAUBILLIE 79 HBC -
SUGAHARA 79 HBC -

K-P AT 4.2 GEV 11177 
K-P 0.96-1.36GEV 1117.7 

w- 4.5K (44.1 C4.J K-P AT 8.25 GEV 1/80 
w- 1so 158.1 14·.1 PI-P AT 6 GEV/C 1/80 
w-
w- 1 
w- E 
w-

FROM FIT TO INCLUSIVE LA/'180A PI SPECTIUJM 
ERROR ENLARGED BY US TO 4*GAMMA/SQRTINI. SEE TYPED NOTE ON K* "'ASS. 

w- AVG 2.4 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.9) 

RE+ 
RE-

IM+ , ... 

PI 
P2 
P3 
P4 
P5 

ISEE IDEOGRAM BELOW J 

WE I GHTEO AV.ERACE = 39.9 ± 2. 4 
ERROR SCALED BY 1.9 

CHI SO 
·CAMERON 78 ·HBC 0 .2 
·BORENSTE 74 HBC 2.7 
·THOMAS 73 HBC 1 . 2 

--+-· ·HABIB! 73 HBC 6.2 
·SIEGEL 67 HBC 1 . 9 
·ARMENTERO 65 HBC 0.2 

60 

(MEV) 

·HUWE 

eo 

64 HBC ..1...Q_,_£_ 
22.3 

(CON LEV 
=0.001) 

""3 Y*lll3851 REAL PART OF POLE PCSITJON 4175 

1319.0 
1383.0 

1.0 
1.0 

LICHTENB 74 
LlCHTENB 74 

+ EXTRAP HA818173 4/75 
- EXTRAP HABIBI13 4175 

c 
4"3 Y*U 13851 IMAGINARY PART OF POLE POSITICN 4175 

17.5 
22.5 

1.5 
1.5 

L JCHTENB 74 
LICHTENB 74 

43 Y*lll3851 PARTIAL DECAY MODES 

Y*lC 13851 INTC LAMBDA PI 
Y*lll3851 INTC SIGMA PI 
Y*lll3851 INTO LAM BOA GAMMA 
Y*lll3851 INTO N KBAR 
V*lll3B51 INTO SIGMA GAMMA 

+ EXTRAP HA81Bt13 4175 
- EXTRAP HABIBI73 4175 

OEt.AY MASSES 
1115+ 139 
llBq+ 139 
1115+ 0 
493+ 938 

1197+ 0 
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D'ata Card Listings 
For notation, see key at front of Listings .. 

43 Y*Ul,3851 BRANCHING RATIOS 

Rl Y*ill3851 INTO ISIGMA PII/ILAHBOA PIJ CP21/I.Plt. 
Rl 10.041 I 0.041 BASTIEN 61 HBC +-
Rl 10.041 OR LESS ALSTON 62 HBC +-OK-P 1.15 BEV/C 
Rl 0.09 0.04 HUWE 64 HBC +- K-P 1.2-1.7 GEV 
Rl 0.163 0.041 ARMENTERO 65 HBC +- K-P .95-1.20 GEV 7/66 
Rl 0.08 Oo06 LONDON 66 HBC + K-P 2.24 BEV/C 7/66 
Rl 0.13 o. 04 PAN 69 HBC + PI+ P - K Y PI 12/72 
Rl 0.13 0.04 COUEY 1l OBC ~o K-N 1.5 GEV PROD 10171 
Rl 0.16 0.07 AGUILAR 72 HBC + K-P 3.9,4.6 GEV 10/74 
Rl 0.18 Oo 04 MAST2 73 MPWA +- K-P - 2PI SIG/LM 9/73 
Rl 0.10 Oo05 THOMAS 73 HBC - PI-P TO PI K Y 9/73 
Rl 0.16 0.03 BERTHON 74 HBC + K-P 1263-1843MEV 11177 
Rl 0.11 0.02 BERTHON 74 HBC - K-P 1263-1843MEV 11/77 
Rl 0.21 o.OS BORENSTE 74 HBC ·+ K-P TOI1385l+PIS 10174 
Rl 0.20 0.06 DIONISI 78 HBC .+- K-P TOY* K KBAR 3/79 
Rl 
Rl AVG 0.135 Q.(ni AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

R2 Y*1113851 INTO _(LAMBDA GAMMAI/TOTAL CP31 
R2 1 10.171 (0.171 MEISNER 72 HBC 0 1 EVENT ONLY 1/73 

R3 Y*U 13851 FROM KBAR N TO LAMBDA PI SQRHP1*P41 4175 
R3 C +0. 5B6 o. 319 OEVENISH 74 0 FIXED T OISP REL 4175 
R3 C EXTRAPO~A'TICN OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD 4/75 

•• Y*U 13B51 INTO (LAMBDA. GAMMAI/CLAMBOA PII (P31/(PlJ 1/76 
R4 (0.061, OR LESS CL.,.90 COLAS 75 tiLBC 0 K-P 575-970 MEV 1/76 

R5 Y*U13851 INTO ISIGMA GAMMAJ!(LAMBOA Ptl (P51/(Pll 1/76 
R5 (0.051 CR LESS CL=.90 COLAS 75 HLBC 0 K-P 575-9·70 MEV 1176 

ALSTON 
BASTIEN 
BERGE 
DAHL 
ELY 
MARTIN 

60 PRL 5 520 
61 PRl 6 102 
61 PRL 6 557 
61 PRL 6 142 
61 PRL 7 461 
61 PRL 6 283 

REFERENCES FOR Y•U 1385 J 

+ALVAREltEBERHARO,GOOOt GRAZIANO, + ILRLJ I 
P BASTIENoM FERRD-LUZZI ,A H ROSENFELD ILRU 
+BASHEN,DAHL,FERRO-LUZZI,KIRZ, + CLRLI 
+HORWITZ, Mt LLER, MURRAY, WHt T E C lll:ll 
+FUNGoGIOAL,PAN,POWELLoWHlTE .(LRLI J 
+LEIPUNER,CHINOWSKY,SHIVELY, + CBNL,YALEI 

ALSTON 62 CERN CONF. 311 +ALVAREZtFERRO-LUZZt,ROSENFELO, + CLRL.:I 
COLLEY 62 PR 12B H30 +GELFANQ,NAUENBERG, + CCOLUMBIA.RUTGERS) JP 
CURTIS 63 PR 132 1771 +COFFIN,MEYER,TERWILLIGER (MICHl J 
COOPER 64 Pl 8 365 +FIL THUTH,FRIOMAN, MALAMUD, ,+ I CERN, AMSTJ 
HUWE 64 UCRL-1121H THESIS 0 0 HUWE fLRLJ JP 

ALSO 69 PR LBO 1624 D 0 HUWE (LRL.I 

ARMENTER 65 Pl 19 75 
BAL TAY 65 PR 140 81027 
MUSGRAVE 65 NC 35 735 
SMITH 65 THESIS (UCLA) 

ARMENTEROS, + CCERN.,HEIDEL,SAC.LAYI 
+SANOWEISS,TAFT,CULWICK.,KOPP, + CYALE,BNLI 
+PE TME ZAS, + ( Bl RMoC ERN, EPOLoLOI C, SAC LA Yl 
L T SMITH fUCLAI 

BIRMINGH 66 PR 152 1148 BtRMINGHAM,GLASGOWot.c., OXFORD,RUTHERFORD 
LONDON 66 PR 143 1034 +RAU,SAMlOS,YAMAMOTO,GOLOeERG,+ fBNl,SYRAI J 
SIEGEL 67 UCRL 18041 THESIS 0 M ,SIEGEL CLRL1 
PAN 69 PRL 23 808 +FORMAN . · I PENNJ I 
AGUILAR 70 PRl 25 58 +BARN.ES, SASSANO, CHUNG, EISNER,+fBNL,SYRAJ 
ATHERTON 7l NP 829 471 +CELNIKIER,CLAYTON,FRENCH,FRISK,+ CCERNI 
COllEY 71 NP 831 61 +COX,EASTWOOO,FRY+... I BIRM+EDIN+GLAS+LOICJ 

AGUILAR 72 PR D6 29 
MEISNER 12 NC 12A 62 
AMMANN 73 PRO 7 1345 
MASTZ 13 PRO 7 3212 

ALSO 73 PRO 7 5 
HABIBI 73 NEVIS 199CT.HESISJ 

ALSO 73 PUR013, PG. 3B7 
THOMAS 73 NP 856 15 

BERTHON 74 NC 21A 146 
BORENSTE 74 PR 09 3006 
DEVENISH 74 NP 881 330 
l ICHTENB- 74 PRO 10 3B65 

ALSO 74 PRIV. COMM. 

ATHERT01 75 NC 25A 1 
BAROAOIN 75 NP B9B 418 
COLAS 75 NP B91 253 

BARREIRO 71 NP B126 319 
HOLMGREN 71 NP B119 21!::1 
ALSTON 78 PR 018 te2 
CAMERON 78 NP 8143 189 
OIONISI 7B PL 788 154 

BANERJEE 79 ZPHY C3 1 
BAUBILLI 79 NP B 148 1B 
CAUTIS 79 NP B156 507 
SUGAHARA 79 NP B156 237 
BAKER BO NP B166 207 

MALAMUD 64 PL 10 145 
SHAFER 64 PR 134 81372 
HUNGERBU 74 PRO 10 2051 
WALTER 79 ZPHY C3 89 
AGUILAR 80 ZPHY C6 109 
BALANO 60 ZPHY C3 187 
BIAGI 81 ZPHY C9 305 

AGUILAR-BENITEZ ,CHUNG, EISNER, SAM IOS I BNl J 
G MEISNER C U.NC GREENSBORO+lBU 
+CARMONY, GARF INKElo GUT A Y t + C PURD+ IUPUI 
+BANGERTER, AL STON--GARNJOST, + I LBll I JP 
HAST, SANGER TER, ALSTON-GARNJOST, + I LBL J I JP 
M.HABIBI ICOLUMBIAI 
BALTA Y, BRIDGEWATER, COOPER.+ CCOLUMB I A+B lNG I 
THOMAS,ENGlER,FISKoKRAEMER ICARNJ JP 

BER THON, TR I STR AM,-t I CDEF +RHEL+S ACL +STRB J 
RORENSTE IN, KALBFLEISCH, STRAND,+ ( BNl+M I CHI 
OEVEN I SHt FROGGA TT, MART I NCOE SY ,NORD IT A .LOUC I 
0 B LICHTENBERG (INDIANA UNIVERSITY) 
DB LICHTENBERG !INDIANA UNIVERSITY) 

ATHERTON, BAR-N I R,F RENCH 
BAROAO IN-OTWI NOWSKA+ 
COLAS, FARWEll, FERRER, S 1 X 

ICERNJ 
I SACl+EPOl+RHEU 

COR SAl 

+BERGE ,GANGUL I, BLOKZ I Jl+ ( CERN+AMST +NI J Ml 
+AGUILAR-BENITEZ ,KLUYVE R+ I CERN+AMST+N IJ MJ 
ALSTON-GARNJOST, KENNEY+ I LBL+MHCO+CERN I 
+FRANEK, GO PAL, BACON, BUTTERWORTH+ CRH EL+LOIC I 
+ARMENTEROS, 01 AZ WER N+AMST +N I JM+OXF I 

+GANGULI• MALHOTRA, RAGHA VAN, SUOHAKAR I TIFRI 
BAUB ILLIER+ ( Bl RM+CERN+GLAS+MSU+L PNP J 
+BA LLAM, BOUCHE Z, CARROLl oCHA OW ICK+ ( SLACI 
+DC HI A I, FUKUI ,COOPER+ ( KEK+OSKC+K I NKt 
+CHIMA', DORNAN, GIBBS, HAlloM ILLER+ I LOI C I 

PAPERS NOT REFERRED TO IN DATA CARDS 

E MALAMUDt P E Si:HLEIN ICERN,UCLAI JP 
J B SHAFER, 0 0 HUWE ILRLI JP 
HUNGERBUHL ER, MAJKA,+ IYAL Et FNAL, BNL, PITT I 
+BECKER+ f BERL+AACH+CERN+ SERP+S ACL +VI EN I 
AGU I LAR-8EN ITEZ+ ( MADR + STOH+CERN+C DEF I 
+PO IRE T+ I MONS+ S ERP+ SAC l +ALMA- AT A +MOSU+ B ELG J 
+ I 8R I S+i:AMB+GEVA+HEI D+LAUS+LOQM+RHEL J ....................................................................... 

...... ••••••••• ••••••••• ••••••••• ••••••••• ********* ••••••••••••••••• 

1:(1480) 
BUMPS 

) 

23 Y*U L4BO, JP= I 1=1 PRODUCT! ON EXPERIMENTS 

SEE THE MINI-REVUE. AT THE START OF THE Y* LISTINGS. 

PEAKS ARE SEEN IN LAMBDA PI AND SIGMA PI SPECTRA IN 
THE REACTION PI+P TO K+ PI Y AT 1~7 GEV/C. ALSO THE 
'1 POLARIZATION OSCillATES IN THE SAME REGION. 

SEE MILLER 70 FOR A OISCUSS.ION OF THIS STATE. HE SUGGESTS A POS-
SIBLE AlTERNATE EXPL"NATION IN TERMS OF A REFLECTION OF N*1/2Cl6751 
DECAY TO LAMBDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K+ SIGMA+ PIC 
CHANNEL SEEMS UNLIKELY CSEE PAN 701 IN TERMS OF KNOWN N*3/2(16501 
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS .. OULO ALSO HAVE 
TO ACCOUNT FOR TH OSCillATION OF THE Y POLARIZAT teN IN THE 14BO 
MASS REGION. 

Baryons 
1:(1385), 1:(1480), I:(1560) 

PI 
P2 
P3 

Rl 
Rl 

R2 
R2 

R3 
R3 

HANSON 11, WHH FEWER DATA THAN PAN 70. CAN NEITt-'ER CCNFIRM NOR 
DENY THE EXISTENCE OF THIS STATE. MAST 75 SEES NC STRUCTURE IN THIS 
MASS REGION IN K- P TO LAMBDA PIC. 
ENGELEN 81 PERFORM A MULTI-CHANNEL ANALYSIS OF K-P --> KO PI- P AT 
4.2 GEV/C. THEY OBSERVE A 3.5 STD. OEV. SIGNAL AT 1480 MEV IN P KOSAR 
WHICH CANNOT BE EXPLAINED AS A REFLECTION OF ANY COMPETING CHANNEL. 

23 Y*H 14801 MASS tMEVl (PROD. EXP. l 

1479. 
1465. 
1485. 

12011480. I 

10. 
15. 
10. 

......... 

PAN 
PAN 
CLINE 
ENGELEN 

AVERAGE MEANINGLESS (SCALE FACTOR= 1.01 

70 HBC + 
70 H8C + 
73 MPWA 
80 HBC + 

PI+P TO K PI LAM 
PJ+P TO K PI SIG 
K- 0 TO Lilli PI- P 
K-P TO KO PI- P 

23 Y*lC 14BOJ WIDTH (MEV I {PROD. EXP.I 

,120 

31. 
30. 
40. 
80. 

15. 
20. 
20. 
20. 

PAN 
PAN 
CLINE 
ENGELEN 

70 HBC + 
70 H8C + 
73 MPWA 
80 HBC + 

Pt+P TO K Pt lAM 
Pl+P TO K PI SIG 
K- 0 TO LM PI- P 
K-P TO KO PI- P 

23 Y*U14B01 PARTIAL DECAY MODES IPROO. EXP.I 

Y*U 14BOI INTO N KBAR 
Y*lf 14801 INTO LAMBDA PI 
Y*lf 14801 INTC SIGMA PI 

DECAY MASSES 
938+ 493 

1115+ 139 
1189+ 139 

23 Y*H14BOI BRANCHING RATIOS (PROD. EXP.I 

Y*ll1480) INTO !SIGMA PII/ILAMBDA Pll (P31/CP21 
0.82 0.51 PAN 70 HBC + 

Y*lf14801 INTO (PROTON KOBARI/ILAMBDA PII CPll/fP21 
O. 36 O. 25 PAN 70 H8C + 

Y*lf 14BOI INTO { KBAR Nl/TOTA.l f Pll 
SMALL CliNE 73 MPWA K- 0 TO LM PI- P 

••••••••••••••• ·······*** ................................................ . 

PAN 
CLINE 
ENGEL EN 

70 PR 02, 49 
13 LNC 6 205 
80 NP 8167 61 

REFERENCES FOR Y*U14801 IPROO. EXP.I 

+FDRMAN,KO, HAGOPJ ANt SHOVE C PENNI 
Cll NE .LAUMANN, MAPP (WI SCONS I NJ I JP 
+HEINEN, Kl TTEL, METZGER+ I Nl J M+AMST +CERN;+OXF I 

PAPERS NOT REFERRED TO IN DATA CARDS 

Yu-LI PA 69 PRL 23 806 
YlJ-Ll PA 69 PRL 23 806 

YU-L I PAN, F l FORMAN 
YU-LI PAN, F L FORMAN 

C PENNI 
(PENNI 

CPU ROUE I 
CLBLI I 
ILBLI 

MILLER 70 DUKE 22q 0 H MillER IREVIEW TALK) 
HANSON 11 PR 04 1296 +KALMUS,LOUIE 
MAST 75 PRO 11 '3078 +Al STON-GARNJDST, BANGERTER+ ..................................................................... 
................................................... ******(!:** •••••••• 

1:(1560) 
BUMPS 

) 

I 1=1 PROOUC liON EXPERIMENTS 

THIS ENTRY LISTS PEAKS REPORTED IN MASS SPECTRA AROUND 
1560 MEV WITHOUT IMPLYING THAT THEY ARE NECESSARILY 
RELATED. 
OIONISI 7B OBSERVE A 6 STD. OEV. ENHANCEMENT AT 1553 
MEV IN THE CHARGED CLAMBOA/S tGMA PI I ~ASS SPECTRA 
FROM K-P --> LAMBDA/SIGMA PI K KBAR AT 4.2 GEV/C. 
IN A CERN ISR EXPERI"'ENT, LOCKMAN 78 REPORT A NARROW 

6 STD. OEV. ENHANCEMENT AT 1572 MEV IN THE LAMBDA PI+/PI- SYSTEMS 
FROM THE REACTION PP --> lAMBDA PI+ PI- + ANYTHING AT C.M. ENERGIES 
OF 53 AND 62 GEV. 
THESE ENHANCEPIENTS ARE UNLIKELY TO BE ASSOCIATED WITH THE Y*U15B0) 
(WHICH· HAS NOT BEEN CONFIRMED BY SEVERAL RECENT EXPERIMENTS- SEE 
THE DATA CARD LISTINGS BELOW!. 
CARROll 76 OBSERVE A BUMP AT 1550 MEV CAS WELL AS AT 1580 MEVI IN THE 
K-N 1=1 TOTAL CRCSS SECTION, BUT UNCERTAINTIES IN CROSS SECTION 
MEASUREMENTS OUTSIDE THE MASS RANGE OF THE EXPERIMENT PRECLUDE 
ESTIMATING ITS SIGNIFICANCE. 
SEE ALSO MEADOWS 80 FOR A REVUE OF THIS STATE. 
IN NEED OF CONFIRMATION. O"'ITTED FROM TABLES. 

121 1553. 
40 1572. 

BO Y*lC15601 MASS IMEVI IPRQD. EXP.I 

1. DIONISI 78 HBC +- K-P TO Y* K KBAR 
LOCKMAN 78 SPEC +- PP TO l PI PI X . . . ~ . . . . . 

AVERAGE MEANINGLESS CSCALE FACTOR= 2.4) 

80 Y*U 15601 WIDTH !MEV I !PROD. EXP. I 

3/71 
3/71 
9/73 
2/820 

3/71 
3171 
9/73 
2182* 

3/71 

3/71 

9/73 
9/73 

3/79 
12/79 

121 79. 30. DtONISI 78 HBC +- K-P TO Y* K KBAR 3/79 

Pl 
P2 

40 15. 6. LOCK"'AN 78 SPEC +- PP TO l PI PI X 12179 
OBSERVED \ojJQTH CONSISTENT WITH EXPERIMENTAL RESOLUTION. ......... 

AVERAGE MEANINGLESS ( SCALE F IICTOR = 1. 0 I 

80 Y*lfl5601 PARTIAL DECAY MODES CPROO.· EXP.I 

Y*lC 15601 INH ·LAMBDA PI 
Y*lC 1560) INTO SIGMA PI 

DECAY MASSES 
1115+ 139 
1189+ 139 



Baryons 
!:(1560), I:(1580), I:(1620) 

80 Y*Ul5601 BRANCHING RATIOS !PROD. EXP.I 

Y*Hl5601 INTO SIGMA PI/ISIGMA PI+ iAMBDA PJ) IP21/1Pl+P21 R1 
R 1 0.35 0.12 OIONISI 78 HBC +- K-P TOY* K KBAR 3/79 

Y*l( i560J INTO I LAMBDA PI I/ TOTAL R2 
R2 SEEN LOCKMAN 78\PEC ~~~~p TO l PI PI X 12/79 

•••••• ********* ••••••••• ••••••••• ********* ******"'** **""'**** •••••••• 
REFERENCES FOR Y*Ul5601 IPROD. EXPol 

OIONJSI 78 PL 788 151t +ARMENTERQS,OIAZ+ CCERN+AMST+NtJM+o'XFJI 
LOCKMAN 78 CEN OPHPE 78-01 +MEYERoRANqER,POSTERoSCHLEIN+ IUCLA+SACU 

PAPERS NOT REFERRED TO IN DATtr. CARDS 

CARROll 76 PP.l 37 806 +CHIANG,KYCIA,U,M#IZUR,MtCHAEL+ CBNUI 
CCINCI MEADOWS 80 TORONTO CONF. 283 S.T .MEADOWS .................................................................... ...... .... ..... ......... ......... ......... ......... ......... ....... . 

lr(t5ao)l 
) 

co v•u1seo, JP:c3/2-l 1=1 

CBSERVED IN K- N 1::1 TOTAL CS WITHOUT JP ASSIGNME"'T AT 
fNl Ill 73, CARROLL 73, CARROLL 76} AND IN PWA OF K- P 
--> LAMBDA PI FOR CM ENERGIES:c156o-1600 MEV BV 

M L 

" 

w L 

1582. 
1583. 

u. 
(15.) 

LITCHFIELD 74. LITCHFIELD 74 FINDS JP=3/2-. NOT SEEN 8 
f~GLER 78 OR BV CAMERON 78 IWITH LARGER STATISTICSI·, 
IN KLONG P TO PI+ LAMBDA AND PI+ SIGMAO. 

00 Y*U 1580) MASS IMEVJ .. .. LITCHFIEL 74 OPWA 0 K- P TO LAM PI 
CARROll 76 OPWA 1=1 TOTAL CS 

CO Y*ll15801 WIDTH I MEV) .. LITCHFIEL 74 OPWA 0 K- P TO LAM PI 
CARROll 76 OPWA 1=1 TOTAL CS 

00 Y*li1580I PARTIAl DECAY MODES 

P1 Y*ll1580l INTO N KSAR 
DECAY MASSES 

'il38+ 4 1\13 
P2 Y*U 1580) INTO LAMBDA PI 1115+ 139 
P3 Y*1115801 INTC SIGMA PI 1189+ 139 

00 Y*li15BOI BRANCHING RATIOS 

R1 
R1 
R1 
R1 
R1 
R1 

Y*l115801 INTO IKBAR NI/TOTAL CPU 
+0.03 0.01 LITCHFIEL 74 OPWA KBAR N MULTIC-INL 

MAIN EFFECT OBSERVED BY LITCHFIELD 74 IS IN PI LAMBDA FINAL STATE, 
K8AR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEl. fiT 
INCLUDING TOT.IIL CROSS SECTION DATA Ill 73). 

C TOTAL CROSS SECTION BUMP WITH IJ+l/21X=.06 SEEN BY CARROLL 76 

R2 
R2 L 
R2 
R2 

Y*111580) FRCM KBAR N TO LAMBDA PI SQRHP1*P2l 
+0.10 0.02 LITCHFIEl 74 DPWA 0 K- P TO LAM PI 

NOT SEEN CAMERON 78 HBC + KL P TO PI+ LAM 
NOT SEEN ENGLER 78 HBC + KL P TO PI+ LAM 

R3 
R3 L 
R3 
R3 

Y*U 1580) FROM KBAR N TO SIGMA PI SQRTtP1*P31 
+0.03 0.04 LITCHFIEL 74 OPWA KBAR N MULTICHNL 

NOT SEEN CAMERON 78 HBC + KL P TO PI+ SIGO 
NOT SEEN ENGLER 78 HBC + KL P TO PI+ SIGO ........................ ·~······· .................................. . 

L ITCHFI E 
CARROLL 
ENGLER 
CAMERtlN 
ENGLER 

74 Pl 516 5Q'j 
76 PRL 31 806 
76 PL 638 231 
78 NP B132 189. 
78 PR 018 3061 

REFERENCES FOR Y*111580 I 

LITCHFIELD CCERNliJP 
+CHIANG,KYCIA,L t ,MAZUR,MICHAEL+ I BNL J I 
+KEYES, KRAEMER, SCHL ERET ... TANAKA+ ( C ARN, ANU I 
+CA PI LUPPI + I BGNA+ EDt N+GLAS+P I SA+RHEL I I 
+KEYES, KRAEMER, TAN AKA, CHO, + ( CARN, ANLI 

PAPERS NOT REFERRED TO IN DATA"CAROS 

CARROLL 73 APS BRKLY MTG 208 CARROLL,CHIANG,KYCIAtlltMAZUR,MICHAEL+IBNLil 
L1 73 PURDUE CGNF • 283 LI C BNU I .................................................................... 
...... ......... **••••••• •••••••••••••••••••••••••••••••••••••••••••• 

Note on the E(1620) 

This state was first suggested by CRENNELL 68 
++­from evidence in the reaction K n + E(l620)-1T 1T at 

+ + _3.9 GeV/c, with the E(1620)- decaying into An-. 

The situation is still far from clear. 

MILLER 70 is a good review of the production 

experiments; there has been no new evidence· from 

them since 1970. The evidence is only in the A1T 

channel. CRENNELL 69 claimed the effect in this 

channel with no evidence seen in KN or KN1T. SABRE 

4175 

4175 

4/75 
2/77 

4/75 

4/75 
2177 

lt/75 

4175 

4/75 
4175 
4/75 
4175 
lt/75 
2171 

4175 
it/15 
1178 
2177 

4/75 
4175 
1/78 
2171 

262 

Data Card Listings 
For notation, see key at front of Listings. 

70 studied the same reaction-at 3.0 GeV/c with com­

parable statistics and saw no evidence in the An 
channel; on the contrary, they believe the effect 

to be a spurious peak resulting from misidentified 

E0 from the production of E(l670) decaying into 

E01T+. AMMANN 70 studied the same reaction at 4.5 

GeV/c and reported a state at 1640 MeV, again 

decaying only into A1r (no evidence seen in the L1T 

or KN ~hannels). HUNGERBUHLER 74 reported upper 

limits on production cross sections for a 25 GeV/c 

E- beam• 

CARROLL 76 measured the K-p and K-d total 

cross sections from 0.4 to 1.1 GeV/c and found 

three narrow (10-15 MeV wid.e) bumps in the I = 1 KN 

cross section at 1583, 1608, and 1633 MeV. 

Several partial-wave analyses have found evi­

dence for one or two fairly narrow states within 

about 50 MeV of the effect seen in production: see 

the entries for the D13 E(1580), the S11 E(1620), 

and the P11 E(1660). However, the various analyses 

do not agree on widths or branching ratios. 

In conclusion, clarification of the E(1620) 

question probably must await more data and a more 

complete understanding of "the entire region from 

1600 to 1700 MeV. The closeness of the E(1620) and 

E(1670) masses suggests that the complications of 

the two regions may be related (see the "Note on 

the E(l670)" below). 

lr(162o)l 
) 

32 Y*ll1620, JP=1/2-I 1=1 

THE Sll STATE AT 1697 MEV REPORTED BY VANHORN 75 IS 
INTERMEDIATE IN MASS BETWEEN THE SIGMAI16201 AND 
SIGMA 11750 I • WE TENTATIVELY L1 ST IT UNDER S 1 G"'A C 17501. 
CARROLL 76 SEES TWO BUMPS IN THE 1=1 TOTAL CROSS 

Pl 
P2 
P3 

L 
H 

1 
1 

AVG 

L 
H 

1 

SECTIONS NEAR THIS MASS. . . 

32 Y*lC 16201 MASS (MEV I 

c 1620.1 KIM 11 DP~A K-MATR IX ANAL. 
1630.0 110.01 LANGBEIN 72 IPWA MULTICHANNEL 
1608. 5. CARROLL 76 OPWA 1=1 TOTAl CS 
1633. 10. CARROLL 76 OP~A J:cl TOTAL CS 

( 1600. 0 I 16. OJ MORRIS 78 DPWA - K- N TO LAM PI-
AN EQUALLY GCOO FIT IS OBTAINED WITHOUT INCLUDING THIS RESONANCE. 

1613.0 10.0 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.21 

(40.) 
65.0 

C 15,; I 
no.J 
'(87.0J 

32 Y*lC 16201 WIDTH I ME VI 

120.0) 

(19.01 

KIM 
LANGBEIN 
CARROll 
CARROLL 
MORRIS 

11 OPWA 
72 IP~A 
76 DPWA 
16 OPWA 
78 OPWA -

32 .Y*ll16201 PARTIAL DECAY MODES 

Y*lt 1620 I INTO N KBAR 
Y*ll16201 INTO SIGMA PI 
Y*U 16201 INTO LAMBDA PI 

K-MATRIX· ANAL. 
MULTICHANNEL 
Ic 1 TOTAL CS 
tel TOTAL CS 
K- N TO LAM PI-

DECAY MASSES 
'il38+ 493 

1189+ 139 
1115+ 134 

3/71 
12172 

2111 
2171 
3/79 
3/79 

3171 
12/72 
2/11 
2177 
3/79 
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Data Card Listings 
For notation, see key at front of Listings. 

R1 
R1 
R1 A 
R1 
R1 
R1 
R1 A 

?2 Y*lll6201 BRANCHING RATIOS 

Y*H 16201 INTO I KBAR NI/TOTAL I PlJ 
ro.OSI KIM 11 OPWA K-MA.TRIX ANAL. 
0.05 OR LESS WONG 11 OPWA K-+P--LAM+Pl 
O. 2 2 ( O. 02 I LANGBEIN 12 1 PWA MUL T1 CHANNEL 

TOTAL CROSS SECTION BUMP WITH IJ+l/21X=.06 SEEN BY CARROLL 76 
TOTAL CROSS SECTION SUMP WITH IJ+l/21X=.04 SEEN BY CARROLL 76 
K-MATRIX FITINEGLECTS 3-BOOY CHANNELS) REQUIRES NO RESONANCE 

Y*U 16201 FROM KSAR N TO SIGMA PI SQRT(Pl*PZI 

3171 
10/71 
12/72 
2117 
2177 

10/71 

R2 
R2 
R2 
R2 

(0.081 KIM 7l OPWA K-MATRIX ANAL. 3171 
0.40 10 .. 061 LANGBEIN 72 I PWA MULTICHANNEL 12/72 

NOT SEEN ~EPP2 76 OPWA -0 K- NUC TO StG PI 2177 

Y*U 16201 fROM KBAR N TO LAMBDA PI SQRTIP1*P3J R3 
R3 
R3 

10 .. 151 KIM 71 DPWA K-MATRIX ANAL. 3/71 
NOT SEEN BAillDN 75 IPWA KSAR N TO LAM PI 11/75 

R3 1 10.121 10.021 MORRIS 78 OPWA - K- N TO LA14 PI- 3/79 

KIM 7L PRL 27 356 
ALSO 70 DUKE 161 

WONG 11 NC 2A 353 
LANGBEIN 12 NP B47 477 

BAt LLON 
CARROLL 
HEPP2 
MORRIS 

75 NP B9't 3q 
76 PRL 37 806 
76 PL 65B 487 
78 PR D11 55 

VANHORN 75 NP B87 145 
ALSO 15 NP 887 157 

REFERENCES FOR Y*ll16201 

J K KIM 
J .. K. KIM 
N S WONG 
+WAGNER 

IHARVUJP 
( HARVI I JP 
UALEJ IJP 
fMPIMUJP 

P. BAILLON,P. J. LITCHFIELD ICERN,RHELJIJP 
+CHUNG,KYC lAo L I .~UZUR ,MICHAEl+ ( BNLI I 
+BRAUN, GRT MM, STROBELE, THOL + (CERN, HE IO, MPI Ml I JP 
+ALBRIGHT, COLLERAI NE, K T MEL, lANNUTTI ( FSU I I JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

A. J. VAN HORN 
A. J. VAN HORN 

ILBLI IJP 
ILBLIJJP .................................................................... 

................................. ********* ********* ••••••••••••••••• 

1620 MEV REGION - PRODUCTION EXPERIMENTS 
78 Y•u 1620. JP= PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THTS RESONANCE NEEDS CONFIRMATION. THE RESULTS OF 
(RENNELL 69 AT 3.9 GEV/C ARE NOT CONFIRMED BY THE SABRE 

COLLABORATION AT 3.0 GEV/C I SABRE 701. HOWEVER IN AN EXPERIMENT AT 
4.5 GEV/C, AMMANN 70 SEE A PEAK AT 1642 MEV WHHH ON THE BASIS OF 
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y*U16701. SEE MillER 
70 FOR A REVIEW OF THESE CONFLICTS. 

78 Y'O:l(l620J MASS (MEVI (PROD. EXP.I 

( 1616.01 18.01 CRENNELL 68 D8C +- K-0 3.9 BEV/C 11/68 
EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69. 

20 1618.·0 3.0 BLUMENFEL 69 HBC + KO LONG + PRGTON 9/69 
1619.0 8.0 CRENNELL 69 OBC +- K-N TO LAM 3 PI 9/69 
1642.0 12.0 AMMANN 70 OBC K-N 4.5 GEV/C 9173 

AVG 1619.4 3.' AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.41 

----- ------- ------ -~------- --------- -----.-- --~--- -------
18 Y*li1620J WIDTH .(MEVJ I PROD. EXP.I 

(66.01 
20 30.0 

12.0 
55.0 

(16.0) 
10.0 
22.0 
24.0 

15.0 

CRENNELL 68 DBC 
BLUMENFEL 69 HBC + 
CRENNEll 69 OBC 
AMMANN 70 DBC 

SEE NOTE N ABOVE 11/68 
9/69 
9/69 

K-N 4.5 GEV/C 9173 

AVG 41.3 12.2 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.51 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

18 Y*ll16201 PARTIAL DECAY MODES (PROD. EXP.) 

P1 Y*LC 16201 INTC N KBAR 
DECAY ,MA.SSES 

q38+ 493 
P2 Y*U16201 INTO lAMBDA PI 1115+ 13q 
P3 Y*U 16201 INTO Y*1 113851 PI 1385+ 139 
P4 Y*LC 1620J INTO LAMBDA PI PI 1115+ 139+ 139 
P5 Y•U 16201 INTO SIGMA PI 1189+ 139 
P6 Y*ll1620) INTO Y*OI 14051 PI 1405+ 139 

18 Y*ll16201 BRANCHING RATIOS IPROO. EXP.J 

R1 Y*U16201 INTC !LAMBDA PI PlJI(LAMBDA Pll CP41/(P31 
R1 14 (2.51 APPROX BLUMENFEL 69 HBC + 

"' R2 
R2 

"' " 
•• ... 
•• 
R5 
R5 

•• 
R6 

Y*l(16201 ·INTO IKBAR NI/ILAMBDA PII IP11/IP21 
10.01 IO.U CRENNEll 6BDBC + 
0.4 0.4 AMMANN 70 OBC K-P 4.5 GEV/C 

Y*l( 16201 INTO I LAMBDA PII/TOTAL IP21 
LARGE CRENNELl 68 OBC 

Y*ll16201 INTO IY*Ul385l PII/ILAMBDA Pll IP3J!(P21 
(0.21 IO.U CRENNELL 68 DBC 
10.31 OR LESS CL=.95 AMMANN 70 oec K-P 4.5 GEV/C 

Y*Ul6201 INTO (SIGMA PII/ILAMBOA.PJI 
11.111<;5 PC UPPER LIMITJ AMMANN 

Y*U1620J lNTC IY•OU4051 Pti/ILAMBDA PII 

70 OBC 

0.7 0.4 AMMANN 70 DBC 

(P51/(P21 
K-N 4.5 GEV/C 

I P61/IP21 
K-P 4.5 GEV/C 

••••••••••••••• ********* ********* •••••••••••••••••• ********* •••••••• 

REFERENCES FOR Y*lfl6201 IPROO. EXP.J 

CRENNELL 68 PRL 21 648 +DELANEY, FLAMINJO, KARSHON. + 
8LUMENFE 69 Pl 298 58 BLUMENFELD, KALBFLEISC~ 
CRENNELL 69 LUND PAPER 183 +KARSHONt LAit ONEILt SCARR, + 

RESULTS APE QLOTEO IN LEVI SETTI 69. 

I BNLo CUNY) 
(SNLJ 

I BNLoCUNYI 

ltMHANN 70 PRL 24 327 +GARFINKEL, CARMONY, GUTAY,+ (PUROUE.tNOI 
ALSO 73 PR 07 1345 AMMANN,CAR~ONY, GARFINKEL, I PURO.,.IUPU J 

6/70 

11/68 

11/68 
6/70 

9/73 

6/70 

Baryons 
r(t620), r(t660) 

PAPERS NOT REFERRED TO IN DATA CAPOS 

ARMENTER 68 NP 88 183 
LEVISETT" 69 LUND CCNF 

ARMENTEROS,BAlllON + (CERN+HEID.,.SACLI 
R LEVI SETTI IRAPPORTEURI EFINS 

TRIPP 69 UCRL 19361 R 0 TRIPP (LRU 
ARMENTER 70 DUKE 123 ARMENTEROS t BATLLON + I CERN+HE to+SACLJ 
MILLER 70 DUKE 229 D H MILLER !REVIEW TALKI IPUROUEI 
SABRE 70 NP 816 201 SABRE COllAB. I SACL, AMST, BGNA,REHO, E POL) 

HUNGERBUHL ER, MAJKA,+ (YALE, FNAL, 8NLo PITT I HUNGER8U 74 PR 010 2051 .................................................................... ...................................................................... 
lr(t660)119 Y*li1660,JP=ll2+11=1 ILJ 

" M 
M 
M 
M 
M 
M 
M 
M 

" M 

" M 
M 
M 
M 
M 

P1 
P2 
P3 

R 1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

R2 
R2 ., 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

SEE THE MINT-REVUE AT THE START OF THE Y* LtSTtNGS. 

7<; Y*U16601 MASS IMEVI 

1500. -- 1600. ARMENTERO 70 H08C -0 K-N TO S IG'4A PI 
( 1670.) KIM 11 DPWA K-MATRIX ANAL. 

1658. I 4. J HART 73 DPWA EL+CX, • 7-.BGEV/C 
( 1621 .. J LEA 73 DPWA MULTICHNL K-MTRX 

ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. 
1670.0 120.01 ,KANE 74 OPWA K-P TO PI SIG 

1 (1660.1 (30.1 BAILLON 75 JPWA KBAR N TO LAM PI 
1 FROM SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2 
3 ( 1671. I ( 2. I PONTE 75 OPWA 0 K- P TO LAM PI 
3 FROM SOLUTION 2 OF PONTE 75, NOT PRESENT IN SOLUTJCN 1. 

4 
c 
c 

2 
1 
3 

1668. I 2 5. I VANHORN 75 DPWA 0 K- P TO LAM PJO 
1565. OR 1597. HARTIN 77 DP~A KBAR N MULTICHNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FRCM THE T-~4ATRIX POLE AND FROM A e-w FIT, RESPECTIVELY. 

1676. 115.) RliC 11 DPWA KBAR N MULTICHNL 
1679. (10.) ALSTON 78 OPWA K8AR N ELASTIC 
1670.0 110.01 GOPAL 80 DPWA KBAR N ELASTIC 

1q Y*ll16601 WIDTH (MEVI 

(50. 01 
150. I 
40. 

151.81 
250.0 
(80.) 
181.1 
230. 
202. OR 
120. 

30. 
152.0 

110.) 

1110.01 
(40. I 
110.1 

1165.) 
217. 
(20.1 
110. I 
120.01 

160.1 

ARMENTERO 70 HOI!C -0 K-N TO SIG"'A PI 
KIM 71 DPWA K-MATRIX ANAL. 
HART 73 OPWA El+CX,.7-.8GEV/C 
lEA 73 OPWA IIIIUL TICHNL K-MTRX 
KANE 74 DPlo!A K-P TO Pt SIG 
BAILLON 75 IPWA KBAR N TO LAM PI 
PONTE 75 OPWA 0 K- P TO LAM PI 
VANHORN 75 OPWA 0 K- P TO LAM PIO 
MARTIN 17 DPWA KBAR N MULTICHNL 
RL IC 77 OPWA KBAR N MUL TICHNL 
ALSTON 78 OPWA K8AR N ELASTIC 
GOPAl 80 OPWA KSAR N ELASTIC 

79 Y*li1660J PARTIAL DECAY MODES 

Y*U 1660) INTO N KBAR 
Y*H 16601 INTO SIGMA PI 
Y*ll 16601 INTO LAMBDA PI 

DECAY MASSES 
938+ 493 

1189+ 139 
1115+ nq 

1<; Y•U 16601 BRANCHING RATIOS 

Y*ll16601 FRO I" KBAR N TO SIGMA PI SQRTIP1*P21 
(+0. 21 ARMENTERO 70 HDBC -0 K-N TO SIGMA PI 

10.241 KI~ 71 OP .. A K-'4ATRIX ANAL. 
l..:o. 211 LEA 73 OPWA MUL TICHNL K-MTRX 
-0.11 ( O. OlJ KANE 74 DPWA K-P TO PI SIG 

NOT SEEN HEPP2 76 OPWA -0 K- NUC TO SIG PI 
(-0.34)0R -0.31 MARTIN 71 DPWA KBAR N MULTICHNL 
-0.16 ( 0.03) RLIC 77 OPWA KBAR N MUL TICHNL 

Y*ll16601 INTO I KBAR ~)/TOTAL IPU 
(0.14) KIM 71 DPWA K-MATRIX ANAL. 
(0.101 LEA 73 DPWA MUL TICHNL K-MTRX 
0.11 10.021 HART 73 OPWA El+CX,.7-.8GEV/C 

10.27JOP o. 29 MARTIN 77 OPWA KBAR N MUL TlCHNL 
LESS THAN 0.04 RLIC 17 DPWA K8AR N MUL TICHNL 

IKBAR NI/TDTAL FROM RliC 71 TS SUPERSEDED BY GOPAL eo. 
o. 10 I 0.051 ALSTON 78 OPWA KBAR N HAST JC 
0.12 ( o. 031 GO PAL 80 OPWA KBAR N ELASTIC 

Y*lll660) FROM KBAR N TO LAMBDA PI SQRHP1*P31 
(0.01 KIM 71 OPWA K-MATRIX ANAL. 

1+0. 071 LEA 73 OPWA MULTICHNL K-MTRX 
(-0.04) I 0.021 BA I LLON 75 JPWA KAAR N TO LAM PI 
1+0.161 ( o.ou PONTE 15 DPWA 0 K- P TO LM PI 

0.12 I 0.121 ( 0.041 VANHORN 15 OPWA 0 K- P TO LAM PIO 

6/70 
3/11 
2/1r. 
9173 
9173 

12/81* 
11175 
11/75 
1/76 
1176 

11175 
11/77 

1/76 
1/78 

12181* 

6/70 
3171 
2174 
9/73 

12/81* 
11175 
1/76 

11/75 
11177 
1/76 
1178 

12/81* 

6/70 
3/71 
9/73 

12/81* 
2/77 

11177 
1/76 

3/71 
9/73 
2174 

11177 
1/76 

1/78 
12/81* 

2173 
9/73 

11/75 
1/76 

11/75 
R3 I-0.1010R -0.11 MARTIN 71 OPWA KBAR N MUL TICHNL 11/71 
R3 LESS THAN 0.04 RLIC 77 DPWA KBAR N MUL TTCHNL 

......................... ********* ................................... . 

ARMENTER 70 DUKE 12"3 
KIM 11 PRL 27 356 

ALSO 70 DUKE 161 
HART 73 PURDUE CCNF • 311 
LEA 73 NP B56 71 
KANE 74 . l8l-2452 

BAILLON 75 NP 894 39 
PONTE 75 PRO 12 25c;l7 
VANHORN 75 NP 887 145 

ALSO 75 NP 687 151 

HEPP2 76 PL 658 487 
MARTIN 77 NP B127 349 

ALSO 77 NP 8126 266 
ALSO 71 NP 8126 285 

RliC 77 NP 8119 362 
AlSTON 78 PR 018 1a2 

ALSO 71 PRL 38 1007 

REFERENCES FOR Y*1 ( 1660 I 

ARMENTEROS, BAillON, + ICERN,HEIDELJIJP 
J K KIM IHARVliJP 
J., K. KIM (HARVJIJP 
+RICE, BACASTOW, FUNG, + (TENN+UCR+MASA+BUFF II JP 
+MART IN, MOORHOUSE+ I R H El+lOUC-+GLAS +AltRHUS I I JP 
o.F.KANE ILBUIJP 

P. 8AILLON,P. Jo LITCHFIELD 
+HER-T ZBACH, BUTTON-SHAFER+ 
A. J. VAN HORN 
A. J. VAN HORN 

fCERN.RHELIIJP 
(HAS~+ TENN+UCR II JP 

(LBL) I JP 
fLBLIIJP 

+BRAUN, GR t lo!M, STPOB El E, THOL + t CERN, HE I D, MP I Ml t JP 
MARTIN, PI OCOCK, MOORHOUSE ILOUC .. GLAS 1 I JP 
MARTIN,PIOCOCK ILOUCI 
MARTIN,PIOCOCK (LOUCI JJP 
GOPAL,ROSS,VAN HORN,MCPt<ERSON+ ILOIC+RHELIIJP 
+KENNEY, POLLARD, ROSS+ ( LBl+MTHO+C ERN I I JP 
ALS TON-GARNJOST, KENNEY ( LBL+MTHO+CERN I I JP 

GOPAL eo TORONTO CONF 159 G.P.GOPAL IRHElllJP 

• .............. ·····~··· ********* ...................................... . 
•••••• ********* ....................................................... . 
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Baryons 
1:{1670) 

Note on the Z(l670) 

Production experiments: The meas·ured Zn /Znn 

branching ratio for produced Z(l670)'s is strongly 

dependent on momentum transfer. This was first 

discovered by EBERHARD 69, who suggested the 
*· existence of two. Y1 s with the same mass and quan-

tum numbers: one with a large L7f7f [mainly 

A(l405 )7!] decay mode produced peripherally, and the 

other with a large L7f decay mode produced at larger 

angles. These results were confirmed by AGUILAR­

BENITEZ 70, ASPELL 74, ESTES 74, and TIMMERMANS 76. 

When determined, the most likely quantum numbers 

for both the L7f and the A(l405)7f objects are Dl3~ 

* There is also possibly a third Y1, the Z(l690) in 

the Listings, with a large !m/ZTI branching ratio 

and somewhat larger mass; the large.brsnching ratio 

is the main evidence for its existence, which needs 

confirmation. These topics have been reviewed by 

EBERHARD 73 and by MILLER 70. 

Formation.experiments: Two states.are also 

observed near· this mass in formation experiments. 

One of these, the Dl3 Z(l670), has the same quantum 

numbers as those observed in produc.tion and has a 

large Zn/Znn branching ratio. It may well be the 

Z(l670) produced at larger angles (see TIMMERMANS 

76). The other state, the Pll Z(l660), has dif­

ferent quantum numbers from those seen in produc­

tion, and its Zn/ZTITI branching ratio is unknown. 

Thus its relation to the produced Z(l670)'s remains 

obscure. (See also the "Note on the Z(l620)" 

above.) 

44 v•u L67o. JP:3/2- 1 J::l 

SEE THE MINI-REVUE AT THE START OF Tl:iE -Y* LISTINGS. 

\rjfll ESTABLISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. 

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW 

44 Y*Ul6701 MASS (MEVI 

M 1660.0 BERLEY 64 HBC 0 K-P TO LAM PIO 1/66 
M 1668- (5.) ARMENTER 68 HBC 0 K-P ELAS.+CH.EX ll/68 
M ( 1661.0 I ( 2-01 ARMENTE2 68 HBC 0 K-P TO SIGMA PI 11/68 

" 1680. ARMENTE4 69 OBC K-N TO 'stG- PIO lZ/68 
M 1663~ 0 (2 .. 01 ARMENT-5 69 HBC 0 K-P TO SIGMPI ED 9/69 
M 1672.0 BERLEY 69 HBC K-P TO SIG P.l 5170 
H 1660. ARMENTER 70 HBC 0 K-P TO lAM.PI EI. 5/70 

" 1681.0 ( 3.0) BRUCKER 70 OBC - K-N TO SIG 2PI 10171 
M 1662a0 (5. 01 GAL TIER! 70 HBC 0 StG Pt, EDPWA 7170 

" 1665. 110. I GAL TIER I 70 HBC 0 LAMa PJ, EDPWA 7170 
M 1676. C2a 1 BUDGEN 71 .DPWA LAM PtO.CHS DATA 10/71 
M 1670. KfM 71 OPWA K-JIIIATR IX ANAL. 3/71 
M 1675.0 (15.0) LANGBEIN 72 IPWA MULTICHANNEL 12172 
M 1670.0 12-01 KANE 74 DPWA K-P TO PI SIG 12/81• 

" 1685. 120.1 SA ILLON 15 I PWA KBAR· N TO LAM PI 11175 
M I 1611.1 13. 1 PONTE 15 OPWA 0 K- P TO LAM P.l 1/76 

" FROM SOLUTIO"- 1 OF PONTE 75. 1/76 
M ( 1655.1 12.1 PONTE 75 OPWA 0 K- P.TO LAM PI 1176 
M FROM SOLUTIOfo. 2 OF PONTE 75. 1/76 
M 1659. ( 12.1 15.1 VANHORN 75 DPWA 0 K- P TO LAM PIO 11175 
H ( 1650.1 BEllEFON 76 t PWA 0 K- P TO LAM Pt 2/77 

" 1670. 16. I HEPP2 76 OPWA -0 K- NUC TO SIG PI 2/77 
M 1667. OR 1668. MARTIN 17 OPWA KBAR N MULTI CHNL 11/77 

" THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTtON OF RESONANCE 
M PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

264 

Data Card Listings 
For notation, see key at front of Listings. 

1670. 
1679. 
1682.0 

60.0 
$6. 

(44.0 I 
47.0 
49.0 
:34.0 
50. 
30.0 
48.0 
50. 
59. 
40. 
65.0 
70. 
79.0 
85. 

144. I 
(76.) 
32. 

180. I 
56. 
46. OR 
50. 
56. 
79.0 

15.1 
(10. I 

I 5.01 

RLIC 
ALSTON 
GO PAL 

44 Y*ll16701 WIDTH IMEVI 

8ERLEY 
(18.1 ARM ENTER 

14.01 ARMENTE2 
ARMENTE4 

(4. 01 ARMENT-5 
BERLEY 
ARMENTER 

(10.01 BRUCKER 
(5. OJ GALliER I 

HO. I GAL TIER I 
14.51 BUOGEN 

K!H 
(20. 01 LANGBEIN 
(20. I BAXTER 
(6. 01 KANE 

125.) BA"ILLON 
(11.1 PONTE 

I 5. I PONTE 
111. I VANHORN 

BELLEFON 
(3. I HEPP2 

46. MARTIN 
( 5. I RLIC 

120. I ALSTON 
110. OJ GO PAL 

11 OPWA 
16 OPWA 
60 DPWA 

64 HBC 
66 H8C 
,68 HBC 
69 OBC 
69 Hec 
69 HBC 
TO HBC, 
70 OBC 
70 HBC 
70 HBC 
71 OPWA 
11 OPWA 
72 IPWA 

· 7:3 DPWA 
74 OPtiA 
75 IPWA 
75 DPWA 
75 OPWA 
·75 OPWA 
76 IPWA 

c 

K8AR N MUL TICHNL 
KBAR N ELASTIC 
KBAR N ELASTIC 

0 
0 K-P ELAS.+CH.EX 
0 K-P TO SIGMA PI 

K-N TO SIG- PIO 
0 K-P TO SIGMPI EO 

0 K-P TO LAMB.PI 
K-N TO S tG 2PI 

0 SIG Pt.EOPWA 
0 LAM. PI, EDPWA 

LA'"' PIO 
K-MATPIX ANAL. 
MULTICHANNEL 

0 K- P TO NEUTRALS 
K-P TO PI S!G 
KBAR N TO LAM PI 

0 K- PTOLAMPI 
0 K- P TO LAM PI 
0 K- P TO LAM PI 0 
0 K- P TO LAM PI 

76 OPWA -0 K- NUC TO SIG PI 
11 DPWA KBAR N MUL TICHNL 
77 OPWA KBAR N MULTICHr>.!L 
78 OPWA KB.6R N ELASTIC 
80 OPWA KBAR N ELASTIC 

44 Y•U 16701 PARTIAL DECAY MODES 

1176 
1176 

12/81* 

7/66 
11/66 
11/68 
12/66 
9/69 
5170 
5/10 

10/71 
1170 
·7/70 

10/71 
3/71 

12172 
10/74 
12/61* 
11175 
1/16 
1176 

11175 
2171 
2171 

11177 
1/76 
1178 

12/Bl* 

P1 Y*1116701 INTO N KBAR 
DECAY MASSES 

9:38+ 493 
P2 Y*H 16701 INTO LAMBDA PI 1115+ 1:39 
P3 Y*ll16701 INTO SIGMA PI 1189+ 1:39 
P4 Y*ll16701 INTO LAMBDA PI PI 1115+ 139+ 1:39 

1192+ 139+ 139 
139+1:385 

P5 Y*ll16701 INTO SIGMA PI PI 
P6 Y•H 16701 INTO Y*1H:3651 PI S-WAVE 
P7 Y*U 16701 INTO Y•OI 14051 PI 1405+ 1:39 
Pe Y*U 16701 INTO LAMBDA( 15201 PI 139+1520 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
R l 
Rl 
Rl 
Rl 
Rl 

R2 
R2 

R3 
R3 
R3 

R4 
R4 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 

44 Y•ll16701 BRANCHING RATIOS 

Y*ll16701 INTO .{ KBAR NI/TOTAL 
(0.091 10.021 
o. oe 'o. 021 
0.07 
0.10 (0.031 
NOT SEEN 

co.o7JOR. o.o7 
(0.081 (0.0:31 

IKBAR NI/TOTAL FROM RLIC 77 
0.11 10.0:31 
o.1o 1 o.0:31 

I Pll 
ARMENTER 68 HBC 
ARMENT-5 69 HBC 0 ELAS~ +C'"I.EX. EO 
KIM 71 DPWA • K-MATRIX ANAL. 
LANGBEIN 72 IPWA MULTICHANNEL 
HART 73 DPWA EL+CX, .1-. BGEV/C 
MARTIN 77 OPWA KBAR N MULTICHNL 
RLIC 17 DPWA KBAR N MULTICHNL 

IS SUPERSEDED BY GOPAL 80. 
ALSTON 76 OPWA KBAR N ELASTIC 
GOPAL 80· DPWA KBAR N ELASTIC 

Y•lll6701 INTO (LAMBDA PI Pli/TOTAL (P41 
(0.111 OR LESS ARMENTE3 68 HBC K-P IP1=.091 

Y•U16701 lNTC !SIGMA PI PIIITOTAL (PSI 

9/69 
9/69 
3171 

12/72 
2/74 

u-/77 
1/76 

1/78 
12/61• 

9/69 

10.141 OR LESS ARMENTE:3 68 HBC K-P AND O-P1=.09 11/68 
RATIO ONLY FCR lSIG2PIJ SYSTEM IN 1=1• WHICH CANNOT BE Y*Ul385J 11/68 

Y*Hl6701 INTC (Y*OH4051 PII/TOTAL IP71 
10.061 OR LESS ARMENTE3 68 HBC K-P AND D-P1=.09 11/68 

Y*lll670) FRCM KSAR N TO lAMBDA PI SQRTIP1*P21 
(+0.11 ARMENTER 70HBC K-P TO LAMB PI 5/70 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION !SEE TEXTI 10/74 
+0.09 (0.021 GALTIERI 70 HBC 0 LAM. PI, EDPWA 7/70 

0.165 10.011 BUOGEN 11 OPWA LAM PIO 10/71 
0.08 KIM 71 OPWA K-MATRIX ANAL. 3/71 
0.13 (0.0:3) LANGBEIN 72 IPWA MULTICHANNEL 12/72 

+0.10 I 0.021 BAXTER 7:3 DPWA 0 K- P TO NEUTRALS 10/74 
+0.018 0.060 DEVENISH 74 0 FIXED T DISP REL 4175 
+0.06 10.021 BAILLON 75 IPWA KBAR N TO LAM PI 11/75 
(0.081 (0.011 PONTE 75 .OPWA 0 K- P TO LAM PI 1/76 
10.171 (0.011 PONTE 75 DPWA. 0 K- P TO LAM PI 1/76 
+0.09 (0.021 VANHORN 75 DPWA 0 K-,P TO LAM PIO 11/75 

(+0.051 BELLEFON 76 IPWA 0 K- P TO U,M PI 2177 
I+0.0810R +0.08 MARTIN 77 DPWA KBAR N MULTICHNL 11/77 
+0.10 (0.021 RLIC 17 DPWA KBAR N MULTICHNL 1/76 
0.17 (0.0:31 MORRIS 78 DPWA- K- N TO LAM PI- 3/79 
0.13 10.021 MORRIS 78 DPWA- K- N TO LA~ PI- 3/79 

RESULTS ARE WITH AND WITHOUT AN Sll SIGH6201 IN THE FIT. 

Y•U 16701 FRO~'! KBAR N TO S-IGMA PI 
1+0.211 10.011 ARMENTE2 
+0. 19 ARMENTE4 
+0.20 I 0.011 ARMENT-5 
+0.18 BERLEY 
•0.18 10.06) GALTIERI 
0.15 KIM 
Q. 23 ( O. 051 LANGBEIN 

+0.21 I 0.0:31 KANE 
+0.20 10.011 HEPP2 

(+0.1BIOR •0.17 MARTIN 
+0.21 ( 0.021 RLIC 

SQRHP1*P3.1 
68 HBC . 0 OLD DATA 
69 OBC 
69 HBC 0 NEW DATA 
69 HBC 
70 HBC 0 SlG PJ,EOPWA 
71 DPWA K-MATRIX ANAL. 
72 IPWA MULTICHANNEL 
74 DPWA K-P TO PI SIG 
76 DPWA -0 K- NUC TO SIG PI 
77 DPWA KBAR N MUL TICHNL 
1"1 DPWA KBAR N MUL TICHNL 

11/66 
9/69 
9/&9 
5/70 
1170 
3/71 

12/72 
12181• 
2/77 

11/77 
117~ 

R7 Y•U 16701 FRO!<'. KBAR N TO Y•U 13851 PI S-HAVE SQRTIP1•P61 
R7 10.171 10.021 SIMS 68 Dec - LAM 2Pt CROS.SEC 10/71 
R7 SIMS 68 USES CNLY CROSS-SECT. DATA. RESULT USED AS UPPER UMJT IJNLY :3172 
R7 +0.11 0.03 PREVOST 74 OPWA 0- K-N TO Sll:3851PI 10/74 

R8 
R8 
R8 

•• 
R9 
R9 

Y•U16701 INTO IY*0(14051PII*IKBAR NIITOTAL**2 IP7•Pl1 
(0.0:31 GR LESS BERLEY 69 HBC 0 K-P .6-.82 BEV/C 5/70 

B 0.007 (0.0021 BRUCKER 70 DBC - K-N TO SlG 2PI ·10171 
B ASSUMING Y•OI14051 PI CROSS SECTION BUMP DUE SOLEY TO :3/2-· RESON. 10/71 

Y*lll6701 INTO IY•OI14051 PII/IY*lll:3851 PIJ {P71/IP61 
0.23 (0.081 BRUCKER 70 ,OBC - K-N TO SIG 2PI 10171 

R 10 Y*H 16701 FROM KBAR N TO LAMBDAI15201 PI SQRTIP1•P61 
RlO :3 0.081 0.016 CAMERON 77 OPWA 0 P-WAVE DECAY 1178 
R10 3 CAMERON71 UPPER LIMIT ON F-WAVE DECAY IS 0.0:3 1/78 
RlO :3 ASSU!I(ES LAMBOAI15201 ELASTIC1TY=.46. 1/78 

................................. ***•••••• •••••••••••••••••• ••••**** 
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Data Card Listings 
For notation, see key at front of Listings .. 

BERLEY 64 OUBNA CONF I 565 

ARHENTER 68 NP 88 195 
ARMENTEl 68 NP 88 183 
ARMENTE2 68 NP 88 223 
ARMENTE3 68 PL 288 521 
SIMS 68 PRL 21 1413 

ARMENTE4 69 NP 810 45-;l 
ARMENT-5 69 NP 814 91 
BERLEV 69 Pl 308 430 

ARMENTER 70 DUKE 12'3 
BRUCKER 70 DUKE 155 
GALTIERI 70 DUKE 113 
BUOGEN 71 LNC 2 e5 
KIM 11 PRL 27 356 

ALSO 70 DUKE 161 

LANGBEIN 12 NP 847 477 
BAXTER 73 NP 867 125 
HART 73 PURDUE CCNF. 311 
OEVENISH 74 NP BBL 330 
KANE 74 LBL-2452 
PREVOST 74 NP 869 246 

BAI LLON 75 NP 894 39 
PONTE 75 PRO 12 2597 
VANHORN 75 NP 881 145 

ALSO 75 NP 887 157 

BELLEFON 76 NP 8109 129 
HEPPZ 76 PL 658 4e7 
CAMERON 11 NP 8131 399 
MARTIN 71 NP 8127 349 

ALSO 11 NP 8126 266 
ALSO 17 NP 8126 2E5 

RLIC 17 NP 8119 3t:2 

REFERENCES FOR Y•U 1670 I 

+CONNOLLY 9 HARTt RAHM, STONEHil Lt + (8NLJIJP 

ARMENTEROStBAJLLON + lCERN+HEID+SACLAYIIJP 
ARMENTEROS,BAILLON + ICERN+HEID+SACLAYHJP 
ARMENTEROS+BAILLON + CCERN+HEID+SACLAYIIJP 
ARMENTEROS9BAILLON + tCERt++HEID+SACLAYII 
S IMS 9 ALBRIGHT, BARTLEY, MEER+ I FSU, TUFT, BRAN I 

ARMENTEROS 1 BAillON,MINTEN + (CERN+SACLAYI J 
ARMENTEROS, BAILLON, + ICERN9HEIOEL,SACLAYJIJP 
BERlEY ,HART, RAHM,WI LL IS 9YAHA .. OTO C BNU 

ARMENTERQS, BAILLON9 + ICERN,HEJDI 
+HARRISON, S JMS, ALBRIGHT ,CHANDLER++ I FSUI I 
A. BARBARO GAL TIER I I LRU I JP 
0 BUDGEN (OUR HI I JP 
J K KIM IHARVIIJP 
J. K. KIM IHARVJIJP 

+WAGNER IMPIMJIJP 
BAXTER, BUCK tNGHAM,CORBETT, DUNN,+ (OXFORD J I JP 
+R t CE, BACA STOW,FUNG, + ITENN+UCR+MASA+BUFF II JP 
DEV EN ISH, FROGGA TT, MARTI NCDESY oNORD IT A, LOUC I 
D.F.KANE ILBLJIJP 
PREVOST, BARLOUT AUD, + ( SACL +CERN+HEI 01 

P. BAILLON,P. J. LITCHFIELD 
+HERTZ BACH t BUTTON-SHAFER+ 
A. J. VAN HORN 
A. J. VAN HORN 

ICERN,RHELIIJP 
I MASA+TENN+UCR I I JP 

ILBLIJJP 
ILBLliJP 

DE BEllEFON,BERTHON CCOEFtiJP 
+BRAUN, GRIMM, STROBELE, THOL+ I CERN,HE lOt MPIM I I JP 
+FRANEK, GO PAL, KALMUS, MCPHERSON+ IRHEL+LOIC I I JP 
MARTI Nt PIDCOCK, MOORHOUSE I LOUC+GLAS I I JP 
MARTINtPIDCOCK ILOUCI 
MARTlN,PIDCOCK ILOUCHJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ (lOlC+RHEL)IJP 

AlSTON 78 PR DlB 182 +KENNEY,POLLARD,ROSS+ llBL+MTHO+CERNJIJP 
AlSO 77 PRL 3 8 1007 ALSTON-GAR NJOST, KENNEY ILBL+MTHO+C ERN JI JP 

MORRIS 78 PR D17 55 +ALBRlGHT,COlLERAINEtKIMEltlANNUTTI CFSUJIJP 
GOP AL 80 TORONTO CONF 159 G. P .GOPAL I RHELII JP· 

PAPERS NOT REFERRED TO IN DATA CARDS 

SASTtENl 63 PRL 10 188 P L BASTIEN, J P BERGE ILRLl tJ 
'I REPLACED BY BASTIEN 2 1 BUT SIMILAR AND MORE READILY AVAILABLE. 

BASTIEN2 63 UCRL-10179 THESIS P L BASTIEN (LRU IJ 
T-ZAOEH 63 PRL 11 470 TAHER-ZADEH.PRDWSE,SCHLEIN,SLATER,+ CUCLAJ JP 

SEE NOTE FOLLOWING SCHLEIN 66. 
SCHLEIN 66 UCLA-1016 P.E. SCHLEIN, T.G~ TRIPPE IUCLAI JP 

REANALYSES DATA OF TAHER-ZAOEH 63, BASTIEN 63 AND ALL PUBLISHED 
LAMBDA PI CROSS SECTION DATA IN THE LIGHT OF THE NOW KNOWN 
Y*1 I 1775) • REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER-
ZAOEH ON THE PREFERRED JP ASSIGNMENT CFROM 3 2+ TO 3 (2-1.) 

SMART 66 PRL 11 556 W M SMART,A KERNAN.G E KA.LMUS,R P ELY llRUIJP 
ARMENTER 67 NP 63 592 ARMENTEROS9FERRO-LUZZI+ ICERN,HEID,SACLAYJ 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION ICERN+HEID+SACLJ ...................................................................... ..................................................... ••••••*•• ......... . 

1:(1670) 
BUMPS 

) 

51 Y*ll1670w JP::: I I=1 PROD. AND CROSS SECT. EXPS. 

SEE: NOTE PRECEDING Y*li1670J 
PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME 
QUANTUM NUMBERS, ONE DECAYING INTO SIGMA PI AND LAMBDA 
PI, THE OTHER INTO Y*OI14051 PI. 

51 Y*ll 16701 MASS (MEV I (PROD. EXP. I 

I 16B5.01 ALEXANDER 62 HBC -0 PI-P 2-2.2 BEV/C 
1660.0 1D.O ALVAREZ 63 HBC + K-P 1.51 BEV/C 

(1665.01 15.01 BUGG 68CNTR K-P,OTOTA.LC.S 
7011661.1 (9.1 PRIMER 6B t-!BC + K-P 4.6-5. GEV/C 

SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES MORE DATAl 
1670.0 6~0 AGUILAR 70 HBC SIG.PI K-P 4 GEV 
1668.0 10.0 AGUILAR 70 HBC SIG.2Pt K-P 4GEV 
1665. 1.0 APSELL 74 HBC K- P 2.87 GEV/C 

1200 1688+/-2. OR 1683+/-5~ BERTHON 74 HBC 0 QUASI 2 BODY CS 
5 1670. 4. CARROll 76 OPWA 1"'1 TOTAL CS 
5 TOTAL CROSS SECTION BUMP WITH IJ+l/2JX:.23 
2 1675. 10. HEPP1 76 DBC - K-N 1.6-1.75 GEV 
2 ENHANCEMENTS IN SIG P1 AND SIG P1 P1 CHANNEL CROSS SECTIONS. 

1655. TO 1671. TrMMERMA 76 HBC + K- P 4.2 GEV/C 
150( 1668. I I 10. I FERRER 81 OMEG - PI-P 9,12 GEV/C 

BACKWARD PRODUCTION IN LAMBDA PI- K+ FINAL STATE. 

AVERAGE MEA.NJNGLESS (SCALE FACTOR"' 1.01 

(45.01 
40.0 

130.01 
10 160.1 

110.0 
135.0 
67. 

152.1 
48. TO 

8 150 190.1 
SEE 

51 Y*lll6701 WIDTH IMEV1 I PROD. EXP .. I 

10.0 
U5.0J 
120. I 
12.0 
40 .. 0 

2.4 

ALEXANDER 62 HBC -0 
ALVAREZ 63 HBC + 
BUGG 68 CNTR 
PRIMER 68 HBC + K-P 4.6-5. GEV/C 
AGUILAR 70 HBC StG .. PI K-P 4 GEV 

30.0 AGUILAR 70 HBC SJG.2PI K-P 4GEV 
APSELL 74 HBC K- P 2 .. 87 GEV/C 
CARROLL 76 DPWA Jc1 TOTAL CS 

63. TIMMERMA 76 HBC + K- P 4.2 GEIJ/C 
120 .. I FERRER 81 OMEG- PI-P 9,12 GEV/C 

THE NOTES ACCOMPANYING THE MASSES QUOTED. 

AVERAGE MEANINGLESS !SCALE FACTOR "' 3.21 

7/68 
10/69 
5/70 
5170 
4175 
4/75 
2117 
2/77 
2/77 
2/77 
2/77 
2182• 

11/06 
7/08 
5/10 
5170 
4175 
2171 
2117 
2/82• 

Baryons 
1:(1670) 

PI 
P2 
P3 
P4 
P5 
P6 
P7 

Rl 

•• 
Rl 

•• 
Rl 
Rl 
Rl 

•• Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 

R4 
R4 
R4 8 
R4 

51 Y*Ul6701 PARTIAL DECAY MODES IPROO. EXP .. J 

Y*U 1670J INTG N KBAR 
Y*ll16701 INTO LAMBDA PI 
Y*lll670J INTO SIGMA PI 
Y*lC 16701 INTO LAMBDA PI PI 
Y*1116701 INTO SIGMA PI PI 
Y*U1670J INTO Y*1ll3851 PI 
Y*lll670) INTO Y*O(l4051 PI 

DECAY MASSES 
c;38+ 493 

1115+ 139 
1189+ 139 
1115+ 139+ 139 
1192+ 139+ 139 
1385+ 139 
1405+ 139 

51 Y*ll16701 BRANCHING RATIOS IPJ:IOD. EXP.) 

Y*ll 16701 INTO (KBAR N)/ISIGMA PII IP11/IP3) 
0 (0.191 OR LESS ALVAREZ 63 HBC . K-P 1.15 BEV/C 

10 .. 51+- O.Z5 OR MORE SMITH 63 HBC -o 
(0.61 OR LESS LONDON 66 HBC . K-P 2 .. 25 BEV/C 
(0.0251 BUGG 68 CNTR 0 ASSUMING J=3/2 
10.241 OR LESS PRIMER 68 HBC . K-P 4 • 6-5 • GEV /C 
10.261 OR LESS BARNES 69 HSC . K-P 3.9-5 GEV/C 
(0. 21 OR LESS AGUILAR 70 HBC 
(0.101 CR LESS BERTHON 74 HBC 0 QUASI 2 BODY CS 
10.031 OR LESS TJ MMERMA 76 HBC . K- P 4.Z GEV/C 

Y*li167DI INTO (LAMBDA PIJJ(SJGMA PI) CP21/IP3J 
130 ct. 201 ALVAREZ 63 HBC . K-P 1.15 BEV/C 

11.21 SMITH 63 HBC -o 
0.15 o. 01 HUWE 64 HSC . 
0.6 OR LESS LONDON 66 HBC . K-P 2 .. 25 BEV/C 

33 o.u o. 06 BUTTON-S 68 HBC . K-P AT 1. 7 GEV/C 
0 co.) PR !MER 68 HBC . K-P 3.9-5 GEV/C 

PRIMER 68 ASSUMEO THIS DECAY TO BE ALL Y*l16901- SEE BARNES 69 FOR 
NEW INTERPRATATION OF OATA.I3 TIMES MOJI.E OATAJ-

0.45 0.15 BARNES 69 HBC . K-P 3~9-5 GEV/C 
(0.551 ( 0.111 BERTHON 74 HBC 0 QUASI 2 BODY CS 
o. 76 o. 09 ESTES 74 HBC 0 K-P,2.1+2.6GEV/C 

(0.451+/- 0.07 OR LESS TI MMERMA 76 HBC . K- P 4,.2 GEV/C .. 
AVERAGE MEANINGLESS (SCALE FACTOR= 3.71 

Y*H 16701 INTO I LAMBDA PI PIIIISIGMA PIJ CP4JIIP31 
90 to~ 561 ALVAREZ 63 HBC . K-P 1.15 BEV/C 

(0.171 SMITH 63 HBC -o 
(0.61 OR LESS LONDON 66 HBC + K-P AT 2.25 BEV/C 

v•u 16701 INTO I SIGMA PI PII/ISIG~A PI I (P51/IP31 
180 (0. 56) ALVAREZ 63 HBC . K-P 1.15 BEV/C 

lARGEST AT SMALL ANGLES ESTES 74 HBC 0 K-P.2.1+2.6GEV/C 
I O. 21 OR LESS HEPP1 76 DSC - K-N 1.6-1.75 GEV 

Y*ll 16701 INTO IY*Oil't051 Pti/ISIGMA PJI IP7111P31 

7/66 
11/66 

7/68 
10/69 

5170 
4/75 
2111 

7/66 
10/69 
10/69 

10/69 
4/75 

11175 
2171 

7/66 

11/75 
2/77 

RS 
R5 
R5 P 
RS 8 
R5 BD 
RS 0 

50 3. t. 6 LONDON 
11 (0.581 10.201 PRIMER 

LARGEST AT SMALL ANGLES ESTES 
1.8+/-0.3 TO O.OZ+/-0.07 TIMMERMA 

66 HBC 
68 HBC 
74 HBC 
76 HBC 

+ K-P 2.25 BEV/C 7166 
+ K-P 4~6-5. GEV/C 7/68 
+- K-P 2.1+2.6GEV/C 11/75 
+ K-P 4.2 GEV/C 11/77 

_DEPENDING ON PRODUCTION ANGLE 

R6 Y*Ul6701 INTO ISIGMA PIJICSIGMA PI PII IP31/lP51 
R6 0.4 OR LESS BIRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67 
R6 0.30 0.15 LONDON 66 HBC + K-P 2.25 GEV/C 7166 
R6 t BETWEEN 2.5 AND 0.24 EBERHARD 69 HBC K-P AT 2.6 GEV/t 9/69 
R6 D DEPENDING ON THE PRODUCTION ANGLE 
R6 8 VARIES WITH PROD .. ANGLE APSELL 74 HBC + K-P 2.87 GEV/C 4/75 
R6 11 .. 391 10.161 BERTHON 74 HBC D QUASI 2 BODY CS 4/75 
R6 8 APSEt.L 74, ESTES 74 AND TIMMERMAN$ 76 FINO STRONG BRANCHING RATIO 
R6 B DEPENDENCE ON PRODUCTION ANGLE. AS IN EARLIER PROD. EXPERIMENTS. 

R7 Y*ll16701 INTO IY*0114051 Pti/ISIGMA PI Pll CP11/IP51 
R7 0.90 0.10 0.16 EBERHARD 65 HBC + K-P 2.45 BEV/C 7/66 
R7 1.00 0.02 APSElL 74 HBC K- P 2.87 GEV/C 4/75 
R7 0.97 0.08 TIMMERMA 76 HBC K- P 4.2 GEV/C 2/11 
R7 
R7 AVERAGE MEANINGlESS (SCALE FACTOR"' 1.01 

R8 
R8 

Y*ll16701 INTO (Y*OI14051 PIIIIY*ll13851 Pll IP7JIIP61 
(0.81 OR LESS EBERHARD 65 HBC + K-P 2.45 BEV/C 

R9 Y*ll16701 INTO (LAMBDA PI PJJI(SIGMA PI PJJ IP41/IP51 

7/66 

R9 0.35 0.2 BIRMINGHA 66 HSC + K-P AT 3.5 GEV/C 11/67 

R10 Y*1116701 INTO (LAMBDA PII/CSIGMA PI Pll IP21/IP51 
R10 10.21 OR LESS BIRMJNGHA 66 HBC + K-P AT 3 .. 5 GEV/C 11/67 

Rll 
Rll 

Rl2 
Rl2 

Y*U 16701 INTC (LAMBDA PII/CLAMBDA PI + S IG Pll IPZIIIP2+P31 
10.61 OR LESS AGUILAR 70 HBC 

Y*lll6701 INTO CY*1Cl3851 PIIIISIGMA PII IP61/IP31 
I 0. 211 +/- O. 05 OR LESS TI MMERMA 76 HBC K- P 4. 2 GEV /C 

51 Y*1C16701 QUANTUM NUMBER DETERMINAHON (PROD. EXP .. I 

517D 

1/76 
2171 

01 
03 
04 

JP==3/2+ 
JP=3/2-
JP=3/2-

LEVEQUE 65 HBC INTO Y*(1405J+PI 11/68 
EBERHARD 67 HBC + INTO Y*C 14051 PI 11/08 

400 BUTTDN-SH 68 HBC +- INTO SIGZERO+PI 11/68 .................................................................... 
ALEXANDE 62 CERN CONF 320 
ALVAREZ 63 PRL 10 184 
SMITH 63 ATHENS CONF 67 
HUWE 64 PR 180 1824(19691 
EBERHARD 65 PRL 14 466 

81RM1NGH 66 PR 152 1148 
LONDON 66 PR 143 1034 
BUGG 68 PR 168 1466 
BUTTON-S 68 PRL 21 1123 
PRIMER 68 PRL 20 610 

BARNES 69 BNL l3823 
EBERHARD 69 PRL 22 200 
AGUILAR 70 PRL 25 58 

REFERENCES FOR Y*ll16701 IPRCO. EXP.J 

ALEXANDER, JACOBS.KALBFL El SCH. HILLER.+ 
+ALSTON,FERRO-LUZZI,HUWE, + 
G A SMITH 

lli~LI 

ILRLI 
ILRLI 
ILRLI D 0 HUWE 

+SHIVELY,ROSS,SIEGAL,FICENEC, + I LRL .ILU I 

B t RM INGHAM, GLASGOW, I.C. Y OX FORO, RUTHERFORD 
+RAUoSAMIOS,YAMAMOT09GOLDBERGo+ IBNL9SYRAJ IJ 
+GILMORE, KNIGHT, OAVI ES+ I B IR~,CAV E, RHEL I I 
J BUTTON SHAFER (fi'IASA+LRL) JP 
+GOLDBERG, JAEGER, BARNFS ,DORNAN + I SYRA. BNLI 

+CHUNG. EISNERoFLAM INIO+ I BNL. SYRAI 
+FRIEDMAN,PRIPSTEIN,ROSS ILRLJ 
+BARNES, SASSANO, CHUNG, EISNER,+IBNL.SYRAJ 

APSELL 
BERTHON 
ESTES 

74 PRO 10 1419 APSELL,FOR09GOUREVITCH+IBRAN,UMD 1 SYRA 1 TUFTil 
74 NC 21A H6 BERTHON,TRISTRAM,+ ICDEF+RI-IEL+SACL+STRSJ 
74 LBL-3827 ITHESISI R. D .. ESTES (lBU 



Baryons 
1:(1670), I:(1690), 1:{1750) 

CARROLL 76 PRL 31 806 +CH lANG.KYC JA, L J,MAZUR,MICHAEL+ I BNL J 1 
+BRAUN, GR 1 MM, STROBELE, THOL +I CERN, HE 10, MPIM II HEPPL 76 NP 8115 82 

TIMMERMA 76 NP 8112 11 
FERRER 81 NP 8178 373 

TIMMERMANS,ENGELEN+ INIJH+CERN+AMST+OXFI JP 
+TR EI llE, RIVET, VOl TE+ I CERN+CpEF+EPOl+LAlOI 

PAPERS NOT REFERRED TO IN DATA CAPOS 

LEVEQUE 65 PL 18 69 + ISACLAY,EPOloGLASGOWoLDtC,OXFoRHELJ JP 
LEE 66PRL1745 Y Y LEE, 0 D REEDER, R W HARTUNG (WJSCJ JP 
EBERHARD 67 PR 163 1446 +PR 1 P STEIN, SHIVELY, KRUSE, SWANSON I LRL, Ill II JP 
MILLER 70 DUKE 229 0 H MILLER (REVIEW TALK) IPURDUEJ 
EBERHARD 13 PURDUE CCNF. 247 
HUNGERBU 74 PCI.D 10 2C 51 

EBERHARD ILBL II JP 
HUNGERBUHL ER, MAJKA,+ IYAL E, FNAL, BNL, P ITO 

I:(1690) 
BUMPS 

) 

............ ****••••• .................................... . 

) I<=l PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE U THE START OF THE Y• liSTINGS. 

SEE NOTE PRECEDING Y*U16701 LISTINGS, SEEN IN PRO. 
EXPERIMENTS ONLY, MAIN DECAY MODE IS LAMBDA Pl. 

5e Y•li1690I MASS (MEVI IPROD. EXP .. I 

30(1715 .. 01 112.01 COLLEY 67 HBC + K-P 6 GEV/C 
60( 1694.01 124.01 PRIMER 68 HBC + K-P 4.6-5 GEV/C 

SEE Y•1116701 LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 
"M P PRIMER 68 SHOW THAT THEY HAVE .NO EVIDENCE FdR Y*ll6901 
M N 11700.01 16.01 SIMS 68 H8C - K-N TO LAM PI PI 
M N THIS ANALYSIS. WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
M N AND SHOWS NG UNAMBIGUOUS Y*I(16901 SIGNAL, SUGGESTS JP,.,512+. 
M SUCH A Y* WOULD LEAD ALL PREVIOUSLY KNOWN Y• TRAJECTORIES. 
M 15( 1698.01 120.01 AOERHOLZ 69 HBC + PI+P 8 GEV/C 
M 46(1682.01 12.01 8LUMENFEL 69 HBC + KO LONG+ PROTGN 
M (1100.01 120.01 MOTT 69 HSC + K-P 5.5 GEV/C 
M 70(1698.01 120 .. 01 GODDARD 79 HBC + PI+P 10 .. 3 GEV/C 
M 4011707.01 120.01 GODDARD 79 HBC + PI+P 10.3 GEV/C 

Pl 
PZ 
P3 
P4 
P5 

Rl 
Rl 
Rl 
Rl 

RZ 
RZ 
RZ 
RZ 

R3 
R3 

R4 
R4 
R4 
R4 
R4 

R5 
R5 
R5 

p 
N 

AVG 

FR01 ILAMBOA PI+I K+ FINAL STATE. J>1/2 NOT REQUIRED BY DATA. 
FROM (LAMBCA PI+I (K PII+ FINAL STATE. J>1/2 INDICATED, BUT LARGE 
BACKGROUND PRECLUDES DEFINITE CONCLUSION. 

58 Y•U 16901 WIDTH I MEV I I PROD. EXP. I 

30 1100.0 I (35.01 COLLEY 67 HBC 
60 HOS.OI 135.01 PRIMER 68 HBC 

(62 .. OJ (14.01 SIMS 68 HBC - SEE NOTE N ABOVE 
15 (142. 0 I (40.01 ADERHOLZ 69 HBC . PI+P 8 GEV/C 
46 (25. 01 (10.01 BLUMENFEL 69 HBC . 

1130.0 I 125.01" MOTT 69 HBC . 
70 (240. 01 (60 .. 01 GODDARD 79 HBC . PI+P 10.3 GEV/C 
40 1130.01 1100.01 160.01 GODDARD 19 HBC . PI+P 10.3 GEY/C 

SEE lHE NOTES ACCOMPANYING THE MASSES QUOTED 

58 Y•H 16901 PARTIAL DECAY MODES I PROD. EXP.I 

Y*1C 16<:101 INTC N KBAR 
Y*U 16901 INTC LAMBDA PI 
Y*1C 16901 JNTG SIGMA PI 

DECAY MASSES 
938+ 493 

1115+ 139 
1189+ 139 

Y•11 16901 INTO 'f'*lll3851 PI 1385+ 13<:1 
Y*ll 16901 INTO LAMBDA PI PI I INCLUDING P41 1115+ 139+ 13<:1 

58 Y*H16901 BRANCHING RATIOS (PROD. EXP.I 

Y•ll 16901 INTO IKBAR NJ!(LAMBOA PIJ CPU!(P21 
18 0.4 O. 25 COLLEY 67 HBC + 6/30 EVENTS 

10.21 OR LESS MOTT 69 HBC + 
SMALL GODDARD 79 HBC + PI+P 10.2 GEY/C 

Y*U16901 INTO (SIGMA PII/CLAMBDA PJJ IP31/IP21 
0.3 0.3 COLLEY 67 HBC + 4/30 EVENTS 

(0.41 OR LESS CL=.90 MOTT 69 HBC + 
SMAll GODDARD 79 HBC + PI+P 10 .. 2 GEV/C 

Y*U16901 INTO IY*ll13851 PII/ILAMBDA PII IP41/IP21 
10.51 OR LESS MOTT 69 HBC + 

Y•lC16901 INTO !LAMBDA PI PII!ILAMBDA PIJ tP51/CP21 
0.5 0.25 COLLEY 67 HBC + 15/30 EVENTS 
2.0 0.6 BLUMENFEL 69 HBC + 31/15 EVENTS 

o. 72 o. 53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.31 

Y*1H6901 INTO IY•lll3851 PIJIILAMBDA PI PI} IP41/CP51 
SMALL COLLEY 67 HBC + 
LARGE SIMS 68 HBC - K-N TO L2PI ............................................................... 

REFERENCES FOR Y*l(16901 IPROO .. EXP.J 

COLLEY 67 PL 24B 489 I B JRM, GLAS, LOIC ,MUN ICHtOXFORO, RHELJ 
DERR JCK 67 PRL 18 U6 

REPLACED BY MOTT 69. 
PRIMER 68 PRL 20 610 
SIMS 68 PRL 21 1413 

AOERHOLZ 69 NP 811 259 
BLUMENFE 69 PL 298 5€ 
MOTT 69 PR. 177 1966 

GODDARD 79 PR D19 1350 

AGUILAR 70 PRL 25 58 
COOPER 70 NP 823 6C5 

+FIELDS, LOKEN, AMMAR, IARGONNE,NORTHWESTJ 

+GOLDBERG, JAEGER, BARNES, + ISYRACUSE,BNlJ 
+ALBRIGHT, + IFSUrTUFTS,BRANDEISI 

+BARTSCH, SCHULTE+ I AACH+BERL+CERN+CRAC+WARS I I 
B J BLUMENFELD, G R KALBFlEISCH IBNLI I 
+AMMAR, DAVIS, KROPAC, +CNORTHWEST.ARGONNEI I 

+KEY, lUSTE, PRENTICE, YOQN, GORDON+ ( TNTO+BNLII, J 

PAPERS NOT REFERRED TO IN OA"TA CARDS 

AGUILAR-BENITEZ, BARNES, BAS SAND+ I 8NL +SYR A I 
+MANNER, MUSGRAVE ,POLLARD, VOYVODIC I ANL~ I ......................................................................... ....... ........... ............. .......... ......... .......... ......... ....... . 

8/67 
7/68 

11/68 

12/79 
9/69 
9/69 

12/79 
12/79 

8/67 
7/68 

11/68 
12179 
9/69 
9/69 

12179 
12/79 

B/67 
9/69 

12/79 

8/67 
9/69 

12/79 

9/69 

8/67 
9/69 

8/67 
11/68 

266 

Data Card Listings 
For notation, see key at front of Listings. 

lr{175o)l 57 Y•U1750, JP=l/2-1 .1=1 

PI 
PZ 
P3 
P4 
P5 

•• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

RZ 
RZ 
RZ 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

•• R3 
R3 

•• 
R4 
R4 
R4 
R4 

R5 
R5 

R6 

•• •• 

THERE IS EVIDENCE FOR THIS STATE IN MAN'f' PARTIAL­
\riAVE ANALYSES, BUT WITH RATHER WIDE VARIATIONS IN 

. THE MASS, WIDTH AND COUPLINGS. THE LATEST ANALYSES 
INDICATED SIGNIFICANT COUPLINGS TO KBAR N AND LAI'BDA PI. AS WELL AS 
SIGMA ETA WHOSE THRESHOLD IS NEARBY AT 1746 MEV (JONES 741. 

57 Y*ll 11501 MASS IMEVI 

NEAR SIG"1A ETA THRESHOLD CLINE 67 OBC - K-N TO SIGMA ETA 

::g~i ~~~~=~ ~" =~~~~TERO ~ri ~~~~ -0 K-N TO LAMBDA PI 
11157.01 110.0) CONFORTO 71 OPWA 0 ELASTIC, CH E'XCH 
( 1190. I KIM H·OPWA • K-MATRIX ANAL-. 
I 17<:10.01 115.01 LANGBEIN 72 IPWA MULTICHANNEL 
I 1716. l (1 O. I . BAXTER 13 DPWA 0 K- P TO NEUTRALS 
I 1785.1 (12. I CHU 74 DBC - FIT StG- ETA CS 
(1760.1 15.1 JONES 74"HBC 0 FIT SIGO ETA CS 
(1739 .. 1 (10.) PREVOST 74 OPWA D- .K-N TO Sll385JPI 

9/66 
9/69 
6/70 
6/70 
3/71 

12/72 
10/74 
10/74 
1/74 

1 S-WAVE BW FIT TO THRSHLO C.S., NO BKGND. ERPORS STATISTICAL ONLY 
10/74 
1174 

11/75 
11/75 
1/76 

A I 1180'. I 130.) . BAtllON 75 IPWA KBAR N 'TO LAM PI 
A FROM SOLUTION 1 OF BAILLON 75. 
8 11100.1 130.) BAILLON 75 tP\rriA KBAR N TO LAM PI 
B FROM SOLUTION 2 OF BAILLON 75 .. 1/76 

11/75 
2/77 
2171 

11177 

11697.1 • (2D.I 110.1 VANHORN 75 OPWA K- P TO lAM PIO 
I 1130. I BELLEFON 76 IPWA K- P TO LAH PI 

1715. 10. CARROLL 76 .QPWA 1=1 TOTAL CS 
180D .. OR 1813. HARTIN 77 ·oPWA KBAR N "1ULTICHNL 

THE TWO ENTRIES FOR MARTIN 11 CORRESPOND TO EXTR."ACTIDN OF RESONANCE 
~ARMETERS FROM THE T-JIIIATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1HO. 15. RLIC 77 OPWA KBAR N MULTICHNL 
1170. 10. ALSTON 78 OPWA KBAR N ELASTIC 
1156.0 OO.OJ GOPAL SO OPWA KBAR N ELASTIC 

1/76 
1/78 

12181• 

AVERAGE MEAN_INGLESS !SCALE FACTOR= 3 .. 01 

57 Y•l(17501 WIDTH IMEVJ 

ABOUT 50.C 
ABOUT BD. 0 

155.01 110 .. 01 
150. I 

1100.0 I 
160 .. ) 
189. I 
192. I 

nos. J 
1140. I 
(160. I 
(66.) 

(110. I 
110. J 
117. OR 
60. 

161. 
64.0 

(20.01 
120.) 
1"33 .. 1 

I 7. I. 
120. I 
no. I 
(50. I 
114.) 

119. 
10. 
zo. 

(lD.OI 

MEYER 67 RVUE 
ARMENTERO 70 HOBC .-0 K-N TO LAMBDA PI 
CONFORTO 1l OPWA 0 ELASTIC, CH EXCH 
KIM 11 DPWA K-MATRIX ANAL. 
LANGBEIN 72 IPWA ,MUlTICHANNEl 
BAXTER 73 OPWA 0 ·K- P TO NEUTRALS 

.CHU 74 DBC - FIT StG- ETA CS 
JONES 74 HBC 0 FIT SIG+ETA CS 
PREVOST 74 OPWA 0- K-N TO S(l3851Pl 
BAILLON 75 IPWA KBAR N TO LAM PI 
BAILLON 75 IPWA KBAR N TO LAM PI 

(12.1 VANHORN 75 OPWA 0 K- P TO lAM PIO 
BELLEFON 76 IPWA" D K- P TO LAM PI 
CARROLL 76 OPWA I=1 TOTAL CS 
MARTIN 77 OPWA KBAR N MULTICHNL 
RLIC 71 DPWA KBAR N MULTICHNL 
ALSTON 78 DPWA KBAR N ELASTIC 
GOPAL 80 DPWA KBAR N ELASTIC 

9/69 
6/70 
6/70 
3/71 

12/72 
10/74 
10/74 
1/74 

10/74 
11/75 
1/76 

11175 
2171 
2/77 

11/77 
1/76 
1/78 

12/81* 

AVERAGE MEANINGLESS ISCALE FACTOR"' 4.51 

,. 
• c 
c 

57 Y*ll17501 PARTIAL DECAY MODES 

Y•H 11501 INTC N KBAR 
Y*lll7501 INTO SIGMA ETA 
Y*lll1501 INH LAMBDA PI 
Y*U 1150) INTO S JGp.!A PI 
Y*lll1501 :INTO SIGMA( 13851 PI 
Y*11 11501 INTO LAMBDACl5201 PI 

57 Y*ll 17501 BRANCHING RATIOS 

DECAY MASSES 
938+ 493 

1192+ 548 
1115+ 134 
1189+ 139 

139+1385 
139+1520 

Y*li1150J INTC IKBAR NIITOTAl fPll 
' 10.121 (0.051 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 

10.81 KIM 11 DPWA K-MATRIX ANAL. 
10 .. 451 (D.OSJ LANGBEIN 72 IPWA MULTICHANNEL 

TOTAL CROSS SECTION BUMP WITH (J+li21X-=.30 SEEN BY CARROLL 76 
(0.0610FI 0.05 MARTIN 77 OPWA KBAR N MULTICHNl 
10.151 10.031 RLIC 77 DPWA KBAR N MULTICHNL 

(KBAR NI/TOTAL FROM RltC 11 ts· SUPERSEDED BY GOPAL BD. 
0.33 0.05 ALSTON 78 OPWA KBAR N ELASTIC 
0.14 10.03) GOPAL 80 OPWA KBAR N ElASTIC 

Y*l( 11501 FRO,.. KBAR N INTO SlG"1A ETA 
SEEN CLINE 
10.231 (O.OlJ. JONES 

SQRTIP1*P21 
69 DSC - THRESHOLD BUMP 
74 HBC D FIT SIG+ETA CS 

Y•U 17501 FROM KBAR N INTO LAMBDA PI SQRHPl•P31 

6170 
3/71 

12/72 
2/77 

11/77 
1/76 

1/7.8 
12/81• 

9/69 
1/74 

(-0 .. 251 . ARMENTERO 70 IPWA -0 K-N TO LAMBDA PI .6/70 
PUBLISHED SIGN CHAt.IGED TO AGREE WITH LUND 1969 CONVENTION (SEE TEXTJ .10/74 

10.091 KIM 71 OPWA K-MATRllt ANAL. 3/71 
10 .. 301 10.051 LANGBEIN 72 IPkA MULTICH"NNEL 12/72 

1-0.281 ( O. 051 BA-XTER 73 OPWA D K- P TO NEUTRALS 10/74 
(-0.1201 I 0.0171 DEVENISH 74 0 FIXED T DISP REL 4/75 
(-0.121 (D.021 BAILLON 75 IPWA KBAR N TO LAM PI 11/75 
1-0.131 (0.031 BAILLON 75 IPWA KBAR N TO LAM PI 1/76 
(-D.131 I 0.04) VANHORN 75 OPWA 0 K- P TO LAM PIO 11/75 
(-0.121 BELLEFON 76 IPWA 0 K- P TO LAM PI 2/77 
(-0.1010R -0.09 MARTIN 11 DPWA KSAR N MULTICHNL 11/77 
10.041. (0.031 RLIC 77 OPWA KBAR N MULTICHNL 1/76 

Y*lC 17501 FROM KBAR N TO SIGMA PI 
10 .. 161 KIM 
(0 .. 131 10.021 LANGBEIN 

(+Q.06IOP +0.06 ,MARTIN 
-0.09 0.05 RLIC 

Y*1Cl7501 FROJII KBAR N TO SIGMAI1"3851 PI 
+0 .. 18 0.15 PREVOST 

Y*ltl1501 FROM KBAR N TO LAI'IBOAC152D1 PI 
O. 032 O. 021 CAMERON 

ASSUMES LAMBCAI 15201 ElASTICJTYc.46 

11 OPWA 
72 IPWA 
11 DPWA 
71 OPWA 

SQRTI P1*P41 
K-MATRIX ANAL 
MUl TICHA.NNEL 
KBAR N MULTICHNL 
KBAR N MUL TtCHNL 

SQRHP1•P41 

. 3/71 
12172 
11/77 
1/76 

74 OPWA 0- K-N TO Sll385JPI I0/74 

SQRTI P1*P61 
71 OPWA 0 P-WAVE DECAY 1/78 

1/78 

•••••• •••• .. ••• ••••••••• ••••••••• ••••••••• ••••••••• *****•••• •*o••••• 
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Data Card Listings 
For notation, see key at front of Listings. 

CLINE 67 Pl 258 -41 
MEYER 67 HEIDElBERG C 
ARMENTER 70 DUKE 123 
CCNFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 417 

BAXTER 73 NP 867 125 
CHU 74 NC ZOA 35 
JONES 74 NP 873 141 
DEVENISH 74 NP 881 330 
PREVOST 74 NP 869 246 

BAI LLON 75 NP 894 39 
VANHORN 75 NP 887 145 

ALSO 75 NP 887 157 

8ELLEFON 76 NP BlOc; 129 
CARROLL 76 PRL 37 8C6 

CAMERON 71 NP 8131 399 
MARTIN 71 ~p 8127 349 

ALSO 11 NP 8126 266 
ALSO 11 NP 8126 2B5 

RLIC 71 NP 8119 3E2 

117 

REFERENCES FOR Y*UL7501 

CLINE, OLSSON CWISCONSJNJIJP 
J MEYER I RAPPORTEUR I I SAC LAY JI JP 
ARMENTEROS, BAILLQN, + CCERN,HEIDELIIJP 
+LEVI SETTI , LAS I NSKI ~ .. OBERL ACK++ I EF I+HE I Q)J JP 
J K KIM CHAR VI IJP 
J,. K. KIM IHARVIJJP 
+WAGNER I MPJMJIJP 

BAXTER, BUCKINGHAM, CORBETT, DUNN,+ I OXFORD I I JP 
CHU, BARTLEY,+ I SUNY PLA TTS8URGH+TUFTS+ BRAN II JP 
JONES IU. CHICAGOUJP 
DEVEN ISH, FRCGGA TT, MARTI NCOE SY oNORDIT A, LDUC J 
PREVOST, BARLOUT AUD• + I SACL+C ERN+HE I OJ 

P. B~ILLON.P. J. LITCHFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

DE 8ELLEFON, BERTHON 
+CHIANG.KYC IA,L I, MAZUR, MICHAEl+ 

ICERN.RHELilJP 
CLSLIJJP 
I LBLII JP 

CCOEFJ.JJP 
CBNUI 

+FRANEK ,GOPAL, KALMUS, MCPHERSON+ I RHEL +LOIC J IJP 
MAR T1 No PI OCOCK, MOORHOUSE I LOUC+GLASI I JP 
MARTIN,PIOCOCK ILOUct 
MARTJN,PIOCOCK ILOUCIIJP 
GQP,&.L,ROSS.VAN HORN,MCPHERSON+ ILOIC+RHELJIJP 

ALSTON 78 PR 018 182 +KENNEY.POLLARQ,ROSS+ I LBL +MTHO+CERN I I JP 
I LBL+MTHO+CERN II JP 

I RHELJI JP 
ALSO 77 PRL 38 1007 ALSTON-GARNJQST,KENNEY 

GOPAL 80 TORONTO CONF 159 G.P.GOPAL 

PAPERS NOT REFERRED TO IN DATA CARDS 

FERRG-LU 66 BERKELEY CONF 183 M FERRO LUZZI !RAPPORTEUR) ICERNI 
ARMENTER 68 NP B8 183 ARMENTEROS, BAILLON, + ICERN,HEIOEL,SACLAYIIJP 
ARMENTER 69 LUND CONF PAPER ARMENTEROS, BAILLON, + ICERN,HEIDEL,SACLAYliJP 
HoftRRISON 70 FSU-HEP 70 3 1 W.C. HARRISON UHESISI IFSUJ .................................................................... ...... .......... ......... ......... ......... .......... ......... ....... . 
lr(t77o)l 

) 

100 Y*U1770, JPc1f2+J 1=1 

EVIDENCE FOR THIS STATE NOW RESTS SOLELY ON SOLUTION 1 
OF BA lLLON 75 - BUT THE LAMBDA PI PARTIAL WAVE 
o!IMPLITUDES OF THIS SOLUTION ARE IN DISAGREEMENT WITH 
AMPLITUDES FROM MOST OTHER LAMBDA PI ANALYSES. 

1CO Y*lll7101 MASS IMEVI 

3 11112.01 KANE 72 DPWA K-P TO SIGMA PI 
3 STATE IS NOT REQUIRED IN KANE 74 WHICH SUPERSEDES KANE 12. 

1 1710. 20. BAILLON 75 IPWA KBAR N TO PI LAM 
1 FROM SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2. 

2 1173R.J 110.1 RLIC 770PWA KBARNMULTICHNL 
2 STATE REQUIRED TO FIT 1""1 TOTAL X-SECTION OF CARROLL 76 IN KBAR N 
2 CHANNEL. NEW K-P POLARIZATION AND K- NEUTRON DIFFERENTIAL X-SECTION 
2 DATA ARE MORE CONSISTENT WITH Y*1116601 P'll IN GOPAL 80 ANALYSIS. 

100 Y*ll 17701 WIDTH (MEV) 

11/77 
12/61• 
11/75 
1/76 
1176 

12/81* 
12/81* 
12/81* 

3 
1 

2 

C80.J 
eo. 

172.) 
30. 

c 10.1 

KANE 
BA I LLON 
RLIC 

72 OPWA 
75 I PWA 
11 DPI-IA 

K-P TO SIGMA PI 11/77 
KBAR N TO PI LAM 11175 
KBAR N MUL TICHNL 1/76 

---- ------ ------ -------- -------- -----;--- ------- --------

" P2 
P3 

R1 
R1 

R2 
R2 
R2 

R3 
R3 

"' 

2 

3 

100 Y*ll t 7701 PARTIAL DECAY MODES 

Y*ll17101 INTO N KBAR 
Y*ll 17101 INTO LAMBDA PI 
Y*ll 17701 INTO SIGMA PI 

lCO Y01(11701 BRANCHING RATIOS 

you 11101 INTO I KBA'R NI/TOTAL 
10.141 I 0.041 RLIC 11 OPWA 

Y*li1770J FROM KBAR N INTO LAMBDA PI 
-0.08 0.02 BA IlL ON 75 I PWA 
LESS THAN 0.04 RLIC 11 OPWA 

Y*H 11101 FROM KBAR N INTO SIGMA PI 
C-0.1081 KANE 12 DPWA 
LESS THAN O. 04 RllC 11 OPWA 

DECAY MASSES 
'938+ 493 

1115+ 139 
1189+ 139 

( Pll 
KBAR N MULTI CHNL 

SQRTI Pl*P21 
KBAR N TO PI LAM 
KBAR N MUL TICHNL 

SQRH P1•P3 I 
K-P TO SIGMA PI 
KBAR N MULTICHNL 

............................................... ********* .................. .. 

KANE 
8AILLON 
RLIC 

72 PR D5 15e3 
75 NP B94 3~ 
17 NP B 11 q 362 

KANE 74 LBL-24~2 
CARROLL 76 PRL 37 806 

REFERENCES FOR Y*1 ( 1770 I 

0 F KANE 
P. BAILLON,P. J. LITCHFIELD 
GOPAL,ROSS.VAN HORN,"lCPHERSON+ 

(LBLJ 
If. ERN, RHELIIJP 
ILOIC+RHELJ I JP 

PAPERS NOT REFERRED TO IN DATA CAPOS 

O.F.KANE 
+CH tANG, KYC lA • L 1. MAZUR, MICHAEL.+ 

ILBUIJP 
I BNLJI 

........ ********* ............................. ·····•.co•• .................. . 

...... ********* !(! ........................................ ********* •••••••• 

1/76 
1176 

11/75 
1/76 

1/76 
11/77 

1/76 

Baryons 
I:(1750), I:{1770), 1:{1775) 

lr{t775)1 45 Y*U 1715, JP,.,512-1. 1=1 

" P2 
P3 
P4 
PS 

•• P7 

SEE THE 1•1tNt-REVIEW AT THE START OF THE Y* LISTINGS. 

45 Y*ll17151 MASS IMEVJ 

1165.0 10.0 GALTIERI 63 DBC 0 K-0 1.51 BEV/C 
1155.0 10.0 ARMENTER 65 HBC 0 K-P TO Y*1520 PI 
1160.0 10.0 BELL 1 66 OBC - K-N TO Y*1520 PI 
1168.0 2.0 ARMENT-I 68 OPWA 0 ELASTIC. CH EXCH 
1168.0 4.0 BUGG 68 CNTR K-P, D TOTAL 
1175.0 1.0 SMART 68 RVUE -0 K-N TO Lii\MBOA PI 
1170.0 10.0 COOL 10 CNTR K-P, 0 TOTAL 
1765.0 10.0 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 
1170.0 3. 0 CONFORTD 11 DPWA 0 Elii\STIC, CH EXCH 

I 1165.) KIM 11 DPWA K-MATRIX ANAL. 
1758,7 3.9 BARLETTA 12 OPWA 0 KPPI 0.8-1.2GEV 

3 I 1165.01 (9.01 KANE 72 DPI-IA 0 K-P TO PI SIG 
3 KANE 12 IS SUPEREDEO BY KANE 74. 

N 1770.0 5.0 LANGBEIN 12 IPWA MULTICHANNEL 
1112.0 16.01 KANE 74 OPWA K-P TO PI SIG 
1175. 10. BAILLON 75 IPWA KBAR N TO LAM PI 
1174. 10. VANHORN 75 OPWA 0 K- P TO LAM PIO 

11765. I BELLEFON 76 1 PWA 0 K- P TO LAM PI 
1172 • OR 1111. MI.R Tl N 77 OPWA KBAR N MULTI CHNL 

THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
PARA'oi!ETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1774. 5. RLIC 17 DPWA KBAR N MULTICHNL 
1111. 5. ALSTON 78 OPWA KBAR N ELASTIC 
1178.0 I 5.01 GOPAL 80 OPWA KBAR N ELASTIC 

ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INClUDED 

AVERAGE MEANINGlESS I SCALE FACTOR "' 1.01 

45 Y*lt 17151 WIDTH IHEVJ 

60.0 10.0 GAl TIER I 63 DBC 
70.0 20.0 BELL 2 66 OBC -

128.0 e.o ARMENT-I 68 OPWA 0 ELASTIC, CH EXCH 
110.0 1.0 BUGG 68 CNTR K-~.0 TOTAL 
146.0 9.0 SMART 68 RVUE -0 

1100.01 COOL 10 CNTR K-P, 0 TOTAL 
115.0 10.0 GALliER I 10 OPWA K-P TO LAMBDA PI 
132.0 10.0 CONFORTO 71 DPWA ELASTIC, CH EXCH 

1100. J KIM 11 DPWA K-MATRIX ANAL. 
107.2 10.9 BARLETTA 72 OPWA 0 LAMI15201P1 CH. 

1120.0) (38.01 KANE 12 DPWA OK-PTOPI SIG 
123.0 10.0 LANGBEIN 72 IPWA MULTICHANNEL 
154.0 110.01 KANE 74 OPWA K-P TO PI SIG 
125. 15. BAIL LON 75 IPWA KBAR N TO LAM PI 
146. "· VANHORN 75 OPWA K- P TO LAM PIO 

H20. I BEllEFON 76 IPWA K- P TO LAM PI 
102. OR 103. MARTIN 11 DPWA KBAR N MULTICHNL 
130. 10. RLIC 17 DPWA KBAR N MUL TICHNl 
116. 10. ALSTON 78 OPWA Kf\AR N ELASTIC 
137.0 110.01 GOPAL 80 DPWA KBAR N ELASTIC 

AVG · 117.4 •• 2 AVERAGE I ERROR INCLUDES SCAlE FACTOR OF 2.21 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE ~ 117.4 ± 6.2 
ERROR SCALED BY 2.2 

CHISQ 
·ALSTON 78 DPWA 0.0 
·RL!C 77 OPWA 1 . 6 
·VANHORN 75 DPWA 2.5 
·BAILLON 75 IPWA 0 .3 
·LANGBEIN 72 IPWA 0 .3 
·BARLETT A 72 OPWA 0 .9 
·CONFORTO 71 DPWA 2. 
·GAL TIER! 70 DPWA 0. 
·SMART 68 RVUE 10.1 
·BUGG 68 CNTR 1.1 
·ARMENT-1 68 DPWA 1 .8 
·BELL 2 66 DBC 5. 
·GAL TIER! 63 DBC ~ 

59.3 
(CONLEV 

7/66 
7/66 

11/68 
11/66 
7/68 

L0/70 
1/10 
6/70 
3/71 

12/72 
10/71 

12/72 
12/81* 
11/75 
11175 

2111 
11/77 

1/76 
1/78 

12/81* 
1/71 

7/66 
11/68 
7/68 
1/68 

L0/70 
1170 
6/70 
3/71 

12172 
10171 
12/72 
12/81• 
11/75 
11/75 
2/77 

11177 
l/76 
1/78 

12/81* 

0 50 100 150 200 250 =0.000) 
Y•1 ( 1775) WIDTH (MEV) 

45 Y*lt 17151 PARTIAL DECAY MODES 

Y*U 11751 INTC N KBAR 
Y*lf 17751 INTC LAMBDA PI 
Y*lll175J INTO Y*Oil520) PI 
Y*U 17751 INTG Y*1 ll3B5J PI 0-WAVE 
Y*ll11751 INTO SIGMA PI 
Y*lt 11751 INTO SIGMA ETA 
Y*lll7151 INTO SIGMA PI PI 

DECAY MASSES 
938+ 4q3 

1115+ 134 
1520+ 139 

13q+l385 
1189+ 139 
1192+ 548 
un+ 139+ 139 



Baryons 
r(1775), r(t840) 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, P
1
, as follows: .The diagonal elements are P 1±6P1, where 

OP
1 

= -J (OP/,Pi), while the o££-dia.gonal elements are the~ correlation coeffi­

cients (6pi6Pj)/(6P
1

. 6Pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

Pl P2 P3 P4 PS Pb 
p 1 
p 2 
p 3 
p • 
p 5 
p 6 

.4134+-.0150 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl AVG 
R1 FIT 

-.0585 .1399+-.0130 
-.3812 -.0122 .1929+-.0333 
- .. 3190 .0187 .1214 .0859+-.0090 
-.0879 .0051 .0334 .0280 .0153+-.0064 

.0555 -.3436 -.8284 -.2512 -.1878 .1526+-.0347 

45 Y*ll17751 BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS 00 NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

Y*lll775) INTO (KBAR NI/TOTAL CPl) 
(0.61 GAL T1 ER I 63 HBC 0 K-P RVUE 
0.53 0.09 UHLIG 67 HBC 0 
a.45 a. 01 ARMENT-I 68 OPWA 0 ELASTIC, CH EXCH 

(0. 371 BUGG 68 CNTR 
a.36 0.02 BRICMAN1 10 DPWA 51 GTOT, ElA 5, CHE X 

(0. 4) COOL 10 CNTR K-P, D TOTAl 
0.36 0.02 CONFORTO 11 DPWA 0 ELASTIC, CH EXCH 

(0.421 KIM 11 DPWA K-MATRlX ANAL. 
a. 3~ o. 01 LANGBEIN 72 I PWA MUL T ICHA"'NEl 

10.3710R 0.36 MARTIN 11 OPWA KBAR N HUL TICHNL 
(0.411 ( 0.031 RltC 11 OPWA KBAR N MULTICiiNL 

( KB AR N I! TOTAL FROM RliC 77 IS SUPERSEDED BY GOPAL BO. 
0.37 0.03 ALSTON 18 OPWA KBAR N ELASTIC 
0.40 ( 0.021 GO PAL 80 DPWA KBAR N ELASTIC 

0.407 0.01B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.91 
0.413 0.015 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.61 

IS EE IDEOGRAM BELOW J 

WEIGHTED AVERAGE - 0.407 ± 0.018 
ERROR SCALED BY 2.9 

Values above of weighted average, 
error • and scale factor are for the 
reader's convenience only. The 
data were actually proceSsed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here. 

9/66 
11/68 
11/66 
1/11 

10/70 
6/70 
3/71 

12172 
11/77 

1176 

1/78 
12/81* 

CHISQ 
·ALSTON 
.'LANGBEIN 
·CONFORTO 
·BRICMAN1 
·ARMENT-1 
·UHLIG 

78 
72 
71 
70 
68 
67 

OPWA 
IPWA 
DPWA 
DPWA 
OPWA 
HBC 

1 . 5 
2.9 
5.5 
5.5 

16.5 

33.9 

0.3 0.4 0.5 0.6 .7 
(CON LEV 
=0.000) 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y•1(1775) INTO (KBAR N)/TOTAL 

Y*li1775J FROM KBAR N 
-a.266 a.017 
-0.22 o .. o3 
ca.30I 
0.15 

-o. 259 
-0.25 
-o. 28 

0.04 
o. 048 
o. 02 
0.04 

C-0.301 
I-0.29JOR -0.28 
-0.28 0 .. 03 

INTO LAMBDA PI 
SMART 
GAl TIER I 
KIM 
LANGBEIN 
DEVENISH 
BA ILL ON 

0.05 VANHORN 
BELLEFON 
MARTIN 
RLIC 

SQRHPl*P21 
68 OPWA -0 K-N TO LAMBDA PI 
70 DPWA 0 K-P TO LAMBDA PI 
11 DPWA K-MATRI X ANAl.. 
72 1 PWA MULTICHANNEl 
74 0 FIXED T 0 I SP RH 
75 IPWA KBAR N TO LAM PI 
15 DPWA 0 K- P TO LAM PIO 
76 IPWA 0 K- P TO LAM PI 
71 OPWA KBAR N MUL TJCHNL 
71 OPWA KBAR N MUl TICHNL 

R2 AVG MOO a. 251 
a. 241 

o. 013 
o. 012 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.3 I 
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

Y*lll1751 FROM KBAR N INTO Y*0115201 PI SQfl:TfP1*P31 
0.27 0.03 ARMENTERO 65 HBC 0 K-P TO Y*l520 PI 
0.31 0.02 BARLETTA 72 OPWA 0 K-P TO Y*l520 PI 

-0 .. 305 0.010 CAMERON 77 OPWA 0 K-P TO U1520IPI 
LISTED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAMBDA I 1520) 
ELASTICIT'I'=.46. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND 
F-WAVE DECAYS ARE -0.303+/-.010 AND -0.037+/-.014, RESPECTIVELY. 
THE SIGNS ARE CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 
CONVENT ION. 

R3 AVG MOD 
R3 FIT 

0.3031 
o. 282 

O. 0086 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
0.023 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.91 

•• R4 
R4 
R4 

•• •• 
R4 

•• 

Y*lll1751 FROM KBAR N TO Y*103851 PI D-WAVE SQRHP1*P41 
10.24) I 0.03) ARHENT-2 67 H8C 0 K-P TO LAM PI PI 
10.321 10.06) SIMS 68 DBC - K-N TO LAM PI PI 

SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 
+0.20 0.02 PREVOST 74 OPWA 0- K-N TO S(1385)PI 
-0.1B4 0.011 CAMERON 78 DPWA 0 K-P TO SI1385IPI 

CAMERON 78 UPPER liMIT ON G-WAVE DECAY IS 0.03 

R4 AVG MOO 0.1877 
0.1884 

0. 0096 AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1.01 
0.0094 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.0) R4 FIT 

7/68 
7170 
3/71 

12/72 
4/75 

11/75 
11175 
2/77 

11/77 
1176 

9/66 
12/72 
l/78 
1178 
1/78 

12/79 
12/79 
12/79 

8/67 
11/68 

3172 
10/H 
1/78 
1178 

268 

Data Card Listings 
For notation, see key at front of Listings. 

R5 Y*ll 17751 FRO~ KBAR N INTO SIGMA Pt SQRTC P1*P5l 
R5 +0.07 0.02 ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 
R5 +0.06 0.03 GAL TIER I 70 DPWA 0 K-P TO SIGMA PI 
R5 (0.09) KIM 71 OPWA K-MATP.IX ANAL. 
R5 3 (+0.0741 I 0.017) KANE 72 DPWA 0 K-P TO PI SIG 
R5 o. 09 OR LESS LANGBEIN 72 IPWA MULTICHANNEL 
R5 0.09 I 0.011 KANE 74 OPioiA K-P TO PI SIG 
R5 I+0.0810R +0.08 MARTIN 11 OPa.tA KBAR N MUL TICHNL 
R5 +0.13 0.02 RLJC 71 OPWA KBAP. N MUL TIC'iNL 
R5 
R5 AVG 0.093 0.022 AVERAGE C ERROR INCLUDES SCALE Fo\CTOR OF 1.71 
R5 FIT o.o8o 0.017 FROM FIT (ERROR INCLUDES SCALE FACTOP OF 1.3) 

•• •• •• 
Y*U11751 INTO (LAMBDA PII/CKBAR Nl (P2J/IP11 

0.33 0.05 UHLIG 67 HBC 0 K-P,.9 GEV/C 

R6 FIT 0.339 0.034 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.31 

R7 
R7 
R7 

Y*lC 17751 tNTC I Y*OU520lPIJ/IKBAR Nl I P31/ C Pll 
0.28 0.05 UHLIG 67 HBC 0 K-P,.9 GEV/C 

R7 FIT 0.467 0.088 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3.3) 

•• •• •• 
Y*Ul7751 INTG IY*lU3B51PIIIIKBAR Nl (P41/CP11 

0.25 O. 09 UHLIG 67 HBC 0 K-P,.9 GEV/C 

R8 FIT 0.208 0.025 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

R9 Y*ll1175) INTC ISJGMA PI PII/TOTAL IP11 
R9 P 10.121 ARMENT-2 68 HOBC -0 K-N TO SJG PI PI 
R9 P FOR ABOUT 3/4 OF THIS. THE StG"!A PI SYSTEM HAS Jz:O AND IS ALMOST 
R9 P ENTIRELY Y*0(15201 .. FOR THE OTHER 1/4, THE SIGMA PI HAS I= I. THIS 
R9 P IS ABOUT WI-AT IS EXPECTED FROM THE KNOWN RATE Y*U 11751 TO Y•1U385J 
R9 P PI • AS SEEN IN lAMBDA PI Pt. . 

****** •••••o••* ••••••••• ••••••••• ••••••••• ••••••••• •••o••••• •o•••••• 
REFERENCES FOR Y*1117751 

GALTIERI 63 Pl 6 296 A BARBARO-GALTIERI,A HUSSAIN.RD TRIPP ILRLIIJ 
ARMENTER 65 PL 19 338 ARMENTEROS, + ICERN,HEIDELBERG,SACLAYIIJP 
BELL 1 66 PRL 16 203 R B BELL, R W BIRGE, Y-L PANt R T PU (lRLJIJP 
BELl 2 66 UCRL-16'i36 THESIS R 8 BELL CLRLJIJP 
ARMENTER 67 PL 21tB 1'iB ARMENTEROS,FEP:RO-LUZZI+ ICERN,HEJO,SACLAYIIP 
ARMENT-2 67 ZEIT.PHYS.202 486 ARMENTERDS.FERRO-LUZZI+ ICERN,HEID,SACLAY) 
UHLIG 67 PR 155 1448 +CHARLTON,CONOON,GLASSER.YOOH.+ IUMO,NRLJ 

ARMENT-I 68 NP B8 1o;l5 
ARMENT-2 68 NP B8 216 
BUGG 68 PR 168 1466 
SIMS 68 PRL 21 1413 
SMART 68 PR 169 1330 

BRtCMANl 70 PL 33B 511 
COOL 70 PR D1 1887 
GALTIERI 70 DUKE CONF 173 

CONFORTO 71 NP B34 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE lb 1 

ARMENTEROSo BAILLON, + ICERN,HEIDEL,SACl.AYIIJP 
ARMENTEROS, BAillON, + ICERN,HEIOEL,SACLAYI I 
+GILMORE ,KNIGHT, OAVI ES+ ( 8 IRM, CAVE, RHELI I 
SIMS, ALBRIGHT, RARTLEY, MEER+ I FSU, TUFT, BRAN I 
W M SMART I LRLI I JP 

+FERRD-LUZ Z t, L AGNAUX 
+GIACOMELLI, KYCIA, LEONTlC, LI, + 
A BARBARO-GALTIEPI 

CCERNJ 
I BNLJ I 
CLRLIIJP 

+LEVI SETTI • LAS I NSK I ... OBERLACK++ I EF t+HE I Oll JP 
J K KIM CHARVJIJP 
.J. K. KIM IHARVIIJP 

10174 
7/70 
3171 

10/71 
12/72 
12/61* 
11/77 
1/76 

9/66 

9/b6 

9/66 

11/68 

BARLETTA 12 NP B40 45 
KANE 72 PR 05 150 
LANGBEIN 12 NP 641 417 
DEVENISH 74 NP B81 330 

III.A. BARLETTA IEFII IJP 

KANE 74 LBL-2452 
PREVOST 74 NP B6o;l 246 

BAt LLON 75 NP B94 3o; 
VANHORN 75 hlP 887 145 

ALSO 75 NP BB7 157 

BELLEFON '76 NP B109 129 
CAMERON 11 NP B131 399 
HARTIN 71 NP B127 349 

ALSO 11 NP 8126 266 
ALSO 11 NP B 126 285 

RLIC 71 NP Bl19 362 

D F KANE Cl.8LIIJP 
+WAGNER CMPIMIIJP 
OEV ENI SH,fROGGATT, MART'I NCDE SY ,NORD IT A, LOUC J 
O.F.KANE CLBLIIJP 
PREVOST,BARLOUTAUD,+ I SACl+CERN+HEIOI 

P. BAillQN,P. J. LITCI-IFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

OE BELLEFON,BERTHON 
+FRANEK,GOPAL, KALMUS, MCPHERSON+ 
MART IN, P 1 DCOCKt MOORHOUSE 
HARTIN, PIDCOCK 
MARTIN,PIDCOCK 
GOPAl,ROSS,VAN HORN,MCPHERSDN+ 

ICERN,RHELI IJP 
ILBLIIJP 
ILBLIIJP 

ICDEF I IJP 
IRHEL+LOICIIJP 
ILOUC+GLASJ I JP 

ILOUCI 
ILOUCIIJP 

ILOIC+RHELIIJP 

ALSTON 7B PR D18 1B2 +KENNEY,POLLARO,ROSS+ ILBL+MTHO+CERNJIJP 
AlSO 71 PRl 38 1007 ALSTCM-GARNJOST,KENNEY HBL+MTHO+CERNIIJP 

CAMERON 78 NP B11t3 189 +FRANEK,GOPAlwBACON,BUTTERWORTH+IRHEL+LOICit'JP 
GOPAL 80 TORONTO CONF 159 G. P .GOPAL C RHEL I I JP 

PAPERS NOT fl:EFERRED TO IN DATA CARDS 

FENSTER 66 PRL 17 841 +GELFANO,HARMSEN,L-SETTit+ (CHIC,ANUCERNJJJJP 
-- FENSTER 66 IS SUPERSEDED BY BAPLETTA 72 

CONFORTO 68 NP 68 265 +HARMSEN, LASINSKI, + ICHICAGO,HEIDELIIJP 
SUPERSEDED BY CONFORTO 11. 

HARRISON 70 FSU-HEP 70 3 1 w.c. HAR.RISON ITHESISI IFSUI 
PREVOST 71 AMSTEROtt.M CONF + CHS COLLABORATION CCERN+HEIO+SACLI 

****** ********* ••••••••• ********* •••o••••• ********* ********* *****"'** ...................................................................... 
01 Y*ll181tO, JP=3/2+J 1=1 

SEE THE MINI-REVIEWS PRECEDING THE Y*O'S. 

lr(ta4o)l 
) FOR THE TIME BEING, WE LIST ALL RESONANCE CLAIJo1S IN THE 

P13 WAVE IN Tl-iE UOo-1900 MEV MASS ReGION TOGETHER UNDER THIS HEADING. 

----- ----r ----- ------- ----- ----- --- -------
01 Y*ll18401 MASS IJIIIEVI 

1840.0 UO.OJ LANGBEIN 72 JPHA MULTICHANNEL 
I 1120. I (30. J BAILLON 75 IPWA KBAR N TO LAM PI 

FROM SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2. 
1925. 1200. I VANHORN 75 OPWA 0 K- P TO LAM PIO 
1798. OR 1802. MARTIN 77 DPWA KBAR N MULTICHNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FR014 THE T-MATRIX POLE AND FROM A 6-W FIT, RESPECTIVELY. 

12172 
11175 
1/76 

11/75 
11177 
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Data Card Listings 
For notation, see key at front of Listings. 

01 v'•H 18401 WIDTH (MEV I 

I ZOe 0 110. OJ 
nzo. 1 no. J 

65. 150.1 (20.1 
93. OR ~3. 

LANGBEIN 
SAl LLON 
VANHORN 
MARTIN 

72 I PWA 
75 IPWA 
75 OPWA 
11 OPWA 

MUl TICHANifEL 12/72 
KBAR N TO LAM PI 11/75 

0 K- P TO LAM PlO ll/75 
KBAR N MULTICHH 11/77 

P1 
P2 
P3 

R1 
R1 
R1 

R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

1 

Cl Y*lU8401 PARTIAL DECAY MODES 

Y*ll 18401 INTC N KBAR 
Y*H 18401 INTO SIGMA PI 
Y*H 18401 tNTC LAMBDA PI 

01 Y•U 18401 .BRANCHING RATIOS 

Y*H 18401 INTO ( KBAR NI/TOTAL 
o. 37 ( 0.131 LANGBEIN 12 IPWA 

IO.OIORIO.OJ HARTIN 71 OPWA 

Y*H 18401 FRCP' KBAR N INTO SIGMA PI 
0.15 I 0.041 lANGBE IN 72 1 PWA 

I-Q.04JOR -0.04 MARTIN 77 OPWA 

YUI18401 FROM KBAR. N INTO LAMBDA PI 
o. 20 10.04) LANGBEIN 72 IPWA 

+0.122 o. 078 DEVENISH 74 
(+0.111 ( 0.02) BAILLON 75 I PWA 
+0.06 ( 0.041 VANHORN 75 OPWA 

I+0.0'3)0R +0. 03 MARTIN 77 OPWA 

DECAY MASSES 
CJ38+ 493 

1189+ 139 
1115+ 134 

I Pll 
MULTICHANNEL 
KBAR N MUL T.t~HNL 

SQRTI Pl*PZI 
MULTICHANNEL 
KBAR N MULTtCHNL 

SQRTIP1*P31 
MUL TtCHANNEL 

0 FIXED T OISP REL 
KBAR N TO LAM PI 

0 K- P TO LAM PIO 
KBAR N MULTICHNL ............... ••••••••• ********* ********* ••••••••• ......... .......• 

REFERENCES FOR Y*111840) 

LANGBEIN 72 NP B47 477 
DEVENJSH 74 NP 881 330 

+WAGNER I MPIMJIJP 
DEl/EN I SH,FROGGA TT, MARTI NICE SY oNOROITA • LOUCI 

BAILLON 75 NP 894 39 P. BAILLON,P. J. LITCHFIELD ICERN,RHEUIJP 
VANHORN 75 NP BB7 145 A. J. VAN HORN (LBLIIJP 

ALSO 75 NP BB7 157 A. J. VAN HORN ILBLIIJP 

MARTIN 77 NP Bl27 349 MAR TIN, PIDCOCK, MOORHOUSE 
MARTIN, PIDCOCK 

(LOUC+GLAS IIJP 
. ILOUCI 

CLOUCJIJP 

M 
M 

" M 

" M 
M 

" M 
M 
M 
M 

" " " 

• • • 

ALSO 77 NP B 126 266 
ALSO 77 NP B126 285 MARTIN, PIDCOCK 

2 
2 

1 
1 

1882.0 

A RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-WAVE 
ANALYSES ACROSS THIS REGION, BUT WITH WIDE VARIATIONS 
TN THE MASS AND OTHER PARAMETERS. WE LIST HERE 
ALL CLAIMS WHICH LIE WELL ABOVE THE ¥*1117701. 

67 Y*lf1880l MASS IMEVI 

40.0 SMART 68 OPWA -0 K- N TO LAM PI 
( 1850.01 BAILEY 69 OPWA 0 ELASTIC, CH EXCH 

ABOUT 1850.0 ARMENTERO 70 IPWA -0 ELASTIC, CH EXCH 
1950.0 50.0 GAL TIER I 70 OPWA -0 K- N TO LAM PI 
1920.0 3"0.0 UTCHFIEL 70 OPWA -0 K- N TO LAM PI 

I 1898.1 LEA 73 OPWA MULTICHNL K-MTRX 
ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. 

( 1960.1 130.) BAILLON 75 IPWA KBAR .N TO LAM PI 
FROM SOLUTION 1 OF BAILLON 75o NOT PRESENT IN SOLUTION 2. 

1985. so. VANHORN 75 OPWA 0 K- P TO LAM PIO 
1647. OR 1863. MARTIN 77 OPWA KBAR N MULTIC:HNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARA"'ETERS FROM THE T-MATRIX POLE AND FROM A B-W FITo RESPECTIVELY. 

1870.0 10.0 CAMERON2 78 DPWA K-P TO K*l 8901 N 
1826.0 (2.0.01 GOPAL 80 PPWA KBAR .N ELASTIC 

AVERAGE MEANINGleSs· 1 ScALE FACTOR = 1.51" 

67 Y*ll1880l WIDTH (MEV) 

150.0 

50.0 
40.0 

SMART 68 OPWA -0 K- ~I TO LAM PI 
BAILEY 69 OPWA 0 ELASTTCo CH EXCH 
ARMENTERO 70 IPWA -0 ELASTIC, CH EXCH 
GALTIERI 70 OPWA -0 K- ll TO LAM PI 
liTCHFI EL 70 a·PWA -0 K- U TO LAM PI 

• 2 

222.0 
1200.01 
ABOUT 30.0 
200.0 
170.0 

1222· 21 
1260. I 

LEA 73 OPWA MUl TICHNL K-MTRX 
• 1 

220. 
216. OR 
80.0 
86.0 

140. I 
140. 

220 •. 
10.0 

115.01 ......... 

BA.IlLON 75 IPWA KBAR N TO LAM PI 
VANHORN 75 OPWA 0 K- P TO LAM PIO 
MARTIN 17 DPWA KBAR N MUL TICHNL 
CAMERON2 78 OPWA K-P TO K*l890) N 
GOPAL 80 .OPWA KBA.R N ELASTIC 

AVERAGE MEANINGLESS I SCALE FACTOR= 2.21 

P1 
P2 
P3 
P4 
P5 

R1 
R1 
R1 
R 1 
R1 
R1 

67 Y*lC 1BBOJ PARTIAL DECAY MODES 

Y*ll18801 INTO N KBAR 
Y*ll 1880) INTO LAMBDA PI 
Y*ll18801 INTO SIGMA PI 

DECAY MASSES 
938+ 493 

1115+ 134 
1197+ 139 

Y*ll18801 lNTC N K*l8901r P1 WAVE 
Y*H 18801 INTO N K*l8901, P3 WAVE 

939+ 891 
939+ 891 

61 Y*ll 18801 BRANCHING RATIOS 

'v•li!IJ801 INTO IK8AR NlfTOTAL 
(0.221 
(0.20) 
co. 311 
I0.2710R 0.21 
0.06 ( 0.021 

tpl) 
BAILEY 69 OPWA 0 ELASTIC, CH EXCH 
ARMENTERO 70 IPWA -O ELASTIC, CH EXCH 
LEA 73 OPWA MUL TICHNL K-Mlfl X 
MARTIN 71 DPWA KBAR N MUL TICHNL 
GOPAL 80 OPWA KBAR 1-' ELASTIC 

12172 
11/77 

12172 
11/77 

12/72 
4175 

11/75 
11/75 
11/77 

7/68 
10/70 
6/70 
1170 
6170 
9/73 
9/73 

11175 
1176 

11/75 
11177 

12/79 
12/81* 

7/68 
10170 
6/70 
7170 
6/70 
9173 

11175 
11175 
11/77 
12179 
12/81* 

10/70 
6/70 
9/73 

11/77 
12/81* 

Baryons 
I:(1840), I:(1880), I:(1915) 

R2 
R2 
R2 
R2 
R2 
R2 
., 1 

R2 
R2 
R2 

Y*ll 18801 FROM 
-0.11 
-o.oc; 
:.....o.14 

c-o. 3o1 

KBAR N 
0.03 
o. 04 
0.03 

-0.169 o. 119 
1-0.121 (0.021 
+0.05 0.07 

I-0.2410R -0.24 

INTO LAMBDA PI SQRTIPl*P21 
SMART 68 DPWA -0 K- N TO lA"1 PI 
GALTJERI 70 OPWA -0 K- N TO LAM PI 
L ITCHFJEL 70 OPWA -0 K- N TO LAM PI 
LEA 73 OPWA MUL TICHNL K-MTRX 
OEVENISH 74 0 FIXED T DISP REL 
BAILLON 75 IPWA KBAR N TO LAM PI 

0.02 VANHORN 75 OPWA 0 K- P TO LAM PIO 
MARTIN 71 OPWA KBAR N MUL TICHNL 

R2 AVERAGE MEANINGLESS I SCALE FACTOR : 1.01 

7/6B 
7/70 
6/70 
9173 
4/75 

11175 
11175 
11/77 

R3 
R3 
R3 

Y*ll18801 FROM KBAR N TO SIGMA PI SQRTI P1*P31 9/7,3 
NOTSEEN LEA 73 OPWA MULTICHNL K-MTRX 9173 
(+Q.3010R +0.29 MARTIN 77 OPWA KBAR N MULTICHNL 11177 

R4 
R4 
R4 
R4 

R5 
R5 

Y*ll18801 FROM KBAR N INTO N K*I890J, PI WAVE SQRTCPI*P41 
4 -0.05 O. 03 CAMERON2 78 OPWA K-P TO K*N 
4 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
4 CON VENTI ON. 

Y*ll 18801 FROM KBAR N INTO N K*l890), P3 WAVE SQPTCP1*P51 
+0.11 0.03 CAMERON2 78 OPWA K-P TO K*N 

................................... ****••••• ••••••••• ········* ..... ,. ... 
REFERENCES FOR Y:tl(l8801 

SMART 
BAtlEY 
ARM ENTER 
GALTIERI 
LlTCHFI E 

68 PR 16<;1 1!30 W M SMART 
69 THESIS UCRL-50617 DAVID SAAl BULEY 
70 DUKE CONF 123 ARMENTEROS, BAILLON, + 
70 DUKE CONF 173 A BARBARO-GAL TIER I 
70 NP B22 269 P J liTCHFIELD 

ILRLIIJP 
ILRL UVERMOREIIJP 

ICERNo HEIOELJJJP 
ILRLIIJP 

( RUTHERFOROll JP 

LEA 7'3 NP 856 77 +MART IN, "'OORI-IOUSE+ I RH EL +LOUC+GLAS+AARHUSJ I JP 
OEVENISH 74 NP B81 330 DEV EN ISH, F ROGGA TT, MART I NIOE SY oN ORO IT A ,LOUC I 
BAt LLON 75 NP 894 39 P~ BA.ILLONoP. J. LITCHFIELD ICERN,RHEUIJP 
VANHORN 75 NP B87 llt5 A. J. VAN HORN CLBLJIJP 

ALSO 75 NP B87 157 A. J. VAN HORN (L8LJIJP 

MARTIN 71 NP B127 349 MAR TIN, PIDCOCK, MOORHOUSE ILOUC+GL AS I I JP 
ALSO 11 NP B126 266 
ALSO 71 NP 8126 2E5 

CAMERON2 78 NP 8146 327 

MARTIN,PIDCOCK ILOUCI 
MARTIN, PIDCOCK ILOUCJIJP 
+FRANEK ,GO PALo KALMUS, MCPHERSON. •I RHEL +LOJC II JP 

GOP Al 80 TORONTO CONF 159 G.P.GOPAL IRHEUIJP 

•••••• •••••**** •••••••••••••••••• ••••*•••• •••••••••••••••••••••••••• 
... 1 ;·( 1 .. 9 .. 1 .. 5··)·~···· .. ··· .................. ······rF· ··~5··r···· ...... .. 

• '- .. 46 v•u 1915, JP=5/2+J I=1 

M 

" " M 

SEE T~E MINI-REVIEW AT THE START OF THEY* liSTINGS. 

HilS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC­
TION MEASUREMENTS OF COOL 66 .. IN THIS ENTRY, HOWEVER, 
WE LIST ONLY THE RESULTS FROM PARTIAL-"AVE ANALYSES. 

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUND 1900-1950 
MEV IN CROSS SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE Fl5 WAVE. 
SEE ALSO THE NOTE TO THE NEXT ENTRY. 

46 Y*ll19151 MASS (MEV) 

1902.0 11.0 SMART 68 OP\oiA -0 K-N TO LAMBDA PI 
1910.0 20.0 BERTHON 70 OPWA 0 K-P TO lAMBDA PI 
1900.0 15.0 BERTHON1 70 OPWA 0 K-P TO SIGMA PI 
1936.0 13.01 BRTCMANl 70 OPWA SIGTOT.ELAS,CHEX 
1903 .. 0 10.0 COX 70 OPWA - K-N TO LAMBDA PI 
1905.0 30.0 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 
1895.0 10.0 LITCHFIEL 70 OP\rr!A -0 K-N TO LAMBDA PI 
1910. 15. LITCHFIE 71 DPWA K-P TO KAAR N 

U925.0I (8.01 KANE 72 OPWA 0 K-P TO PI SJG 
KANE 72 IS SUPEREOED BY KANE 74. 

1920.0 (5.01 KANE 74 OPWA K-P TO PI SIG 
1920. 30. BAILLON 75 IPWA KBA.R N TO LAM PI 
1914. 10. HEMINGWA 75 OPWA 0 K- P TO KB AR N 
1920. 15. 20. VANHORN 75 DPWA 0 K- P TO LAM PIO 

( 1915.1 BELLEFON 76 I PWA 0 K- P TO lAM PI 
1900. 4.. COROEN 76 OPWA - K- N TO P 1- LAM 

PREFERRED SOLUTION 3• SEE CORDEN 76 FOR OTHEP POSSIBllliTES. 
COROEN 76 INCLUDES THE DATA OF COX 70 AS A SU8SAMPLE 

1894. 5. COROEN1 71 - K- N TO PI SIG 
1909. 5. COROEN1 77 - K- N TO Pt SIG 

M THE 2 ENTRIES FOR CORDEN117 ARE fROM 2 DIFFERENT ACCEPTABLE SLTNS. 
M NOT SEEN DEC LAI S 77 OPWA KBAR N TO KBAR N 
M 1925. CR 1933. MARTIN 77 OP\rr!A KBAR N MULTICHNL 
M THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
M PARAMETERS· FROM THE T-MATRIX POLE AND FROM A B-W FITo RESPECTIVELY. 
M 1920. 10. RLIC 77 OPWA KBAR N MULTICHNL 
M 1937. 20. ALSTON 78 DPWA KBAR N ELASTIC 
M ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 
M 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.11 

46 Y*ll19151 WIDTH IMEVI 

150.0) 
52.0 
60.0 
75.0 

135.0 
77.0 
70.0 
70.0" 
70. 

H46.0I 
162.0 
70. 
85. 

102. 
160. I 

120.01 
25.0 
20.0 
20.0 
12.0 
27.0 
20.0 
15.0 
15. 

122.01 
(25 .. 01 
20. 
15. 
18. 

75. 14. 
107. 14. 
85. 13. 

171. OR 173. 
130. 10. 
161. 20. 

LACK Of DATA PREVENTS .......... 

ARMENTER1 67 OPWA 0 ELASTIC 9 CH EXCH 
SMART 68 CPWA -0 K-N TO LAMBDA PI 
BERTHON 70 OPWA 0 K-P TO LAMBDA PI 
BERTHONI 70 OPWA 0 K-P TO SIGMA PI 
BRICMAN1 70 OPWA SIGTOT,ELAS,CHEX 
COX 70 OPWA - K-N TO LAMBDA PI 
GALTlERl 70 OPWA 0 K-P TO LAMBDA PI 
liTCHFIEL 70 OPWA -0 K-N TO LA"'BOA PI 
LITCHFIE 71 DPWA K-P TO KBAR N 
KANE 72 OPWA 0 K-P TO Pl SIG 
KANE 74 OPWA K-P TO PI STG 
BAILLON 75 IPWA KBAR N TO LAM PI 
HEMINGWA 75 OPWA 0 K- P TO KBAR N 
VANHORN 75 OPWA 0 K- P TO LAM PJO 
8ELLEFON 76 IPWA 0 K- P TO LAM PI 
COROEN 76 OPWA - K- ~ TO PI- LAM 
CC'ROENl 77 - K- N TO PI SIG 
COROEN1 77 - K- N TO Pt SIG 
MARTIN 77 DPWA KBAR N MULTICHNL 
RL IC 77 OPWA KBAR N MUL TtCHNL 
ALSTON 78 OPWA KBAR N ElASTIC 

FROM DETERMINING UNAMB. THIS AMPLITUDE 

AVERAGE MEANINGLESS (SCALE FACTOR :c: 1.91 

12179 
12/79 
12/79 

12/79 

7/68 
7/70 

10170 
1171 
6/70 
7170 
6/70 

10171 
10/71 

12/81* 
11/75 
11/75 
11/75 

2177 
2177 
2177 

11/77 
11/77 
11/77 

1178 
11/77 

1/76 
1/78 
1/71 

11167 
7/68 
7/70 

10/70 
1171 
6/70 
7170 
6/70 

10/71 
10171 
12/81* 
11175 
ll/75 
11/75 
2/77 
2171 

ll/77 
11/77 
U/77 

1176 
1/78 

ll/67 



Baryons 
I:(1915), I:(1940) 

46 V>0-1(19151 PARTIAL DEC"AY MODES 

Pl Y*lll9151 INTC N KBAR 
P2 Y*lll915J· INTO 1LAMBOA PI 
P3 Y*lC 19151 INTC SIGMA PI 
P4 Y*H 19151 INTO Y*lll3851 PI P-WAVE 
P5 Y*Ul9151 lNTC Y*lll3851 PI F_:HAVE 

4(:: Y*lt PH 51 BRANCHING R.AHOS 

R1 Y*l.( 19151 INTC ( KBAR Nl /TOTAL 
R1 A 10.121 I O. OlJ ARMENTERl 67 DPWA 
R1 o.te I 0.021 BR ICMANl 70 OPWA 
R 1 0-11 I 0.031 CONFORTO 71 OPWA 
R1 0.15 ( o. 041 li TCHFI E 71 DPWA 
R1 a. 11 I 0.041 HEMINGWA :15 DPWA 
R 1 ·4 I O. OBI OR o.oa MARTIN 17 OPWA 
R1 c I 0.051 I 0.031 RLIC 11 DPWA 

DECAY MASSES 
938+ 493 

1115+ 139 
1189+ 139 

139+1385 
139+1385 

I PlJ 
0 ELASTIC, CH EXCH 

SIGTOT, El AS.CI-IEX 
0 EL'AST IC, CH EX(H 

K-P TO KPAR N 
0 K- PTilKBARN 

KBAR N MUL TICHNL 
KBAR N MUl TIC.HNL 

R1 c IKBAR NJ/TOTAL FROM RUC 77 . IS SUPERSEDED BY GOPAL 80. 
R1 0.14 I 0.051 ALSTON_ 18 OPWA KBAR N El:ASTIC 
R1 o. 03 I 0.021 GO PAL 80 CPWA KBAR Ill ELASTIC 
R1 "'ASS AND WIDTH FIXED TO RLIC 77 VALUES. DUE TO LOW ELASTICITY. 

R2 Y*lll9151 FROM KSAR N INTO LAMBDA P1 SQRTIP11t1P21 
R2 -o.oa ( 0.021 SMART 68 OPWA -0 K-N TO LAMBDA PI 
R2 -o. 1 I 0.021 BEIHHON 70 DPWA 0 K-P TO LAMBDA PI 
R2 .• -0.09 I O. 021 cox 70 DPWA - K-N TO LAMBDA PI 
R2 -0.11 10.031 GAL TIER I 70 DPWA 0 K-P TO LAMBDA PI 
R2 -0.-07 (0.0151 li TCHF I EL 70 DPWA -0 K-N TO LAMBDA PI 
R2 ..:.o.oe7 I 0.0561 DEVENISH 74 0 FIXED T OISP REl 
R2 -0.06 I 0.021 SA ILL ON 75 I PWA KBAR N TO LAM PI 
R2 -0.09 I O. 021 VANHORN 75 DPWA K- P Tti LAM PIO 
R2 1-0.101 BELLEFON 76 IPWA K- P ·TO LAM PI 
R2 -0.10 o. 01 CORDEN 76 OPWA - K-·N TO PI- LAM 
R2 1-0.0<;JOR -0.09 MARTIN 77 DPWA KBAR 'N MULTICHNL 
R2. -0.09 ( 0.031 RLIC 77 OPWA KBAR N. MUL T ICHNL 

R3 Y*ll191'51 FRO~ KBAR N INTO SIGMA PI SQRTI P1*P31 
R3 A 10.001 I 0.01 I ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 
R3 -0.13 I o. 031 BERTHON1 70 OPWA 0 K-P TO SIGMA PI 
R3 -0.06 I 0.031 GALliER I 70 OPWA 0 K-P TO SIG"'A PI 
R3 6 .1-0.1371 1 a. 0151 KANE 72 OPWA 0 K-P TO PI SIG 
R3 -0.16 ( o. 031 KANE 7.4 DPWA K-P TO, PI S1G 
R3 -0.17 o. 01 COPOEN1 77 - K- N TO PI S1G 
R3 -:-0. 15 0.02 CORDEN1 71 :.... K- N TO PI S!G 
R3 I-0.05JOR -0.05 MARTIN 77 DPWA KBAR N MULT.ICHNL 
R3 -o. 19 ( 0.031 RLIC 71 OPWA KBAR N ~Ul TICHNL 
R3 .. 
R3 AVG MOO 0.1660 o. 0089 AVERAGE I ERROR INCLUDES SCALE FAC-TOR OF loOI 

li4 'Y*li1915J FROM KBAR N INTO Y•ll13851 PI P-WAVE SQRTIP1*P41 

11/67 
1171 
6/70 

10/71 
11/75 
11/77 
l/76 

1/78 
12/81* 
12/81* 

7/68 
J./70 
6170 
7/70 
6/70 
4/75 

11/75 
11/75 

2117 
2177 

11/77 
l/76 

11/67 
10/70 

1170 
10/71 
12/81* 
11/77 
11177 
11/77 
1/76 

R4 LESS THAN 0.01 CAMERON 78 OPWA 0 K-P TO SI~3B51PI 1178 

R5 
R5 
R5 
R5 

Y•lll915J FRO~ KBAR·N'INTO Y•Ul3B51 PI F:-WAVE SQRTCP1*P51 
5 +0.039 O. 009 CAMERON 78 DPWA 0 K-P TO Sl 13851PI 
5 THE SIGN IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
5 CONVENTION. 

ARMENTER 67 PL 24B 1'i8 
ARMENTE 1 67 NP B3 592 
SMART 68 PR 169 1330 

8ERTHON 70 NP B20 ·416 
BERTHONl 70 NP 824 417 
BRICMAN1 70 PL 33B 511 
COX 70 NP B19 61 
GALTIERI '70 DUKE CONF 173 
liTCHFIE 70 NP 822 269 

CONFORTO 1L NP B34 41 
L J.TCHFJ E 71 NP B30 125 
KANE 72 PR D5 1583 
DEVENISH 74. NP 881 330 
KANE 74. LSL-2452 

BAilLON 75 NP 894 3c;1 
HEMINGWA 75 NP 891 l2 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

BELLEFON 76 NP B109 129 
COROEN 76 NP B104 382 

CORDEN1 71 NP 8125 H 
DECLAIS 71 CERN 77-16 
MARTIN 77 NP B127 34c;l 

ALSO 11 NP 8126 266 
ALSO 11 NP B126 285 

RLIC 17 NP Bll9 362 
ALSTON 78 PR DlB 182 

ALSO 77 PRL 38 1007 
CAMERON 78 NP 8143 189 

REFERENCES FOR Y*ll19151 

ARMENTE ROS, FERRQ-LUZZ I+ 
ARMENTEROS •FERRD-LUZZI+ 
W M SMART 

........... 
I CERN,HEIDo SACLAYI 
I CERN, HEIO, SACUYJ 

ILRUIJP 

+RANGAN, VRANA, HCOl FRANCE, RHEL, SACLAYIIJP 
+VRANA, BUTTERWORTH, + IC.OEF, RHEL, SACLAYIIJ 
+FERRO-(UZZloLAGNAUX ICERNI 
+ISLAM, COLLEY, + IBIRM,EOIN,GLAS,LOICIIJP 
A BARBARD-GALTIERI ILR.LIJJP 
P J LITCHFIELD IRUTHERFORDIIJP 

+LEVI SETTI ,LAS lNSKI •• OBERLACK++ I EFI+HEIOI IJP 
LITCHFIELD, ••• +LESQUOY,+ •• IRHEL+COEF+SACLIIJP 
0 F KANE ILBUIJP 
DEV.ENI SH, F ROGGA TT, MART I Nl DE SY ,NORD ITA, i.OUC I 
D.F .KANE ILBLI IJP 

p. 8AILLON,P. J. LITCHFIELD tCfRN,RHHIIJP 
HEMINGWAY, EADES ,HARMSEN+ I CERN, HE 10, ~PI M U JP 
A. J. VAN HORN ILBUIJP 
A. J. VAN HORN llBLIIJP 

DE 8ElLEFON,BERTHCIN CCDEFIIJP 
+COX, OARTNE lL, KENYON, C NEALE, SUMOROK+ I 8 IRMI I JP 

+COX, KENYON, ONE ALE, STUBBS, SU~OROK+ I 8 IRM I I JP 
+OUCHON,LOUVEL, PATRY, SEGUI NOT+ ICAEN+CERNJ JJP 
MAR TIN, PIDCOCK, MOORHOUSE I LOUC+GLAS II JP 
MARTlN,PIDCOCK ILOUCI 
MARTIN,PIOCOCK CLOUCIIJP 
GOPAl,ROSS,VAN HCRN,MCPHERSON+ ILOIC+RHELIIJP 
+KENNEY t POllARD, ROSS+ I LBL +MTHQ+CERN) I JP 
ALSTON-GARNJOST oKENNEY I LBL+MTHO+CERN I I JP 
+FRANEK ,GO PAL, BACON, BUTTERWOf':TH+(RHEl +LOI C I I JP 

GOPAL 80 TORONTO CONF 159 G.P.GOPAL IRHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMART 66 PRl 11 556 W M SMART,A KERNAN,G E KALMUS,R P ELY ILRLIIJP 
SUPERSEDED BY SMART 68. 

CONFORTO 68 NP 88 265 +HARMSEN, LASINSKt, + I CHICAGO, HE I DELl 
SUPERSEDED BY CONFORTO 11. '. . ..................................................................... ...... ......... ......... ......... ......... ......... ......... ........ . 

1915 MEV REGION - PRODUCTION AND amAL EXP'TS 
29 Y*ll1915, JP= I 1=1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START CF THE Y• LISTINGS. 

SEE THE NOTES TO THE Y*1119151 ANC Y*Ul94QJ, WHICH 
IMMEDIATELY PRECEDE AND FOLLOH THIS ENTRY. HERE HE 
LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS 

AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIHED WITH THE Fl5 Y•1119151 Si:EN IN PARTIAL-WAVE 
ANALYSES. THE INVARIANT-MASS PEAKS SEEM MORE LIKELY TC BE ASSOCIATED 
WITH THE 013 Y*l lc:i401 • . 

1/78 
12/79 
12179 
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Data Card Listings 
For notation, see key at front of Listings. 

P1 
P2 
P3 
P4 

R1 
R1 
R1 
R1 
R1 
R 1 
R 1 
R1. 
Rl 

R2 
R2 

R3 
R3 

R4 
R4 

29 Y*1119151 MASS IMEVI IPROO •. EXP.) 

CROSS-SECTION PEAKS -~. 
1905.0 5.0 ·BUGG 68 CNTR K-P, D TOTAL 
1906.0 6. 0 BR ICMAN · 70 (.NTR 0 TOTAL AND CH EX 
1912.0 , 10.0 COOL· 70 CNTR K-P, 0 TOTAL 

INVARIANT-MASS-OJSTRIBUTION PEAKS--
(1942.0) 19.01 BOCK 65 HBC PBAR P 5.7 BEV/C 

3.9-4.6 GEV/C K­
Xl K· MODE 2.9K-P 
PI-P 9,12 GEV/C 

1940.0 11.0 AGUILAR 70 HBC + 
42 1979. 14. BRIEFEL 77 HB(. + 

2001 1910. I (17. I FERRER 81 OMEG -
BACKWARD PRODUCTION IN LAMBDA PI- K+ FINAL STATE. 

ELASTIC DC S --
1931. 9. DADO 72 HBC 0 K-P ElSTC OCS 

G7 INDICATED •BY LEGENDRE COEFFS.,G9 NOT RULED OUT. ......... 
AVERAGE MEANit.GLESS (SCALE FACTOR= 2.71 

29 Y*ll19i51 WIDTH IMEVI IPROO. EXP.I 

CROSS-SECTION PEAKS --
60.0 10.0 BUGG 68 CNTR 
50.0 12.0 BRICMAN 70 (NTR 0 TOTAL AND, CH EX 

130.01 COOL 70 CNTR K-P, 0 TOTAL 
INVARIANT-MASS-DISTRIBUTION PEAKS--

06.01 120.01 136.01 BOCK 65 H8C 
90.0 20.0 AGUILAR 70 H8C + 3.q....4.6 GEV/C K-

42 69. 32. BRIEFEL 17 HBC + XI K MODE 2.c;IK-P 
B 200 187.·1 (25. I FERRER 81 OMEG- PI-P 9,12 GEV/C 

ELASTIC OCS --
70. 14. DADO 72 HBC 0 K-P ELSTC OCS ......... 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.01 

29 YCtll1915) PARTIAL DECAY MODES (PROD. EXP.J 

Y*ll19151 INTO N KBAR 
Y•ll19151 INTO LAMBDA PI 
Y•ll19151 INTO SIGMA PI 
.Y*ll 19151 INTO X 1 K 

DECAY. MASSES 
'i138+ 493 

1115+ 134 
118c;l+ 139 
1314+ 493 

29 Y*ll19151 BRANCH.ING RATIOS IPROO. EXP.I 

Y•ll19151 INTO.(KSAR NJ/TOTAL IPll 
THESE VALUES OF ELASTICITIES ASSUME J=5/2 --

ASSUMING Jc5/i 0.06 SUGG 68 CNTR 
0.07 0.02 BR IC"'AN 70 CNlR 0 TOTAL AND CH EX 
0.07 COOL 70 CNTR K-P, 0 TOTAL 

THIS EL:AS11CtTY ASSUMES J=7/2 
0.62 0.08 DADO 72 HBC 0 K-P ELSTC DCS . .. 

AVG DolO 0.13 AVERAGE (ERROR INCLUDES SCALE FACT.OR OF 6.71 

Y•lllc;115) 1NTC ( KBAR NIIISIGMA PI1 1Pl)!IP31 
10.371 OR LESS BARNES 69 HBC . 1 STAN. DEV. 

Y*ll19151 INTO (LAMBDA Pli/CSIGMA PIJ IP2111P31 
10.28) OR LESS BARNES 69 H8C . 1 STAN. DEV· 

Y*ll19151 INTC I XI KIITOTAL I P41 
42 SEEN BRIEFEL 71 HBC . K-P 2.87 GEV ...... ......... .......... ......... .......... ......... ......... ......... . 

REFERENCES FOR Y•ll19151 (PROD. EXP.I 

BOCK 65 Pl'17 166 +COOPER,FRENCH,KINSON, + (CERN,SACLAYI 
+GIACOMElLI, KYC IAtlEONT JC.L I, LUNOBY, + I SNLJ COOL 66 PRL 16 1228 

SUPERSEDED BY COCL 70. 
BUGG 68 PR 168 1466 +GILMORE, KN lGHT, OAVI ES+ I B IRM,CAVEo RHEL I J 
BARNES 69 PRL 22 479 +FlAMJNIO,MONTANET,SAfi!IOS + IBNL+SYRAI 

AGUILAR 
SRI CMAN 
COOL 
DADO 
BRIEFEL 
FERRER 

70 PRL 25 58 
70 Pl 31B 152 
70 PR 01 1887 
12 PRL 2c;l 1695 
77 PRO 16 2706 
81 NP 8178 373 

AGUILAR-BENITEZ, BARNES, + (BNL,SYRAI 
+FERRO LUZZI, PERREAU.+ ICHN,CAEN,SACLAYI 
+GIACOMELlt, KYCJA, LEONTIC. LJ, + IBNLI I 
+BIRMAN,GDLOBERG,WEISS I HAIFIJP 
+GOUREVITCH ,CHANG+ I BRAN+UMO+SYRA+ TUFT I 
+TR EtllE ,RIVET, VOL TE+ ( CERN+CDEF+EPOL+LALOJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

PRIMER 68 PRL 20 610 +GOLOBERG,JAEGER,BARNES,DORNAN + (SYRA,BNLI 
SLPERSEOED BY BARNES 69 AND AGUILAR-BENITEZ 70. 

..................... ;c. •••••••••••••••••••••••••••••••••••••••••••••• ... ... ......... ......... ...... ... ......... ......... . ............... . 

M 
M 
M 
M 
M 

. M 
M 

~8, Y*1(1940, JP:c:3/2-l I:c1 ~ 
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SOME, NOT ALL, PARTIAL WAVE ANALYSES SUGGEST A STATE IN 
THIS REGION. IT IS PERHAPS ASSOCIATED WITH THE BUMPS 
SEEN IN PRODUCTION EXPERIMENTS NEAR THIS MASS ISEE THE 
PRECEDING ENTRYI. THIS STATE IS NOT REQUIRED IN 
K- NEUTRON TO IPI SIGMA)- ANALYSIS OF GOYAL 77. KBAR N 
ANALYSIS IGOPAL 801 WITH K- NEUTRON ELASTIC DATA 
DOES NOT REQUIRE THIS STATE. 

"i8 Y*ll19401 MASS CMEVJ 

1940.0 50.0 GALTIERI 70 DP\oiA K- N TO LA"1 PI 
K-P TO SIGMA PI 
K- N TO LAM PI 

1940.0 40.0 GALTIERI 70 OPWA 
194o:o 30.0 LITCHFIEL 70 OPWA 

9 I 1985.0 I I 5. 01 KANE 72 OPWA 0 K-P TO PI SIG 
9 KANE' 72 IS SUPEREDED BY KANE 74. 

2 I 1865. I lEA 13 DPWA MUL TICHNL K-HTRX 
2 DNL Y UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN liSTINGS. 

1935.0 180.01 KANE 74 OPWA K-P TO PI SIG 
1940. 20.. LITCHF12 74 OPHA 0 K:_P TO U1520IPI 
1950. 20. L1 TCHFI3 74 OPWA 0 K-P TO KBAR DEL 
1950. 30. SA JLLON 75 IPWA K8AR N TO LAM PI 
1949. 40. 60. VANHORN 75 CPWA 0 K- P TO LAM PIO 

I 1940.1 BEllEFON 76 I PWA 0 K- P TO LAM P J 
SLIGHT BUMP IN MODULUS OF F7 WAVE. 

11/66 
6/70 

10/70 

5/70 
1178 
2182• 

2173 
'2173 
2173 

11/66 
6/70 

10/70 

5/70 
1/78 
2/82• 
2/73 
2/73 

6/68 
6/70 

10i10 
2/73 
2/73 

10/69 

10/69 

1/78 

1170 
7/70 
1170 

10/71 

9/73 
9/73 

12J:81* 
10/74 
10/74 
11/75 
11/75 

2171 
2171 
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Data Card Listings 
For notation, see key at front of Listings. 

1886. OR 18•;13. MARTIN 17 OPWA KSAR N MULTICHNL 11177 
THE TWO ENTRIES FOR MARTIN 11 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRIX POLE AND FROM A e-w FIT, RESPECTIVElY. 

1qz0. 50. RliC 17 OPWA KBAR N MULTICHNL 1/76 

P1 
P2 
P3 
P4 
P5 

•• 
P7 
PB 
P9 

AVERAGE MEANINGLESS CSCALE FACTOR c 1.01 

'58 Y*Hl9401 WIDTH tMEVI 

zoo.o so.o GALliER I 70 OPWA 
200.0 50.0 GAL TIER I 10 OPWA 
280.0 40.0 LITCHFIEL 70 OPWA 

9 t208.01 (22.01 KANE 12 DPWA 
2 1108.91 LEA 73 DPWA 

330.0 tao. 01 KANE 74 OPWA 
60. 20. LITCHFI2 74 OPWA 
70. 30. 20. LITCHFI3 74 OPWA 

150. 7S. BAIL LON 75 IPWA 
160. 70. 40. VANHORN 75 OPWA 
157. OR 159. MARTIN 17 OPW.A 
300. so. RLTC 17 OPW.A 
170.0 25.0 CAMERON2 78 DPWA 

AVERAGE MEANINGLESS I SCALE FACTOR = 2.31 

'i8 Y0111940l PARTIAL DECAY HODES 

Y*lC 19401 INTG N K8AR 
Y*H 19401 I~TD LAMBDA PI 
Y*ll19401 INTO S JGMA PI 
Y*lll9401 INTO Y*Oil5201 PI P-WAVE 
Y*ll19401 INTO Y*OI 15201 PI F-WAVE 
Y*lll940l INTO KBAR DELTAI12321 S-WAVE 
Y*lll9401 JNTG KBAR DELTA I 12321 O-W AVE 
Y*H 19401 INTO Y*lll385l PI S-WAVE 
Y*U 19401 INTO N K*I890I, 53 WAVE 

<;g Y*ll1940l BRANCHING RATIOS 

Y*H 1940i INTO ( K8AR Nil TOTAL 
10.211 LEA 73 DPWA 
(0.1410R 0.13· MARTIN 17 OPWA 
LESS THAN 0.04 RLIC 17 DPWA 

K-NTOLAMPI 
K-P TO SIGMA PI 
K- N TO LAM PI 

0 K-P TO PI SIG 
MUL TICHNL K-MTRX 
K-P TO PI SIG 

0 K-P TO Lll520JPI 
0 K-P TO KBAR DEL 

KBAR N TO LAM PI 
0 K- P TO LAM PIC 

KBAR N MUl TICHNL 
KSAR N MUL TtCHNL 
K-P TO K*l8q0) N 

DECAY MASSES 
938+ 493 

1115+ 139 
1189+ 139 

13-\+1520 
134+1520 
493+1232 
493+1232 
139+1385 
<;39+ 891 

I Pll 
MUL TfCHNL K-MTP X 
KBAR N MUL TICHNL 
KBAR N MUl TICi1Nl 

R1 
R1 
R1 
R1 
R1 
R1 

NO SIGNAL FOR THt S STATE WITH X LARGER THAN AeOUT 
ANALYSIS OF HHINGWAY 75. 

0.03 IN THE 

Y*ll 19401 FROJol KBAR N 
-0.12 0.04 
-o. 14 o. 03 

1-0.111 
-0.153 a. 010 
-'-0. 04 o. 02 
-0.05 0.03 
1-0.1510f~ -0.14 
-0.06 0.03 

INTO LAMBDA PI 
GALTIERI 70 OPWA 
LITCHFIEL 10 DPWA 
LEA 13 OPWA 
OEVENISH 74 
SA 1LLON 75 1 PWA 

0.02 VANHORN 15 OPWA 
MARTIN 17 OPWA 
RLIC 17 DPWA 

R2 
. R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVERAGE "1EANINGLESS I SCALE FACTOR= 1.51 

R3 
R3 
R3 9 
R3 2 
R3 
R3 
R3 

Y*ll19401 FRO~ K8AR N INTO 
-0.12 o. 03 

(-0.0931 10.0061 
~OT SEEN 
-0.14 (0.04) 

(+0.1610R +0.16 
-o.oa o.o4 

SIGMA PI 
GAL TIER I 
KANE 
LEA 
KANE 
MARTIN 
RllC 

R3 
R3 AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

70 OPWA 
72 OPWA 
73 OPWA 
74 OPWA 
11 DPWA 
H DPWA 

SQRT( Pl*P21 
K- N TO LAM PI 
K- N TO LAM PI 
MUL TlCHNl K-MTRX 

0 FIXED T DISP REL 
KBAR N TO LAM PI 

0 K-P TO LA"' PIO 
KBAR N MUL TICHNL 
KBAR N MUL T ICHNL 

SQRT(P1*P31 
K-P TO SIGMA PI 

0 K-P TO PI SIG 
MULTICHNL K-MTRX 
K-P TO PI SIG 
KBAR N MULTICHNL 
KBAR N MUlTI CHNL 

R4 Y*U1q401 fROM KBAR N TO Y*0115201 PIP-WAVE SQRHP10P41 
R4 -0.11 0.04 UTCHFI2 74 DPWA 0 K-P TO Ll1520lPI 
R4 ASSUMES LA!oi8CAI 15201 ELASTICITY=.45.SIGN RLTV. TO SIGI20301 DECAY. 
R4 LESS THAN 0.03 CAMERON 77 OPWA 0 K-P TO li15201PI 
R4 ASSUMES L.AMeDAI 15201 ELASTICITYc.46. 

R5 
R5 
R5 
R5 
R5 

Y*lt19401 FROM KBAR N TO Y*0115201 PI F-WAVE SQfniPUP51 
-0.08 0.04 LITCHF12 74 DPWA 0 K-P TO Lll520IPI 

ASSUMES LAMBDA! 15201 ELASTICITY=.45,SIGN RLTV. TO SJGI20301 DECAY. 
0 .. 062 0.021 CAMERON 77 DPWA 0 K-P TO lll5201Pl 

ASSUMES LA"!BOAI 15201 ELASTICITY=.46. 
R5 ••••••••• 
R5 AVERAGE MEANINGLESS tSCALE FACTOR= 1.01 

R6 Y*U 19401 FROM KBAR N TO KBAR OELT.Ail2321 S-WAVE SQRTtP1*P61 
R6 -0.16 0.05 LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 
R6 SIGN RELATIVE TO SIGMA I 20301 DECAY 

R7 Y*ll 19401 FRO I" K8AR .N 10 KBAR DELTA( 12321 D-WAVE SQRTI Pl*P71 

1170 
7/70 
7/70 

10/11 
9/73 

12/61• 
10/74 
10/74 
11175 
11175 
11177 
1/76 

12/79 

9/73 
9/73 

11177 
l/76 

11175 
11/75 

7/70 
1170 
9173 
4/75 

ll/75 
ll/75 
11/77 

1176 

7/70 
10/71 

9173 
12/81* 
11/77 

1/76 

10/74 
10/74 
1/78 
1178 

10/74. 
10/74 

1/78 
1/78 

10/74 
10174 

R7 3 -0.14 0.05 LITCHFI3 74 OPWA 0 K-P TO KBAR DEL 10/74 
R7 3 SIGN RELATIVE TO SIGMAI2030J DECAY 10/74 

RB 
RB 

Y*ll19401 FROM K8AR N TO Y*1113B51 PI S-WAVE SQRTIP1*P8J 
7 +0.066 0.025 CAMERON 78 DPWA 0 K-P TO Stl3851PI 

•• •• 
7 THE SIGN IS CHANGED TO BE IN ACCORD WITH THE 8ARY0t'\-FIRST 
7 CONVENTION. . 

R9 Y*ll1940) FRO~ KBAR N INTO N K*.IB90Io 53 WAVE SQRTIPlOP9) 
R9 8 -0.09 0.02 CAMERON2 78 OPWA K-P TO K*N 
R9 8 UPPER LIMITS ON THE 01 AND 03 WAVES ARE EACH 0.03. 

•••••• ********* *O*****O* *******o• ••o****** ••••••••• ••••••••• •••••••• 

GAL Tl ER I 70 DUKE CONF 173 
UTCHFIE 70 NP B22 269 
KANE 72 PR 05 15E3 
LEA 73 NP B56 77 

OEVENISH 74 NP 681 330 
KANE 74 LBL-2452 
LITCHFI2 74 NP B74 19 
LITCHF13 74 NP B74 39 

REFERENCES FOR Y*1 I 1940 I 

A BARBARO-GAL TIER I 
P J liTCHFIELD 
0 F KANE 
+MARTI N,MOORHOUSE-+ 

( LRLII JP 
I RUTHERFORD I 1 JP 

ILBLII JP 
( RH EL+LOUC+GLA S+AA RHUS I 1 JP 

DEV EN I SHt FROGGA TT, MART IN I DE SY ,NORD IT A .LOUC I 
Q.F.KANE (LBLIIJP 
LITCHF I ELO, HEMINGWAY • BA ILL ON,+ IC ERN+ HE I OJ J JP 
ll TCHF 1 ELO tHEM I NGWAY, eA Ill ON t + ( C ERN+HE I 0) I JP 

1/78 
12179 
12179 

12/79 
12/79 

Baryons 
I:{1940), I:(2000) 

BAilLON 15 NP B94 39 
VANHORN 75 NP 887 145 

ALSO 75 NP Ba1 151 

BELLEFON 76 NP 8109 129 
CAMERON 1l NP 8131 399 
MARTIN 77 NP 6127 349 

ALSO 77 NP 8126 266 
ALSO 77 NP B126 285 

RLIC 77 NP B119 3E2 
CAMERON 78 NP 8143 189 
CAMERON2 78 NP B146 327 

HEMINGWA 75 NP 891 12 
GOYAL 77 PR 016 2146 

P. BAILLONoP. J. LITCHFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

(CERNoRHELIIJP 
(LBLIIJP 
(LBlliJP 

DE BELLEFONt BER THON ( COEF I I JP 
+FR ANEKoGOPAL, KALMUS • MCPHERSON+ ( RHEL+ LOIC I I JP 
MAR Tt N, PI OCOCK t MOORHOUSE ( LOUC+GL AS l I JP 
MARTIN, PIDCOCK ( LOUC I 
MARTIN,PIDCOCK (lOUCilJP 
GOPAL,ROSS,VAN HORN,MCP~ERSON+ (LOIC+RHELIIJP 
-+FRANEK, GO PAL. BACON, BUTTERWOilTH+tRHEl+LO lC I I JP 
+FRANEKtGOPALt KALMUS, MCPHERSON,+ ( RHEL +LOIC I I JP 

PAPERS NOT REFERR-ED TO IN OAT A CAR. OS 

HEMINGWAY, EAOE S tHARMSEN+ (CERN, HE 10, MP I Ml I JP 
+SODHI (DELHI I 

****** ••o•O**** •••••o•** o•oo***** ********* ********* ********* •••••••• 

··,···· ...... oo., ........................... ······rs· ~] ............ . 
L(.2000) C2 Y*li2000. JP=l/2-l 1•1 

) WE LIST HERE All REPORTED Sll.STATES LYING ABOVE 
THE Y*H 11501 

02 Y*lC20001 MASS IMEVI 

2004. 40. VANHORN 75 DPWA 0 K-P TO LAM PlO 11/75 
1755. DR 1834. MARTIN 17 DPWA KBAR N MULTICHNL 11/77 

THE TWO ENTRIES FOR MARTIN 17 CORRESPOND TO EXTRACTION OF PESONANCE 
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY. 

1955. 15. RLIC ?? DPWA K8AR N MULTICHNL 1/76 
1944.0 115.0! GOP.Al 80 OPWA KBAR N ELASHC 12/81* 

02 Y*ll20001 WIDTH CMEVI 

116. 40. 
413. OR 450. 

VANHORN 
MARTIN 
RllC 

15 OPWA 
77 OPWA 
77 DPWA 
80 OPWA 

{) K-P TO LAM PIO 11!75 
KBlR N MUL TIOINL 11/77 

170. 40. K8AR N MULTICHNL l/76 
215.0 (25.01 GO PAL KBAR N ELASTIC 12/81* 

02 Y*ll20001 .PARTIAL DECAY MODES 

P1 Y*ll20001 INTC N KBAR 
lNTC LAto!.BDA PI 
INTO SIGMA PI 

DECAY MASSES 
938+ 493 

P2 Y01120001 1115+ 134 
P3 Y*H 20001 1197+ 139 
P4 Y*li2000J INTO LAMBDA I 15201 PI 

lNTO N K0(8901 t 51 WAVE 
INTO N K*(8901, D3 WAVE 

139+1520 
939+ 891 
939+ 891 

P5 Y*ll2000) 
P6 Y*U 20001 

R1 
R 1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 

R4 
R4 

•• 
R4 

R5 
R5 
R5 
R5 

•• •• 

C2 Y*lt2000) BRANCHING RATIOS 

Y*U20001 INTC (K8AR NI!TOTAL (Pll 
(0.62)011 0.57 MARTIN 17 DPWA ·KBAR N MULTICHNL 
(0.441 (0.05) RLIC 77 DPWA KBAR N MULTICHNL 

IKBAR NlllOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
0.51 10.051 GOPAL 80 OPWA KBAR N ELASTIC 

Y*ll20001 FROM KBAR N INTO LAMBDA PI SQRTt P1*P2) 
NOT SEEN 8A I llON 75 IPWA KBAR N TO LAM PI 
+0.01 0.02 • 0.01 VANHORN 75 OPWA 0 K-P TO LA"' PIO 

(-0.19JOR -0.18 MARTIN 71 DPWA KBAR N MULTICHNL 
o. 08 0.03 RLIC 71 OPWA KBAR N MULTI CHNL 

Y*ll2000) FROM KBAR N INTO SIGMA PI SQRT( P1*P31 
(+0. 261 Oct +0. 24 MARTIN 77 OPWA KBAR N MULTICHNL 
+o. 20 o. 04 RLIC 77 OP~A KBAR N HUL TICHNL 

Y*ll20001 FRCM KBAR N TO LAM8DAI15201 PI SQRTIP1*P41 
2 +0.081 0.021 CAMERON 77 OPWA 0 P-WAVE DECAY 
2 ASSUMES LAMBDA( 15201 EllSTtCITY=0.46. THE SIGN IS CHANGED HERE TO 
2 · BE IN ACCORD WITH THE BARYON-FIRST ·CONVENTION. 

Y0112000J FRQ)ol. KBAR N INTO N K*t890lt S1 WAVE SQRT(P1*P51 
+0.10 O. 02 CAMERON2 78 OPWA K-P TO K*N 

THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
CONVENTION. 

Y*lt20001 FROM KBAR.N INTO N K*(8901, 03 WAVE SQRTIP1*P6J 
-0.01 0.03 CAMERON2 78 OPWA K-P TO K*N 

****** ***~***** ••o•••••• ••*oo•••• oo••***** ••••••o•• ••••••o•o •••••••• 

8 AI lLON 75 NP 894 39 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

CAMERON 77 NP B 131 399 
MARTIN 71 NP B127 349 

.ALSO 77 NP 8126 266 
ALSO 71 NP 8126 2R5 

RLIC 77 NP B119 362 
CAMERON2 78 "'P B146 327 
GOP AL 80 TORONTO CONF 

REFERENCES FOR Y*1120001 

P. 8A1llONoP. J. LITCHFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

ICERN.RHELIIJP 
CLBLIIJP 
ILBUIJP 

+FP ANEK.GOPAL, KAU4US, MCPHERSON+ (RHEL +LOI C I I JP 
MART IN, PI OCOCKo MOORHOUSE ILOUC+GLA, S I I JP 
MARTIN,PJDCOCK (LOUCI 
MARTIN.PIOCOCK ILOUCIIJP 
GOPAL,ROSS 1 VAN HORN,MCPHERSON+ ILOIC+RHELIIJP 
+FRA~E K 1 GOPAlt KALMUS, MCPHERSON, +fRHEL +LOt C I IJ P 

159 G.P.GOPAL IRHELIIJP 

****** *o•o••••• *****O*** ********* ****o•o•o ********* ******O** ******** 
•••o•• ********* ********* •••*••oo• ********* •••••o•o• ••••••••• ••••oo•• 

1176 
11177 

1/76 

11175 
11/75 
11/77 
1/76 

1/76 
11177 

1176 

1178 
12/79 
12/79 

12/79 
12179 
12/79 

12179 



Baryons 
E(2030) 

I E(2030) I 47 Y*li203Q, JP=7/2+1 I=1 ~ 
SEE THE MINI.-REVIEW AT THE STAR_T OF THE v• liSTlNGS .. 

THIS ENTRY ONLY Jf'.,ICLUDES RESULTS FROM PARTIAL-WA.VE 
ANALYSES·. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV AR.E 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-"'AVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE Fl1 WAVE. THtS SUPERIORITY 
IS, HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH E~HR(ES 
FOR PARAJoiiETERS GIVEN IN THE MA·tN BARYON ,TABLE. 

47 Y*U2030) MASS CMEV) 

(2030 .. 01 120.0) WOHL 66"·HBC 0 K-P TO lAM PlO 
2032.0 6. 0 SMART . 68 DPHA - K-N TO LAMBDA PI 
2030.0 10.0 SERTHON 70 OPWA 0 K-P TO LAMBDA PI 
2035.0 10.0 BERTHONl , 70 OPWA ·0 K-P TO SIGMA PI 
2027 • 0 6. 0 COX 70 OPWA .- K-N TO LAMBDA PI 
2010.0 15.0 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 
2000.0 20.0 GALTIERI 70 OP~A 0 K-.P TO SIG"'A PI 
2022.0 4.0 LJ.TCHFIEL 70 OPWA -0 K-N TO LAMBDA PI 
2025. 15. -LITCHFIE 11 OPWA i<-P. TO K8AR N 

M 12034.01 114.01 KANE 1Z OPWA 0 K-P TO PI -SIG 
M KANE 72 IS SUPEREOED BY KANE 74. 
M 2020 .. 0 1-6 •. 01 KANE 74 OPWA K-P TO PI SIG 
M 2025. 10. LITCHFI1 74 OPWA K-P TO lf1820IPI 
M 2035. 10. LITCHFI2 74 DPWA K-.P TO lf15201PI 
M 2020. 30.. LITCHFI3 74. OPWA K-P TO KflAR DEL 
M 2035. 15.. SAtllON 75 JPWa. KBAR N TO LAM PI 
M 2038.. 10. HEMINGWA 75 DPWA K- P TO KSAR N 
M 2042. 11. VANHORN 75 DPWA K-P TO LAM PIO 
M ( 2030.} BELLEFON 76 IPWA K- P TO LA"' PI 
M 2030. 3. CORDEN 76 OPWA - K- N TO PI- LAM 
M 4 PREFERRED SOLUTION 3, SEE.CORDEN 76 FOR OTHER POSSIBLILITES. 
M 4 CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUf!SAMPLE. 
M C 2038. 10. CORDEN2 17 - K- N TO K* N 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
p 10 
Pll 
Pl2 

R 1 
Rl 
Rl 
R1 
R1 
R1 
R1 
R1 
RI 
RI 
R1 
RI 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
RZ 
R2 
R2 
RZ 

6 2027. TO 2057". GOYAL 71 OPWA - K- N TO SIG PI 
2040. 5. RL IC 17 OPWA KBAR N MUl T tCHNl 
2036,.0 15 .. 01 GOPAL 80 OPWA KBAR N ElASTIC 

AVERAGE MEANINGLESS I SCALE FACTOR c 1.01 

47 Y*1120301 WIDTH IMEVI 

1170.01 WOHl 66 HSC 0 
160.0 16.0 SMART 68 DPWA - K-N TO LAMBDA P.I 
165.0 30.0 15.0 BERTHON 70 DPWA 0 K-P TO LAMBDA PI 
150.0 20.0 BERTHON1 10 OPWA 0 K-P TO SIGMA PI 
158.0 16.0 cox 70 OPioiA - K-N TO LAMBDA PI 
115.0 15.0 GALTIERI 10 OPWA 0 K-P "TO L"AMBOA P J 
100.0 40.0 GALTIERI 70 OPWA 0 K-P TO SIGMA PI 
110.0 15.0 liTCHFIEl 70 OPWA -0 K-N-TO LAMBDA PI 
200. 30. LITCHFIE 11 DPWA K-P TO KBAR N 

(118.01 (12.01 KANE 72 OP)<IA OK-PTOPI SIG 
111.0 I 5. 01 KANE 74 OPWA K.:_P TO PI SIG 
70. TO 125. li"tCHFil 74 OPWA 0 K-P TO U 1820IPI 

160. 20. LITCHFI 2 74 OPWA 0 K-P TO LI15201Pl 
200. 30. L ITCHFI3 74 OPWA 0 K-P TO KBAR DEL 
180. 20. SA llLON 75 IPWA KBAR N T.O LAM PI 
1772. 15. HEMINGWA 75 OPWA 0 K- P TO ,K.BAR N 
178. 13. VANHORN 15 OPWA 0 K-P TO LAM PIO 

U60. I BELLEFON 76 IPWA 0 K- P TO lAM P J 
.201. 9, CORD EN 76 OPWA - K- N TO PI- LA~. 

137. 40. COROEN2 11 - K- N TO K* ~ 

1260 .. 1 OECLAIS 77 OPWA KBAR N TO KBAR N 
126. TO 195. GOYAl 11 OPWA - K- N TO SIG PI 
190. 10. RliC 11 OPWA KBAR N MUL TICHNl 
172.0 (10.01 GdPAL 80 OPNA KBAR N ELASTIC. ........... 

AVERAGE MEANINGLESS (SCALE FACTOR:: 1.61 

47 Y*1120301 PARTIAL DECAY MODES 

Y*1120301 INTO N KBAR 
Y*ll20301 INTO lAMBDA PI 
Y*1120301 INTO SIGMA Pt 
Y*U 20301 INTO XI K 
Y*ll20301 INTO Y*0118201 PI P-WAVE 
Y*lt 20301 INTO Y*OI15201 PI 0-WAVE 
Y*ll20301 INTO Y*O U520J PI G-WAYE 
Y*ll20301 INTO KBAR DELTAI123ZJ F-WAVE 
Y*lt 20301 INTO KBAR OELTI\112321 H-WAVE 
Y*ll20301 1NTO•Y*lfl3851 PI F-WAVE 
Y*ll 20301 INTO N K*I890J, F1 WAVE 
V•ll 2030 I INTO N K*l890 J • F3 WAVE 

DECAY MASSES 
938+ 493. 

1115+ 134 
1189+ 139 
1321+ 497 

134+1820 
134+1520 
134+1520 
493+1232. 
493+1232 
139+1385 
939+ 891 
939+ 891 

47 Y*ll20301 BRANCHING RATIOS 

Y*ll20301 INTO I KB AR N I /TOTAl I Pll 
(0.251 WOHL 66 HBC 0 K-P CH EX 
10.111 OAUM 68 CNTR . K-P ELA,POLoSIGT 

OAUM 68 ASSUMES IJ+1121*P1 VALUE SEEN IN TOTAL CROSS SECTION. 
0.11 0.04 CAMPBEll 71 DBC - K- NEUTRON ElAST 
o .. 16 0.02 LITCHFIE 11 DPWA K-P TO KBAR N 
0.18 0.03 HEMINGWA 75 OPWA 0 K-PTOKBARN 

10.151 OECLAtS 11 DPWA KSAR N TO KBAR N 
(O. 241 I 0.021 RUC 71 OPWA KBAR N MUL TICHNL 

IKBAR NI/TOTAL FROM RLIC 11 .IS SUPERSEDED BY GOPAl eo. 
0.19 I 0.031 GO PAl 80 DPWA KSAR N ELASTIC .. . . 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.01 

Y*ll 20301 FROM KBAR N INTO LAMBDA PI SQRTIP1*P21 
10 .. 201 WOHl 66 HBC 0 K-P TO LAMBDA PI 
+0. 21 o.o1 SMART 68 OPWA - K-N TO l AMBOA P t 
+0 .. 2 o.o2 BERTHON 10 OPWA 0 K-P TO LAMBDA PI 
+0 .. 19 o. 01 COX 70 OPWA - K-N TO LAMBDA PI 
+0.16 o. 03 GALliER I 10 OPWA 0 K-P TO lAM BO.A PI 
+0.20 o.·oo6 LITCHFI EL 10 DPWA -0 K-N T.O LAMBDA P.l 
+0.195 0.053 DEVENISH 74 0 FIXED T .OI.SP REl 
+0.18 0.02 BAI LLON 15 I PWA KBAR N TO LAM .P·I 
+0. 20 o. 01 VANHORN 75 OPWA K-P TO LA~ PIO 

10.20.) BEllEFON 76 IPWA K- ·p TO LAM PI 
+0.20 0.01 COROEN 76 OPWA - K- N TO Pi- LA~. 
+0.18 0.02 RLIC 17 OPWA KSAR N MULTI CHNL 

272 

7/66 
6/66 
1170 

10/70 
6/70 
1/70 
7/70 
6/70 

10171 
10/71 

12/81* 
10/74 
10/74 
10174 
11/75 
ll/75 
11/75 

2177 
2111 
2171 

11177 
1/78 
1/76 

12/81* 

7166 
6/68 
1170 _. 

10/70 
6/70 
7/70 
1170 
6/70 

10/71 
10/71 
12/81* 
10/74 
10/74 
10174 
11/75 
11175 
11/75 
2171 
2/77 

11/77 
1178 
1/78 
1176 

12/81* 

7/66 
7170 

1/71 
10/71 
11/75 
1/78 
1/76 

12181* 

7/66 
6/68 
1170 
6/70 
7/70 
6/70 
4/75 

11/75 
11175 

2177 
2/77 
1/76 

Data Card Listings 
For notation, see key at front ofListings. 

R3 Y*l( 20301 FROM KBAR N INTO SIGMA PI SQRTI P1*P31 
R3 L c-o. 091 I 0.021 BERTHONl 70 OPWA 0 K-P TO SIGMA PI 10/70 

R3 -0.052 o. 010 GAL TIER I 10 '"QP~ojA o·K-P.·TO,SIG~A PI 7170 
R3 -0.10 o. 03 LITCHFIE 11 DPWA K_:P ·To S1G PI 3172 
R3 LITCHF.IELD 71 IS AN UPDATE OF BERTHON1 70 3172 

R3 (-0.0861 I 0.0141 KANE 12 OPWA OK-PTOPI SIG 10/71 
R3 -0.10 ( 0.011 KANE 74 OPWA K-P TO PI SIG 12181* 
R3 -0.09 o. 01 CORDENl 11 - K- N TO PI SIG 11/77 

R3 -0.06 o. 01 COROEN1 11 - K- N "TO PI SIG 11177 

R3 THE 2 ENTRIES FOR COROENl 77 ARE FROM 2 DIFFERENT ACCEPTABLE Sl TNS. 11/77 

R3 6 (-0.0851 I 0 .. 021 GOYAL 11 OPWA - K- N TO S IG PI 1178 
R3 6 THl S COUPLING IS EXTRACTED FROM UNNORMALIHO CATA. 1178 
R3 ,-0.15 0.03 RliC 17 OPWA KBAR Ill MUlTICHNl 1/16 
R3 .. 
R3 AVERAGE MEANINGLESS (SCALE FACTOR :: 2.01 

R4 Y*1(20301 FRO~· KBAR "N INTO, XI K SQRTIPl*P41 
R4 10.051 OR LESS . TRIPP 67 RVUE OK-PTOXI 8/67 
R4 (0 •. 051 OR LESS BUR GUN 68 DPWA OK-PTOXI 10/69 
R4 (0.0231 MULLER 69 oPwA 0 1170 

R5 y,C. l( 2030 I FROM "KBAR N TO Y*0(18201 PI P-WAVE SCRTtP1*P51. 
R5 0.18 o. 04 liTCHFll 74 OPWA 0 K-P TO li1820JPI 10/74 

R5 ASSUMES lAMBCA( 18201 ELASTICJTY::.6 10174 
R5 0.14 0.02 COROEN2 15 OBC - KBAR PI- NUCLEON 11/75 
R5 
R5 AVG 0.148 o.o18 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

R6 Y*U 20301 FROM KBAR N TO Y*0(15201 PI D-WAVE SQRTI Pi.•P61 
R6 2 0.14 a. 03 . LJTCHFI2 74 OPWA 0 K-P TO LI15201PI 10174 
R6 2 ASSUMES LAMBCAI15201 ELASTJCITV=.45 10/74 
Rb 3 (0.101 ( 0.03.1 COROEN2 75 OBC - KBAR PI- NUCLEON 11/75 
R6 3 UPPER LIMIT 11175 
R6 5 +0.114 0.010 CAMERON 11 OPWA 0 K-P TO Lll520IPI 1178 
R6 5 ASSUMES lAMBDA( 15201 ElASTICtTY::-.46. THE SIGN IS CHANGED HERE TO 12/79 
R6 5 BE IN ACC!)RO WITH THE BARYON-FIRST CONVENTION. 12/79 
Rb 
R6 AVG 0.1166 0.0095 AVERAGE I ERROR INCLUDES SCAlE FACTOR OF 1.01 

R7 Y*ll 20301 FROM KBAR N TO Y*O( 1520 I PI· ·G-WAVE SQRT«P1*P71 
R7 o.o·2 0.02 LITCHF12 74 OPWA 0 K-P TQ. LC 1520IP I 10174 

R7 ASSUMES LAM90A(.15201 ELASTICITY=.45 10174 
R7 +0.146 o. 010 CAMERON 11 DPWA 0 K-P TO li15201PI 1176 
R7 ASSUMES lAMBDA( 15201 ELASTICITY=.46. THE SIGN IS CHANGED HERE TO 12/79 
R7 8E IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12179 

R7 
(ERROR lNCluoES_SCALE FACTOR OF.'5.·61 R7 AVG a. 1"21 o. 050 AVERAGE 

Y*ll20301 FROM KBAR N TO KBAR OELTAI12321 F-WAVE SQRT(P1*PBI R8 

•• 0.16 0.03 UTCHFI3 74 OPWA. 0 K-P TO KBAR DEL 10174 
R8 ·3 
R8 3 

UPPE~OL~~~T ,«0.031 C!J.RDS~.2 1? P.B~, - KBAR PI- NUClEON it~~; 

R9 
R9 

Y*ll20301 FRO."'- KBAR N TO KBAR DElTA( i2321 H-WA.VE SQRJ(P1*P91 
Q .. OO 0.02 LITCHFI3 74 OPWA 0 K-P TO KBAR DEL 

RlO 
RlO 
R 10 
R10 

Y*ll20301 FROM KBAR N TO Y*lll385J .PI F-WAVE SQRHP1*P10l 
7 . +0.153 0~026 CAMERON 78 OPWA 0 K-P TO S( 1385JPI 
7 THE SIGN IS CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FfRST 
1 CONVENTION. 

Rll 
Rll 
Rll 
Rll 
Rll 
Rll 

Y*ll20:301 FROM KBAR N INTO N K*l890), F1 WAVE SQRTIPI*Plll 
-0.02 0.01 COROEN2 17 K-D TO K*N 
+0.06 0.03 -CAMERON2 78 OPWA K-P TO K*N 

THE SIGN HRE IS CHANGED TO BE I·N ACCORD WITH THE BARYON-FIRST 
CON VENTI ON. 

Rll AVG MOO 0.024 0.012 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.3) 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 

Y*U2030J FROM KBAR N INTO N K*(890it F3 WAVE SQRTI P1*P121 
K-0 TO K*N 
K-P TO K*N 

-0.12 0.02 CORDEN2 11 
•O. 04 O. 03 CAMERON2 78 OPWA 

THE UPPER LIMIT ON THE G3 WAVE IS 0.03. 

AVG MOO 0.095 0.037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.21 

****** ........... ********* ********* ********* ********* ********* ******** 

REFERENCES FOR Y*1 (2030 I 

WOHL 66 PRL 17 107 C G WOHL. F T SOLMITZ, M l STEVENSON (LRLIIJP 
TRIPP 67 NP 83 10 +LEITH, + llRL,St:AC,CERN,HEIDEL,SAClAYI 
8UR.GUN 68 NP BB 447 +MEYER,PAULI,TALi..INl .+ ISACL+COEF+RHELI 
OAUM 68 NP 87 19 +ERNE,l:.AGNAUX,SENS;sn;uER,UOO !CERNIJP 

CONFIRMS THE SPIN-PARHY ASSIGNMENT. 
SMART 6B PR 169 1336 W M SMART ILRU I JP 
MULLER 69 THESIS,UCRL 19372 R A MULLER llRll 

BERTHON 70 NP B20 476 
BERTHON1 70 NP B24 417 
COX 70 NP B19 61 
GALTIERI 70 DUKE CONF 173 
llTCHFJE 70 NP B22 269 

CAMPBEll 71 NP B25 75 
L tTCHFI E 71 NP B30 125 
KANE 72 PR 05 150 

OEVENISH 74 NP B81 330 
KANE 74 L8L-2452 
llTCHFI1 74 NP ·874 12 
LITCHFI 2 74 NP 874 1Cl 
LITCHFJ3 74 NP B74 3Cl 

BAILLON 75 NP B94 39 
COROEN2 75 NP B92 "365 
HEMINGWA 75 NP 891 12 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 
BELlEFON 76 NP 8109 129 
COROEN 76 NP B104 382 

CAMERON 11 NP B131 399 
CGROEN1 71 NP B125 61 
CORDEN2 77 NP 6121 365 
DECLAIS 71 CERN 17-16 
GOYAL 71 PRO 16·2746 
RllC 77 NP Bll9 362 
CAMERON 78 NP B143 •189 
CAMERON2 78 NP S 146 327 
GOP Al 80 TORONTO CONF 

+RANGAN, VRANA, "+ICOl FRANCE, RHEL, SACLAYIIJP 
+VRANA, BU,TTERWORTHo + ICDEF, RHEl, SACLAYIIJP 
+ISLAM, COLLEY, + (BIRM,EDIN,GLAS,LOICIIJP 
A BARBARD-GALTIERI ILRLIIJP 
P J LITCHFIELD fRUTHERFOROHJP 

+MORTON, NEGUS, GOYAL. MILLER CGLAS, LOICIIJP 
L J T CHFI ELO, ..... +lESQUOY • +.. C RHE L+C DEF+ S o\Cll I JP 
D F KANE llSlllJP 

OEVEN t SH, FROGGATT, MART I Nl OE SY ,NORD IT A, lOUC I 
O.F.KANE . (LBlllJP 
ll TCHF t ELO, HEM 1 NGWAY, SA ILL ON,+ (CERN+ HE I 01 I JP 
l I TCHFI ELO, HEMINGWAY, BA ILL ON,+ IC ERN+ HE I 01 I JP 
l ITCHFI fLO, HEMINGWAY ,SA ILL ON t+ ICERN+HEIOI 1 JP 

P. BAIL(ON,P. J. l·ITCHFIELO ICERN,RHELIIJP 
+COX • OARTNEll, KENYON ,ONEAL E • SUMOROK+ I 8 Ill..MI I JP 
HEMINGWAY, EADES ,HARMSEN+ I CERN, HE 10, M PI M I I JP 
A. J. VAN HORN ILBLIIJP 
A. J. VAN HORN ILBLIIJP 

~~O~;~~~~~~~~::.~~~~N, C1'NEAL E, SUMOROK+ : ~ ~~~: :~~ 
+FRANEK, GO PAL, KALMUS, ."'CPHERSON+ (R HEL•LOIC I I JP 
+COX, KENYON • ONE ALE, STUBBS, SUMOROK+ I B IRMI I JP 
+COX, KE NYON,ONE AlE, STUBBS, SUMOROK+ I B IRMI I JP 
+OUCHON,LOUVEL, PATRY, SEGUI NOT+ I CA EN+ CERN I IJP 
O.P.GOYAL,A.V.SOOHI IOELHI UNIV.IIJP 
GOPAL,ROSS,VAN HQRN,MCPHERSON+ ILOIC+RHELIJJP 
+FRANEK ,GOPAL, BACON, BUTTERWORTH+ I RHEL+LOI C I I JP 
+FRANEK, GO PAL, KALMUS, MCPHERSON,+ I RHEL+LO IC I I JP 

159 G.P.GOPAL . IRHELJIJP 

........... ********* ********* .......... ********* ********* ********* ******** 
*"'**** ********* ***"'***** ********* ********* ********* ........... "******* 

10/74 

1/78 
12/79 
12179 

12/79 
12179 
12/79 
12179 

12179 
12/79 
12/79 
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Data Card Listings 
For notation, see key at front of Listings. 

2030 MEV REGION - PRODUCTION AND aTOTAL EXP'TS 

Pl 
P2 

., ., ., ., 
Rl 

R2 
R2 

28 Y*lf2030, JP= '· 1=1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START CF THEY* LISTINGS. 

SEE THE NOTE TO THE Fl1 Y*ll20301, WHICH PRECEDES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y*H20301, 
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB­
liSHED OTHER RESONANCES IN THIS REGION. 

28 Y*ll20301 MASS CMEVI (PROD. EXPo I 

(2022.01 
2020.0 
2049.0 
2025.0 

c 2025.01 

(20.01 
7. 0 
4.0 

10.0 
(20. OJ 

BLANPIEO 
BUGG 
BRitMAN 
COOL 
LU 

AVERAGE MEANINGLESS (SCALE FACTOR= 2.81 

65 CNTR 
68 CNTR 
10 CNTR 
70 CNTR 
10 CNTR 

0 GAMMA P TO K+ Y* 
K-P, 0 TOTAL 

0 TOTAL AND CH EX 
K-P, 0 TOTAL 

0 GAM"tA P TO K+ Y* 

28 Y*H 20301 WIDTH I ME VI I PROD. EXP .. I 

1120.01 
130.0 
126.0 
165.0 
180.01· 

120.01 
10.0 
u.o 

BLANPIEO 
BUGG 
BR I CHAN 
COOL 
LU 

AVERAGE MEANINGLESS I SCALE FACTOR= 1.01 

65 CNTR 0 
68 CNTR 
10 CNlR 0 TOTAL &.NO CH EX 
10 CNTR K-P, 0 TOTAL 
10 CNTR 0 GAMMA P TO K+ Y* 

28 Y*U20301 PARTIAL DECAY MODES IPROO. EXP.J 

Y*ll 20301 INTO N KBAR 
Y*ll20301 INTC N KBAR PI 

DECAY MASSES 
938+ 493 
938+ 497+ 139 

28 Y*ll20301 BRANCHING RATIOS IPROO. EXP.I 

Y*ll20301 INlO IKBAR NI/TOTAL 
THESE VALUES OF ELASTICITIES ASSUME J=7/2 --

0. 131 BUGG 68 CNlR 
0.27 I 0.021 BRICMAN 70 CNTR 
0.12 COOL 70 CNTR 

Y*ll20301 INTO IKBAR N PIIITOTAL 
SEEN BOCK HBC 

IP11 

0 TOTAL AND CH EX 
K-P, D TOTU 

I P21 

............... * ............................................... ******** 

REFERENCES FOR Y*1120301 IPR(O. EXP,.I 

BLANPIEO 65 PRL 14 741 
COOL 66 PRL 16 ·1228 

SUPERSEDED BY COOL 70. 

+GREENBERG, HUGHES,K ITCH lNG olU ,+ (YALE I CEA II 
+GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,+ IBNLI I 

BUGG 68 PR 168 1466 +GtLMORE,KNIGHT, + (RHEL,BIRM,CAVEI I 

BRICMAN 
COOL 
LU 

70 PL 318 152 
70 PR 01 1887 
10 PR 02 1846 

+FERRO LUZZI, PERREAU,+ (CERN,CAEN,SACLAYI 
+GIACOMELLI, KYCIA, LEONTIC, Lt, + IBNU I 
+GREENBERG, HUGHES, MINEHART, MORI ,+ CYALEJ ........................ *••······ •................••........ ******** ............... ······•*• ...•...••.•.••••.. ······•*• ·•·•·•·•• ..•..... 

I r(2o1o) I 
) 

34 Y*ll2070, JP=5/2+r I=1 

THIS STATE SUGGESTED BY BERTHON 7C NOW FINDS 
CONFIRMATION IN GDPAL BO WITH NEW K-P POLARIZATION AND 
K- NEUTRON ANGULAR DISTRIBUTIONS. THE VERY M.OAO STATE 
SEEN IN KANE 72 IS NOT REQUIRED IN THE lATER (KANE 741 
ANALYSIS OF PI SIGMA. 

Pl 
P2 

., 
Rl 
Rl 

R2 ., 

I 2070. I 
( 2057.01 

2051.0 

(140. I 
(906.0) 
300.0 

34 Y*li2070J "lASS I ~EVJ 

110. I 

125.01 

8ERTHON1 
KANE 
GO PAL 

34 Y*ll20701 \lfiOTH IMEVI 

120. I 

130.0) 

BERTHON1 
KANE 
GO PAL 

70 OPWA -
12 OPWA 
BO OPWA 

70 OPWA -
72 OPWA 
80 OPWA 

K-PTOSIGPI 
K-P TO SIGMA PI 
KBAR N ELASTIC 

K- P TO S tG PI 
K-P TO SIGMA PI 
KBAR N ELASTIC 

34 Y*ll 20701 PARTIAL DECAY MODES 

Y•ll20701 tNH N KBAR 
Y*ll20701 INTC SIGMA PI 

DECAY MASSES 
938+ 493 

11B9+ 139 

34 Y*ll20701 BRANCHING RATIOS 

Y*ll20701 FROM KBAR N TO SIGMA PI SQRTlP1*P21 
1+0. 121 I O. 021 BERTHON1 70 OPWA - K- P TO SIG PI 
1+0.1041 KANE 72 OPWA K-P TO S tGHA PI 

Y*U 20701 INTO I KBAR NI/TOTAL I P11 
0.08 I 0.031 GOPAL 80 OPMA KBAR N ELASTIC 

...... •••••••** ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

6/68 
6/70 

10170 
1171 

6/6B 
6170 

10170 
1171 

6/6B 
6170 

10170 

1171 
1113 

12181• 

1171 
1173 

12181* 

1/71 
1/73 

12/B1• 

Baryons 
1:(2030). 1:(2070), 1:(2080), 1:(2100) 

REFERENCES FOR Y*1 12070 I 

BERTHON1 70 NP 824 411 +VRANA,SUTTERWORTH,+ ( COEF, RHEL, SACLAY I I JP 
ILBLI KA~E 72 PR 05 15E3 0 F KANE 

GOPAL 80 TORONTO CONf 159 G.P.GOPAL I RHELI I JP 

3 
3 

4 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT All 
PARTIAL-WAVE ANALYSES ACROSS THIS REGICN. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
eARYON TABLE. 

88 Y*ll20801 MASS IMEVI 

( 20B2.01 ( 4.01 cox 10 OPWA - K-NTOLAMPI 
12070.01 (30.01 LITCHFIEL 70 DPWA -0 K-NTOLAMPI 

2120. 40. BAILLON 75 IPWA KBA.R. N TO lAM PI 
FROM SOLUTICI\ 1 OF BAtlLON 75. 

2140. 40. BAI LLON 75 IPWA K8Afl N TO LAM PI 
FROM SOLUltCt-o 2 OF BAILLON 75. 

2140. 30. BELLEF01 75 OPWA 0 K- P TO LAM PIO 
2070. TO 2120. BELLEFON 76 I PWA 0 K- P TO LAM PI 

SUPERSEDES BHlEFOl 75. 
2091. 7. COR DEN 76 OPWA - K- N TO PI- LA~ 

PREFERRED SOLUTION 3, SEE COROEN 76 FOR OTHER POSSIBLJLITES, 
INCLUDING A 015 AT THIS MASS. 
COROEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE. 

•• 4 •••••• 

AVERAGE MEANINGLESS I SCALE FACTOR ::: 1.61 

3 
4 

B8 Y*li20B01 WIDTH (MEVI 

IB7.01 
1250.01 
240. 
zoo. 
1BO. 

1100. I 
1B6. 

120.01 
140.01 
50. 
50. 
20. 

48. . . . . . . 

COX 70 OPWA - K- N TO lAM Pt 
liTCHFIEL 70 DPWA -0 K- N TO LAM Pt 
BAILLON 75 IPWA KBAR N TO LAM PI 
BA tllON 75 I PWA KBAR N TO LAM P 1 
BELLEFOl 75 OPWA 0 K- P TO LAM PIO 
BELLEFON 76 IPWA 0 K- P TO LAM PI 
CORDEN 76 OPWA - K- N TO PI- LA,.., 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1.01 

BB Y*ll 20BOI PARTIAL DECAY MODES 

P1 Y•ll2080) tNT( N KBAR 
DECAY MASSES 

938+ 493 
P2 Y•U 20801 INTO LAMBDA PI 1115+ 139 

Rl ., 
Rl 
Rl ., ., 
Rl 3 
., 4 

BB Y*ll20801 BRANCHING RATIOS 

Y*ll20801 FRCM KBAR N TO LAMBDA PI SQRTCP1*P21 
1-0.161 10.031 COX 70 OPWA- K- N TO LA"! PI 
1-0.091 10.031 liTCHFIEl 70 OPWA -0 K- N TO LAMPl 
-0.13 0.04 BAILLON 75 IPWA KBAR N TO LAM PI 
-0.13 0.04 BAILLON 75 lPWA KBAR N TO LAM PI 
+0.19 0.03 BELLEFOl 75 OPWA 0 K- P TO LA~ PJO 

1-0.101 BELLEFON 76 IPWA 0 K- P TO LAM PI 
-0.10 0.03 CDRDEN 76 OP~A - K- N TO PI- LAM ....... Rl 

Rl AVERAGE MEANINGLESS (SCALE FACTOR :c 1.21 

• ................. ,. •••••••••••••• •••ott••••• •••••• ,. ••••••••••• ***C<*'*** 

COX 70 NP 819 61 
LITCHFI E 70 NP B22 269 
BAI LLON 75 NP 894 39 
BELLEf01 75 NP 890 1 

B ELLEFON 76 NP B 109 129 
COROEN 76 NP 8104 3B2 

REFERENCES fOR Y•112080 I 

+ISLAM, COLLEY, + 
P J LITCHfiELD 

( BIRM ,EOIN,GLAS, LOIC I IJP 
(RUTHERFORD) I JP 

(CERN, RHELJ lJP 
ICDEf, SACU IJP 

P. 8AllLON,P. J. LITCHfiELD 
DE BELLEFON,BERTHONoBRUNET+ 

DE BELLEFON,BERTHON ICOEFIIJP 
+COX, OARTNEll, KENYON, ONEAL E, SUMOROK+ ( B IRMJ I JP 

................................................ ,. •• ,. ••• ,. •••• **,.****,. 

T~·( ~·;~~·; j .. ::··::,~::::~·::.::::~·~:: ..... T~ ::r··· ....... . 
----~)J SEE THE MINI-REVIEW AT THE START Of THEY* LISTINGS. 

26 Y'*lf21001 MASS (MEVI 

6170 
6170 

11/75 
1176 
1/76 
1176 

11175 
2171 
2177 
2171 
2171 
2171 

6170 
6170 

11175 
1176 

11175 
2177 
2177 

6170 
6170 

11175 
1/76 

11175 
2171 
2177 

12060.01 120.0) GAL TIER I 70 OPWA 0 K-P TO LA"'BDA PI 7170 

Pl 
P2 
P3 

12120.01 130.01 GALTIERI 70 OPWA 0 K-P TO SJG~A PI 7170 

26 Y*ll21001 WIDTH IMEVJ 

(70.01 (30.01 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7/70 
1135.01 130.01 GALTIERI 70 OPWA 0 K-P TO SIG"'A. Pl 7170 

26 Y*lf21001 PARTIAL DECAY MODES 

Y*ll2100l INTO N KBAR 
Y*ll 21001 INTO LAMBDA PI 
Y*ll21001 INTO SIGMA PI 

DECAY "'ASSES 
938+ 493 

1115+ 134 
1189+ 139 



Baryons 
1:{2100}, 1:(2250}, 1:(2455), 1:{2620) 

R1 
R1 

26 Y*ll21001 BRANCHING RATIOS 

Y*lC21001 FR(Jol KBAR N TO lAMBDA PI SQRHOl*P21 
1-0.071 (0.021 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 

R2 Y*U21001 FROM KBAR N TO SIGMA PI SQRT(Pl*P31 
R2 1+0.131 (0.021 GALTIERI 70 OPWA 0 K-P TO SIGMA PI 

.............................................. ********* ••••••••• *"'****** 
REFERENCES FOR Y*li2100J 

1170 

7/70 

GALTIERI 70 DUKE CONF 173 A BARBARD-GAL T I ERI ILRLII JP .................................................................... 
• ** ••• .......... •••••* ••• •••••• ••• ••••••••• •••••• ••• • •••••••••••••••• 

l:(2250) 
BUMPS 

.Iff! Y*U2250, JP= I I=l PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THE PARHAL-WAVE ANALYSIS RESULTS ARE TOO WEAK TO 
hARRANT SEPARATING THEM FROM THE PRODUCTION AND CROSS­
SECTION EXPERIMENTS. 

LASINSKI 71 IN KBAR N, "USING A POMERON+RESONANCES MCOELt AND 
BELLEFON1 76. BELLEFON 17, AND BELLEFON 78 !COLLEGE DE FRANCE-
SACLAY GROUPI IN C:PWA'S OF KBAR N TO LAMBDA PI, SIGMA PI, AND K8AR N1 

RESPECTIVELY, SUGGEST THE PRESENCE OF TWO RESONANCES AROUND THIS 
MASS VALUE. 

48 Y*11225DI MASS IMEVJ (PROD. EXP.I 

( 2245.01 BLANPI ED 65 CNTR GAMMA P TO K+ Y* 
( 2299.01 ( 6.01 BOCK 65 HBC PBAR P 5.7 BEV/C 

2250.0 7. 0 BUGG 68 CNTR K-P, D TOTAL 
2280. 14.0 AGUILAR 70 HBC . K- 3.9-4.6 GEV/C 
2237.0 11.0 BR JCMAN 70 CNlR 0 TOTAL AND CH EX 
2255.0 10.0 COOL 70 CNTR K-P, 0 TOTAL 

12250. OJ (20.01 LU 10 CNTR 0 GAMMA P TO K+ Y* 
B I 2260. I C 30. I BEllEF01 75 DPWA D5 WAVE 
B I 2215. J ILO. J BELLEF01 75 DPWA G9 OR Hll WAVE 
B EVIDENCE FOR 2 RESONANCES 1N THIS LAMBDA Pl OPWA 

1 2300. 30. BELLEF02 75 HBC 0 K- P TO XI*O KO 
v 2251. 30. 20. VANHORN 75 DPWA 0 K-P TO LAM PIO 
v VANHORN72 VALUE FROM A DPWA THAT FINDS JP=5/2+. 

2 ( 2260.) BELLEFON 76 1 PWA 0 D5 WAVE 
2 I 2215. I 8ELLEFON 76 I PWA 0 G9 WAVE 
2 SUPERSEDES BELLEFOl 75. 

2275. 20. BELLEFON 17 DPWA 0 05 WAVE 
2215. 20. 8ELLEFON 11 DPWA 0 G9 WAVE 
2270. so. BELLEFON 78 DPWA 0 05 WoWE 
2210. 30. BELLEFON 78 DPWA 0 G9 WAVE 

AVERAGE MEANINGLESS I SCALE FACTOR "' 1-41 

----- ------- ------- ------- -------- ----- ------ -------
4B Y*lC22501 WIDTH CMEVI CPROD. EXP.I 

1150.01 BLANPIED 65 CNTR GAMMA P TO K+ Y* 
121. OJ (17. 01 121.01 BOCK 65 HBC PBAR P 5.7 GEV/C 
230.0 20.0 BUGG 68 CNTR K-P, D TOTAL 
100.0 20.0 AGUILAR 10 HBC . K- 3.9-4.6 GEV/C 
164.0 50.0 BRJCMAN 70 CNTR 0 TOTAL AND CH EX 

w (170.01 COOL 10 CNTR K-P, D TOTAL 
w (125.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 
w B noo. 1 120. I BELLEF01 75 DPWA DS WAVE 
w • (60. 1 (40.1 120.1 BELLEF01 75 OPWA G9 OR Hll WAVE 
w 1 130. 20. 8ELLEF02 75 HBC 0 K- P TO X 1 *0 KO 
w v 192. 30. VANHORN 75 DPWA 0 K-P TO LAM PlD 
w 2 (100. 1 8ELLEFDN 76 I PWA 0 05 WAVE 
w 2 1140. I BELLEFON 76 I PWA 0 G9 WAVE 
w 70. 20. BELLEFON 11 DPWA D DS WAVE 
w 60. 20. BELLEFON 11 OPWA 0 G9 WAVE 
w 120. 40. BELLEFON 7B DPWA 0 05 WAVE 
w so. 20. BELLEFON 78 DPWA 0 G9 WAVE 
w 

AVERAGE MEANINGLESS C SCALE FACTOR :: 2.1 J 

p 1 
P2 
P3 
P4 
P5 

R1 
R1 
R1 
R1 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

48 ¥*1122501 PARTIAL DECAY MODES (PROD. EXP.I 

Y*l( 22501 INTC N KBAR 
Y*ll22501 INTO LAMBDA PI 
Y*U2250J INTC SIGMA PI 
Y*ll 2250 I INTO N KBAR PI 
Y*li2250J INTO XI*1/2115301 K 

DECAY MASSES 
938+ 493 

1115+ 134 
1189+ 139 

938+ 497• 139 
1533+ 497 

48 Y*li2250J BRANCHI~G RATIOS !PROD. EXP.I 

Y*U 22501 INTO I KBAR NJ/TOTAL 
o.o8 o.o2 
0.02 0.01 

BELLEFON 
BELLEFON 

CPU 
78 OPWA 0 05 WAVE 
78 DPWA 0 G9 WAVE 

R1 AVERAGE MEANINGLESS !SCALE FACTOR-= 2.11 

R2 
R2 
R2 B 
R2 B 
R2 V 
R2 2 
R2 2 

R3 
R3 
R3 
R3 
R3 

Y*H22501 FROM KBAR N TO LAMBDA PI SQRHP1*P21 
I-0.1811FOR JP==9/2-I GALTIERI 10 DPWA K-P TO LA"1BDA PI 
(+0.121 10.031 BELLEF01 75 OPWA 05 WAVE 
1-0.091 10.021 BELLEF01 75 DPWA G9 OR Hll WAVE 
-0.16 0.03 VANHORN 75 DPWA 0 K-P TO LAM PIO 

(+0. 111 BELLEFON 76 JPWA 0 05 WAVE 
C-0.101 BELLEFON 76 IPWA 0 G9 WAVE 

SEE Tt-IE NOTES ACCOMPANYING THE "1ASSES QUOTED 

Y*ll22501 FRCM KBAR N TO SIGMA PI 
1+0.071 CFOR JP:9/2-I GAl TIER I 
+0.06 0.02 BELLEFON 
-0.03 0. 02 BELLEFON 

70 OPWA 
77 OPWA 
11 OPWA 

SQRTC P1*P31 
K-P TO SIGMA PI 

0 05 HAVE 
0 G9 WAVE 

R3 AVERAGE MEANINGLESS !SCALE FACTOR"' 1.11 

Y*ll22501 INTO IKBAR NJ/ISIGMA PIJ 1Pllf(P31 

6/68 
5/70 
6/70 

10/70 
1/71 

11/75 
11/75 
11175 
11/75 
11/75 

2171 
2/71 
2171 

11/77 
11/77 

1/78 
1/78 

6/68 
5/70 
6/7D 

10/70 
1/71 

11/75 
11/75 
11/75 
11/75 
2/77 
2111 

11/77 
11/77 
1/78 
1/78 

1/78 
1178 

10170 
11/75 
11175 
11175 

2171 
2171 

10/70 
11/77 
11/77 

R4 
R4 (0.181 OR LESS BARNES 69 HBC + 1 STAN DEY LIMIT 10/69 

R5 
R5 

Y*U22501 INTO (LAMBDA PII/CStGMA PII 
(0.1BI OR LESS BARNES 

IP21/IP31 
69 HBC + 1 STAN DEV LIMIT 10/69 
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•• •• •• 
R7 
R7 
R7 
R7 
R7 

Y*U2250·1 FRO/i K- P TO XI*1/21153010 KO SQRTIPl*P51 
O. 09 O. 02 BELLEF02 75 HBC 0 K- P TO X 1*0 KO 

SEEN IN 005 loroAVE IN NEUTRAL CHANNEL ONLY, ISOSPIN UNDETERMINED. 

Y* l( 2250) INTO I KBAR Nl /TOTAL 
J IS r--.IOT DETERMINED IN THESE EXPTS. 

(0.471 BUGG 
10.161 (0.121 .BRICMAN 
10.421 COOL 

IJ+l/21*1P11 
THE FOLLOWING IS CJ+1/21*P1. 

68 CNTR 
70 CNTR 0 TOTAL AND CH EX 
70 CNTR K-P, D TOTAL 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR Y*11225DJ IPRCD. EXP.I 
BLANPIED 65 PRL 14 741 +GREENBERG,HUGHES,KITCHING, • CYALECCEAI I 
BOCK 65 PL 17 166 +COOPE~,FRENCH,KINSON, + ICERN,SACLAYJ 
BUGG 68 PR 168 1466 +GILMOREoKNIGHTo + IRHEL,BIRM,CAVEI I 
BARNES 69 PRL 22 479 +FLAMlNIO,MONTANET,SAMIOS + (BNL+SYRAJ 

AGUILAR 
SRI CHAN 
COOL 
GALliER I 
LU 

10 PRL 25 58 
70 PL 316 152 
10 PR D1 1887 
10 DUKE CONF 113 
70 PR D2 1846 

AGUILAR-BENITEZ, BARNES, + I BNLt SYRAI 
+FERRO LUZZI, PERREAU,+ ICERN,CAENoSACLAYI 
+GIACOMELli, KYCJA, LEONTIC9 Lt, • IBNLI I 
A BARBARD-GAL TIER I ILRLJIJP 
+GREENBERG, HUGHES, MINEHART, MORI,+ !YALE) 

BELLEF.01 75 NP 890 1 
BELLEF02 75 NC 28A 289 
VANHORN 75 NP B87 145 

DE BELLEF02, BERTHONt BPUNET + 
DE 8ELLEF02o8ERTHON,BILLOIR+ 
A. J. VAN HORN 

ICDEF+SACLIJJP 
ICDEF, SACL J 

ILBU IJP 
(LBLIIJP AlSO 75 NP B87 157 A. J. VAN HORN 

BELLEFON 76 NP 6109 129 
BELLEFON 77 NC 37A 175 
BELLEFON 78 NC 42A 4G3 

DE BELLEFON, BERTHON 
DE BELLEFONoBERTHON,BILLOIR+ 
+BERTHON, B I LLOI R. BRUNET+ 

lCOEFJIJP 
ICDEF+SACLJIJP 
ICDEF+SACLIIJP 

PAPERS NOT REFERRED ·TC! IN DATA CARDS 

COOL 66 PRL 16 1228 +GIACOMELLioKYCIA,LEONTIC,lloLUNDBY,.+ CBNLJ I 
SUPEREDED BY COOL 70. 

DAUBER 66 PL 23 154 +SCHLEIN, SLATER, STORK, TIC~O CUCLAILRLII J 
SUGGESTS J"#-9/2 RESONANT BEHAV lOR IN SIGMA- PI+, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOl 66. 
DAUM 68 NP 87 19 +ERNE9 LAGNAUX, SENS, STEUER, UDO CCERNIJP 
LASINSKI 71 NP B29 125 T A LASINSKI IEFIJIJP 
HEMINGWA 75 NP B91 12 HEMINGWAY,EADES,HARMSEN+ ICERN,HEIO.MPIMIIJP 

****** ********* ***"0***** ********* ********* *******"'* ********* •••••••• 
• ••••• ********* ********* ********* ********* ********* ********* "'****"'** 

P1 

R1 
R1 
R1 
R1 
R1 
R1 
R1 

53 Y*ll2455, Jp: I J:1 PRODUCTION EXPERIMENTS 
1:(2455) 
BUMPS SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES tN 
THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS -­
SEE GREENBERG 68. 

AVG 

53 Y*ll24551 MASS IMEVI (PROD. EXP.J 

2455.0 
2455.0 

7.0 
1D.O 

BUGG 
ABRAMS 

68 CNTR 
70 CNTR 

K-P, 0 TOTAL 
K-P9 D TOTAL 

2455.0 5. 7 AVERAGE (ERROR INCLUDES SCALE fACTOR OF 1.01 

5~ Y*ll24551 WIDTH (MEVI IPROD. EXP.J 

100.0 
140.0 

20. D BUGG 
ABRAMS 

68 CNTR 
70 CNTR K-P, 0 TOTAL 

53 Y*ll24551 PARTIAL DECAY MODES IPROO. EXP.I 

Y*lC 24551 INTO N KBAR 
DECAY MASSES 

938+ 493 

53 Y*U24551 BRANCHING RATIOS (PROD. EXP.) 

Y*l I 24551 INTC C KBAR NJ /TOTAL 
J IS NOT KNOWN. THE fOLLOWING IS IJ+l/21*P1. 

(0.31 8UGG 68 CNTR 
0. 39 ABRAMS 70 CNTR 

10.051 (0.051 BRICMAN 70 CNTR 
FtT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 
THIS REGION. 

I Pll 

K-P, D TOTAL 
0 TOTAL AND CH EX 

IS POOR IN 

****** .................. ********* ••••••*** ******"'** ••••••••• "'"'****** 

BUGG 
ABRAMS 
BRI CMAN 

68 PR 168 1466 
10 PR 10 1c;17 
70 PL 31B 152 

ABRAMS 67 PRL 19 678 
SUPERSEDED BY ABRAMS 70. 

GREENBER 68 PRL 20 2.:1 

REFERENCES FOR Y*li2455J IPRCD. EXP.I 

+GIU40REoKNlGHT9 + (RHEL 9BIRM.CAVEI 
+COOL, GIACOMELLI, KYCIA, LEGNTIC, + IBNLJ 
+FERRO LUZZI, PERREAU,+ lCERN,CAEN 9SACLAYJ 

PAPERS NOT REFERRED TO IN DATA CARDS 
+COOLtGIACOMELLI,KYCU,LEONTJC,Lt, + lBNLI 

GREENBERG, HUGHES, LU, MINEHART, + CYALEI 

****** ********* *****"'*** ********* **"'****** •••••*••• ........... **"****** 
****"'* .......... ********* ••••••••• ········* **"'****** ****••••• ******** 

1:{2620) 
BUMPS 

54 Y*ll262Q, JP: 1 1=1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

54 Y*U26201 MASS lMEVJ CPROO. EXP. I 

11/75 
11175 
11/75 

3/78 
3/78 
3/78 

0 

6/68 
10/70 

6/68 
1D/7D 

6/68 
10110 
6/70 

2620.0 
2542. 

1 ~-0 
22. 

ABRAMS 70 CNTR 
DI BIANCA 75 OBC 

K-P, 0 TOTAL 
XI K PI 

10/70 
1/76 

AVERAGE MEAN tNGLESS (SCALE FACTOR : 2.91 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
1:(3000), 1:{3170), EXOTIC HYPERONS, ?:'s 

Pl 

tl75 .. 01 
221. 

·54 Y*l( 26201 WIDTH 04EVI (PROD. EXP .. ) 

ABRAMS 70 CNTR 
01 BIANCA 75 OBC 

K-P, 0 TOTAL 
XI K PI 

54 Y:(lll(26201 PARTIAL DECAY HODES (PROD. EXP.) 

Y*li2620J INTO N KBAR 
DECAY MASSES 

c;3a+ 493 

54 Y*1{26201 BRANCHING RATIOS (PROD. EXP.) 

Rl Y*H26201 INTO IKBAR NJ/TOTAL IPll 
Rl J IS NOT KNOWN. THE FOLLOWING IS IJ+l/21*Pl. 
Rl (0.321 ABRAMS 70 CNTR K-P, 0 TOTAL 
Rl 0.36 0.12 BRICMAN 70 CNTR 0 TOTAL AND CH EX 

....... ****"*** ••••••••• ********* ********* ********* ·····•*** ....•... 
REFERENCES FOR Y*U26201 IPROD. EXP.J 

ABRAMS 67 PRL lli 678 +COOL,GIACOMELLloKYCtA.LEONTtC,Lt, + IBNU 
SUPERSEDED BY AeRAMS 70. 

ABRAMS 70 PR 10 l'il1 +COOL, GIACOMELLI, KYCIA., LEONTIC, + IBNlJ l 
BRICHAN 70 Pl 318 152 +FERRO LUZZI, PERREAU,+ ICERN,CAEN,SACLA.Vl 

DIBIANCA. 75 NP B98 131 DI B IA.NCA.t ENDORFR CCA.RNJ 

****** ••••••••••••••••• ,. ********* ••••• ,. ••••• ,. •••••• ********* ******** 
••••••••••••••• ••*•••••• ********* ********* *****"'"'** ********"' ******** 

1:(3000) 
BUMPS 

) 

PRODUCTION EXPERIMENTS 

SEE T~E MINI-REVIEW AT THE START GF THEY* LISTINGS. 

ENHANCEMENT IN LAMBDA PI AND KBA.R N INVARIANT MASS 
SPECTRA. AND IN MISSING MASS OF NEUTRALS RECOtltNG 
.AGAINST KO. EVIDENCE NOT CONCLUSIVE. O"'!ITTEO FROM 
TABLE. 

59 Y*ll30001 MASS CMEVl tPROD. EXP.I 

10170 
1176 

10170 
6/70 

'3000. 01 EHRLICH 66 HBC 0 PI-P 7.91 BEV/C 9/66 

Pl 
P2 

59 ·Y*lt30001 PARTIAL DECAY MODES (PROD. EXP.) 

YoO<lt 30001 INTC N KBAR 
Y*lt 30001 INTO LAMBDA P1 

DECAY "''&SSES 
938+ 493 

1115+ 13q 

REFERENCES FOR Y*ll30001 CPRCO. EXP.I 

EHRLICH 66 PR 152 1194 R EHRLICH, W SELOVE, H "VUTA CPENNIBNLll 1 

•• ,. .... ********* ********* ********* ********* ••••••-o•• ********* ******** 
****** ••••••••• ********* ********* •••••••** ********* ********* •••••••• 

1:(3170) 
BUMPS 

llA Y*113170t JP= I 1=1 PRODUCTION EXPERIMENTS 

SEEN BY A.MIRZAOEH 79 AS A NARROW t.5 STD. OEV. 
ENHANCEMENT IN THE REACTION K-P --> Y* PI- USING DATA 
FROM TWO INDEPENDENT HIGH STATISTICS BUBBLE CHA,..BER 
EXPERIMENTS AT 8.25 AND 6.5 GEV/C. THE DOMINANT DECAY 
totOOES ARE INTO MULTI-BODY, MULTI-STRANGE FINAL STATES 
AND THE PRODUCTION IS VIA 1=3/2 BARYON EXCHANGE. 1=1 
IS FAVORED. 

w c 
w c 

Pl 
P2 
P3 

Rl 
Rl 

) 
IN NEED OF CONFIRMATION. OMITTED FROM TABLES. 

118 Y*l(31701 MASS CMEVl tPROD. EXP.I 

35 3110. 5. AMIRZA.O 79 HBC + K-P TO Y* PI-

118 Y*li3170J WIDTH IMEVI (PROD. EXP.) 

35 (20.1 CRLESS AMIRZAD 79H8C + K-PTOY*Pt-
OBSERVEO WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION. 

118 Y*lt31701 PARTIAl DECAY MODES (PROD. EXP.I 

Y*li3170I INTO LAMBDA K KBAR + PIONS 
YOU 31701 INTO SIGMA K KBAR + PIONS 
Y*lt 31701 INTO XI K + PIONS 

DECAY MASSES 

ll8 Y*l(3170) BRANCHING RAliOS IPROO. EXP.1 

Y*li3110I INTO (lAMBDA K KBAR + PIONSI/TOTAL CPU 
SEEN AMIRZAO 79 HBC + K-P TO Y* PI-

R2 ¥*1(31701 INTO I SIGMA K KBAR + PIONSI/TOTAL (P21 
R2 SEEN AMIRZAO 79 HBC + K-P TO Y* PI-

R3 Y*ll31101 INTO lXI K + PIONSIITOTAL IP31 
R3 SEEN A"11RZAD n HBC + K-P TO Y* PI-

REFERENCES FOR Y*1(31701 (PROD. EXP.) 

A,..IRZAD 79 PL 89B 125 AMIRZAOEH+ CBIRM+CERN+RAS+MSU+LPNP+CAMB+II 
ALSO 80 TORONTO CONF. 263 J.B.KINSON+ tB1RM+CERN+RAS+MSU+LPNP+CAM8+1I 

****** o•••***** •••o••••• ••••••••• *******•* ****•o~•• *******o* ***O**** 
O***** •••**•••• ********* ••••••••• **•****** ******••• ********* ******** 

12179 

12/79 

12/79 

12/19 

12/79 

EXOTIC HYPERON CROSS SECTION LIMITS 

THIS IS NOT A COMPLETE LIST. 
ONl V FROM 1910 ON. 

WE TABULATE 

CS UNITS MICROBARNS 
CS G 120.1 CR LESS GA.HIERI 6B OBC -- K-N TO SG-PI-PIO 
CS G ABOVE liMIT FOR MASS< 2.15 GEV AND WIDTH< 60 MEV- 12.1 GEV/C K-1 
CS A 140.1 OR lESS GALTIERI 68 DBC -- K-N TO SG-PI-PIO 
CS A ABOVE LIMIT FOR MASS< 2.3 GEV AND WIDTH < 120 MEV- 12.7 GEV/C K-1 
CS (4.71 OR LESS CL=.90 BRIEFEl 75 DBC K-0 2.87 GEV/C 

.1170 
7170 
7170 
7170 
3179 

CS WIDTH< 40 MEV. K-N --> lXI- PI-I K+ 
CS 11.4) OR .LESS Cl=.90 BRIEFEl 75 DBC -- K-D 2.87 GEV/C 
CS WIDTH< 40 MEV. K-N --> lXI- PI- PIOI K+ 
CS 15.4) CR lESS CL=.90 BRIEFEl 75 OBC K-0 2.87 GEV/C 
CS WIDTH< 60 MEV. K-N --> lXI- PI-I K+ PIO 
CS 18.61 OR LESS Cl=.90 KATSOUFI 78 D!!C K-0 2.87 GEV/C 
CS WIDTH< 60 MEV. K-N --> I SIGMA- PI-I PI+ 
CS (13.3) GR LESS CL=.90 KATSOUFJ 78 DBC -- K-D 2.87 GEV/C 
CS WIDTH< 120 MEV. K-N --> ISIGMA- PI-I PI+ 
CS , 16.91 CR LESS CL=.90 KATSOUFJ 78 DBC -- K-0 2.87 GEV/C 
CS MASS> 2 GEV. WIDTH< 60 MEV. K-N --> ISIGMA- Pt-1 PI+ 
CS t7.7) OR LESS Cl:.90 KATSOUFI 78 DBC -- K-D 2.87 GEV/C 
CS MASS> 2 GEV. WIDTH< 120 MEV. K-N --> (SIGMA- Pt-1 PI+ 
CS 117.1 CR LESS Cl=.90 KATSOUFI 78 DBC -- K-0 2.87 GEV/C 
CS WIDTH< 60 MEV. K-N --> (SIGMA- PI- PIOI PI+ 
CS 123.1 OR LESS CL=.90 KATSOUFI 78 OBC - K-0 2.87 GEV/C 
CS WIDTH< 120 MEV. K-N --> I SIGMA- PI- PIOI PI+ 
CS 128,1 CR LESS Clc.90 KATSOUFI 7B DSC -- K-0 2.81 GEV/C 
CS WIDTH < 80 MEV. K-N --> !SIGMA- PI-I PI- PIO 

GALTtERl 68 PRL 21 513 
BRIEFEL 75 PRO 12 1859 
KATSOUFI 78 PRO 18 16 

REFERENCES FOR EXOTIC HVPEROt.iS 

A.BARBARD-GAl Tt ERI ,CHADWICK + ( lRL+SLAC I 
+GOUREVI TC H, K t RSCH+ t BRAN+UMO+SYRA+ TUFT) I 
KATSOUF IS, CANTER, MANN, SCHNEPS+ CTUFT +BRAN II 

...... **"'****** ********* •••••**** •••****** ********* ********* "'******* 
****** ********* ••••••••• ********* •••****** ********* ********* *****••• 

Note on ~* Resonances 

The =* resonance situation has always been 

unsettled. This is because: (1) =*'s can only be 

produced as a part of a final state, and so the 

analysis is more complicated than if direct forma­

tion were possible; (2) they are produced with 

small cross sections (typically a few ~b); and (3) 

the final states are topologically complicated and 

difficult to study with electronic techniques. 

* 

3/79 

3/79 

3/79 

3/79 

3/79 

3/79 

3/79 

3179 

3/79 

Thus in the past our knowledge of = resonances has 

come wholly from bubble chamber experiments, where 

the numbers of events are small. 

Until fairly recently only the =(1530) could 

be considered to be really well established. How­

ever, the 1978 edition of this Review1 saw a major 

improvement in the situation with the results of 

GAY 76 and HEMINGWAY 77. The =(1820) and =(2030) 

were firmly established as narrow states (widths of 

about 20 MeV), and the spin of the =(1820) was 

found to be 3/2 (TEODORO 78). 

Since then, however, little has changed, 

although there is some evidence for a new =(2370) 

(AMIRZADEH 80, HASSALL 81). There is probably at 

* least one other = in the 1850-2000 MeV region, and 

there are indications of several others above 2000 
*, 

MeV. Indeed, there should be many = s below 2500 

MeV, and the broad (and not completely established) 

=(1940) could well be a mixture of several of 

them. 2 For now we are forced to group together 



Baryons 
~'s, ':0 -. ::(1530) 

disparate .observations and await new results.· The 

disagreements among experiments are shown in ideo­

grams in the Listings. 

Results from experiments using electronic 

techniques are now becoming available. BIAGI 81 

used the CERN hyperon beam to study inclusive AK 
and =n mass spectra from 102 and 135 GeV/c =­

incident on hydrogen an? deuterium. They saw a 
/ -

large =<1820) signal in AK as well as a peak at 

about l700_MeV, which might be associated with the 

threshold enhancement seen by DIONISI 78. The 

=<1940) appears as a broad bump in the =n mass 

spectrum, and there is a very clean =<1530) signal. 

Preliminary results from the. Brookhaven multiparti­

cle spectrometer were reported at the Toronto 

Conference (see Ref. 3). The =<1820) is clearly 

seen as a narrow object decaying to =<1530)n. 

The table below gives our evaluation of the 
'lr 

present status of the = resonances. For a 

detailed review, see MEADOWS 80. 3 

References 

1. Particle Data Group, Phys. Lett. 75B, 1 
(1978). 

2. R.J. Hemingway, in Proceedings of the Topical 
Conference on Baryon Resonances (Oxford, 
1976), ed. R.T. Ross and. D.H. Saxon. 

3. B.T. Meadows, in Proceedings of the IVth 
International Conference on Baryon Resonances 
(Toronto, 1980), ed. N. Isgur. 

STATUS OF XI* RESONANCES 
THOSE WITH AN OVERAll STATUS OF *** OR ••u ARE INCLUDED IN THE "HAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 
IN THE PAST WE HAVE lOWERED OUR STANDARDS FOR XI* RESONANCES AND TABULATED 
STI\TES EVEN THOUGH THEY HAD ONLY BEEN SEEN AT LOW LEVELS OF STATISTICAL 
SIGNIFICANCE. NOW HAT NEW HIGH STATISTICS 04TA IS AVAILABLE, WE HAVE 
ADOPTED SOMEWHAT STRICTER CRITERIA. 

OVERALL 
PARTICLE LIJ STATUS XI PI 

Xl(l317) Pll 
Xl(15301 Pl3 
XI 116301 
XI ( 16801 
XI Cl820J 13 
XI ( 1940J 
XII2030J 
XI 121201 
XI 122501 
XI 123701 
XI f2500J 

.. . 

STATUS AS SEEN 1 N --

LAM K SIG K 

***"' GOOD. ClEAR. Af\C UNI'!ISTAKABlE. 

XI* PI OTHER CHANNELS 

0 

WEAK TO LAM PI 

3-BOOY DECAYS 
3-BOOY DECAYS 
3-BOOY DECAYS 

GOOD, BUT IN NEED Of CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 
** NEEDS CONFIRMATION. 
* WEAK. 
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Data Card Listings 
For notation, see fr-ey at front of Listings. 

...... ********* ••••••••• ••••••••• ••••••••• **"'****** ********* •••••••• ...... •••••••:o:• ••••••••••••••••••••••••••••••••••••••••••••• *"'****** 

S=-2 I= 1/2 HYPERON STATES (::) 
····~· ........ . ...... ........ . • •••••••• •*••····· ********* ••••••••• ········* •••••••• 

••••••••• ••••••••• ••••••••• *****"'**"' ••••••••••••••••• 

(£] 22 XI-I l321t JP=l/2 l 1=1/2 

SEE STABLE PARTIClE DATA CARD LISTINGS ....•....•.•..• ·····••*• ....•.•.•.......•. *****"'*** ......... •••••:t•• ..................................................................... 
~ 23 XIOI 1315, JP=1/2 l 1=1/2 

SEE STABlE PARTIClE DATA CARD LISTINGS .................................................................... 
...... .......... .......... ********* ••••••••••••••••••••••••••• •••***"'* 

I :::( 1530) I 49 Xl*l/211530. JP•3/2+1 1=1/2 ~ 
H'IS IS THE ONlY WELl-ESTABliSHED XI* ~HOSE PROPERTIES 
ARE All AT lEAST REASONABlY WELL-KNOWN. SPIN-PARITY 
Y2+ IS FAVOURED BY THE DATA. 

WE DC NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS 
AND RESOlUTION. 

.lf9 Xl*l/211530) MASS (MEVl 

MIXED CHARGES 
2011535., 
551 1529.-0I 

( 1532.01 
f 5.Dt 
( 2.01 

M- NEGATIVE CHARGE CNlY ·­·­·­·­·­·­·-M- AVG 
M- FIT 

38 1535.1 3. 2 
334f 1534 .. n r 1.11 
185 1536.2 1.6 

1535.3 2.0 
481 1540.) ( 3. l 

1534 .. 5 1.2 

1535.1 B 
153ft..97 

MO NEUTRAl CHARGE CNLY 
MO 76 1528.1 1.1 
MO 59 1531.4 O. 6 
MO 1262 1532.0 O. 4 
MO 324 1531.3 0.6 
MO 286 1532.3 O. 7 
MO 1533.0 1. 0 
MO q71 1533.61 11.41 
MO 1532.2 O. 7 
MO 8011527.1 16.1 
MO 10011535. I I .If.} 
MO 270011'.532.11 ( 0.61 

BERTANZA 
PJERROU 
SADlER 

lONDON 
BALTAY 
KIRSCH 
ROSS2 
BERTHON 
BEUEF02 

62 HBC -0 K-P 2.3 GEV/C 
62 HBC ..:.a K-P 1.8 GEV/C 
64 HBC -0 K-P 3 GEV/C 

66 HBC -
72 HBC -
72 HBC -
73 HBC -
74 HBC -
75 HBC -

K-P 2.24 GEV/C 
K-P 1.75 GEV 
K-P 2.B7GEV/C 
XI KBAR PI fPIJ 
QUASI 2 BOOY CS 
K-P TO XI- K PI 

AVERAGE I ERROR INClUDES SCAlE FACTOR OF 1.01 
FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.01 

lONDON 66 HBC 0 K-P 2.24 GEV/C 
SADlER 72 HBC 0 K-P AT 3.95GEV/C 
BAl TAY 72 t-IBC 0 K-P 1• 75 GEV 
BORENSTEI 72 HBC 0 K-P 2.2GEV/C 
KIRSCH 72 HBC 0 K-P 2.87GEV/C 
ROSS2 73 HBC XI KBAR PI IPII 
BERTHON 7.19 HBC 0 QUASI 2 BODY CS 
BEllEF02 75 HBC 0 K-P TO XI- K PI 
SIXEl 79 HBC 0 INCL. K-P 10 GEl/ 
SI XEl 79 HBC 0 INCl. K-P 16 GEV 
BAUBilliE 81 HBC 0 K-P AT B. 25 GEl/ 

MO FIT TO INCLUSIVE SPECTRUM. RESOLUHON 15 MEV I NoT· UNFOLDED. 
MO 4501 1530. I ( 1. I .., BIAGI et· SPEC - HYPERON BEAM 
MO 
MO 
MO 

AVG 
FIT 

1531.78 
1531. eo 

0.34 AVERAGE (ERROR INClUDES SCAlE F~CTOR OF 1.41 
0.31 FROM FIT (ERROR INClUDES SCAlE FACTOR OF 1.31 
I SEE IDEOGRAM BElOW l 

WEIGHTED AVERAGE- 1531.76 ± 0.34 
ERROR SCALED BY 1 .4 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ­
ent from the values shown here •. 

·BELLEF02 75 
·ROSS2 73 
·KIRSCH 72 
· BORENSTE I 72 
·BALTAY 72 
·BADIER 72 

HBC 
HBC 
HBC 
HBC 
HBC 
HBC 

CHI SO 
0.4 
I . 5 

0. 
0. 
0. 
0.2 

7/66 
1/73 
2/72 
2/74 

10/74 
11/75 

7/66 
10/71 

1/73 
2172 
2/72 
2/74 

10/74 
11/75 

1/80 
1/80 
2/82• 

2/82* 

·LONDON 66 HBC 2..:...L 

1526 1534 

XI 0 1/2(1530)0 ~ASS (hAEV) 

1536 

11.4 
(CONLEV 
=0.077) 
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Data Card Listings 
For notation, see key at front of Listings. 

49 IXI*-1- IXI*OI MASS DIFFERENCE IMEVI 

5.1 
(1. 01 
2.0 
2.7 

13.11) 
REDUNDANT 

3.0 
{ 4. 01 

3. 2 
1. 0 

11.81 
WITH DATA 

PJERP.OU 
Lo"NDON 
MERRILL 
BALTAY 
Kt RSCH 

IN MASS LISTING. 

65 HBC 
66 HBC 
66 HBC 
72 HBC 
12 HBC 

-0 1.8-1."95 GEV/C 
-0 2.24 GEV/C 
-0 1.7-2.7 GEV/C, 
-0 K-P 1.75 GEV 
-0 K- P 2.87 GEV/C 

AVG 
FIT 

2.92 
3.17 

0.91 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01 
0.64 FI\QM FIT (ERROR INCLUDES SCALE FACTOR Of 1.01. 

49 XI*l/21 15301 WIDTH {MEVI 

MIXED (r'ARGES 
20 135. I OR LESS BERTANZA 62 HBC -0 K-P 2. 3 GEV/C 

NEGATIVE CHARGE CNLY 
1. B 3. 5 7.B BAL TAY 72 HBC - K-P 1.75 GEV 

16.2 4. 6 KIRSCH 12 I-IBC - XI- Ptr'J,XIO PI-
•• 3 3.6 ROSS2 73 HBC - XI KP.AR PI {PI I 
9.6 2. B BELLEF02 75 HBC - K-P TO XI- K PI 

w­
w­
w­
w­
w­
w­
w- AVG 10.1 1. 9 AVERAGE (ERROR INCLUDES SCALE FACT.OR OF 1.01 

1'10 NEUTI\AL CHARGE GNLY 
wo 7.0 2.0 SCHLEIN 63 HBC 0 1.8, 1.95 GEV/C 
140 7.0 7.0 SERGE 66 HBC 0 1.5-1.7 GEV/C 
WO B. 5 3.5 LONDON 66 HBC 0 2.24 GEV/C 

11.0 2.0 BAOIER 72 HBC 0 K-P AT 3.95GEV/C 
9.0 o. 7 BALTAY 72 HBC 0 K-P 1.75 GEV 
8.4 1. 4 BORENSTEI 72 HBC 0 XI- PI+ ~ODE 

wo 11.0 1.8 KIRSCH 72 HAC 0 XI- PI+ 
WO 9.1 2.4 q,oSS2 73 HBC 0 XI KBAR PI CPII 
wo 9. 5 1. 2 BELLEF02 75 HBC 0 K-P TO XI- K PI 
wo R eo n9.J 16.1 SYXEL 79 HBC 0 INCL. K-P 10 GEV 
WO R 100 I 14. I I 5. I SIXEL 79 HBC 0 INCL. K-P 16 GEV 
WO I 2700 ll2.8} 11.01 BAUBJLLIE 81 HBC 0 K-P AT 8.25 GEV 
WO 1 FIT TO INCLUSIVE SPECTRUM. RESOLUTION I 5 MEV) NOT UNFOLDED. 
WO R EXPERIMENTAL RESOLUTION OF 15 MEV NOT UNFOLDED. 
wo 
wo AVG 9.14 0.48 AVERAGE !ERROR INCLUDES SCALE FACTOP OF 1.01 

49 Xl*l/2(15301 REAL PART OF POLE POSITION 

7/66 
7/66 
7/66 
1/73 
2172 

l/73 
217.2 
2!74 

11/75 

7/66 
7/66 

10171 
1/73 
2172 
2172 
2/74 

11175 
1/80 
1180 
2/82* 

4/75 

REO 
RE-

1531.6 
1534.4 

0.4 
1.1 

L I CHTENB 74 
LICHTENB 74 

0 EXTRAP HA8IBI13 4/75 
- EXTRAP HABIBI73 4/75 

49 Xl*l/2115301 IMAGINARY PART OF POLE POSITION 

I MD 
IM-

o. 35 
1.75 

UCHTENB 74 0 EXTRAP HABIB173 
3.9 LICHTENB 74 - EXTRAP HABIBI13 

49 Xl*l/2115301 PARTIAL DECAY ,..ODES 

DECAY .,.ASSES 
Pl Xl*1/2115301 INTO XI PI 1321+ 139 

OTHER STRONG CECAYS ARE FORBIDDEN BY ENERGY CONSERVATIO"l. 
P2 XJ#l/2115301 INTO XI GAMMA 1321+ 

49 XI*l/2115301 BRANCHING RATIOS I~EV1 

Rl Xl*l/2115301 INTO lXI GAMMAI/TOTAL IP21 
Rl 10.041 OR lESS CL=.90 KALBFLEI 75 HBC - K-P AT 2.18 GEV 

BERTANZA 
PJERROJ 
SCHLEIN 
SADlER 
PJERRCU 

62 PRL 9 180 
62 pq,l 9 114 
63 PRL 11 167 
64 OUBNA I 593 
65 PRL 14 275 

REFERENCES FOR Xl*l/2115301 

+BRISSON, CONNOLLY • GOLDBERG, GRAY,+( BNL, SYRA I I J 
+PROWSE.SCHLEJN,SLATEP,STORK,TICHO {UCLA) I 
+CARMONY, P JERRQU, SLATER ,STORK, T I CHO I UCLA I I J P 
+OEMOULIN.GOLDBERG, + (EPOL.SACLAY,AMSTI I 
+SCHLEIN, SLATER, SMITH, STORK, T J(HO I UCLA I 

BERGE 
LONDON 
MERRILL 

66 PR 147 c:i45 +EBERHARD,HUBBARD,MERPILL,B-SHAFER,+ ILRll I 
66 PR 143 1034 +RAU,SAMIOS,YAMAMOTO,GOLOBERG,+ IBNL,SYRAI IJ 
66 UCRL-16455 THESIS 0 W MERRILL ILRll JP 

SADlER 12 "lP 837 429 
SAL lAY 72 Pl 426 129 

ALSO 73 NEViS l991THESIS1 
SORENSTE 72 PR 05 1559 
KIRSCH 72 NP 640 349 

R0$52 73 PURDUE CCNF. 355 
BERTHON 74 NC 21A 146 
LICHTENB 74 PRO 10 3865 

ALSO 74 PRtV. CGM~. 

BELLEF02 75 NC 28A 289 
KALBFLE I 75 PRJ 11 967 
SIXEL 79 NP 8159 125 
BAUBILL l 81 NP 8192 1 
BIAGI 81 ZPHY C9 305 

+BARR ELET, CHARLTON t VI OEAU I EPOL I 
+BRIDGEWATER, COOPER, GERSHWIN,+ (COLU+ B lNG I 
HABIBI (COLUMBIA! 
BOR ENS TE IN ,OANBURGt KALBFLEISCH++ I BNL, M I CHI 
SCHMI OT+CHANG, HEMINGWAY I BR AN,UMO, SYRA, TUFT I 

ROSS, LLOYD. RAOOJIC I C 
BER THON 1 TRISTRAM,+ 
0 B LICHTENBERG 
0 B LICHTENBERG 

I OXFORD I 
I CDEF+RI-!EL+SACL+STRBI 

tlNOIANA UNIVERSITY! 
(INDIANA U~JIVERSITYI 

DE BELLEFON.BERTHON,BILLOIR+ ICOEF.SACLI 
KAL BFLE I SC H, STRANO, CHAPMAN I BNL+M IC HI 
+-BOTTCHER. KLE t N+ ( AAC H+BERL+C ERN+LOIC+V l ENI 
BAUB ILLI ER+ I B 1 RM+CERN+GLAS+MSU+l PNP I 

I BR I S+C AMB+GEVA+HEI O+LAUS+L OQM+RHE L I 

PAPERS NOT REFERRED TO IN DATA CAPOS 

SHAFER 66 PR 142 883 SUTTON-SHAFER.LtNOSEY,MURRAY,SMITH (LRLI JP 
A SPIN-PARITY DETERMINATION. 

HABIBI 73 NEVIS 19c;!THESISJ HABJBI 
HUNGERBU 74 PRO 10 20'il HUNGERBUHLER,MAJKA,+ 
BRIEFEL 75 DRQ 12 1859 +-GOUREVITCH,KIRSCH+ 
SRIEFEL 11 PRO 16 2706 +GOUREVITCH,CHANG+ 
MAZZUCAT 81 "lP 8118 1 t.1AZZUCATO,PENNINO+ 

I COLUI 
IYAL E, FNAL, BNL, PITT I 
I BRAN+UMO+S YRA+ TUFT l 
I BRAN•UMD+SYRA+ TUFT I 
I AHS T +CE RN+N I J'"'+OXF I 

•••••••••••••••••••••••• •••••~~<*** ••••••••• ********* ••••••••••••••••• 
****** ••••••••• **••····· ••••••••• ********* ********* ********* ******** 

4/75 

4/75 
4/75 

l/76 
1/76 

Baryons 
:::(1530), :::(1630), :::(1680) 

1:::(1630)1 
) 

21 XI*1/2tl630t JP= I I=l/2 

SEEN ONLY IN THE XI PI CHANNEL. 
IN NEED OF CONFIRMATION, OMITTED FROM THE TABLES. 
BARTSCH 69 SEE A SMALL, BROAD ENHANCEMENT NEAR 

W F 
w 
w 

P1 

1650 MEV - IT IS NOT CLEAR THAT IT IS THE SAME 
PHENOMENON AS 6RIEFEL 77, WHO FINO CS=2.6+-0.9 
~ICR06ARNS.AT 2.67 GEV/C INCIOE~T K- MOMENTUM. 

BORENSTEIN 72 SEE NO EFFECT IN THIS REGION. THEY FIND 
CS<2 MICROBARNS AT 2.18 GEV/C. 

Q.OSS 12 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SA"lE AS THAT 
SEEN BY BRIEFEL 77 !WHOSE PRELIMINARY RESULTS WERE REPORTED IN 
BMST 701, AND FINC CS:2+-1 MICROBARNS AT 3.3 GEV/C. 
BELLEFON 75 FINO A CS OF AROUND 10 MICROBARNS NEAR 2 GEV/C~ 

BUT lESS THAN 3 liiCROBARNS AROUND 2.3 GEV/C. 
NOT SEEN BY HASSALL 81 IN A HIGH STATISTICS BU6£!LE CHAMBER 

EXPERIME'H 146 E\IENTS/MICROBARNI AT 6.5 GEV/C. 

29 1606. 
34 1633. 
31 1624. 

21 XI*l-12116301 MASS IMEVI 

6. 
12. 
3. 

ROSS 
BHLEF02 
BRIHEL 

AVERAGE MEAN I I'.GL E SS (SCALE FACTOR = 2 .0 I 

21 Xl*l/2116301 WIDTH IMEVI 

72 HBC 
75 HBC 
11 HBC 

0 K-P AT 3.1-3.7 
0 K-P TO XI- K PI 
0 K-P. 2.87 GEV/C 

29 21. 7. flOSS 72 I-IBC 0 XI-PI+ K*0(890J 
34 40. 15. BELLEF02 75 HBC 0 K-P TO XI- K PI 
31 (22.51 6RIEFEL 77 HBC 0 K-P 2.87 GEV/C 
GOODNESS CF FIT INSENSITIVE TO VALUES BETWEEN 15 AND 30 MEV. 
THE SIGNIFIONCE OF THE EFFECT IS CLAIMED TC BE ABCUT 3 STD. OEV. 

AVERAGE "1EANINGLESS (SCALE FACTOR= 1.11 

21 Xl*1/2116301 PARTIAL DECAY fro'OOES 

Xl~1/211630l INTO XI PI 

SEEN IN K- P TO XI- PI+ KO AND XI- PlO K+. 

REFERENCES FOR Xl*1/21 16301 

DECAY MASSES 
1321+ 139 

ROSS 12 PL 386 177 
BELLEF02 75 NC 28A 289 
SRI EFEL 17 PRO H: 2706 

+6URAN,LLOYD,MULVEY,RADOJICIC (QXFI I 
DE BELLEFON,BERTHON,61LLOIR+ (CQEF,SACLI 
+GOUREV ITCH, CHANG+ ( BRAN+U"'O+S YRA+TUFT I 
SMS T (BRANDE IS +MAPYLANO+S YRACU SE+ TUFTS I ALSO 70 DUKE CONF. 317 

APSELl 69 PRL 23 884 
SUPERSECEO BY BPIST 70. 

BARTSCH 69 PL 28B 439 
KALBFlE I 70 DUKE CONF 331 

SUMMARIZES EVIDENCE FOR 
BOR ENST E 72 Pll 05 155q 
SCHMIDT 73 PURDUE CCNF. 363 
HUNGERBU 74 PRO 10 2051 
BRIEFEL 75 PRO 12 1859 
HASSALL 81 NP 6189 397 

PAPERS NOT REFEil:RED TO IN DATA CAPOS 

!BRANDEIS, MARYLAND, SYRACUSE, TUFTS} 

!AACHEN, AERLIN, CERN, LOIC, VIEt-,JNAI 
G R KALBFLEISCH I ~NLI I 

ISOSPIN ONE-HALF. 
BDRENSTEIN,OANBURG,KALBFLEISCH++ (BNL,MICHI I 
SCHMIDT { BRANOEI S I 
HUNGER BUHLER, MAJKA,+ (YALE, FNAL, BNL, PITT I 
+GDUREV lTC H • KIRSCH+ { BRAN+UMD+SYRA+TUFT I 
+ANSORGE, CARTER, NEALE, RUSH6RCOKE+I CAMB+MSU l 

•••••• ********* ······~·· ********* ********* ................. * •••••••• 
•••••• ......... ********* ••••••••• ·····••*• •••••••••••••••••• 

I:::( 1680) I 5 XI•112116BO, JP=112-I 1=112 @:] 
~ 

SEEN BY DIONISI 78 AS A THPESHOLO ENHA,..,CEHENT IN BOTH 
- THE NEUTRAL AND NEGATIVELY CHARGED SIGMA KBAR MASS 

SPECTRA FROM THE REACTIONS K-P --> !SIGMA KBARI K PI 
AT 4. 2 GEV/C. THE DATA FROM THE SIGMA KBAR CHANNELS 
i!LONE CANNOT DISTINGUISH AETWEEN A RESONANCE 

INTERPRETATION AND A LARGE SCATTERING LENGTH. 
WEAKER EVIDENCE FOR AN ENHANCEME'H AT THE SAME MASS IS SEEN IN THE 

CORRESPONDING LAMBDA KBAP CHANNELS AND A COUPLED CHANNEL ANALYSIS 
YIELDS RESt:LTS CONSISTENT WITH A NEW XI*. 

THE HYPEPON BEAM EXPERIMENT OF BIAGI 81 OBSERVE AN ENHANCEMENT AT 
1700 MEV IN THE DIFFRACTJVELY PRODUCED lAMBDA K- SYSTEM. A PEAK IS 
ALSO OBSER\IEO IN THE LAMBDA KO MASS SPECTRUM AT 1660 MEV WHICH IS 
CONSISTENT WITH A RESONANCE OF MASS 1720 MEV DECAYING INTO SIGMAO 
KO, WITH THE GAMMA FROM THE SIGMAO DECAY "'OT DETECTED. 
IN NEED OF FUTHER CONFIRMATION. 0'-!ITTED FROM THE TABLES. 

5 XJ:t<1/21 16801 MASS (MEVI 

"10 NEUTRAL CHARGE 
MD F 17511699.1 15.1 OIONISI 78 HBC 0 K-P AT 4.2 GEV/C 
MO C 183( 1684.1 I 5. J OIONISI 78 HBC 0 K-P AT 4.2 GEV/C 
MO F FROM FIT TO SIGMA+ K- SPECTRUM 
MO C FROM COUPLED CHANNEL ANALYSIS OF SIGMA+ K- AND LAMBDA KO SPECTRA 

M- NEGATIVE CHARGE 
M- K 45(1694.1 16.1 OIONISI 78HBC- K-PAT4.2GEV/C 
M- K FROM COUPLED CHANNEL A"'ALYSIS OF SIGMAO K- ANC LAMBDA K- SPECTRA 
M- H 15011100.1 {10.) BIAGI 81 SPEC - HYPERON BEAM 
M- H FIT TO INCLUSIVE SPECTRUM FROM XI-N -->LAM K- X 

WO NEUTRAL CHARGE 
WO F 175 { 44. I 
riO C 183 120. J 

W- NEGATIVE CHARGE 

5 Xl*1/2l16801 WIDTH IMEVJ 

123. I 
14.1 

DIONISI 
OIONISI 

78 HBC 
78 HBC 

0 K-P AT 4. 2 GEV/C 
0 K-P AT 4. 2 GEV/C 

3/72 
11175 

1/78 

3/72 
11175 

1/78 

3179 
3/19 
3/79 
3179 

3/79 
3179 
2/82* 

3/79 
3/79 

W- K 45 126.1 16.1 OIONISI 78 HBC - K-P AT 4.2 GEV/C 3/79 
W- H 150 147.1 114.1 fHAGI Bl SPEC- HYPERON BEAM 2/82* 

SEE TI-4E NOTES ACCOMPANYING THE MASSES QUOTEC 



Baryons 
2( 1680 ). 2( 1820) 

Pl 
P2 
P3 
P4 
P5 

Rl 
Rl 
Rl 
Rl 
Rl 

'5 XJ$1f2(16801 PARTIAL DECAY MODES 

Xl*l/2116801 INTO SIGMA KSAR 
XI*l/2116801 INTO LAMBDA KBAR 
XI*l/2116801 INTO XI PI 
XI•L/2(16801 INTO Xl*l/2(15301 PI 
Xl*l/2116801 INTO XI PI PI IINCLUOING P41 

5 XI*l/21 16 EOI BRANCHING RATIOS 

Xl*l/2116801 INTO I SIGMA "KBARJ/(LAMBOA KBARI 
12.71 C 0.9) DIONISI "18 HBC 
C3. U 11.41 DIONISI 78 HBC 

NEUTRAL CHARGE 
NEGATIVE CH.&RGE 

DECAY MASSES 
1192+ 497 
1115+ "497 
1314+ 134 
1533+ 134 
1314+ 134+ 134 

I Pl1/IP2J 
o·K-P AT 4.2 GEV/C 

- K-P AT "4. 2 GE.V/C 

R2 Xl*l/2Cl6801 INTO lXI Pllf(SIGMA KBAR) IP3JI(Pl) 
R2 10.091 OR LESS OIONISI 78 HBC 0 K-P AT 4.2 GEV/C 

R3 XI*l/2116801 INTO lXI- PI+ PIOJ/CSIGMA KBARI IPSI/IPll 
R3 10.041 _OR. LESS . OIONISI 78 HBC 0 K-P AT 4.2 GEV/C 

R4 Xl*l/2116801 INTO (XJ- PI+ PI-JI(SIGMA KBARI IP51/1Pil 
R4 (0.031 OR LESS OIONISI 78 H8C - K-P AT 4.2 GEV/C 

X1*112116801 INTO IXI*I15301 PJJ/ISIGMA KBAR1 CP41/CP11 

3/79 
3/79 

3/79 

3/79 

3/79 

R5 
R5 10.061 OR LESS OIONISI 78 HBC - K-P AT 4.2 GEV/C 3/79 

****** ********* ********* ••••••••• ********* ********* ••••••••••••••••• 

REFERE.NCES ·~oR XI*1/211680) 

OIONISI 7B Pl BOB 145 +OJ AZ, ARME NTEROS+ ICERN+AMST+N IJ M+OXF 1 I, J P 
8 IAGI 81 ZPHY C9 305 f BR 1 S+C AMB+GEVA+t'EI D+LAUS+l OQM+RHEL 1 

•••••• ••••••••• .......... ********* ********* ............................. . 
....... ****'"'*** ********* ••••••••••••••••••••••••••• ********* •••••••• 

1 2( 1820) 1 50 Xl*l/211B20t JP=3/2 ) 1=1/Z 

WE LIST HERE EVERYTHING REPORTED iN THE MASS RANGE 
1 ?SQ-1875 MEV. 

The clearest evidence for this state comes 

from GAY 76, who saw an 8.standard-deviation peak 

in AK- as well as signals in ~(1530)TI and EK. The 

peak is narrow cr·= 21 ± 7 MeV), whereas earlier 

(and much smaller) experiments found ,widths of 'up 

to 100.MeV (see the Listings below). 

A spin-parity analysis of the GAY 76 data, but 

with more event's (TEODORO 78), favors spin 3/2 but 

cannot make a parity discrimination. 

BIAGI 81 used the CERN hyperon beam to study 

interactions in hydrogen and deuterium. The 

diffractively produced AK- system has a broad peak 

(f = 72 ± 20 MeV) at 1830 MeV on top of a substan­

tial background. There is also a smaller peak in 
0 the inclusive AK5 spectrum. 

Neither GAY 76 nor BIAGI 81 saw a peak in the 

~TI channel. It is possible that ~TI peaks seen in 

this region by some lower-momentum experiments are 

at least partly due to the ~(1940)·, with a shape 

distorted by the limited phase space available 

(SMITH 65). The situation is further confused 

because some experiments were forced to add several 

different channels together to overcome poor 

statistics (CRENNELL 70, BADIER 71). 

278 

Data Card Listings 
For notation, see key at front ofListings. 

w 
w 

·.w 
.w 

c 
c 

0 
0 

B 
B 
B 
B 
B 

50 X1*1/211B201 MASS fMEVI 

f 1170.01 HALSTEINS 63 FBC -0 K-FR 3.5 GEV/C 
30 1814.0 4.0 SADlER 65 HBC 0 LAMBDA KOSAR 
29 1817.0 7.0 SMITH 1 65 HBC -0 lAMBDA KBAR 
40 1B30.0 10.0 AliTTI 69 HBC - LAM, SJG KBAR 
25 1830.0 10.0 CRENNEll 70 DBC -0 3.6, 3.9 GEV/C 
FROM FIT TO INCLUSIVE XI PI, XI PI PI AND LAMBDA K- SPECTRA 

11826.0) 112.01 CRENNEll 70 DBC -0 3.6, 3.9 GEV/C 
FROM FIT TO INCLUSIVE XI PI AND X.l PI PI SPECTRA ONLY 
28 1162.0 8.0 BAOIER 72 HBC -0 XI PJ,XI2Pt,K Y 
38 1838.0 5.0 SADlER 72 HBC -OXI PI,XI2PJ,K Y 
SADlER 72 ADOS All CHANNELS AND DIVIDES PEAK IN LOWER AND. HIGHER 
MASS REGIONS. THE DATA CAN ALSO BE FITTED WITH A SINGLE BRElT­
WIGNER OF MASS 1800 AND WIDTH 150 MEV. 
3D 1B21. 5~ ROSSI 73 HBC -0 LAMBDA K-/KBARO· 
LESS SIGNIFICANT ENHANCEMENTS SEEN IN Xl'*l15301 PI IM=1825,W::J001 . 
AND SIGMA KB.IIR CM:1810+-9.W=16+-111. 

1807. 27. OIBIANCA 75 OBC -0 XI 2PI, XI* PI 
130 1823.0 2.0 GAY 76 HBC - K- P AT 4.2 GEV· 
74 1797. 19~ BRIEFEl 77 HBC 0 XI PI C2.87 K-PI 
68 1829. 9. BRIEFEl 71 HBC -0 Xlll530) PI ' 
39 1860. 14. BRIEFEL 77 HBC - SIGMA- KOSAR 
44 1870. 9. BR I EFEL 77 HBC 0 LA"'' BOA KOSAR 
57 1813. 4. 'BRIEfEl 11 HBC - LAMBDA K-

300 1830. 6. BIAGI 81 SPEC - HYPERON BEAM 
FIT TO INCLUSIVE SPECTRUM FROM XI-N --> LAM K- X ......... 

9/69 
10/70 

11/77 

10/71 
10/71 

"2/74 

1/76 
. 2/77 

1/78 
1/78 
1/78 
1/78 

·1/78 
2/82* 

AVERAGE MEANINGLESS (SCALE FACTOR"' 3.11 
f SEE IDEOGRAM BELOW I 

c 
0 

·.BIAGI 
·B~IEFH 

·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·GAY 

81 SPEC 1.8 

·.D.! BIANCA 
·ROSSi 
·BADIER 

7.7 HBC 
77 HBC 
77 HBC. 
77 HBC 
7'7 HBC, 
76 HBC 
75 DBC 
73 HBC 
72 HBC 

·BADIER 72 HBC 
:CRENNELLc 70 DBC 
cALITTI 69 HBC 
•SMITH 1 65 HBC 

4.9 
26 . 

.4 
0.6 

'0' 

0.0 
10.4 
56.0 
0.7 
0.7 
0.5 

·,BADIER 65 HBC 3.8 

1 700 1 750 1600 ·1 850 1900 

Xl'1/2(1~20) MASS (MEV) 

1950 

115' 6 
(CONLEY 
=0.000) 

ISO. OJ 
112.01 
30.0 
55.0 

50 X.J01/2Cl8201 WIOTH (MEVJ 

OR LESS 
'4.01 

HALSTEINS 63 FBC -0 K-FR 3~5 GEV/C 
BAOI ER 65 HSC 0 LAMBDA KOSAR 
SMITH 2 65 HBC -0 LAMBDA KBAR 

20.0 ALITTI 69 HBC - LAM, SIG KBAR 
24.0 CRENNEll 70 OBC -D 3.6. 3.9 GEV/C 

119.01 CRENNEll 70 DBC -0 3.6, ·3.9 GEV/C 
W B 

103.0 
(48.0) 
51.0 
58.0 
12. 
B5. 
21.0 
99. 

7.0 
40.0 
38.0 

C36.·01 
13.0 
13.0 

''SADlER 72 "HBC -D lOWER MASS 

9/69 
10/70 
11/77 
10/71 
10/71 
2/74 
1/76 
2171 
1/78 
1/78 
1/78 
1/78 
1/78 
2/82* 

B 
1 30 

130 
74 

•• 39 
44 
57 

52 • 

4. 
5B. 
7.0 

57. 
34. 
17. 

SADI ER . 12 H8C -0 HIGHER' MASS 
ROSSl 73 HBC -0 lAMBDA K-/KBARO 
OIBIANCA 75 OBC -0 XI 2Pt, XI* PI 
GAY . 76 HBC - K- P AT 4.2· GEV 
BRIEFEL 77 HBC 0 XI PI C2.87 K-PJ 
BRIEFEL 77 HBC -0 XIC 15301 PI 
BR t EFEl 17. HBC - ' Sl GMA- KOSAR 
BR 1 EFEL 77 Hac 0 LAMBDA KOSAR 
BR I EFEl 77 HBC - lAMBDA K-

I 30D ... 
72. 
44. 
26. 
72. 

11. 
11. 
20. 

SEE THE NOTES 
BtAGt 81 SPEC - HYPERON SEA"' 

ACCOMPANYING THE MASSES QUOTED ABOVE. 

AVERAGE MEANINGLESS I SCALE" FACTOR= 2.21 
f SEE IDEOGRAM BELOW I 

CHISQ 

--+- ·BIAGI 61 SPEC .2 

-50 50 150 

XI•1/2(1620) WIDTH (MEV) 

·BRIEFEL' 77 HBC 0.0 
·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·GAY 
·DIBIANCA 
·ROSS1 
·BADIER 
·SADlER 
· CRENNELL 
·All TTl 
·SMITH 2 

77 HBC 
77 HBC 
77 HBC 
77 HBC 
76 HBC 
75 DBC 
7 3 HBC' 
72 HBC 
72 HBC 
70 DBC 
69 HBC 

2.6 
7.2 

.6 

12.7 
.0 
.6 

65 HBC --.2..2_ 

250 

36.2 
(CON LEV 
=0.000) 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
:::( 1820), :::(1940) 

PI 
P2 
P3 
P4 
P5 

50 Xl*l/2118201 PARTIAL DECAY MODES 

Xl*l/2118201 INTO LAMBDA KBAR 
XI*ll2(18201 INTO XI PI 
Xl*l/2118201 INTO SIGMA KBAR 
Xl*li2H8201 INTO Xl*l/2115301 PI 
Xl*l/2118201 INTO XI PI PI IEXCLUDING P4J 

DECAY MASSES 
1115+ 497 
1321+ 139 
1197+ 4n 
1533+ 139 
1321+ 139+ 139 

FITTED PARTIAL DECAY MODE BRANCHING fRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows_: The diagonal elements are Pi ::1: OPi' where 

6Pi: "(6P16P1), while the off-diagonal elements are the normalized correlation coeffi­

cients (6 Pi 6pj) /(6P i · 6Pj). For the definitions of the individual Pi' see the tisting,s 

_above: o~y those P 1 appearing in the n:atrix are aasumed in the fit to be nonzero and 

are thu1 con1tra.ined to add to t. 

Pl P2 P3 P4 
p 1 .. 4974+-.0871 
p 2 -.7bl2 .1B8~+-.0529 

p 3 .1335 -.50BO .1463+-.0477 
p 4 -.8220 .5813 -.5009 .1674+-.0647 

R 1 
Rl 
Rl 
R1 FIT 

R2 
R2 
R2 
R2 FIT 

R21 
R21 
R21 
R21 
R21 FIT 

R22 
R22 
R22 
R22 FIT 

R3 
R3 
R3 
R3 
R3 FlT 

R31 
R3l 
R3l 
R31 FlT 

50 xt•1/2118201 BRANCHING RATIOS 

XI*11211820) INTO (LAMBDA KBARIITOTAL I Pll 
0.3D 0.15 ALITTI 69 HSC - K-P 3.9-5.0 GEV 

•••••••• 0 

D.4~7 0.087 FROM FIT tERROR INCLUDES SCALE FACTOR OF loBI 

XI*l/2118201 INTO lXI PI 1/TOTAL I P2 I 
OolO Oo10 ALITTI 69 HBC - K-P 3o9-5.0 GEV 

0.189 0.053 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.21 

XI*1/2118201 INTO lXI Pti/CLAHSOA KBARI I P21/(Pll 
Oo 20 0. 20 BAD I ER 65 HBC 0 K-P AT 3 GEV 

10.361 OR LESS CL=o95 GAY 76 HBC - K- P AT 4.2 GEV 

Oo38 Oo16 FROM FtT !ERROR INCLUDES SCALE FACTOR OF loSI 

Xl*1/2118201 INTO (XI PII/IXI*1/2ll5301 Ptl (P21/IP41 
1o5 0.6 Oo4 APSELL 70 HBC 0 K-P AT 2o87 GEV 

1.13 0.36 FROM FIT tERROR INCLUDES SCALE FACTOR OF loOI 

XI*1/2(18201 INTO ISIGMA KBARI/TOTAL I P31 
IOo021 CR LESS TRIPP 67 RVUE 

Oo 30 Oo 15 AL ITTI 69 HSC - K-P 3.9-5.0 GEV 

0.146 Oo048 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.1) 

Xl*1/2tl8201 INTO !SIGMA KBARI/ILAMBDA KSARI IP31/(Pl) 
Oo24 0.10 GAY 76 HBC - K- P AT 4.2 GEV 

0.29 0.10 FROM FIT~ !ERROR INCLUDES SCALE FACTOR OF loll 

R4 XI•1/211B201 INTO IXI•112115301 Pti/TOTAL IP41 
R4 0.30 0.15 ALITTJ 69 HBC - K-P 3.9-5o0 GEV 
R4 S IOo251 OR LESS DAUBER 69 H8C K-P 2.7 BEV/C 
R4 S USES IN PART THE SAME DATA AS SMITH 65 
R4 I NOT SEEN HASSALL 81 HBC K-P 6.5· GEV/C 
R4 I INCLUDING XI PI PI 
R4 
R4 

R4l 
R4l 
R41 
R41 

FIT 

R41 AVG 
R41 FIT 

R51 
R51 

0.167 o. 065 FROM. FIT I ERROR INCLUDES SCALE FACTOR OF 1o6l 

Xt•t/208201 INTO IX1*U5301 Ptl/CLAM KBARI (Plti/IPl) 
0.26 D.l3 SMITH 1 65 HBC -0 K-P 2.45-2.70GEV 
1.0 D.3 GAY 76 HBC - K- P AT 4.2 GEV 

0.38 Oo27 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 2.31 
0.34 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF loll 

XJ•112118201 INTO (XI PI. PII/(LAMBDA KSARI IP51/(Pll 
tO.l) CR MORE SMITH 1 65 H8C -0 K-P 2.45-2.70GEV 

XI•112118201 INTO lXI PI Pti/CXI*l/2(15301 PII tP51/(P41 . 
10.3) (0.51 APSELL 70 HBC 0 K-P AT 2.87 GEV 

OR LESS. UPPER LIMIT FOR THE 3-BOOY DECAY 

9/69 

9/69 

7/66 
2/77 

6/70 

8/67 
9/69 

2/77 

9/69 
9/69 

2171 

6/7D 
R52 
R52 L 
R52 L 
R52 CONSISTENT WITH ZERO GAY 76 HBC - K-P AT o4.2 GEV 11177 

R53 XI•ll2tl8201 INTO lXI PI PI (INCLUDING Xl10<(15301 PI)J/(LAMBDA KSARJ 
R53 ( P4+P5)/(Pl) 
R53 IOo141 OR LESS SADlER 65 HBC 0 1 STO.DEV.LIMIT 11177 
R53 FOR THE DECAY MODE lXI- PI+ PIOI riNLY 

................ •:o:•:o:~&.•••• ................... ········* •*•****** ••••••• , 

HALSTEIN 63 SIENA CO~F 173 
SADlER 65 PL 16 171 
SMITH 1 65 PRL 1o4 25 
SMITH 2 65 ATHENS CONF 251 
TRIPP 67 NP 83 10 

USES DATA OF SMITH 1. 

ALITTI 69 PRL 22 1t; 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 2o4 111 
CRENNELL 7D PR 10 847 
SADlER .72 NP B37 o429, 
ROSS! 73 PURDUE CCNF o 345 

DIBIANCA 75 NP B98 137 
GAY 76 PL 62B 471 
BRIEFEL 77 PRO 16 2706 

ALSO 70 DUKE CONF. 317 
BIAGI 81 ZPHY C9 305 
HASSALL 81 NP 8189 3'i7 

REFERENCES FOR XI*1/21182DJ 

HALSTEINSLID,+ IBERGEN,CERN,EPOL,RHELtLOUCI I 
+DEMOULIN, GOLDBERG, + I EPOLo SACLAY, A!4STI I 
+l t NOSEY, BUTTON-SHAFER, MURRAY I LRLll JP 
G A SMITH, J S LINDSEY ILRLI 
+LEITH, + ILRL,SLAC,CERN,HEIDELoSACLAYI 

+BARNES,FLAMINIO,METZGEil, + IBNL,SYRACUSEI I 
+BERGE, HUBBARD, MERPILL, MULLER ILRLI 
+ {BRANDEIS, MARYLAND, SYRACUSE, TUFTS) I 
.f.KARSHON, LA1 1 ONEALL, SCARR, SCHUMANNI8NLI 
+BARRELEToCHARL TONoVIDEAU (EPOLJ 
ROSS, LLOYD, RADOJ tC IC !OXFORD I 

OI 8 JANCA, ENOORF I CARNI 
+ARMENTEROS, BERGE 1 GAV I LLET + C AMST +CERN+N I JH II J 
+GOUREVITCH ,CHANG+ I 8RAN+UMD+S YRA+ TUFT l 
BMS T (BRANDE 1 S +MAR YLAND+SVRACU SE+ TUFTS I 
+ IBR I S+CAMB+GEVA+HEI O+LAUS+LOQM+RHEl I 
+AN SORGE, CARTER, NEALE, RUSHBROOKE+ C CAMS+ MSU I 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMITH 64 PRL 13 61 +LINDSEY,MURRAY,BUTTON-SHAFER+ ILRLI IJP 
MERRILL 68 PR 167 1202 0 W MERRILL, J BUTTON-SHAFER ILRLI 

WEAK EVIDENCE CONCERNING JP. 
APSELL 69 PRL 23 B84 IBRANDEIS, MARYLAND, SYRACUSE, TUFTS! 

SUP ERSE OED BY 8R I EF El 77 o 
SCHMIDT 73 PURDUE CCNF. 363 SCHMIDT (8RANDEISI 
SRIEFEL 75 PRO 12 1859 +GOUREVITCH,KIRSCH+ IBRAN+UMD+SYRA+TUFTI 
TEOOORO 78 PL 178 451 +DIAZoDIONISt,BLOKZIJL+IAMST+CERN+NlJM+OXFI JP 

•••••••••••••••••••••••• , ••••••••••••••••• , ................... ******** ....................................................................... 
1:::(1940)1 

) 
52 XI•11211940, JP= I 1=1/2 

~rjE LIST UNDER X{(19401 EVERYTHING REPORTED IN THE MASS 
RANGE 1875-2000 MEV~ 

w 
w 
w 
w 
w. 
w 

~2 XI*1/21 1940i MASS CMEVJ 

35 1933.0 16.0 SADlER 65 HBC 0 XI- PI+ 
27 1930oD 20.D ALITTI 68 HBC 0 Xl- PI+ 
66 1894.0 18.0 DAUBER 69 HBC - XI PI 
21 1955o0 l4o0 GOLDWASSE 70 HBC - XI PI 
29 1956oD 6o0 SADlER 72 HBC XI PJ,XI2Pt.K Y 
25 1952. 11. ROSSI 73 lXI PI J-

19DD. 12. 0181 ANCA 75 DBC XI PI 
139 1961. 18. BRIEFEl 77 HBC 0 Xt-PI+(2.87 K-PJ 
44 1936. 22. BRIEFEL 71 HBC - XIOPI-12.87 K-PI 
56 1964, 10. 8RIEFEl 77 HBC -0 XII 153DI PI 

150 1937. 7. BIAGI 81 SPEC 0 HYPERON BEAM 
FIT TO INCLUSIVE SPECTRUM FROM XI-N --> XI- PI+ X 

AVERAGE MEANINGLESS (SCAlE FACTOFI"' 1.8) 
(SEE IDEOGRAM BELOW l 

·BIAGI 81 SPEC 
·BRIEFEL 77 HBC 
·BRIEFEL 77 HBC 
·BRIEFEL 77 HBC 
·DIBIANCA 75 OBC 
·ROSS1 73 
·SADlER 72 HBC 
·GOLOWASSE 70 HBC 
·DAUBER 69 HBC 
·ALITTI 68 HBC 

CHI SO 
1 . 0 
4.0 
0.1 
0.9 

13. 5 
0.5 
3.9 
0. 6 

7.8 
0.5 

11/bB 
11/68 
10170 
10/71 
2174 
1/76 
l/7B 
1178 
1/78 
2/82:0: 

·BADIER 65 HBC 

1860 1900 1940 1980 2020 2060 

~ 
33.3 

(CON LEV 
=0.000) 

Xl"1/2(1940) MASS (MEV) 

35 140.0 
27 80o D 
66 9B.D 
21 56.0 
29 35.0 

139 
44 
56 

I 150 

38. 
63. 

159. 
87. 
60. 
60. 

52 Xl*l/2119401 WIDTH ("'EVI 

35.D 
40o 0 
23.0 
26.0 
11.0 
10. 
78. 
57. 
26. 
39. 

a. 

SADlER 65 HBC 0 XI- PI+ 
ALITTI b8 HBC 0 XI- PI+ 
DAUBER 6"9 HBC - XI PI 
GOLOWASSE 70 HSC - XI PI 
BADIER 72 HBC XI PI,XI2PI,K Y 
ROSS! 73 lXI PI I-
Dt8tANCA 75 OSC XI PI 
BRIEFEL 17 HSC 0 Xl-PI+C2.B7 K-PI 
BRIEFEl 71 HBC - :.CIOPI-12.87 K-PI 
BRIEFEl 77 HBC -0 XI( 15301 PI 
BIAGI 81 SPEC 0 HYPER:ON BEAM 

AVERAGE MEANINGLESS ISCALE FACTOR= 1.51 
(S,EE IDEOGRAM BELOW I 

·BIAGI 
·BRIEFEL 
·BRIEFEL 

CHI SO 
81 SPEC 0.4 
77 HBC 0.0 
77 HBC 1.5 

·BRIEFEL 77 HBC 
·OIBIANCA 75 OBC 
·ROSS1 73 
·SADlER 72 HBC 
·GOLDWASSE 70 HBC 
·DAUBER 69 HBC 
·ALI TTl 
·BAOIER 

68 HBC 
65 HBC 

.8 

.3 

0.0 
.5 

0.4 
5.9 

17.9 

11/68 
11/68 
10/70 
10171 

2174 
1176 
1/78 
1/78 
1178 
2/82• 

-50 50 150 250 350 
(CON LEV 
=0 022) 

Xl 0 1/2(1940) WIDTH (MEV) 
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Baryons 
:::(1940), :::(2030), :::(2120) 

P1 
P2 
P3 
P4 
P5 
P6 

R1 
R1 

R2 
R2 

~2 XI>~~:l/2119401 PARTIAL DECAY.f><OOES 

XI*l/2119401 INTO XI.PJ 
Xl*lf2U940J INTO XI*I 15301 PI 
Xl*l/ZU9401 INTO XI PI PI I EXCLUDING P2J 
Xl*l/2119401 INTO XIO PJ-
XI*l/2Cl940J INTO XI- PIO 
XI*l/2119401 INTO SIGMA KBAR 

~2 Xl*l/2(19401 BRANCHING RATIOS 

DECAY MASSES 
1321+ 139 
1533+ 139 
1321 + 139+ 139 
1314+ 139 
1321+ 134 
ll'H+ 497 

THE Xlll9401 IS SEEN MAINLY IN XI PI AND SOME IN X11153(>1 PI:· :n 
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT ONLY OBSERVED BY HASSALL 81 
WHO SEE A 3 SIGMA EFFECT IN SIGMA.KBAR. 

XI*J/2(19401 INTO lXI PII/IXI*l/2(15301 PII (Pli/IP21 
2. 8 O. 7 0.6 APSEll 70. HBC...,., 0 

XI*l/2119401 INTO lXI PI PII/IXI*l/2(15301 PII IP31/IP21 
0.0 O. 3 APSELL 70 HBC 0 

6/70 

6/70 

R3 Xl*ll2f1940J INTO IXIO PI-1/IXI- PJOI IP41f(P51 2/74 
R3 25 2.6 6. 1.6 ROSS1 73 , lXI. PI 1- 2/74 
R3 THIS BR IS 2.010.51 FOR AN 1=1/2(1=3/2) XI*Il9401. 2/74 

R4 Xl*ll2fl9401 INTO (SIGMA KBARJ/TOTAL IP61 , .. 
R4 17 POSSIBLY SEEN HASSALL 81 HBC - K-P AT 6.5 GEV/C 2:t82* 

****** ********* •••••••••••• ,. ••••••••••••••••••••••••••••••• 

SADlER 
ALITTI 
DAUBER 
APSELL 
GDLOWASS 
SADlER 
ROSSI 

DIBIANCA 
SRI EFEL 

ALSO 
BIAGI 
HASSALL 

65 PL 16 171 
68 PRL 21 1119 
69 PR 179 1262 
70 PRL 24 777 
70 PR 10 1960 
72 NP B37,429 
73 PURDUE CCNF. 

75 NP B98' 137 
71 PRO 16 2706 

345 

70 DUKE CONF. 317 
81 ZPHY C9 305 
8t'NP B189 :!<;7 

APSELL 69 PRL 23 8e4 
SUPERSEDED BY BMST 70. 

SCHMIDT 73 PURDUE CGNF. 363 
BRIEFEL 75 PRO 12 1859 

ReFERENces FOR XI*11211940I 

+DEMOULIN, GOLOBEI\G, + · I EPOLt SACL·on, AMSTI 
+FLAM I NI O, METZGER, RAOOJ IC 1 C, +I BNL, S-YRACUSE 1 
+BERGE, HUBBARD, MERRILL, MULLER ILRU 
+ IBRANOEIS, IURYLANQ, SYRACUSE, TUFTSJ 
E L GOLDWASSER, P F SCHULTZ IILLINOISI 
+BARR ELET, CHARLTON, VI OEAU I EPOLJ 
ROSS, LLOYD,RAOOJICIC lOX FORD I 

018 JANCA, ENOORF I CARNI 
+GOURi:VI TCH ,CHANG+ IBRAN+UMD+SYRA+TUf.T I 
BHS T (BRANDE IS+MAR YLAND+SYRACUSE+TUFTSI 

I BR I S+CAMB+GEVA+HEI O+LAUS+L OQM+RHELI 
+ANSORGE ,CARTER, NEALE, RUSHBROOKE+I CAMB+MSUI 

PAPERS NOT REFERRED TO IN DATA CARDS 

I BRANDEIS, MARYLAND, SYRACUSE, TUFTS I 

SCHMI OT 
+GOUREV ITCH, KIRSCH+ 

IBRANOEISI 
( BRAN+UMD+SYRA+ TUFT I 

.......................... ·······*· ................... ********* •••••••• 
•••••• ********* ********* ••••••••• ********* ********* •••••••• ,. **101***** 

I 2(2o3o) 1 E:B Xl*1/212030, JP=5/2 OR GREATER! I=l/2 

, THE 'EVIDENCE FOR 'THIS STATE HAS BEEN MUCH IMPROVED 
.eY HEMINGWAY 17, WHO SEE AN 8 STD. DEV. ENHANCE"tENT 
IN SIGMA KBAR AND A WEAKER COUPLING TO LAMBDA·KB·AR. 
ALITTJ 68 AND HEMINGWAY 71 OBSERVE NO SIGNALS IN·-THE 

XI PI PI .lOR XI*U530) PI) CHANNEl, IN CONTRAST TO DIBIANCA 75. tHE 
DECAY INTO LAMBDA/SIGMA KBAR PI REPORTED BY BARTSCH 69 IS· Ai.SO NOT 
CONFIRMED BY·HEMINGWAY 77. • 
A MOMENTS ANALYSIS OF THE HEMINGWAY 77 DATA INDICATES THAT THE SPIN 
IS GREATER THAN OR EQUAL TO 5/2 AT A LEVEL OF 3 STD. DEVIATIONS. 

68 XI01/2120301 MASS tMEVI 

42 2030.0 
40 2058.0 
15 2019. 

10.0 
17.0 

AUTTI 69 HBC - K-P 3.9-5 BEV/C 

2044. 
200 2024. 

7. .. 
2. 

BARTSCH 69 HBC -0 K-P 10 GEV/C 
ROSSI 73 HBC -:0 SIGMA KBAR 
DIBIANCA 75 OBC -0 XI 2PI. XI* PI 
HEMINGWAY 77 HBC -· K-P AT 4 •. 2 GEV 

AVERAGE MEANJ.JiiGLESS ISCALE FACTOR= 1.51 
ISEE IDEOGRAM BELOW I 

-HEMINGWAY 
-+---- -DIBIANCA 

-ROSSI 
BARTSCH 

77 HBC 
75 DBC 
73 HBC 
69 HBC 

0.4 
5. 
0. 

9/69 
9/69 
2/74 
1/76 

11177 

-AL!TTI 69 HBC ~ 

2000 2Q20 2040 2060 2080 2100 

XI"I/2(2030) MASS (MEV) 

6 •. 9-

(CON LEV 
=0.075) 

Data Card Listings 
For notation, see key atfront of Listings. 

45.0 
57·. 0 

15 33. 
60. 

200 16. 

68 Xl*l/2120301 WIDTH IMEYI 

40.0 
30.0 
17. 
24. 

5. 

20.0 AL ITT I 69 HBC 
BARTSCH 69 HBC 
ROSS! 73 HSC 
Ol BIANCA 75 DSC 
HEMINGWAY 77 HBC 

AVERAGE t.tEANtNGLESS r scALe FACToR = 1.21 
!SEE IDEOGRAM BELD~ I 

- K-P 3.9-5 BEV/C 
-D K-P 10 GEV/C 
-0. SIGMA KBAR 
-0 XI 2PI. XI* PI 
- K-P AT 4.2 GEV 

CHI SO 
·HEMINGWAY 
-DIBIANCA 

77 

75 
HBC 0.8 
DBC 2.7 

-ROSSI 73 HBC 0. 5· 
-BARTSCH 69 HBC I .5 
-ALITTI 69 ,HBC 0.7 

6.2 
·(CONLEV 

9/69 
9/69 
2/74 
1/76 

11/77 

-50 0 50 100 150 =0. 184) 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

R1 
R1 

Rll 
Rll 

R2 
R2 

R21 
R21 

R3 
R3 

R4 
R4 

R41 
R41 
R41 
R41 

R6 
R6 

R61 
R61 

R7 
R7 

R71 
R71 
R71 

c 
c 

XI"I/2(2030) WIDTH (MEV) 

68 ,XJ1011/2120301 PARTIAL ·DECAY MODES 

Xl*l/2120301 INTO XI PI 
XI*l/2120301 INTO LAMBDA KBAR 
Xl*l/2120301 INTO SIGMA KBAR 
Xl*l/2120301 INTO XI01/2t 1530) PI 
Xl*11212030) INTO XI PI PI I EXCLUDING P4) 
Xl*l/212030) INTO LAHBDA.KBAR PI 
Xl*l/2120301 INTO SIGMA KBAR PI 

" XI*lf2t20301, BRANCHING RATIOS 

Xl*l/21 20301 INTO IX! PIJ/IMOOES Pl TO P41 
to. 30J OR lESS AL ITTI 69 HBC 

Xl*l/2120301 INTO IX1 Pti/ISIGMA KBARI 
10.191 GR LESS CL=.95 HEMINGWAY 77 HBC 

Xl*l/2120301 INTO CLAM KBARliiMOOES P1 TO .P41 
0.25 0.15 ALI TTl 69 HBC 

X1*112120301 INTO !LAMBDA KBARI!ISIGMA KSARI 
0.22 o. 09 HEMINGWAY 71 HBC 

XI*I/2120301 INTO I SIG KBARI/IMODES Pl TO P4J 
Oo. 75 0.20 All TTl 69 HBC 

Xl *1/21 20301 INTO lXI* PJ.I/IMODES Pl TO P41 
(0.151 OR LESS ALITTI 69 HBC 

DECAY MASSES 
1321+ 139 
1115+ 497 
1197+ 497 
1533+ 139 
1321+ 139+ 139 
1115+ 497+. 139 
1189+ 497+ 139 

( P 1 )/I Pl +P2+P 3+P41 
- I ST0 ·DEV LIMIT 

I PI)/ IP31 
- K-P AT 4.2 GEY 

I P 2) /I PI +P2+P3+P4) 
- K-P 3.9-5 BEV/C 

(P21/IP3J 
- K-P AT 4.2 GEV 

I P3 J/1Pl+P2+P3+P4) 
- K-P 3.9-5 BEV/C 

I P41/ I Pl +P2+P3+P41 
- 1 STD DEV LIMIT 

X1*11212030) INTO lXI PI PI INCLUDING XI* PI 1/ISIGMA KBAR I 
IP4+P5JIIP3.1 

10.1 Ll OR LESS CL=. 95 HEMINGWAY 77 HSC - K-P AT 4. 2 GEV 
FOR THE DECAY MODE (XI- PI+ PI-) ONLY 

XI*l/2120301 INTO II:.AMBDA KBAR PI )/TOTAL IP61 
SEEN BARTSCH 69' HBC K-P AT 10 GEV 

Xl*l/2120301 INTO !LAMBDA KBAR PII/ISIGMA KBARI (P61/IP31 
I 0.321 OR LESS CL=.95 HEMINGWAY 77 HBC - K-P AT 4.2 GEV 

XI*l/2(20301 INTO I SIGMA KBAR Pll /TOTAL ( P71 
SEEN BARTSCH 69 HBC K-P AT 10 GEV 

XJCI:l/2{20301 INTO I SIGMA KSAR PIJIISIGMA KBAfll IP71/IP31 
(0.041 OR LESS CL:. 95 'HEMINGWAY 17 HBC - K-P AT 4. 2 GEY 

FOR THE DECAY MODE .(SIGMA+- K:... Pl-+l ONLY 

REFERENCES FOR XI01/2120301 

AU TTl 
BARTSCH 
ROSSI 

69 PRL 22 79 
69 PL 2BB 439 
13. PURDUE CONF. 345 

+BARNES,FLAMINIO.METZGER, + IBNL.SYRACUSEI I 
I AACHEN, BERLIN, CERN, LOIC, VI ENNAI 

ROSS,LLOYO,RAOOJICIC IOXFOROI 

OIBtANCA 75 NP B9B 137 
HEMINGWA 77 Pl 6Be 197 

AlSO 76 Pl 628 411 

D I B JANCA, ENDORF 
HE"' INGWAY t ARMENTEROS+ 
GAY • ARMENT EROS, BERGE+ 

ICARNJ 
IAMST+CERN+NIJM+OXFJ IJ 

{ AMST+CERN+NIJM) 

****** *****101*** ••••••••• ***101***** ********* ********* ********* **101***** 
•••••••••••••••••••••••••••••••••••••••••• **"'****** ••••••••••••••••• 

1 2(212orl 
) 

103 Xl*l/212120, JP:: I I=1/2 

THIS EFFECT IS REPORTED IN GAY 76 AS A 
FOUR STANDARD DEVIATION ENHANCEMENT IN 
LAMBDA K-. AN ANAlYSIS OF THE SAME DATA BY 
!JEMINGWAY 77, BUT WITH ADDITIONAL STATISTICS, 

POINTS OUT THAT HE SIGNIFICANCE OF 'THE ENH4.NCEMENT IS GREATLY REDUCED 
IF A RESTRICTIVE. FOUR-MOMENTUM CUT IU-CUTJ IS MADE. THIS SUGGESTS 
AN ANOMALOUS PRODUCTION MECHANISM IF THE STATE IS GENUINE. 
CHliAPNIKOV 79 REPORT A BUMP OF 18 EVENTS AT 2137 ~EV.JN.AN INCLUSIVE 
ANTI-LAMBDA K+ SPECTRUM FROM K+P INTERACTIONS AT 32 GEV/C. THE K+ ARE 
NOT UNIQUELY IDENTIFIED. BUMPS WITH LOWER NUMBERS OF EVENTS ARE ALSO 
REPORTED AT 2240, 2830, AND·Z540 HEY. 
IN NEED OF CONFIRftATION. OMITTED FROM TABLES. 

9/69 

11177 

9/69 

11/77 

9/69 

9/69 

11/77 

11177 

11177 

11177 

11/77 
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Data Card Listings 
For notation, see key at front of Listings. 

103 Xl*l/2121201 MASS CMEVI 

2123.0 
1812137.1 

1. 0 
14.1 

GAY 76 HBC - 'K- P AT 4.2 GEV 2177 
CHLIAPNJK 19 HBC + ANTI-LAMBDA K+ 1/80 

103 Xl*L/2121201 WIDTH IMEVI 

25.0 12.0 GAY 76 HBC - K- P AT 4. 2 GEV 2/77 
18 120.1 OR LESS CHLIAP~IK 79 HSC + ANTI-LAMBDA K+ 1/80 

PI 

Rl 
Rl 

103 Xl*l/2121201 PARTUL DECAY MODES 

Xl*l/2121201 INTO LAMBDA KBAR 

103 Xl*l/2121201 BRANCHING RATIOS 

Xl*l/2{21201 INTO (LAMBDA KBARJ/TOTAL 

DECAY MASSES 
1115+ 497 

I Pll 
SEEN . GAY 76 HBC - K- P AT 4.2 GEV 

••••* ********* ••o•••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 
REFERENCES fOR Xl*l/21 21201 

GAY 76 PL 628 471 
HEHJNGWA 17 PL 688 197 
CHLIAPNI 79 NP 8158 253 

+A.RMENTEROS, BERGE,GA.VIllET+ t AMST+CERN+N IJM II 
HEH INGWAY • ARMENTEROS+ ( AMST+CERN+Nt JM+OXF I 
CHl IAPNIKOV ,GERDYUKOV+ ( SERP+BELG+MONS I .................................................................... ............................................................ 

I E(2250) I 
) 

22 XI•ll212250t JP:: 

THE EVIDENCE FOR THIS STATE IS WEAK. BARTSCH 69 SEE 
A BUMP OF NOT MUCH STATISTICAl SIGNIFICANCE IN LAHBOA­
KBAR-PI, SIGMA-K8AR-Pt, AND XI-PI-Pt MASS SPECTRA,. 
GOLDWASSER 70 SEE A NARROWfR BUMP IN XI-PI-PI AT A 

PI 
P2 
P3 

HIGHER MASS. NOT SEEN BY HASSALL B1 WITH 45 
EVENTS/MlCROBARN AT 6.5 GEV/C. 

22 XI*1/2122501 MASS tMEVI 

35 2244.0 
18 2295.0 

52.0 
15.0 

BARTSCH 69 HBC K-P 10 GEV/C 
GOLOWASSE 70 HBC - K-P 5.5 GEV/C 

AVERAGE MEAN 1 NGlE SS t SCALE FACTOR = 1.0) 

22 Xl*l/2122501 WIDTH IMEVI 

BARTSCH 69 HBC no.o eo.o 
LESS THAN 30.0 GOLOWASSE 70 HBC - K-P 5.5 GEV/C 

22 Xtol/2122501 PARTIAL DECAY MODES 

XI*ll2t22501 INTO Xt PI PI 
XI*112122501 INTO LAMBDA KBAR PI 
Xl*112122501 INTO SIGMA KBAR PI 

DECAY MASSES 
1321+ 139+ 139 
1115+ 497+ 139 
1197+ 497+ 139 ..................................................................... 

REFERENCES FOR Xl*l/2122501 

BARTSCH M PL 28e 439 
GOLDWASS 70 PR 10 1960 

+ IAACHEN, BERLINo CERN, LOJC, VIENNA) 
E L· GOLDWASSER, P F SCHULTZ IILLINOISI 

PAPERS NOT REFERA:EO TO IN DnA CARDS 

HASSALL e1 NP 8189 :.;7 +AN SORGE ,CARTER, NEALE, RUSHBRCOKE+t CAMB+HSU I .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
I E(2370) I 

) 

1:~1 Xl*l/2t2370t JP= I 1"'1/2 

SEEN BY AMIRZAOEH eo AND HASSALL 81 IN THE CHARGED AND 
NEUTRAL LAMDA/SIGMA KBAR PI MASS SPECTU FROM THE 
REACTIONS K-P -> XI* K AND XI* K Pt. AHIRZADEH RO ALSO 
OBSERVE A SHAll EFFECT AT THE SAME MASS IN THE OMEGA- K 

MASS SPECTRUM. KINSON 80 RE-ANALYSE THE DATA OF AMIRZAOEH 80 BUT WITH 
50 PER CENT MORE STATISTICS. 
IN NEED OF FURTHER CONFIRMATION. OMITTED FROM TABLES. 

1!1 Xl*1/2l23701 ·MASS lMEVI 

2171 

9/69 
10/70 

9/69 
10170 

94 2373. 
50( 2370. I 

a. AMIRZAD eO HBC -0 K-P AT 8.25 GEV 1/BO 

PI 
P2 
P3 
P4 
P5 
P6 

HASSALL 81 HBC -0 K-P AT 6.5 GEV/C 2/82* 

131 Xl*l/2123701 WIDTH IMEVJ 

94 eo. 25. 
so tao. 1 

AMIRZAD 
HASSALL 

80 HBC -0 K-P AT 8. 25 GEV 
81 HBC -0 K-P AT 6.5 GEV/C 

131 XI*l/2123701 PARTlAl DECAY MODES 

X1*112t23701 INTO lAMBDA KBAR PI t INCL. P4+P61 
Xl*1/2123701 INTO SIGMA KBAR PI I INCL. P5+P6J 
Xl*l/2123701 INTO OMEGA- K 
Xl*112t23701 INTO LAMBDA K*BARI8921 
Xl*l/2123701 INTO SIGMA K*BARI8921 
XI*l/2(23101 INTO Y•lll38~1 KBAR 

DECAY MASSES 
1115+ 497+ 139 
11 Q7+ 497+ 13Q 
1672+ 4Q7 
1115+ 891 
1197+ 891 
1385+ 497 

1/80 
2/82* 

Baryons 
E(2120), ?:(2250), E(2370), ?:(2500), o-

131 XI*1/2123701 BRANCHING R.ATIOS 

XU1/2C23701 INTO ILAMBOA KBAR PII/TOTAL CPU Rl 
Rl SEEN AMIRZAO 80 HBC -0 K-P AT 8.25 GEV 1/80 

XI*1/2(2370J INTO (SIGMA KBAR PIJITOTAL IP21 R2 
R2 SEEN AMIRZAD 80 HBC -0 ~-P AT 8.25 GEV 1/eO 

Xl*l/2(23701 INTO ILAM.BOA/SIGMA KBAR P11/TOTAL 1Pl+P21 R3 
R3 50 SEEN HASSALL 81 HBC -0 K-P AT 6. 5 GEV/C 2/82* 

XI*112121701 INTO IOMEGA- KIITOTAL I P31 R4 
R4 O.OQ 0.04 KtNSON 80 HBC - K-P AT 8.25 GEV 21e2• 

XI*l/2123701 INTO I LAMBDA/SIGMA K*BARIB921 IITOTALIP4+P51 R5 
R5 0.22 0~ 13 KIN SON 80 HBC - K-P AT e.25 GEV 2/e2* 

Xl*1/2C23701 INTO IY*lll3851 KBARI/TOTA.L IP6) •• •• Ool2 0~08 KJNSON 80 HBC - K-P AT 8.25 GEV 2/82* 

REFERENCES FOR XICI<l/2123701 

AHIRZAO 80 Pl 90B 324 AMIRZADEH+ IBIRM+CERN+GLAS+MSU+LPNPJI 
ALSO BO KtNSON \ 

KINSON 80 TORONTO CONF. 263 J.B.KJNSON+ IBIRM+CERN+GLAS+MSU+LPNP11 
HASSALl 81 NP B189 397 +ANSORGE,CARTER.NEALE.RUSHBROOKE+ICAMB+'"ISUI .................................................................... •••••• ......... ••••••••• ••••o:•••• •••••••••••••••••• ......... ....... . 
I ?:(2500) I 99 Xl*l/212500, JP= I 1=1/2 

PI 
P2 
P3 
P4 
P5 
P6 

) 11 IS QUITE POSSIBLE THAT THE REASON Tt-'E EXPERIMENTS 
CISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE 
SEE lNG DIFFERENT Xl*S• FOR NOW. HOWEVER, WE GROUP 

THEM TOGETHER. 

30 2430.0 
45 2500.0 

2392. 

99 Xl*112125001 MASS IMEVJ 

20.0 
10.0 
27. 

All TTl 
BARTSCH 
Dl 81 ANCA 

AVERAGE MEANINGLESS I SCALE FACTOR "' 3.21 

150.0 
59.0 
75. 

99 XI*l/2125001 WIDTH IMEVI 

60.0 
27.0 
69. 

40.0 ALI TTl 
BARTSCH 
Ot BlANCA 

AVERAGE MEANINGLESS I SCALE FACTOR = 1.1 I 

69 HBC 
69 HBC 
75 DBC 

- K-P 4.6-5 GEV/C · 
-0 K-P 10 GEV/C 

69 HBC -
69 HBC -0 

XI 2P [ 

15 OBC XI 2PI 

99 Xl*l/2125001 PARTIAL DECAY MODES 

Xl*1/212500) INTO XI PI 
Xl*1/2(25001 lNTO LA,BOA KBAR 
Xl*l/2(2500) INTO SIGMA KBAR 
Xl*U212500I· INTO XI*1/21 15301 PI 
XI*11212500J INTO LAMBDA (OR SIGMA) 
XI*l/ZC2500J INTO XI PI PI . 

KBAR PI 

S9 XI*112125001 BRANCHING RATIOS 

DECAY MASSES 
1321+ 139 
1115+ 497 
1197+ 497 
1533+ 139 
1115+ 497+ 139 
1321+ 139+ 139 

Xl*l/2(25001 INTO lXI PII/IMODES P1 THRU P4J IPU!1Pl+P2+P3+P4J 

9/69 
9/69 
1176 

9/69 
9/69 
1176 

Rl 
Rl 10.5) CR LESS ALITTI 69 ~BC 1 STO DEY LIMIT 9/69 

Xl*1/2(25001 INTO CLAM KBARIICMOOES P1 THRU P41 IP21!1P1+P2+P3+P41 R2 
R2 O. 5 0. 2 AL IHI 69 HBC - 9/69 

Xl*l/2(25001 INTO ISIG KBARlltMOOES Pl THRU P4) IP31/t~l+P2+~3+P4J R3 
R3 0.5 0.2 ALITTI 69 HBC - 9/69 

R4 XI*1/2t2500) INTO lXI* PJIJ(MOOES Pl THRU P4J IP4)/IP1+P2+P3+P41 
R4 (0.21 OR LESS ALITTJ 69 HBC 1 STD DEV LIMIT 

R5 XI*li21250GJ INTO CLAMBOA (QR SIGMA) KBAR PIJ/lOTAL 
R5 C PSI 
R5 SEEN BARTSCH 69 HBC -0 

R6 XI*1/Zt2500I INTO lXI PI PIIITOTAL IP61 
R6 SEEN BARTSCH 69 HBC -0 . .................................................................. . 

REFERENCES FOR X1*112C25001 

.ALITTI 69 PRL 22 79 +BARNES.FLAMINIO.METZGEFI, + IBNL,SVRA.CUSEI I 
BARTSCH 69 Pl 288 439 IAACHEN. BERLIN. CERN. LOICt VIENNA) 

DI8tANCA 75 NP B98 1!7 01 B JANCA, ENOORF CCARNJ 

.......................................... •••:o:••••• ................. . ...... ......... ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••*••• 

S=-3 1=0 HYPERON STATE (0) 
............... ********* •••••••••••••••••••••••••••••••••••••••••••• 
****** ********* ••••••••• ********* e<******** ********* ********* •••••••• 

24 OMEGA-11675. JP=3!2+1 1=0 

SEE STABLE PARTICLE DATA CARD LISTINGS 

.......................................... ****••••• o:••······ ******** 

...... ••••••**'* •••••••••••••••••• ····••*** ****••••• ********* ••••**** 

9/69 

9/69 

9/69 



Baryons 
A;, l:c{2450}, DIBARYONS 

~·~•***** ********* **"*****"" ••••••••• ********* •••••••• 
*****"**** ******** * ********* *******II<* ****0:**** .......... ******** 

CHARMED BARYONS 
•••••• ********>~' "'******** **It<****** ********* ••******* ••••••.••• ******** 
****** ********* ********* ********* *******•* ********* ******"'** Oil<**"'*** 

33 LAMBDA/C+I2282, JP= } 

~EE STABLE PARTICLE DATA CARD LISTINGS 

***(lc** ******.** ********* •••••oet*** ********* ********* ********* •>~<****** ...... ······"'** .....••.. ·······~· ********* **~······ ***~***** **"'***•• 

1 rc(24so) 1 
) 

1C4 SIGMA/((2450, JP= ) 

TI-E SIGMAtC DECAYS TO LAMBOAiC PI, AND THE SCHISM TN 
MASSES HERE REFLECTS THAT IN MEASUREMENTS OF THE 
LAMBDA/( "'ASS ITHE HIGHER MASSES ARE PRESENTLY 
F.aVOREOI. THE IMPRESSIVE AGREEMENT ON THE SIGI.IA/C­
U~SDA/C "'ASS OtFFF.PENCF. STPONGLY INDICATES THIS lf'l 

BE THE CASE~ RATHR THAN THAT TWO STATES CTHE SIGMA/C AND Y*/CI 
ARE BEING OBSERVED. 

THIS PARTICLE IS AT ABOUT THE 2-ANG-1/2-STAR LEVEL. A DEFINlTIVE 
EXPER JMENT IS NEEDED. 

104 SIGMA/(124501 MASS IMEVI 

2426.0 12.0 CAZZOli 75 HBC .. NU P IN .BNL 7-FT 
( 2460.01 KNAPP 76 SPEC - GAP•V .. A BE 
12439. I OR MORE eAR ISH 77 OBC NU 0 IN 12-FT 

2425.0 10.0 BAL TAY 79 HLBC ++ NU NE-H IN 15-FT 
2457.0 4.0 CAliCCHIO 80 HBC . NU P IN 8E8C-TST 

I 2454.0 5.0 BOSETT I 82 HBC .. MJ P IN BEBC 

1C4 IS IGMA/C 1- (LAMBDA/C+ I "lASS OJ FFERENCE (MEV I 

3/77 
ll/81* 

3177 
12179 
11/81* 
3/82* 

166.0 
168.0 
168.0 
166.0 

l5o 0 
3. 0 
3.0 
1.0 

CAZZOLI 75 HBC ++ NU P-IN BNL 7-FT 11/81* 
SAL TAY 79 HLBC ++ NU NE-H IN 15-FT 12/79 
CALICCHIO 80 HBC + NU P IN BEBC-TST ll/81* 
BOSETTI 82 HBC ++ NU P IN BEBC 3/82* 

104 SIGMA/((24501 PARTIAL DECAY MODES 

Pl SIGMA/((24501 INTO LAMBDA/(+ PI 
DECAY MASSES 

2282+ 139 

CAZZOLI 
KNAPP 
BAR ISH 
SAL TAY 
CAL ICCH I 
BOSE TTl 

75 PRL 34 1125 
76 PRL 37 8E2 
77PRD151 
79 PPL 42 1721 
80 Pl 93B 521 
82 PL 1098 234 

DERUJULA 75 PR 012 147 
LEE 77 PR 015 157 
TRIlliNG 81 PRPL 75 57 

REFERENCES FOR SIGMA/CC24501 

+CNOPS,CONNOLLY,LOUTTIT,MURTAGH, + IBNLJ 
+LEE,LEUNG,SMITH, + CCOLU+HAWA+Ill+FNALI 
+DERRICK, DOMBECK, MUSGRAVE,. + ·c ANL+PUROI 
+CAROUMBALJS,FRENCH,HIBBS, + CCOLU+BNLJI 
+ I BAR l +B I RM+BRUX+C ERN+ EPOL +RHEl +S ACL +LOUC I 
+GRAESSL ER 9 + ( AACH+BONN+CERN+Mtl I M+OXF) 

THEORY AND REVIEW 

+GEORGI ,GL A SHOW 
+QUIGG, ROSNER 
G H TRILLING 

(HARVJ 
C FNAU 

ILBLJ 

••••••••• "0******** ••••••••• ********* ********* *****•••• •••••••• ...... ......... .......... ......... ......... ......... .......... ....... . 
BOTTOM {BEAUTY) BARYON ...... ........ . ********* ********* .................................. . 

****** ........ . ••••••••• ********* ********* •••••••••••••••••••••••••• 

40 LAMBOA/BOC5500, JP:: I IA~I 
-) SEE STABLE PARTICLE DATA CARD LISTINGS 

............... ********* •••••••••••••••••• ********* ••••••••••••••••• ........... ......... ......... ......... ......... ......... ....... . 

Note on Dibaryon Resonances 

(by L.D. Roper, Virginia Polytechnic Institute and 
State University) 

The first modern theoretical discussion of 

dibaryon resonances was probably by Oakes. 1 The 

first experimental hint of them 

ant mass distribution by Dahl, 2 
was in a Ap invari-

3 wave analyses by Arndt 

and in NN partial­
! for the n

2 
state in a pp 

(2S+l) partial-wave analysis. [The notation is . L J' 

where S is the total spin, L is the orbital angular 

momentum, and J is the total angular momentum.] 

282 

Data Card Listings 
For notation, see key at front of Listings. 

·nibaryon popularity rose dramatically .in 1977 

when str.ong energy dependence was unexpectedly 

observed in pp polarization experiments at 
4 Argonne. Also, in that year and the next, Hosh-

izaki claimed the existence of dibaryon resonances 
5 in a pp partial-wave analysis. In the same year 

Jaffe gave a detailed theoretical treatment of 

multi-quark states. 6 

Since the last issue of this Review some new 
7 pp and np polarization experiments have been 

reported which, along with other new and old NN. 

scattering data, have been newly partial-wave 
8 analyzed. There are also partial-wave analyses 

(given in the Listings) of rrd elastic, rrd + rrpn, 

pp + rrd, and yd + pn scattering. Most of these 

strongly indicate 
1 nances in the D2 

the 

and 

existence of dibaryon reso-

3F3 nucleon-nucleon.states, 
1 the s0 , and some indicate possible resonances in 

3 3 3 3 1 1 s
1

, P
1

, P
2

, n
3

, F
3

, or G
4 

states. 

The Pauli principle restricts two nucleons to 

be in one of the following states: 

I=O: 3313 3313 
( Sl, Dl)' pl' D2,( D3' G3), F3' G4''" 

I=l: 

Here the states that couple together (same Jp) are 

enclosed in parentheses. Similarly, only certain 

quantum number sets are allowed for AA, etc. 

In the Listings below, we separate the deter­

minations of pole positions and Breit-Wigner param­

eters. To be a resonance, the pole must occur on 

the second sheet for the elastic channel; it may be 

a bound state or resonance for inelastic channels• 

The advantages of pole parameters over Breit-Wigner 

.Parameters are discussed briefly in the "Note on 

N's and /:;'s." 

The idea that exotic resonances are really 
, d , 9 pseu a-resonances has .recently taken a new 

10 turn. The idea is that box diagrams (e.g., 

involving N/:; in NN scattering) create resonance­

like loops in the Argand diagram without resonance 

poles actually existing. The question is whether 

poles would be created when one unitarized the box 

diagrams in order to calculate physical scattering 

amplitudes. Kloet and Tj~n10 have recently shown 

that a model exists in which, indeed, that is the 

case. However, resonance hunters should definitely 
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Data Card Listings 
For notation, see key at front of Listings. 

report pole positions rather than looping Argand 

diagrams in the future. All who still suggest that 
1 3 the NN D2 or F3 resonance-like structure is due 

to some dynamics other than resonances must take 

their case to the world collection of NN scattering 

data in the form of a detailed partial-wave 

analysis. 

The dinucleon resonances also communicate with 

the Yd and ~d channels. There is not much Yd data, 

and the multipole analysis does not yield much cer­

tainty about which dibaryons are involved. In the 

~d case, uncertainties abound and the partial-wave 

analysis'yields poor fits,compared to the analyses 

of NN data. Nevertheless, the existence of 

dibaryons appears to be corroborated by the Yd and 

~d data. 

Only a few papers about strange dibaryon 

states have appeared since the last issue of this 

Review. It appears that the S=-1 dominant reso-
3 nance is in the s 1 state, art SU(3) partner of the 

deuteron. An excellent review of the S=-1 situa­

tion is given by Dalitz, 11 who concludes that the 

S=-1 3s 1 resonance pole probably exists. 

For a more detailed recent review of 

dibaryons, see Hoshizaki. 12 
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I S=O DIBARYONS I 

Rl 

lC6 BARYON NUMBEP z, STRANGENESS 0 STAlES 

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR TYPES 
OF ANALYSES--

GDPN 

NN 
NNF 
PID 

PlOt 

PPPO 

GAMMA 0 -> P N PARTIAL-WAVE ANALYSIS RESONANCE 
PARAMETRIZATION 
FIT TO NN ElASTIC PAIHIAL-WAVE ANALYSIS 'RESULTS 
FIT TO NN fORWARD AMPL 1 TUDES 
PI- 0 ELASTIC PARTIAL-WAVE ANALYSIS RESONANCE 
PARAMETRIZATION 
PI- 0 -> PI- P N AMPLITUDE ANALYSIS RESONANCE 
PARAMETP lZATION 
P P -> PI- 0 PARTIAL-WAVE ANALYSIS RESONANCE 
PARAMETR IZATt ON 

106 8•2. S ... O. 102 -- 8REIT-WIGNER MA$(i I~EVI 

8REIT-WIGNER "'ASS APPROXIMATELY EQUALS REIPOLE POSITIONI. 

C 2170. I 
I 2180~ J 
12185.1 
{ 2170.1 
12140.1 

HOSHI ZAKI 79 NN 102 ASSUMED BCOGRNO 
ARVIEUX 80 PIO 102 
KAMO 80 PPPD 102 
HOFTIEZE 81 PICI 102 
KANA I 81 PI 0 102 SOL. 8 AND C. 

KAHO 80 010 to.CT TRY FITS WITH FEWER THAN SIX RESONANCES. 
KANAJ 81 FIT WITH NO RESONANCES WAS VERY POOR A~JO DID NOT TRY 
OTHER FITS WITH FEWER THAN FOUR RESONANCES. 

1C6 8=2, S=Ot 102 -- SREJT-WIGNER WIDTH IMEVI 

8REIT-WIGNER WIDTH &.PPROXIMATELY EQUALS 2 TIMES HUPOLE POSITIONI. 

103. TO 150. 
1134.1 

175. I 
(56.) 
(54. I 

HOSHI ZAKI 79 NN 102 ASSUMED BCKGRNO 
KAMO 80 PPPO 102 
HOFTtEZE 81 PlOt 102 
KANAI 81 PIC 102 SOL. 8 
KANAI 81 PIC 102 SOL. C 

1C6 8=2 1 S=O, 102 -- BREJT-WIGNER ELASTICITY 

8REIT-WIGNEA: ELASTICITY APPROXIMATELY EQUALS 
ABSCRESIOUE OF POLEI/(JrHPOLE POS.I. 

(0.11 HOSHI ZAKI 7CJ NN 102 

1/82* 
1/82* 
1/82• 
1/82• 
1/82* 

1/82• 
1/82* 
1/82• 

1/82* 
1/82• 
1/82* 
1/82* 
1/82* 



Baryons 
DIBARYONS 

RE 
RE 
RE 
RE 
RE 
RE 

•• •• •• •• 

RES 
RES 
RES 

c 

106 B=Zr S=Or 102 - RECPOLE POSITIONI IMEVI 

REI POLE PCSITIONJ APPROXIMATELY EQUALS BR.EIT-WIGNER MASS. 

12045. I BHANDARI .81 NN 102 K-MATRJX FIT 
12135. I BHANDARI 81 NN 102 14-HURJX FIT 
I 2150. I EDWARDS 81 NN 102 K-MATRIX F[J 
( 2153. I KLOET 81 NN 102 POT. HOOEL FIT 

KLOET 81 DOES NOT SHOW GOODNESS OF FIT TO 102. 

106 8o::2, S=Or 102 -- IMIPOLE POSiliONI IMEYI 

HH POLE PCS IT ION I APPROXIMATELY EQUALS BREIT-MJGNER WIDTH DIVIDED 
BY 2. 

1110. J 
(90. I 
(56. I 
(46. I 

SHAN OAR I 
BHANDARI 
EDWARDS 
KLOET 

81 NN 
81 NN 
81 NN 
81 NN 

102 K-HATRIX FIT 
102 .. -MATRIX FIT 
102 K-MAUIX FIT 
102 "POT. IIIODEL FIT 

1C6 8=2, S=Or 102 ·-- ABSIRESIOUEI/IMIPCLE POSJTIOPIII 

ABSIRESI/HUPOLE POSITIONI APPROXIMATELY EQUALS BREIT-WIGNER 
ELASTICITY· 

10.175 I 
co. 21 
(0.291 

BHANDARI 
BHAND.&R 1 
EDWARDS 

81 NN 
81 NN 
81 NN 

-·-- ----·----- --------- -------- -----

1D2 K-MlTRIX FIT 
1D2 M-MATRIX FJT 
102 K-MATRIX FIT 

------- --------

,-N-N-(2-25_0...,) I I 1=1, 3F31 

• • • • 
M 

• • • • 
" M 

Rt 

106 8=2, S•O, "3F3 -- EIREIT-WIGNER MASS IMEVJ 

12"390a) GREIN 78 NNF 3F3 
I 2220a I HOSHIZAKI 18 NN 3F3 ASSUMED BCKGRND 
I 2240. I ARVJEUX 80 PIO 3F3 

22b0a IFIXEDI IKEDA 80 GDPN 3F3 SOL • A 
229b. 11. IKEDA 80 GDPN 3F3 SOL • .. 
2"307. 12. IKEDA 80 GOPN 3F3 SOL • ... 

12185.1 KAMO 80 PPPO 3F3 
122bl.J KANA I 81 PIO 3F3 SOlo 8 A"'D C 

GREIN 78 SEES NO 1D2 RESONANCE. 
IKEDA 80 GIVES TWO OTHER SOLUTIONS WITH POORER FITS TO DATA. 

106 8=2, SeQ, 3F3 -- BREIT-WIGNER WIOT .. flo!EVI 

(290a) 
50. TO 100. 

200. IFIXEOI 
117. 32. 
213. 54. 
(81.1 

1181. I 
tl7l.J 

GREIN 
HOSHI ZAKI 
IKEDA 
IKEDA 
IKEDA 
KAMO 
KANA I 
KANA I 

18 NNF 3F3 
18 NN 3F3 .&SSU!oiEO BCKGRND 
80 GOPN 3F3 SOL. A 
80 GOPN 3F3 SOL. A' 
80 GOPN 3F3 SOt. 8'' 
80 PPPD 3F3 
81 PID 3F3 SOL. 8 
81 PIO 3F3 SOL. C 

lOb 8=2, S=Ot 3F3 -- BREIT-WIGNER ELASTICITY 

f0.2 I HOSHI ZAKI 78 NN 3F3 

106 8=2. S"'O• 3F3 -- REIPOlE POSITION) IMEVI 

RE (2190.1 BHANOA~I 

SHANOAR I 
EDWARDS 
KlOET 

81 NN 
81 NN 
81 NN 
81 NN 

3F3 K-MATRIX FIT 
3F3 "l-MA.TR1X F1T 
3F 3 K-MATR I X F tT 
3F3 POTa "!:ODEl FJT 

RE ( 2215. I 
RE (2185.1 
RE 12175.1 

106 8=2, S:c:O, 3F3 -- IMIPDLE POSITIONI IMEVI 

IM 
IM 

•• IM 

(65.) 
170.) 
no.J 
(43. I 

BHANOAR I 
BHANDARI 
EDWARDS 
KLOET 

et NN 
81 "'N 
81 NN 
81 NN 

3F3 K-MA.TRIX FIT 
3F3 M-~ATRIX ~='IT 
3F3 K-M.URU FIT 
3F3 POT • MODEl FI1 

106 8:2, S=Oo 3F3 -- ABSIRESIOUEJ/1'41POLE POSITIONJ 

RES 
RES 
•Es 

I 0.151 
(0.15) 
(Oa 3Q) 

BHANOAR I 81 NN 
8HANOAR I B 1 NN 
EDWARDS 81 NN 

3F3 K-"lATRIX FIT 
3F3 M-"1ATRIX FIT 
3F3 K-"''ATRIX FIT 

----- ------- -------- --------- --------- ------- ------- --------

I OTHER NNI 
) 

( 2250.) 
I 2190. J 
( 2352. I (69. J 

2380. CFDEDI 
12290.1 (14.1 

2380. !FIXEDI 
12377.1 (17.J 
( 2100.1 
C 2117. I 
C 214e. I 
( 71 'iO.) 

GREI~ eo •JNF 3Sl OR. 303 
HASHI"'OTO 80 NN 1F3 ASSUMED BCKGRND 
IKEDA 80 GOPN 3S 1 SOL. A 
IKEDA SO GOPN 3Sl SOL. A.' 
IKEDA 80 GOP/II 3PZ SOL. C 
IKEDA 80 GOPN 3Sl SOL. C 
IKEDA 80 GOPN 303 SC'l. 8'' 
KA"''O 80 PPPO 1SO 
KAMO AO PPPO 3P2 
KAMO ~0 PPPO 3F2 
K.li.Mfl 80 PetPO 3Pl 
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1/82• 
1/82• 
1/82* 
1182• 

1/82• 

1/82* 
1/82• 
1/82• 
1182• 

1/82• 
1/82* 
1/82• 

1/82• 
1/82• 
1/82• 
1/82• 
1/82• 
1/82• 
1/82• 
1/82• 

1/82• 
1/82•~ 

'1/82• 
1/82• 
1/82• 
1/82• 

"1/82• 
1182• 
1/82• 
1/82* 

1/82• 

1/82• 
1/82• 
1/82• 
1/82• 

1/82• 
1/82• 
1/82• 

1/82* 
1/82• 
1/82* 
1/82* 
1/82* 
1/82• 
1/82* 
1/82• 
1/ez• 
1182* 
1/~2· 

Data Card Listings 
For notation, see key at front ofListings. 

{ 2290.) 
I 2300. J 
I 2510. I 
t 2530. I 

KANA I 
KANA I 
KANA I 
KANAI 

81 PIC 3P2 SOt. B 
81 PI D 3P2 SOL. C 
81 PI 0 1G4 SOL. B 
81 PI 0 ISO SOL. C 

F 3F2 RESONANCE INDICATES 3P2 RESONANCE fiECAUSE THEY ARE COUPLED. 

w 
w 
w 

R1 

lOb 8=2, S=D MJSCELL. -- BREIT-WIENER WIDTH IMEVI 

uoo.J 
(50. I 

(342., {69., 
200. CFIXEDI 

f2b3.) 155.) 
200. CFDEDI 

(214. I (52. J 
1315. I 

158. J 
15. J 

CSl. I 
(139.1 
(150.1 
(122.1 
(b6. I 

GREIN 8D NNF 3Sl OR 3D3 
HASHIMOTO 80 NN lf3 ASSUMED BCKGRND 
IKEDA 80 GOPN 3S1 SOL. A 
IKEDA 80 GOPN 3Sl SOL. A' 
IKEDA 80 GOPN 3P2 SOL. C 
IKEDA 80 GDPN 3Sl SOt. C 
IKEDA 80 GOPN 303 SOL. 8'' 
KAMO eO PPPD ISO 
KAMO eo PPPO 3P2 
KAMO 80 PPPD 3F2 
KAMO 80 PPPO 3Pl 
KANA.I 81 PIO 3P2 SOL. 
KANAI 81 PIO 3P2 SOla 
KANA I 81 PIO 1G4 .SOL. 
KANA I 81 PI D 1SO SOL. 

106 8=2,. S=O MJSCEll. - BREIT-WIENER ELASTICITY 

(0.121 HASHIMOTO 80 NN 1F3 ASSUMED BCKGRNO ......................................................................... 
GREIN 78 NP 8137 173 
HOSHJZAK 78 PTP 60 1 H6 
HOSHIZAK 79 PTP 61 129 
ARVIEUX 80 NP A350 :COS 
GREIN 80 PL 968 176 
HASHIMDT 80 PTP 64 1b93 
IKEDA 80 NP 8172 509 
KAMO 80 LNC 29 289 

ALSO. 80 PTP 64 2144 

BHANDARI 
E OWAROS 
HOfTIEZE 
KANA I 
KLOET 

81 PRL 46 1111 
81 PR 02"3 1 'i78 
81 PR C23 407 
81 PTP 65 266 
81 PL 1068 24 

HIOAKA 77 Pl 708 479 
FRASCAR I 80 PL •He 345 
KUBOOERA 80 JPG 6 171 
ARGAN 81 PRL 46 9b 
ARVIEUX 81 Pl 1038 99 
BOLGER 81 etRl 46 167 
GREIN 81 JPG 1 1355 
HOLT 81 PRL 47 412 
KLOET 81 NP A3Ei4 ~4b 
MINEHART 81 PRl 46 llf5 
MIZUTANI 81 Pt 1078 177 
RINAT 81 PL 10413 182 
TAMAS 81 NP A358 347 

~EFERENCES FOR B:::2, $:::0 ·sTATES 

W. GREIN, P. KROll 
N.HOSHIZAKI 
N.HOSHIZAKI 
J. ARV I EUX, A. S. R JNAT 
WaGRE IN, A. KRONI G, P. KROll 
K. HASHIMOTO. N. HOSHI ZAK I 
+ARA I ,FUJI I ,FUJI It IWASAKI+ 
HoKAMO, W. WATAR I 
KAMO, WATAR I, YONE ZAWA 

IKARl+WUPPJ 
CKYOTJ 
( KYOTJ 

{ GREN+REHO+SACL J 
( SIN+WUPPJ 

IKYOTI 
I TOKY+KEK+ I NUS t 

I OSAKI 
IOSAK+H.tROJ 

+ARNOT, ROP ER• VERWEST { VPI +T II.MUJ 
B.J.EOWARDS IANU 
+BAKER, ClEMENT, DRAGO SET+ (RIC E+HOUS+BONNI 
+MI NAKAo NAKAMURA+ CTMU+KAGO+TWAS+SAGA) 
W.H .. KliJET,J.A.TJON IRUTG+UTR.EI 

PAPERS NOT REFERRED TO IN DATA CARDS 

+BERETVAS,NIELQ,SPINKA+ CANLJ 
+BR ISS AU0 1 01 DELE z, PERR t N+ ( IPN+GREN+NEUC J 
+LOCHER, MYHRER, THJMAS C SlN+NORO+TR IU I 
+AUDIT, OEBOTTON ,FAURE, HARTIN { SACLJ 
J.ARYIEUX CGREN+SACLJ 
+BOSCHITZ9 PROBSTLE, SM tTH C KARl+S 1 N+ERLA+ I 
WaGREJN,M.tOCHER CSINJ 
+SPECHT 9 STEPHENSON, Z EI CHAN+ I ANL+lA Sl + J 
W.KLOH,R.SILBAR IRUTG+LASLI 
+BOSWEll ,DAVIS, DAY, MCCARTHY+ (VI RG+LASL) 
+FAYARO,LA,.OT 9 NAHABETI AN { L YON+~EGE I 
A. R I NAT, J. AR VI EUX ( GREN+REHO+S ACU 
G. TAMAS ( SACLJ ........................................................................ ...................................... •••••*••• ......... . ............ .......... . 

ls=-1 DIBARYONj 
1C7 BARYON NUMI\ER z, STRANGENESS -1 STATES 

IN THIS SECTIGN WE USE THE FOLLOWING APIBREVIATIONS FO'l TYPES 
OF ANALYSES--

LPI M LA.f!IBDA-P INVARIANT MASS 
tNIM LA,.,BDA-N INVARIANT MASS 
SPIM SIGMA-P INVARIANT MASS 
88 BARYON-BARYON SCATTERING COHIBINEO Af'IPLITUDE ANALYSIS 

----- -------- --------- ______ _.. __ -------- ----

IAN(2130) I II=1/2. 
107 B=Z, S=-1 -- BREtT-WlGNER MASS IMEVI 

BREIT-WIGNER ,.ASS APPROXIMATELY EQUALS RECPOLE POSITIONJ. 

2098. 
( 2126.1 
12130.) 
( 2130·.) 
2128.7 

( 2138. el 
C 2129. I 
2127. 
2125.2 

{ 2251.41 
( 2115. I 

2129.0 
( 2130.1 
12320 .. 1 

.. 
o. 2 

( o. 71 .. 
2. 5 

( 3.9) 

0.4 

I SIGMA- 0 TO LAMBDA NT. 

COHN 64 lNIM Q==O 
CliNE b8 LPIM 3Sl Q=l 
AlEXANDER 69 LPIM Q==l 
JAIN 69 lPIM Q=l 
TAN 69 LPIM Q-==1 
TAN b9 lPIM Q=l 
EASTWOOD 71 LPJM Q=l 
Sl MS 71 LPIM LNI'"I Q:=O,l 
SHAH8AZI 73 LPIM Q::1 
SHAHBAZI 73 LPIM Q=l 
SODHI 75 LPJM Q=l 
BRAUN 77 LPIM Q=1 
GOYAl 78 lPIM Q=l 
GOYAL 80 SPJM Q=O 

GCY4l 71 RAt~ES DOUBTS ABOUT THE EXPERIMENTAl PROCEOUPE USED 
IN JAIN 69. JAIN STUDIED K- EMULSION TO LAMBOA·P. 

K K- 0 TO PI- LAMBDA Pt PI- LAMBDA PI+ N, AND PI- lAf'IBOA PtO P. 

L ~ P TO LAMBCA P X FOR P IN CARBON 12. 

M K- 0 TO PI- PIC lAMEtOA P. 

GOYAL 7B SEES ANOTHER UNCERTAIN PEAK AT 2195-2210 PIEV. 
K- D TO 2P1- PI+ LAMBDA P. 

1/82* 
1/82* 
1/82* 
1/82* 

1/82• 

1/82* 
l/82* 
1/ez• 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/e2• 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 

1/82* 

1182• 
1/82* 
1/82* 
1/82* 
1/82* 
1/82* 
1/82• 
uez• 
1/82• 
1182• 
l/e2• 
1/82* 
1/82* 
1/82* 

l/e2• 

1/ez• 
1/82• 

1/82* 

1/82* 

1/82• 
1/82* 

0 K- 0 TO PI+ PI- SIGMA- P. 1/82• 
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Data Card Listings 
For notation, see key at front ofListings. 

Baryons 
DIBARYONS 

1C7 ·8=2. S=-1 -- AREIT-WTGNER WIDTH IMEV) 

BREIT-WIGNER WIDTH APPROXII'\ATELY EcuALS 2 TIMES JM(POLE POSITIONI. 

20. to. COHN 64 LPIM Q=O 
10. CR LESS CLINE 68 LPJM 351 Q=l 

120. I JAIN 69 LPIM 0=1 
7. 0 0.6 TAN 69 lP 1M Q=l 

( 9. 11 I 2.41 TAN 69 LPJM Q=l 
110. I EASH.IQOD 1l LPIM 0=1 .. '· SI'4S 7l LPIM Q:t 
20.6 5. 2 SHAHBAZT 73 LPIM Q::l 2125 PEAK 

121.11 15 .. 41 SHAHBAZ I 73 LPJM 0=1 2251 PEAK 
nso.1 SODHI 75 LP IM Q=l 

5.9 [.6 BRAUN 17 LPJM Cl=l 
125.1 GOYAL 80 SPIM Q=Q 

107 f\=2. S=-1 -- REIPOLE POSITtDNI CMEVI 

REI POLE PCSITIONJ APPROXIMATELY. EQUALS BREIT-WJGNER MASS. 

RE 

'" RE 

12132.1 
I 2137. I 
( 2129.1 
I 2127. I 
12148. I 

NAGEL$ 79 Be 3$1 0"'1 
NAGEL$ 79 BB 351 0=0 
DOSCH 80 LPJ~ 351 Q=l 
TAKAHASHI 80 BB 3S1 Q::::Q, 1t2 
TAKAHASHI BD BB 1P Q=Q, 1,2 

RE 
RE 
RE 
RE 
RE 
RE 

NAGELS 7q REPORTS POLE POSITION FOR TWO DIFFERENT 3S1 CHARGE 
STATES. 
K- 0 TO PI- LAMBDA P. 

107 8=2• S=-1 --:- JMIPOLE-POSITIGNI IMEVI 

IM(PQLE POSITIONl APPROXIMATELY EQUALS BREIT-WIGNER WIDTH OIVIOEO 
BY 2. 

lM 
IM 
IM 
lM 
lM 

12.41 
12.61 
(5.1 
(9.1 
18.1 

COHN 64 PRL 22 668 
CliNE 68 PRl 20 1452 
ALEXA.NOE M PRL 22 483 
JAIN 69 PR lfH 1816 
TAN 69 PRL 23 395 
EASTWOOD 71 PR 03 26(3 
SIMS 71 PR 03 1162 
SHAHS.AZ I 73 NP 853 19 

SODHI 75 NP 897 403 
BRAUN 77 NP Bl24 45 
GOYAL 78 PR Dl8 948 
NAGELS 79 PR D20 1633 
DOSCH 80 ZPC 3 249 
GOYAL 80 PTP 64 700 
TAKAHASH 60 NP A336 347 

NAGELS 79 Be 3Sl Q=1. 
NAGELS 79 f!B 3S1 Q=D 
DOSCH 80 LPIM 3S1 Q=1 
TAKAHASHI 80 BB 3S1 Q=Ot1t2 
TAKAHASHI 80 fiB 1P Q:cQ, 1, 2 

REFEReNces FoR e=2, s=-l sures 

H.O .COHN, K. H. BHATT; W. M. I!UGG I OR NL +lENNI 
O.CLINE,R.LAUMANN,J.MAPP IWISCI 
AL EXA.NOER, HAll, JEW, KAU4US, KERNAN I L BL +UCR I 
P.L.JAJN IBUFFI 
T.H.TAN ISLACI 
+FRY,HEATHCOTE, ISLAN+ I BIRM+EOIN+GLAS+LOJCI 
+O'NHlo ALf\R IGHT oBRUCKERoLANUTTt ( FSUI 
B.SHAHBAZIAN,A.TIMONINA IJINRI 

A, SODHI, D. GOYAL 
+GRIMM, HE PP, STROEBELE, THOEL + 
D.GOYAL,A.SOOHI 
M. NAGEl S, T. R I JKEN, J .OESWART 
H. DOSCH, I. ST AMATESCU 
D.GOYAlo J. MISRA 
TAKAHASHI, 1 WAMURA, K 1 MURA ,KUME 

(DElHI 
IHEIO+MPIMI 

I DELHI 
INIJMI 
I HEIDI 
I DELHI 
ITOKYI 

l/82* -
1/82* . 
1/82• 
1/82* 
1/82• 
1/8211' . 
1/82• 
1/82* 
1/82* 
1/82* . 
1/82* 
1/82* 

1/82* . 
1/82* 
1/82• 
1/82* ' 
1/82* 

1/82* 
1/82* 
1/82* 

1/82* . 
l/82• 
l/82* 
"1/82* 
1/82* 

PIROUE 64 PL ll 164 
ALEXANDE 68 PR 173 1452 
BUNNEL 7D PR D2 9.B 
GOYAL 71 PR D3 i259 
KADYK 71 NP B2"7 13 
DOSCH lB PR D 18 4011 
MIZUNO 79 PTP t:2 1691 
ROOSEN 79 NC 84"9 217 
O'AGOSTI 81 Pl 1048 330 
KIMURA "81 PTP 65 649 
TOKER 81 NP A362 405 

PAPERS NOT REFERRED TO IN OAT A CARDS 

P .. A.PIROUE {PRINI 
+KASHORN,SHAPIRA+ IREHO+HEIOI 
+DERRICK, FIELDS, HY"4AN, KEYES ( NWES +ANLI 
Q,P.GOYAL I DELHI 
+AlEX ANDER, CHAN, GAPOSCHK IN, TRIllING ll 8L l 
H.G.DOSCH,V.HEPP !HEIDI 
T. MIZUNO ITOKYI 
+VANDERVELDE-WI LOUET, W 1 CKENS+ I t.OUC+BRUXJ 

( RO"'A+SAC.L + VANDI 
M.K I MURAt y. IWAMURAt Y .. TAKAHASHI fTOKY I 
G. TOKER, A, GAL, J. EISENBERG I HEBR EW+TEL A I 

****** ********* ********* •••••••••••••••••• ********* ********* ******** 
.......................... ********* •••••**** ********* .......... ******** 

I S=-2 DIBARYON I 
108 BARYON NUMBER 2, STRANGENESS -2 STATES 

IN THIS SECTTON WE USE THE FOLLOWING ABBREVIATIONS FOR MEASURED 
OUANTtTIES--

XPIM Xt-P INVARIANt MASS 
LLIM LAMBDA-LAMBDA INVARIANT MASS 

~OB B;=2, S=-2 -- MASS IMEVI 

( 2367 ... 
(2365. 31 
f24BO. I 

I 4. I 
{ 9 .. 61 

K- 0 TO X t- P K Q. 

BEILLIERE 72 LliM Q=O GAUSSlAN "fiT 
SHAHBAZ lA 73 Lllfo', Q=O 
GOYAL BO XP IM Q=O 

N p TO LAMBDA LAMBDA X AND PI- P TO LAMBDA LAMBDA X FOR P IN 
CAR BON 12. 

R GOYAL BO .ALSO SEES A SHOULDER AT 2360 MEV. 

108 8=2• S=O -- WIDTH IMEVI 

115. I 14 .. I 
14-7.01 115.71 

BEt LLI ERE 72 LLIM Q=O GAUSS IAN FIT 
SHAHBAZIA 73 LLIM 0=0 

....... ********* ********* ••••••••• ********* .......... ********* ........ . 

BEILLIER 72 PL 39B 611 
SHAH8AZI 73 NP 853 19 
GOYAL BO PR 021 607 

CARROLL 78 PRL 41 771 

REFERENCES FOR 8=2, Sc-2 STATES 

BE Ill I ERE, MAYEUR+ ( eRUX +CERN+TUFT+LOUC I 
B.SHAHBAZIAN,A.TIMONTNA (JINRI 
D.GOYAL,J.MISRA,A.SOOHI !DELHI 

PAPERS NOT REFERil.ED TC IN DATA CARDS 

+C H lANG, JOHNSON, KYC lAo K I,+ (BNL+PRINI 

...... ********* ********* •••••••••••••••••• ********* .................. . 

.................................. ********* .......................... . 

1/82* 
1/82* 
1182* 

1/B2• 
1/82* 
l/82• 
l/82* 

l/B2* 
1/82* 



Appendix I 

TEST OF ~I= I /2 RULE FOR HYPERON DECAYS 

0. E. Overseth 

Universit'y of Michigan 

I. Noi!leptonic decay Amplitudes 

In this edition we again use the ne~ eonvention for the ampli­

tudes A and B adopted in 1973. Some theorists have suggested that 

dimensionless amplitudes are more useful to them than the ones 

appearing in the literature. Berge1 used a convention with A and B in 

units of sec- 112. Samios2 used a convention which gave A arid Bin 

units of (MeV-sec)- 112. Following is the con_v~ntion suggested by 

Jackson3, which gives dimensionless A and B. 

The effective Lagrangian density for nonleptonic hyperon decays 

(B1 -+ B2 + 1r) can be written 

where G= I o-5~-2 is a coupling constant characteristic of first-order 

weak decays, llc is the charged pion mass, and A and B are dimension- . 

less complex numbers giving the relative 'amplitudes of the parity­

violating and parity-conserving decays; respectively. The matrix 'Ys is 

to be taken in the Pauli form, -y5= (~I~ ). The in~ariant ampli­

tude for the decay is 

where Pis the 4-momentum Of the d~yinghyperon of mass M, andp 

is the 4-momentum of the baryon decay product of mass' m. With 'the' 

normalization convention, iiiui ·= 2~, the Pauli fo~m of the matrix 

element in the rest frame of the decaying hyperon is 

where E is the total energy of the final baryon and q is a unit vector in 

the direction of motion of the final baryon. Comparison with Sec. VI D 

of the text shows that the amplitudes s and p defined there·are propor­

tional to A and B: 

Here ll is the mass of the pion entering the decay. The parameters a, 

{3, and 'Y can therefore be expressed in terms of A and B, rather than s 

and p, if desired. 

The decay rate for B1 -+ B2 + 1r is 

r= G~c
4 

q {[ 
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where q is the c.m. momentum of the decay products. For reference, 

the dimensionless constant in this expression has the value ( a21lc 4 /81r) 

= 1.9488XI0- 15·• 

. Table I summarizes the amplitudes A. and B for the nonleptonic 

decays of th~ A, 2J, and ! hyperons. Ibese amplitudes have been cal­

culate.;!. by using ~he exp,erimental data for mean lives, branching 

ratio~. ~nd the deq1y asymmetry a given in the Stable Particle Table of 

this; Reyiew. ,Time-reversal invariance is assumed and final-state 

interactions are neglected, so A and B are taken to be relatively real. 

The· subscript on the hyperon refers to the sign of the decaying pion. 

The statistical correlation coefficient 

is also given. The absolute signs of A and B have been assigned, using 

the following convention. Taking A(A'] as positive, the other S-wave 

decay amplitudes are chosen to give an approximate fit to the triangu­

lar relationships 

The signs of the B. amplitudes relative to those of the corresponding .A 

amplitudes are determined by the sign of the. appropriate a decay 

parameter. 

M -+m+J.I 

Ao -+p+7r-

Ao 
0 

-+n+7ro· 
2)+ 

+ -+n+7r+ 
2)+ 

0 -+p+7ro 
2)- -+ n + 'lr-

';;'0 -+A+7ro -o 
~ -+A+7r""· -

2. Tests of the ~I=i/2 Rule 

(a) A Decay 

Table I 

A B CAB 

1.47±0.01 9.98±0.24 -0.289 

-1.07 ±0.01 :..7.14±0.56 -0.740 

0.06±0.01 19.07±0.07 -0.038 

i.48±0.05 -12.04±0.58 0.982 

1.93 ±0.01 -0.65±0.07 0.003 

1.55±0.03 -5.56±0.33 -0.148 

2.04±0.01 :..7.49±0.28 0.237 

For A decay the ~I=l/2 rule predicts, that r0;r _ = 0.50 and ao 

a_. In order to determine the magnitude of possible ~I =3/2 

amplitudes present we write the linear expressions4 for the ~I =3/2 A­

and B-wave amplitudes in terms of~. where ~a. is the measured value 

of a0ja_ minus the predicted value, and in terms of M similarly 

defined. Evaluating these we fi.nd 



Here the t:..I=3/2 amplitudes are expressed relative to the Al=l/2 

amplitudes. The numerical values of the coefficients depend on .the 

ratio B/ A The uncertainties in the Coefficients are small 'compared to 

the uncertainties in lla and AI'. ·Final-state 1rN interactions have been 

included in these relations but have a . very small effect. ·From the' 

Stable Particle Table, 

lla = 0.006±0.066, Ar=0.058±0.012 ' 

and hence 

and 

The possible 3% t:..I=3/2 A-wave amplitude is due to the disagreement 

of decay rates with prediction. At this level the results are sensitive to 

electromagnetic corrections. However, in A decay the phase space 

correction and the other radiative corrections appear to be about equal 

in magnitude and have opposite signs, 5•6 and hence .caneel each other 

in the correction to the decay rates. 

(b)?: Decay 

The analysis for ?: decay is very similar to that for A decay. If 

the Ill= I /2 rule is valid, r 0(:;0} ;r _(?;-) ;= 0. 50 and a0 = a_. For 

this case the expressions linear in AI =3/2 A- and 8-wave amplitudes 

are4 

From the Stable Particle Table, 

lla = -0.05±0.06, .AI'= 0.066±0.020, 

and we find 

and 

(c)~ Decay 

The traditional test of the Ill= I /2 rule in ~ decay is that .the 

amplitudes satisfy the relationship 
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Graphically this is equivalent to closing the ~ triangle when the ampli­

tudes are plotted on A, B axes. Including t:..l~3/2. amplitudes in ~ 

decay analysis, the "~triangle" relationship becomes 

where A3 and As are Ill =3/2 and Ill =5/2 amplitudes, respectively. 

There is a similar equation for the B amplit~des. From Table I, 

Vi Ao +A+- A_= 0.22±0.09 

and 

Vi 80 + B+- 8_ = 2.7±1.0 . 

If we neglect the Ill =5/i amplitudes and assume all amplitudes to be 

real we can solve for possible Ill =3/2 amplitudes. The result is 

and 

A3 
A- = -0.061 ±0.024 

83 . 
8:;:' == -0.074±0.027 . 

Thus for hyperon decay, present experimental data limit t:..I=3/2 

amplitudes to less than about 5%. 

3. The l.ee-Sugawara Relation 

From Table I the Lee-Sugawara relation,7•8 v'3~t + A~- 2?::::­
= 0, is satisfied to -0.05 ±0.11 for the A amplitudes, and to 4.1 ± 1.8 

for the B amplitudes. 
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Appendix II 

A SU(3) CLASSIFICATION OF BARYON RESONANCES 

A Barbaro-Galtieri 

Lawrence· Berkeley Laboratory 

It is established that a symmetry higher than SU(3) is necessary 

to classify the known baryon resonances. However,· rruiny higher­

symmetry schem~ have· been proposed, and even for SU( 6) various 

versions exist (for a review see Dalitz1). Since it is not cl~r which 

one of these schemes· best fits the data, we do not review them here, but 

we report once again fits of baryon states into SU(3) multiplets. 

For the reader's convenience, we collect here the relevant formu-

lae. 

Exact SU~ 3) symmetry predicts. that all the members of a ~ulti­

plet should have the same mass and the ~arne ~upli~gs for decays into 

other multiplets .. It .has been found, however, that the members of the 

octet of stable baryons lie within 20% of their mean mass; therefore a 

symmetry-breaking interaction has been introduced by Gell-Mann and 

Okubo independently. 2 In addition, for the isospin-0 vector mesons (w 

and </>), an additional symmetrycbreaking interaction has--been. intro­

duced by Sakurai3 to take care of octet•singlet mixing. The relevant 

formulae for masses imd decay rates are.given below. 

Mqss Formulae 

Broken SU(3) gives: 

Decuplet 

Octet' 

Octet­
singlet 
mixing ! 

.:l-~=~-2=2-f! 

2(N+Z) = 3A+~ 

A-M8 
sin211 = ---· 

A-A' 

2(N + 2) -~ 
Mg = 3 

GMO (I) 

GMO (2) 

Mixil)f ·. 
angle · . (3) 

GMO (4) 

Here GMQ stand~ for the Gell-Mimn-O~bo formula; the particle sym­

bol indicates its mass. The formulae would be the same i( ·squared 

masses were used. For the,.nonet case, .A is· the "mostly-octet" parti­

cle, A' is the "mostly-singlet" particle. 

Decay Rntes 

In terms of a relativistically invariant matrix element T, the 

decay rate for 2-body decay of a resonance of'n:m:ss MR is· 

r cc (5) 

where R2=k/MR is the 2-body phase space factor. Since the numerator 

is an invariant, and since r must transform as 1/E, we introduce the 

denominator MR. 5 

For meson decays (see below) the rates are ··calculated according 

to Eq. (5); for baryon resonance decays int() 112+ baryons _and ·o~ 

mesons, one next takes into account the fact that spin sums in ITI 2 
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introduce another factor MR•· canceling the I /MR. . We are then left 

with 

r = ITI 2kM. . , b 
. . MR· . N , .or aryons (5') 

for mesons. (5") 

The pOWer~ of the nucleon mass MN or MrJ ha~e been introduced so 

that we can treat ITI as dimensionies~. 

I Ti 2 contain~ centrifugal barrier fact~rs, which we .~ll B t' We 

then have 

Qecuplet l M 
'r..; (cg)2B' (k)~ k 

Singlet l MR 
(6) 

Octet · · 2 f'1N r = ( c~0+cFgF) B ,(k) M k 
R 

(7) 

Octet-

{ 
A= G8rosil + G1sinll 

singlet 
mixing A' = -G8sinll + G1cosll ' (8) 

with Gg =c[)llo+cFgF 

Gl = clgl. 
(9) 

Here ci are the SU(3) coefficients with the sign Convention adopted in 

this article. [see note in the .Table of SU(3) Isoscalar Factors and Fig. 

2 in the text]. MN is the .nu~l~on mass', MRis .the resonance mass for 

which r is ca:Jculated, ·k is the center-of-mass momentum for the-·chan- · 

nel being considered, and gi are· the relevant couplings. Fo~ the ease 

of singlet-octet mixin~, Eq. (8) has to be used in conjunction with (6) 

· and .(7). G8 and 01 represent the couplings for the multiplet, and A 

and A' represent the ct>uplings for the physical states. 

-.The relation between g0 , gf, and:the parameter a is 

a = [ I + Vs ~ ·]-1 
3 go 

(10) 

. . 
Exact SU( 3) predicts that the couplings gi for all the members of 

a multiplet are the same; h?wever, since the symmetry is broken for 

the masses,. it is probably broken for the widths. In the case of the 

3/2+ decuplet, broken SU(3) sum rules have been derived by Becchi,6 

Gupta, 7 and Konuma8 indei;endently. The form derived by Gupta 

relates the gi for the men:tbers of the decuplet by the relation 

2(.:l + 2) = 3~*(A1r) + ~·(M), (II) 

where ~·(A1r) is the cou~lingf()r, the~ 1385) - A1r decay and i*(M) 

is the coupling for the decay ~1385)..:. M. 

As mentioried in the. texi (Sec.· IV B) the determination of the 

relative signs of resonant amplitudes can be useful in making an SU(3) 



assignment of resonances. In fact the resonant amplitude T ex: ~ 

ex: GeGi, where the subscript e refers to the elastic channel and the .Ge, 

G; are the couplings of Eqs. (6) through (9). Assuming that all gi are 

positive, the sign of the G; are dependent upon the sign of the 

Clebsch-Gordan coefficients c;. Once a sign convention is adopted (we 

use the Levi-Setti9 convention, see Fig. 2 in the text) and the signs for 

a~ state (1=1) and a A state (I=O) of known SU(3) assignment have 

been chosen for reference, the signs of all the other amplitudes can be 

useful in determining multiplet assignments. For exact SU(3) all the. 

decays of members of a decuplet have the same sign. For octets the 

relative sign depends upon the value of g0 /gF and the mixing angle, as 

seen from Eqs. (7) through (9). 

Fits to the Data 

Fits of baryon decay rates within SU(3) can be found in, among 

others, papers by Tripp, 10·11 Levi-Setti, 9 Samios, 12 and Plane.l3 

More recent fits were made by Barbaro-Galtieri14 and Samios.15 A fit 

of the decay rates within SU(6)w may be found in Litchfield et al. 16 

Analysis of the baryon mass spectrum using the quark shell model has 

been done by Jones et al. 17 An analysis .of baryon couplings in a 

quark model with chromodynamics has been done recently by Koniuk 

and Isgur. 18 

For our SU(3) analysis in fitting the data a choice for B t has to 

be made. Plane13 tried two forms for B i 
(a) The form B 

1 
= (kr) 1D /kr), r being the radius of interac­

tion and D l the polynomials in kr given by Blatt and Weisskopf. 19 

Usually r is taken to be I fermi. 10 
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(b) The form Bt = kt. 

However, for final results form (b) was chosen. A discussion of the 

differences among these two forms has been given by Barbaro­

Galtieri. 20. As shown in Ref. 20, not only the values of the couplings, 

gi, depend upon the form used for B t' but also the value obtained for 

the mixing angle. For the 3/2- singlet, A(l520), and the isospin-0 

member of the octet, A(l690), the mixing angles obtained in the two 

cases were 

IJa = (-16.1~::;)• ,IJb = (-27.5~j:~) 0 , 
in disagreement by a few standard deviations. However, if a radius of 

interaction of r = 0.15 fermi was used for form (a), the two values of 

IJ agreed. This value of r does not fit resonance shapes when used in 

the Breit-Wigner resonant form. Samios15 used form (b) for Bt' 

Table I is a summary of the fits made by us (update of Barbaro­

Galtieri14) using the barrier factor form (a) and exact SU(3). The 

values of the masses, widths, and amplitudes used in the fits are taken 

from this edition's Tables and Listings. 

Ijr Nonet (Baryon-Eta Resonances) 

For this nonet Eq. (7) was multiplied by the factor 

where M8 is the decay baryon and MR-M8 =568 MeV is the difference 

of the mean 1/2- and 1/2+ baryon octet masses. This kinematic fac­

tor comes from PCAC arguments (i.e., the assumption that the axial 

Table I. SU(3) baryon multiplets with two or more known members. Values of IJ and a 
[defined by Eqs. (8) and (10)] are the result of fits made to all the measured 2-body decay 
rates of each mutiplet. 

Jp Octet membersa Singlet IJ(deg)b a 

Ifr N(l535) A( 1670) ~1750) [Z(l737)] A(l405) -31± 7 { 0.50±.06} c 
[Z(l850)] -22±11 0.56±.11 

3/2- N(l520) A(l690) ~1670) [Z(l819)] A(l520) -21± 3 0.31 ±.04 

5/2- N(l675) A(l830) ~1775) 1.18±.04 
5/2+ N(l680) A(l820) ~1915) [Z(2069)] A(2110) 22± 5 0.70±.03 

Decuplet membersd g!O 

3/2+ a(l232) ~1385) Z(l530) sr 1.0-1.5 x2/DF=58/3 
7/2+ a(l950) ~2030) 

a Masses in parentheses are the nominal masses used in the Baryon Table. The Z members 
have masses as calculated by using Eqs. (I) and (2) with the mixing angle IJ derived from 
the decay widths. 

b See text for a discussion of the I /2- mixing angle. 

c The first values of IJ and a are obtained by using a plus sign for the amplitudes of both 
N(l535) .... N77 and A(l670) .... A77. The second values use a minus sign for the second 

amplitude. Both fits, however, have a bad x2, mostly due to the. two baryon-77 amplitudes. 

d Coupling constants updated from Ref. 14, using new Z(l530) data. 



vector currenr remains an octet in the presence of symmetry breaking) 

and .it was advocated by Graham. 21 For the 1/2- nonet it was used in 

this form first by Geli-Mann. 22 The couplings for the A(l405) to the 

NK and M channels are the same as those used in Ref. 14. 

3/2+ Decuplet 

The agreement among the coupling constants obtained for the 

four rates in this decuplet is very bail. The fit made using form (a) for 

B l has x2=58 for 3 degrees of freedom; the one made with form (b) 

forB e has x2/DF=l3/3. The broken SU(3) relation (II), however, is 

very well satisfied. 

B. SU(3) CLASSIFICATION OF MESON RESONANCES 

All of the discussion above applies, except that for bosons the 

GMO formula is usually applied to the square of the masses, as 

opposed to the first power for fermion~. Thus for example, Eq. (2) 

becomes 

4K = 3~ + i-. (2') 

The symbol K was introduced by Glashow and Socolow4 for the square 

of the K mass, etc. 

Because of the difference between Eqs. ( 5') and ( 5"), there is 

also an extra factor of (MN/MR) in Eqs. ( 6) and (7). The three esta­

blished nonets (0-, 1-, 2+) and their mixing angles are listed at the 

bottom of the Meson Table. 

C. FLAVOR SYMMETRY BREAKING 
IN A UNITARY MIXING SCHEME 

M. Roos 

University of Helsinki 

Because of unitarily, the GMO formula is an approximation, 

which breaks down especially for broad resonances. The imaginary 

part of the mass matrix M2 is related to the widths, and for mesons is 

of the form23- 25 

Im M--2(s) = Im ~-(s) = ~g- bll· k 2l+Is-112F(k) 
IJ J ab 1a Jab a a (12) 

where i and j are resonance indices, II the hadronic self-energy 

diagram, giab the coupling constant for the channel i --+ ab, and F a 

hadronic form factor. Only the real part of M2 approximately satisfies 

the GMO mass formula. More generally, one can assume Re M2 to be 

given by quark masses in a bare-mass term plus a hadronic mass shift 

Re Ilij(s) satisfying analyticity constraints. In general, ~j(s) is non­

diagonal and breaks flavor symmetry through the different threshold 

positions. It is diagonalized by a complex orthogonal matrix which 

determines the generally complex mixing angles. The imaginary part 

of a mixing angle is related to the overlap between the resonance. 23 
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The masses and widths are given respectively by the real and ima­

ginary parts of the eigenvalues of M2. 

In this way one can, using both masses and widths as data, 

within the same framework,. determine26 both the deviation o from 

ideal mixing (i.e., 0 = 35.3° + o) and the QA-QB mixing angle t/> 

listed at the end of the Meson Table. 
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Appendix III 

GROWlli OF INFORMATION 

From time to time we have presented figures demonstrating the 

amount of experimental work which has gone into spectroscopy, and 

the amount of new information available as a result. The 1982 ver­

sions of these figures are shown as Figs. I ~nd 2. 

Figure I is a simple count of the ~umber of me8on resonances 

listed in the Tables, categorized as those "understood" -- i.e., all 

quantum numbers are believed known -- and those simply "listed". A 

rapid recent increase in both of these categories occurred because of 

the discovery of the J N and related particles. 

"' Q) 

50 

40 

-- Mesons listed in Table 

- Well-understood mesons 

".E 30 
c 
w 

20 

10 

65 70 80 

Year of RPP publication 

Fig. I. Number of meson resonances listed in the Tables 
(dashed line) and those for which all quantum numbers are 
known (solid line), as a function of year of publication of the 
Review ofParticle Properties. 

85 

In Figure 2 we present similar information for the baryon reso­

nances, but concentrate 'here.·on the "growth of understanding". That 

is, the number of known baryons (we include for this figure only those 

with known JP) has ~rown only very slowly with time (dashed line); 

the real progress has been in the measurement of the properties of 

those baryons. Therefore we show as the solid line. a count of the 

number of baryonic properties -- mass, width, and branching ratios. 

Most of these results are from partial-wave analyses. 

A history of the values of some of the constants in the Review of 

Particle Properties is presented in Figs. 3-7. It may be said that one 

can estimate the age of a high energy physicist by asking him or her 

the mass. of the A. If the answer is 1115.44 MeV, he probably was 

deep into his graduate training in 1965. 
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(m, r' branching ratios) 
for these baryons 
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Q) 

75 77 79 81 

No publication 
these years 

.... 
'E 140 
UJ 

120 

100 

80 
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20 

No publication 
these years 

0~~~~~~~~~~~~~~~~~~ 
1957 60 65 70 75 80 85 

Year of publication 

Fig. 2. Total amount of information (mass + width + branch­
ing ratios) on baryon resonances listed in the Tables, restricted 
to those with well-established Jp (solid line). Dashed line 
shows numbers of such resonances listed. Abscissa shows year 
of publication of Review of Particle Properties. 

A history of this sort has more than whimsical value. We may 

use it as a guide to develop a "feel" for the reliability of current 

values. In Fig. 3 ·we show how the generally accepted values for the 

speed of light and a couple of other constants have changed with time. 

The ''generally accepted value" is usually an average over several 

experiments, performed by a compiler (in Fig. 3, the compiler is other 



than the Particle Data Group in all cases, although we do quote the 

compiled results). The abscissa on all these figures is the date of pul>­

lication of the value shown. Clearly there is a general progression 

toward better understanding -- at least as measured by the size of the 

error bars. However, the size of the error bars does not tell the full 

story, as we can see by the frequency with which the "best" value has 

changed by more than one standard deviation. Changes in these values 

can come· from several sources: a new experimental measurement, re­

evaluation of an old measurement (which can come about if a previ­

ously unrecognized source of bias is discovered and corrected, or if a 

new value for one of the input constants, e.g. the electric charge, is 

available), or a change in the averaging procedure. 

In Fig. 4 we show the history of some masses (including the A, 

for radioactive A dating of your colleagues), based on averages which 

we ourselves performed. These are adapted from those originally 

presented by Rosenfeld1 in 1975. The publication date refers to the 

publication of the Review of Particle Properties. 

In Fig. 5 we show the best estimates for the lifetimes of some of 

the particles stable against strong decay. These and subsequent figures 

have. been compiled since publication of the Rosenfeld article. 1 In Fig. 

6 we show the widths of some of the resonances, and in Fig. 7, the 

values of some of the branching fractions. All values are taken from 

the Tables. Before 1964, very few branching fractions were listed in 

the Tables. In all cases, a representative sample is chosen, usually 

from those with a lot of activity (a limited ·number of special requests 

for a more complete set of such figures may be honored, for those seri­

ously interested in the history of the "best" values of physical con­

stants). In each figure, the heavy inner error bar represents the statist­

ical error computed in the averaging procedure, and the thin outer 

error bars, when present, indicate the increase ip the error due to the 

"scale factor". The scale factor is described in the introductory text, 

Sec. VII. It represents an attempt to quantify the increase in the 

uncertainty which is present in the case of experiments which disagree 

by more than a certain amount. In the case where the error represents 

an "educated guess," rather than a calculation, the inner error bar is 

absent. 

On the whole, the number of times the values have changed by 

more than one standard deviation over the years is remarkably few. 
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Even those branching fractions which involve rare decays and which 

are therefore presumably difficult to measure (Fig. 7) are, for the most 

part,. within one or two standard deviations in 1978 of their value in 

any year since 1960. This is in spite of the vast amount of new experi­

mental input, and indicates the general reliability of the results. 

Of course, the data points for a given quantity are hardly 

independent of each other, but those differing by several years fre­

quently have quite different experimental input. The relative lack of 

change is a comment both on the experiments and on the averaging 

procedures. We, of course, are responsible only for the averages 

(except Fig. 3). These averages entail considerable exercise of judg­

ment: there are conflicting experiments, experiments with impossibly 

small errors, "preliminary" results, and so forth. Statistical pro­

cedures will tell ~ that two experiments do not agree; they do not give 

a clue as to which (if either) is a good representation of the truth. 

Major decisions, and their motivations, are usually discussed on a 

case-by-case basis in the Data Card Listings; general comments may be 

found in Sec. II of the text and in Rosenfeld1. Note that, occasion­

ally, the error bars increase from one publication to the next. This is 

usually the result of decision making by the compiler, e.g., to cease 

using a particular result, or because of new results in poor agreement 

with the old results. 

We show these figures not only to demonstrate that there is not 

much change in these averages in the usual case, but also to show that 

there exist cases with relatively large changes. There is a psychologi­

cal danger in preparing tables of "right" answers. The old joke about 

the experimenter who fights the systematics until he or she gets the 

"right" answer (read "agrees with previous experiments"), and then 

·publishes, contains a germ of truth (presumably, those who compile 

and average experimental results are also not immune to this disease). 

A result can disagree with the average of all previous experiments by 

five standard deviations, and still be right. Hence, perhaps it is of 

value to show that large changes can (and do) sometimes occur. 

Reference 

I. A H. Rosenfeld, Ann. Rev. Nucl. Sci. 25, 555 ( 1975). 
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Fig. 7. Particle: Data Group averages of varioils branching fractions, as a function cifdate of publication of RPP. 
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